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CHARTER _q
SUMMARY.




SIMMARY

Lining of canals had been done in the past tut the subject
has gained importa}:oe during the present century., Bikaner Canal
was the first major canal in Indla which was lined in 1925,
Construction costs of storage works have gone very high and the
need of conservation of water lost in seepage is increasing day
by daye |

Factors affecting seepage losses from canals have been
described in detalls Methods of measuring seepage losses are
also menticned, A review of varicus formulae used for estimation
of losses has been given, On the basis of theoretical study it
has been shown that under conditions simllar to Rajasthan Cenal
area where a unifomm sandy or sandy silt strata ocaurs for great
depths and water table 1s also present at great depth,’ the seepage
losses are proportional to permeability of soll and wetted perimeter
of canale A table showing the relation between coefficient of
permegbility and seepage 10ss per million square feet of wetted
area has been worked oute |

Lining of the canals may be necessagry die t0 many reasons
but the most important is the need to reduce seepage losses,
Comparison of lined and unlined sections of varicus discharges
reveals that on an average unlined section of the channel has its
wvetted perimeter 1.65 times that of corresponding lined sections
Table showing the relationship between the cost of lining, the
capital\’.‘a\ investment per cusec om unlined canal system andlthe seepage
losses has been worked out, '

Various formulge used for design of lined canals are
discusseds Modern concept of flow phenamenon in open channels has
also been deseribeds The capacity of Rajas'than Canal has been



checked with all the formulae. Bmpirical criterion to design
canals earrying silt laden water has been mentioned. Typical
sections of canal vith different minimum silt factcrs bave been
worked out, Attempt has been made to find out the bed load carrying
capacity of canal with different bed slopes by Mayer Peter's‘and
Einstien's equations, Methods of maximum pemissible velocities
and permissible tractive force for design of hurried membrane
and earth 1ined section have been given,

Modern concept of structural design of lired canals has
been described in great detall. Emphaesis has been 1gid to
degign economical a8 Well S direble lining. Barthen embgnkment
should be designed an the basis of principles of soil mechanics.
Necessary arrangements to relieve external pressures are
disusseds It bas been ghown that the thickness of 11n:ln§ or
cement plaster in case of double tile lining should be incressed with
increase in depth of the canals

Various types of linings, materigl used for their
construction, methads of construction, and suitability of linings
under different eonditions have been described, Examples of
1mport§nt linings constmeted in Indla and Amei'ica are also given,

Suitability of tile linirg for Rajasthan Canal has been
discussed in details. Various construction materials, their
properties and sources are also described, Bmphasis has been
lald to adopt most rational method of comgtrction (as described in.
detall) to achieve better quality of work,

Theoreticgl analysis has been made by applying theory of
conduction of heat into semieinfinite sclid to find aut the
effectiveness of the measures suggested by various authors in

conrection with insulation to temperature variatiom necessary
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for single and double tile linings. Special tregtment required for
tile lining on sandy sub-grades has been discussed,

Beonomic justification for lining of Rajasthan Main
Canal has been worked oaut in dtalle Effect of time 1ggd between
the perfod of construction and actual utilisation which is
normally not considered has glso been discussed.

Rajasthgn Canal has been designed with a bed slope
1 in 12000 from head to tail to provide irrigation facilities
to 36,5 lac acres C.C.Ae (30 lac acres by flow and 6.5 lac
acres by 11ft upto 150 ft.). Detalled study has been conducted
to find out economical gradient for Rajasthan Canal for
dufferent unit cost of Power to provide Lift Irrigation.
facilities to areas falling under various heights of 111’1;,

~ Gradlent of 1 in 18000 is economical to provide 1ift
{rrigation facnij:ies to entire grea when the unit cost of
Power is 6 Paise per unit,

| Detalled sclentific study is necessary on the

prototype canals to determine the 1life of various types of linings
average maintenance cost per year and other information

regarding its hydraulic behavicur. Need for improved

techniques to estimate the losses in lined and unlined canals

1s gaining importance. Research work on the dewelopment of

new materials has still to travel a long waye For lining

of old unlined channels, a lining material of suitable

strength 1s to be developed that can reducs the

period of construction to the minimum possitle extent.



CHAPTER 2 |
"$uuPAGE TGSSES FROM CAUALS"

Water 1s a precious commodity and its need is increasing.
Constructional costs of storage works have gone very high with the
result that need of conservation of water lost in canals by seepage
is gaining importance.

On Ganges Canal in U,P. the total loss of water in canal system
was found to be 44% (15% in Main Canal and Branches, 7% in Distribu-
taries and 22% in water courses). In U.S.A. it has been estimated that
nearly 1/3 of all the water diverted from western streams for Irriga-
tion is lost in transit to the Farm land and it is known that in few
individual cases this loss in transit is as great as 60%,

Seepage losses from Irrigation Canals are governed by Darcey's
law:- g =K i A '

Where q = seepage losses.
K = Co-efficient of permeability.

i = Hydraulic gradient.

A = VWetted area.

Co-efficient of permeability of the soil forming the canal bed is
the most important factor which goverhs the seepage losseg. It depends
on various'factors mentioned belows—

1)  The size of the grains of which the bed material consists.
2) Void ratio of the material.

3) Arrangement of graing.

4)  Entgrpainéd air in the soil.

5) Temperature of water and soil,

6) Turbidity or silt concentration in the Canal Water.

7)  Salt concentration in Canal Water or soil.

8) Age of the Canal.

9)  Ofher biological factors.
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Hydraulic gradient can be determined by drawing the flow net. The

factors affecting the hydraulic gradient are as under:-

1) Depth of the ground water table below bed of canal,

2) Rosition of drainage or highly permeable layer below bed of Canal
%3) Position of impermeable layer below bed of canal.

4) Size and shape of the canal.

5) Depth of water in the canal.

6) Ground water slope at right angles to the canal,

The effects of many of these above factors are diffiecult to
determine and their relative importance has not yet been definitely
known, Since all the factors may act simultaneously and some of
them tend 1o coﬁnter-act each other, it is difficult to seggregate
the effect of any of them. Because of so0 many variab}es invo lved
and the complexity of their relation no satisfactory formula for
combuting seepage has been evolved. Howevér, the effects of some
of the factors mentioned above are generally known and are

described in the following paragraphsi—

1) Size of the grains of which the bed material consists.

The influence of the size of grains on the velocity of filtering
may be best explained by comparison with the flow in pipes. ?he
lorger the size of graing the wider are the chammels through which
the water percolaies and therefore velocity of filtering is greater

in a coarse material than in finer one.

- According to Allen Hazen the following relation holds good
for fairly uniform sands in loose state

K (Cm/sec) =-GTB%@- ¢ (S0

Where D10 is the effective size in centimeter

C1 varies from 100 to 150,



2) Void ratio of the material:-

Permeability of soil decreases with decrease in void ratio.

According to €ase-grande's unpublished equation

2

K=104K e

85
Where K = Co-efficient of permeability of the soil at any given
void ratio e ‘

K 85 =Co-effieient of permeability of the soil at a void

ratio 85
Above relation holds good for fine or medium clean sands
with bulky grains.
A curve showing relationship befween permeability and void

ratio for ordinary ftibba soil of Rajasthan Cansgl is given at

figure 1.

3) The arrangement of grains:-

The arrangement of grains has considerable effect on the
co-efficient of permeability specially for clayey soils., Test
results on clayey soils reveal that co-efficient of permeability
of remoulded claxfs decreases from original valve of K to a
smaller valve Kr' For most inorganic clays the ratio K/Kr is not

greater than 2, However for organic clays it may be as great as 30.

4) Entertained air in the soil:-

With more percentage of entertained air in the soil, seepage

rate decreases.

5) Temperature of water and soil:-

Vith increasge in temperature the viscosity of water
decreaseg and hence the seepage rate also increases. Vigecosity

of water at any temperature igs expressed as



J = 20003716

1+.03368T, + ,000221 T2

Where M. = Viscosity.
T = Temprature in degrees contigrade,
The velocity of flow and therefore absorption losses

are inversely proportional to viscosity. -

L]

. . Absorption losses X ( 1+ 003680 + .000221 72 ) -

Absorption losses are expressed at 20° ¢, for other
tempratures table showing the correction factor is given here

undex =

Table showing temprature correction for absorption losses:-

Temprature ' Rate of flow ! Correction factor to
in degrees 1 relative to i reduce losszs at To
contigrade. | that at 20° C. ! to loss as 20, C.

0 " 0.5675 T4 76,21

5 0.6662 4+ 50.10

10 0.7712 + 29,67

15 0.8825 + 12,32

20 1,0000 nil

25 1.1238 11,01

30 1.2538 - 22,24

35 | 1.3902 - 28.07

40 1,538 | - 34,76

The fluctuations in seepage rates due to temprature effect
also depend on air water relationship invelving the solubility of
air in water temprature effects the vapour pressure of the entrained
alr bubbles as the vapour prescure riges the volume of entrained
air increases and soil porosity diminishes hence decrease in

-permeability.
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The increase in tempréture may therefore be associated with
both increase and decrease in permeability. The net effect may some

times result in no change in permeability.

Tests carried out by U.S.B.R. for TUorth Pondre supply canal
in U.S.A. reveal that the seepage tends to vary inversely with the

temprature difference of the water and the soil.

6) Turbidity or silt concentration in the Canal Water:-

Type and amount of silt contents of canal water considerably
changes the soil forming the bed of the canal. Seeping water carries
small particles in suspension into the soil and deposits them in
polre spaces gradually reducing the soil porosity and thereby reducing

the seepage rate.

7) Salt concentration of soil and water -

Salt contained in the scil and water may have é marked effect
on seepage rate. Water containkng sodium tends to puddle cléy soil
and ihus reduces seepsges rates. On the other hand, soils and water
containing calcium or Sulphur makes soil more porous resulting in

increased seepage rate.

8) Age of the Canals:~

Dufing the initial stage when the soil is unsaturated seepage
losses are more but gradually the soil becomes saturated and seepage
losses are reduced, The reduction of seepagé with lapse of time may

also be due to silt deposition as indicated above.

9) Biological Factorgi-

Some oiganisms growing in the soil may decrease the rate of
seepage while others may increase it. Tests reveal that addition of
cottongin waste to the soil of water spreadipg grounds definitely

increagsed geepage rate.



All the factors described above effect the co-efficient of
permeability of the soil. Sound Engineering Judgement would be

necessary to find out the correct co-efficient permeability.

The factors effecting the Hydraulic gradient can be best

understood by considering the follcwing conditions:-

Condition A:-~ Seepage into uniform soil under lain by material of

‘much higher hydraulic conductivity. If the water table is at or
below the top of the permeable underlying material, the condition

reduces to the case of seepage 1o a drainage layer where DW=HW+Dp.

‘s . C ’
(This condition is referred as Condition A )

Condition Bi- Seepage into uniform soil under lain by wmaterial of

much lower hydraulic conductivity.

Condition C:- Seepage from canals with a thin slowly permeable layer

at the wetted perimeter (clogged material, Chemical seals etc.).

Fig. 2:- Shows the geometry and symbols for seepage conditions
A, B, C.

Using reszstance netlwork analog Herman Bower ( 1 ) plotted
graphs showing 12 V/S Dw/Wb for trapezoidal channels with 1:1 side
slopes for different valves of Dp/Wo# and Di/Wb for three different
water-depths eXpressed‘as Hw/Wb in Pig. 3. Examples for flow systems
are shown in fig. 4, Is regpresents seepage losses per unit length
and per unit water surface width offhe channel. K is the co-efficient
of permeability.

The following important conclusions can be drawn from the
above set of curves. _

1) For conditidn A' valve of %ﬁ decfeases as the depth of free
draining coarse layer increases below the bed of the channel and when
Dp » Wb or more precisely 0.6 Ws, the valve of iﬁ is just closge to iﬁ_

K
[3
for an infinidyly deep drainage layer.



2) For condition A as well as B, the effect of permeable layer

or impermeable layer at a distance greater than 5 Wb on the value

of l% can be ignored as the value of I% isjust close to QE,= %% =00
3) The curves for large Dp or Di show that the increase in

seepage due to lowering of the water table decreases with increasing
depth of the water table. With Dw = 3 Wb for shallow channel and

equal to 6 Wb for deep channel which is approx. equal to 2.5 %

the value of Lﬁ'ls already close to I; for infinite depth of

water table,

Notes- PFor Chamnels of other shapes graphs can be used to estimate

Eﬁ, In that case value of Wb is obtained from Ws and Hw as if the

channel were trapezoidal with 1:1 gide slopes.

Seepage. for condition C:- If the slowly permeable layer

restricts the flow sufficiently and if drainage of ‘the underlying
material is adequate to maintain water table well below the slowly
permeable layer, the flow in the underlying material will be
unsaturated and at unit hydraulic(grédient provided that gir is

Value of Is can be

present in or can enter the material,
calculated by the formula given below:-

1 ( ’ Hw )

TeRa ¢ (Hw - Pc) Vb + Hy - 2Pc)sincx

Is =
Where fs = rate of fall of VWater gurface in the channel,

R = Hydraulic impedance La
Ka

La = Thickness slowly impermeable layer

Hy, = Depth of water above the slowly impermeable layer .
P, = Critical pressure head of material

Wb = Bottom width of the channel.

On Rajasthan Canal where a uniform sandy or sandy silt

strata occures for great depths and water table is also present



at great depths it can be safely assumed that the depth‘of
soil strata ig infinite and water table is also at infinite
depth. A theoritical study made by vendernikov (7) to find

out the seepage losses from canals is given below, Inversion

? hydrogra'h method has been used in the analysis.

)

The section to be investigated is shown in figure 5 a.
¢ The hydrograph is given in fig., 5 b and the inversion of the

hydrograph &% dz = 1

S in fig. . \
aw o - iv n fig. 5 ¢

- »

Taking an auxilliary plane t as shown in fig. %xB 5 4

we obtain for the mapping of the dz plane on the lower half
~dw

of t plane

N
€ AL
dz - J “""j__"_" + N

= M $(¢) + N

- < «L
Where o = =~ e

$(t) is the indicated integeral.
Vendernikov has determined the quantity of seepage

loss in the form

ad=K( B+ AH)

Where ¢ = Seepagé¢ Loss
K = Co~eff of permeability.
B = Vater surface width.
H = Water depth '
A = Factor = @e'xw«ﬁ"j ” .»»GWF?\

11
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Taking a series of value for « and B, Vendermikov obtained
the correspondence between A and g as given in fig. 6. In this

figure n = cot is the side slope of the canal,

Study has been conducted %o evaluate losseg for different
shapes of channels, the value of —Z—SK has been determined in the
table No.1 given below. In this case s represents the

seepage losses per unit of wetted area.
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From Teble No.1 it is clear that for g trapezoldal charmel
with ‘dii‘ferent side slopss value of qs/k is more or less constant.
The average value of qg/k can be teken as l.34 for the conditions
pre¥alent in Rajasthan Canal ar€ae

Seepage losses are, therefore, dependent on two factorsie

(1) Permeability of the soll
(11) Wetted perimeter of the canale

Seepage Losses per million square feet of wetted areas=
Seepage losses g=k1a (Darcey’s Lav)
Where K = Permeability of soil o
i = Hydraulie gradient
A = Wetted area

We have qs/k = le34

OF 4 = 1,3 = {1 (Hydraalic gradient)
Axk .

oo q = ledxAxk

= led4 x 106 xk (Assuming A = 106 sqefte)

for k = 1 ft, per year = ;g"e - f£t/sec. a8

/

£

q --..4.._xmﬁ_ug‘f= 4L_ = .04
3 30 90

Table No.2 given below shows the seepage losses per million
8qe.fte of wetted area for different values of coefficlent of

permegbilitys -
| ~ TAHLE NO.2

Coefficient of permeability Seepage loss per 106 sqeft.

- a4 = =y

ft/year of wetted area
2 .04
100 40
288 _ 8¢0
2040
1000 ' 40,0

3000 120,0
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Measurement of seepage lossess-

Seepage losseg can be measured by the following methods:-
Ponding tests. |
~In flow out flow method.

By seepage meters

)

)

)

) Well permeameter.
) Laboratory permeability.

) Electrical resistance of the areas where seepage occures.,
)

Tracing radio active material in the seepage water.

The seepage meters although do not provide very accurate
method of measuring seepage losses more than 1.0 ft. per day but
give fairly accurate results for losses less than 1.0 f£4. per
day. For fore casting seepage from proposed canals, well permea-
meter test is quite useful.

Seepage losses can be expressed in any of the following

systemge—.

1) Cusecs per million squere feet of wetted area.

2) Cubic feet per square feet of wetted area in 24 hours.
3) Percentage of flow per mile of the canal.

In India seepage losses are usally expressed as cusecs per

million square feet of wetted area.

Various Bmpirical formuls used for estimation of seepage -

losses are given below:~

1) David and Wilson formula

—  PL
$=0C3 /4
4,000,000 + 2000 /¥

Where S = Seepage in cusec through length L ft. of canal,
C = Co-efficient depending upon the material for cenal.

q

Mean water depth in the canal.



(2)

Where

(3)

Where

p = Wetted perimeter in feet.
1 = Length of canal in feet,
V= Phan velocity of water in canale
value of C are glven belowi=
¢c=1for 3 to# thick concrete
= 4 for ciay pu;idle ;“ thi cke
= 10 for thin oil 11ning, cement groute
= 15 for clgy loam unliined.

= 30 for coarse sandy loam unlined
Moritz formulas- This is used in UdSede
s o.zAc//"%:f |
S = Seepage in cusec per mile of the ceanal
Q = discharge of capal in cusécs
V = Mean velocity of flov in ft/sece.
¢ = Cuble £t of water joss in 24 hours through each
square foot of wetied area of canal prism.

Q
]

o34 for gravel anti hard pan with sendy loam

«56 for Sandy loafe
1,68 for sandy soil with rock
= 2420 faor ‘sa:ndy and gravelly soil

HEighhign's formulgs- For Punjgb Canals

S = 055 C.&.u/ d

106

§ = Seepage loss in cusec for length L feet of canale
C = Coefficient (Ave value = 0.45). ~

B = Width of water surface of canal in feete

Length of canal in feet. |

o]
n

Depth of water of canal in feet

=1
L]



(4)

(8)

(6)

Ryas Formulas -

P = C/T '

Where P = Absorption loss in ausec/msft, of wetted gurfaces
d = depth of canal | |
C = Constant varying fram lel to 1.2

Runisd Formalai=

p =5 .6‘0625 | | |

where P = Seepage 10ss in cusecs/m sfte of wetted area
Q = Discharge in cusecss |

S5 Q.oszﬁ .EL -

10°

Where S = Seepgge 10ss in cusecs per ft length of canal
W | = WGtte‘d perimeter in ft.
L = Length of the canale

From Lacey's formils N

 woe 2.66/F

. .0625

' 8 = 5@ x 2,66 /T x 1L
108 '
8 = 0133 L g'“”)
T 10°

Empirical formulge as discussed gbove revegl that seepage

loss per million square feet of wetted area 1s greater in big canals
than in small onese Theoretlcal investigations as discussed in this
Chgpter show that in an area similar to Rajasthan Canal area
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where water table is at great depth, the seepage loss per million

square feet of wetted area depends orly on the permeability of the
so0il and does not vary witb the capacity of the canale Therefore,

empirica-1 formul#® as discussed gbove agre not applicable in areas

similar to that of Rajasthan Canal area.

In Rajasthan Canal area average coefficient of permeability
is 200 ft/year, therefore, seepage losses per million square feet of
vetted area are taken as 8 cusecs (See Table 2). In tibba reaches
where the coefficlent of pemeability of the soil is of the order
of 1ooo to 3000 ft/year, the loss may be of the order of 40 to 120
cusecs per million square feet of the wetted area;
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CHAPTER .3
NECESSITYORLININGS.




CLAPTEZ 3
NECESSITY OF LINING

Lining of canals may be primarily necessary due to any of the
foilowing reasonss-
1) To save absorption losses as anti logging measﬁre.
2) To check seepage losses to-irrigate more land.
%) To prevent erosion of the canal section.
4) ZBconomic considerations.

In humid countries where water table is high, with the introduc-
tion of canal irrigation the land is likely to become water logged
if the water losses are not prevented ( to enter into the ground

deep). Hence lining of canal is essential.

In arid countiries where water has to be brought from distant
sources water table is very deep and generally brackish, lining of
the entire canal system would generally be necessary to save absorp-

tion losses to irrigate other areas.

In semi grid countries where water ig available ét shallow depth
economic consideration would play én important role to determine
the necessity of lining., “his is because of the fact that the lining
of canals is very costly and pumping of water from shgllow depths

mey be more economical.

From economic considerationg lining of canals may also be

necessary due to the reasons mentioned below:-

1) TFor the same discharge the cross sectional area is less in case
of lined canal and therefore cost of construction is considerably

lass.
a) Quantity of earthwork is less.
b) Lesser land width is required,

¢) Cost of masdnry gtructures such as regulators bridges etec. is
considerally reduced.,
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2) The operation and maintenance cost of a lined canal system

is cheaper as compared to unlined canals.

%) There is very little danger of breaches in lined ecanals.Breaches
in unlined canalsg cause loss of money and irrigation.

4) 1In case of lined canals the water carried by it does not pick

up sdlts from soil there by damage to crops from salty water is
reduced.

5) iVeed growth is no problem in case of lined canals.

6) Lined cenals is free from damage by cattle and burrowing animals.

Necessity of Lining Rajasthan Canal,

The State of Rajasthan has very inadequate water resources as
compared to i1ts requirement. Out of 86 million acres area nearly

30 million acres is a complete desert.

Rajasthan Canal as prbposed at present will supply irrigation
facilities to a gross area of 8.0 million acres of the desert area
negr the Indo~Pak-Border. The annual rain fall in this tract is "
%o 3" only. Ground water tadle ig 150 £%. to 300 ft. deep znd the
water is highly brackish and not fit for drinking purposes. The

food production in the area is negligible.

Bven after the completion of the Project there will be scarcity
of water in this area, if necessary precautions to conserve the water
are not taken now. It might therefore be necessary to line all

branches, distributaries and water courses of the Irrigation system.

»

In this area water, even for construction, is not available and
thiere are no other sources of water for irrigation. To extend the
scope of irrigation available water should be used in most ecoromic

manner .

The reasons for lining the Rajasthan Canal are summarised

belows:-
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4

j) There is more area but less water to irrigate the lands. The
rain fall is very poor and no other source of water is available

for irrigation.

2) As the Main Canal is a contour canal more land can be irrigated
by adopting a flatter slope in a lined canal. A flatter slope
in a unlined canal will cause heavy silting and there by the

proposal would not be economical/feasible.

3) The extra cost of construction of lined canal systém is compen~
sated to a large extent on account of following reasons:-

i) The cost of construction of stofage dams, Head-works and

feeder channel is congtant and is nearly 40% in case of Rajasthan

Canal,

ii) The canal has to cross very high dunes and low valleys, the
cost of earthwork in such reacheg is much less in lined canal as

smgller bed width is required.

iii) In sand dunes lining can permit winding of canal alignment

to cheapen the cost of excavation of high dures.
iv) Lesser land width is required for lined can2l system.

v) Cost of masonry structures such as regulators, bridges etc. is

considerally reduced as lined canal has lesger width.

4) Maintenance of uniined canal is a desert area.x would be very
costly speciallyﬂduring non perennial stage. Huge maintenance
expenditure (roughly 40 to 50% of the original cost of earthwork)
nas been inchrred on the Suratgarh Branch of Rajasthan Cangl in

5 years., Lhe average maintenance cost works out 8 to 10%'per |
year of the original cost of earthwork. The maintenance cost could

have been saved consideﬁhly in case the branch was lined.

5) In the Rajasthan Canal area water is not available for the
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construction and domestic purpose. The only source of water supply
would be the canal itself. In case the canal is unlined, storage
of water in the canal i1s not possible and many thousand cusecs
discharge would be lost as seepage losses in the canal system to
get only few cusecs of water for construction purposes. In winter
season when the available discharge in the river is legss such a
colosal waste of water would force the irrigated areas to suffer
foom irrigation. In case of lin§§g canal, the completed length

of canal serves as storage reéervoir for supplying water for

construction purposes.

6) For successful colonization and development it is essential
that ample water should be available for drinking purposes and
sowing of fodder during winter also. Even for drinking water,
Kunds are being constructed at huge costs.fThe filling of such
ponds during the winter season is a problem even from unlined
branches, because of heavy absorption losses. Jad the main canal

been unlined the absorption losses would have been much more (and

8lso the danger against breaches).

In short, the development of irrigation is quick in lined

canals as water can be fed to the tails soon after the construction.

7) The damger of silting in lined canals is comnsiderlly minﬁ%ed

because of high velocities.

The lining of all the chammels on Rajasthan Canel is essential.
It would ve more practical to line the branches in the initial stage.
The question of lining of distributaries and minors can be taken up
at a 1afer stage as cheap materials can be used on small channels.
The lining of field éhannels (water courgses) should also be taken

up at a later stage when the necessity arises.
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Cost of Lining V/3 seepage losses,

Ag discussed above it is clear that the lining of canalg isg
necessary due to many reasons, the most important being the
reduction in seepage losses specially in desert areas. Attempt has
been made to work out the economical capital investment that can
be made on lining in different reaches where the rate of seepage
losses is known.

Crogs-Section of unlined and lined canal.

The assumptions as mentioned here under have been made in
working out the cross sections.
1) Bed slope of both lined and unlined sections has.been taken
from Lacey's diagram with f=1. In practice also the actual bed
slope for lined and unlined- canal would mostly remain the same
and will correspond to the actual ground slope of the comntpry.In
most of the cases steeper or flatter slopes would increase the
cost of earthwork thereby the total cost of the canal.,
2) Lacey's formulae/curves have used for design of unlined section.
%) Manning's 'formula with value of n = .017 has been used for
design of lined section. |
4) TIn case of lined section for discharges of 100'cusecs and 1000
cusecs dimensions have been worked out close to the bed width-depth
curves as per American practice. For 10,000 cusecs discharge a
practical depth of 20 ft. has been assumed.

TABLE 1

Calculations for Unlined Section.

Discharge Tacey's Slope Bed Depth 2.24 D Vetted
o Q T . per width D perimeter
in cusecs %0 B N
in feet in feet in feet.
100 1.0 ‘ + 26 21 2.6 5.8 26,8
1,000 1.0 LTS T2 5,2 11.6 83.6

10,000 1.0 e 12 240 11.0 24.6 264.6



TABLE NO.o,

Calculgtion for lined section

' Digcharge Bed Side  Bed Depth Hydra- Velo- Side Wetted Peri-

Q slope slopes width ~uliec city ©peri- peri-~ meter
in cusecs per %o in £t. in ft.rad%us i meter meter  length
in 1. . . of
Bt/sec.in ft.in f4. lining
in ft,
100 4026 151 5.0 39 2.87 2.42 14.0 19 4.4
1000 75 131 11,0 10,2 5.7 3.72 36.7  47.7  54.9
10000 .12 2:1 54.0 20.0 1%.1 5.45 89.4 14%.4 154.6
TABIE 10,3

Comparison of unlined and lined sections.

Discharge Wetted Wetted Col.3 100 Perimeter Col.5 100
perimeter perimeter Col. 2" length of Col.2 X
of lined of unlined lining.
, section section
in cusecs. in feet. in feet. in feet.
1 T2 3 4 5 6
100 19 - 26.8 141 24.4 128
1000 47.7 83.6 175 54,9 115
10000 143.4 264.6 185 154.6 109
501 352_
3 _ 3
Average = 167 % Say. 165 % 17% Say. 115%

It is thus clear that unlined cross-section of channel has
itg wetted perimetef 1.65 times that of corresponding lined section.

Iength of lining required is 1.15 times of wetted perimeter of the

lined section.

Purther assumptions .

1) 106 sq.ft. of wetted area of lined section has been considered

for study.
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ii) Let the losses in unlined section be 'q' cusecs per 10°
sq.ft. of wetted area.
1ii)  ‘Let the loss in lined gsection be 2 -cusecs per 10° sq.ft.
of wetted area.
iv) Tet 'r' be the cost of lining per sq.ft.
v)‘ ~ Let 'R' be the capital investment per cusec in lac Bs.
on unlined system of the Project.
Corresponding section of unlined canal would have 1.65 x 108

sq.ft. of wetted area. Therefore losses in unlined section would

be 1,65 g Cusecs.

Saving in losses due to lining = 1.65 q - 2 cusecs.
oo™ capital investment justifiable for lining on accouht of
saving in losses works out to 105xﬂ (1,65 g=2)
drea of lining = 1.15 wetted area.
' = 1,15 x 106 sq.ft. -

- cogst of lining= 1.15 x 1 x 106

in Bse
Equating the cost of lining to mex" capital investment justifiable

for lining we get

1.15 x r x 10°

10°x R (1.65 q-2)
t.o 1065 q - 2

1.1 x 1 x 106
R x 105

or 1.65 ¢q

1.15 § r x 10 + 2

or q=§_;§r

" + 1.21

For different values of r and R, the value of seepage
losses of beyond which lining of cansl is justified are given

in the table No.4 shown here under.
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TABIE 4
Cost of lining Value of q where capital investment R lac B
per sq.ft per cusec is ’
'ry in Rs.

1.0 75 o5

o4 . 3473 4.57 6.25
o5 4.36 5.41 751
.6 4.99 6.25 8.77

o 5.62 | 7.09 10.03




CHAPTER .4

BYDRAULIC DESIGN OQF LINED CHARUELS
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HYDLAULIC DESIGN OF LINED CIANNELS

Carrying 5apécity ¢—~ Carrying cepacity of a chammel ié

determined by Chegzy fomula which is usuzlly expressed as follows:-

v =¢ /RS
Where V = mean velbcity inft./sec.

R = Hydraulic mean depth in ft.

[4

B = Vater surface slope

C = Chegy's constant,
Various formulae used for determination of Chezy's constant

and thelr limitation are described in the following papegraphs:-

Gaguillet and Kutter formulas— According to this formula '

Chezy's C deépends both on R and S. The formula is expressed as followe:-

C = 4416 + 1,8112 + ,00281
n vS
1+ (41.6 + ,00281) n
S /E—i-.
fhere n = co-efficient of rugosit& knows as Kutterts n.

The use of this formula is questioned due to undermentioned
reagonss— ‘

i) The term containing S was introduced to suit Humpherys
and Abbot data which 'are known to be inaccurate.

ii) Due to complexity of the formula,

In India it is still used for design of earthen channels

with Kennedy's equation as.Garrot charts are available.

Bagin formulat- The formuls was proposed by French Hydraulician

E, Bazin from data of small experimental chammels. The formula

is expressed asgi-
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-

~ where m = co-efficient £ of roughness whose value may vary
from O.11e Por channels with very smooth plaster surface to 3.17.
for earthen channels in rough conditions.
Use of this formule is less satisfactory for bigger channels
as 1t is derived from small experimental channels,

VMenning's formulas- This is mostly used for design purposes.

The formula was originally developed by Manning, an Irish Fngineer,

In its well known form it is expressed as t-

V= 11.149 R?/3 /2
where V = velocity in ft./sec.
also n = roughness co~efficient,.

It can also be expressed as

n

Determination of n, the roughness co~efficient requires
sotnd engineering judgement and experience. Ven Te. chow (48) has
described inPetails factors affecting n and has élso given its
vaiue in charts, Numeroug photographs showing the conditions of the
channels are glso illustrated by him. |

4dccording to Cnow the value of n depends on many factors
such as surface roughness, vegetation, channel irregularity, channel
alignment, silting or scouring, obstruction, size and shape of
channel, stage and discharge, seasonal change and suspended material
and bed load,

The value of n may vary from .008 for very smooth surfaces
to 420 for thickly wooddd streamsa.

lodren concept of flow ohenomenon in opem channel:—

The flow in opeh channels is mogtly in turbulent stage. The
flow is classified as hydraulically smooth when the roughness height
is less than critical roughness expeessed by

Kd= 56 ‘\)¢
o U
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Where Kd= criticsl roughness
C = Chezy's co-efficient.

vV
v

Dynamic viscosity

Velocity

Under these conditions all the surface irregularities are
submerged in the laminar sub-layer (fig.1 a) and roughness has
no effect upon the flow outside thig layer.,
Then the foughness height 1s greater than the critical rough:

ness (fig 1b) , stable laminar sub-layer can no longer be formed.

The surfece is classified as rough surface.

i Y RovsH ot
-~ I :;\‘\“: T

-~ -~ QC) N \\ \‘. \\
RCIDESN O
3 . K
7F "

Figure 13- Nature of surface roughness.
According to Morris the loss of energy iw turbulent flow over
a rough surface is ® due to largly to the formation of wakes behind

each roughness element.

1
y
—+

¢

'l////77 7T/ ST T

Pigure 2:- A J
Depending upon the spacing of roughness elements flow can be
further classified as i~

a) Isolated sufrace flows- Ratio plays a significant

K
A
influence upon the apparent fricgion factor. 1In this case roughness
elements are far apart and wake and vortex at each element are
dissipated separately.

b} ‘lake intcrference flow:~ Ratio Y governs the apparent friction

X
factor. In this case wake and vortex at each element will interfere

with those developed at the following element,

c) Quasi smooth:~ Roughness elements are so close that the flow
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skims over the crests of elements and surface acts as hydraulically

gmooth. The ratio X (J /n ) is significant parameter,
A

Timitation of Manning's equation in view of modern flow concept:-

On the basis of the logrithmic legw of velocity distributiion and
Bgzin's data Keulegan arrived at the following equadation for flow
iﬂ;ouéh chzmelse

V="F (6,25 + 5,75 log ®)

or € =32.6 18g 12.2R)
X

By manning's formula C = 1,4 31/6

O ———

n
Eliminating C we get

_ R ) 1/6
n 4>€__ )k

Where /6
.

21.9 log 12.2 (R/K}
From the data of several streams strickler found that
& (R/K)> 0342

Where K is median size of the material
. 6
. -n=§l/ s x'/6
2943 30

From the above eguation it is clear that manning's n depends
upon roughness height. Thousand fold change in the linear measure
of the roughness height results in about a three fold change in n.

Keulegan has shown that within range 15'( R<¢500 manningh
formula gives satisfattory results but outsideKthis ranre use of
different kx value of 'n' would be necessary even for the same
roughness pro jection. |

Sectionof Rajasthan Canals-—

Rajasthan Canal is lined with single tile lining with cement

plaster on top in bed and double til: lining on side glopes.
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A sub-committee under the chairmanship of litra decid®d to adopt

maoning$ co-efficient of roughness as .017. According to Dr."ppal

co-efficient of roughness does not vary mch with the tvpe of

lining due to deposition of very fine material on the bed and sides.

of
A typécal designg section of Rajesthan Canal and its carrying

capacity on the basis of various formulee is given below:-

Datat- B /= 85 ft,

a

D = 2114, \\\

=

I

5 = 1 in 12000 2 -~
n= 0017 lI
te——85"—

Side slopes & 2:1
Area of section (85+42} x éé = 2667
Wetted perimeter = 85 4« 2/ § x 21 = 178.7

R = 2667 = 14095
-

Manning's formula

C=1:49 V6 4 49 x 14.95"5 = 137.5
n ¢o1%
V==0C/MRS =137.5 /14.95 x 1 = 4.86
72000

'+ Discharge = 2667 x 4.86 = 12950 cuescs.

b) G.K.Formula -

it

‘= 41,6 + 1.8112 + 00281

n ]

1+{41.6 + .00281) x_n

> A

41,6 + 1.8112,+ {.00281 x 12000)

*

41.6 + 106,5 + 33.6

1+(4§1.6 + 00281 x 12000) x .017

/TE.95

= Blel = 13645

1+(4146 + 33.6) x ,017 1.33

3,86



V=2C/RS = 136.5 /14.95 x 1 - = 4,82
12000
Q = 2667 x 4.82 = 12850 cusecs.

¢) Keulegan equations-

-1/6 '
n ?_ﬁ;/or K = (30 x n)6
50 '
; | 6 6 :
¢ = Kmx&xxmﬁ 3246 log (12.2‘%) = 32,6 log 12.2 x 14,95

. 0177
2.6 log 10030 = 13004‘

V=2 /ES = 130.4 /14-95 X 1 = 4,61

12000

l
W

i

Q

It would be clear that the dischar e as calculated from

2667 x 4.61 = 12300

Keulegan equation is less than from Mannings formula by nearly 5%,
The variation is due- to the fact that R/X is equal to 845 which
is outside the limit of 500 as suggested by Keulegan.

Keeping the gbove facts in view it would be desirable to
design the secfion of Rajasthan Canal from Keulagan equation and
not by Hanning's formula as is being done,

Critereon for desgign of rigid surface lining section:-

Hard surface and cxposed membrane linings can be clasgified
as non-grodible » Maximum permissible velocly is governed by the

type of lining used but the same is not critical in most of the
cases, Where flow is desilted or clear a mean velocity of 2 o
3 £t. per éecond would e safe to prevent weed growth,

In Northern India and Pakistan rivers corry huge amount of
sddiment. Inspite of exclusion of coarse silt through various silt
exclusion work, water in the canals has to carry sufficient amount
of silt. Remcval of silt is v-ry costly specially from lincd canals.
Thercfore, it is necessary to specify minimum velociiy in lined

channels to prewent silt deposition.
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According to K.R.Sharma "The roughness of the perimeter
of earthen channel section is greater than that of the lined
channel, sErxxomxkzxg The silt supporting eddies in earthen
channel sections are relaiively strenger and more efficacious to
support and roll the silt charge in chamnel as compared with
lined channel. In actual practice 10% higher value of Kennedy's
C.V.R, or Lacey's silt factor igs alldwed in the brick lined
sections aﬁd 15% more in the cement conarete or cement plastered‘

sections",

Kenwar Sain has recommended that the actual velocity in
lined canals should not be lower than Vo the non silting velocity.

He has compated the actual velocities with Lacey's critical
velocities for value of P = 0.8, He had stated that the actual
non-silting veloéity would be different than Vo given by either

Kennedyd or lLacey's formula,

Mahbub (11) had recommended that as per Irrigation practise
in Pakistan minimum velocity should be such that a minimum nggzixy
of £ as 1.2 is obtained. Minimum velue of £ as 1.2 has also been
recommended in the book lining of Irrigation canals (49) |

To check up section of Rajasthan Canal with minimum

permissible velocity critereas=

Assuming the same design particulars as given above.
Velocity as per maming's formuls =4,86 ft,/sec,
&) Lacey's silt factor.

Bor Lacey's formula £ = ,75 V2 =,75 x 4.862
14.95

e £= 1,09 against minimum permissible value of 1,2

b) Kemnedy's formula in conjunction with K.R.Sharma
Vo = .84 D'64== 84 (21)'64= 84 8 T = ,82558%
oV = 486 = 4825 o
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Assuming minimum value of V_ as 0.9 for earthen canal of
CSimitiax Vo lined
eanel capacity, minimum value of ¥V_ for brick/canal should be

vo
1.0
¢) Kenwar Sain cfi@%ea:~

As per laceyks formulae

Vo# 1.15473 x /PR

= 1.15473 x /8 x 14.95

= 4.0 ft./sec,

Assuming £ = 0.8

L

..V =_A,_086=1oa1
Vo 4

It would be seen that there is possibility of silting of
Rajasthan Canal keeping idview the first two critereon but as ver
Kznwar Sain criterea there is no possibility of silting. However,

it would be desirable to study the behaviour of canal in the light

of gbove discussions.

Section of Rajasthan Canal with different minimunm silt factors:—

On Rajasthan Canal bed slope 1 in 12000 Has been adopted
considering the commanded area. In fact it would have been better
from eeonomical point of view to adopt still flatter slope (refer
chapter 10), In this para effect of minimum permissible silt
factor of 1.0, 1.1 and 1,2 on the section of canal would be -
considered. TFor a particulsr minimum silt factor a particular
minimum depth would be necessary,

As per manning's formula V = 1.4&2/3x 81/2
n

For Rajasthan Canal n = 017, S = 1 in 12000
and side slopes = 231
V7= .8 rY?

As per lacey's formula f = ,75 KE
R

FEYTYaYrTrsve KL



or V= 1.15 8/251/2
¢, 8 2= 1,15 £ VR Y2

o o °

or RV = 1,15 £1/2
3

o.o R = 902 f3"(A)
Y= 115 f1/2X 9.2 -1/2;: f3/2

-

= 3.47 £2.(B)

Area% =(B+ ) D

C.BD+ M2 =0 (c)

3,47 T2

Wetted perimeter = A
R

1
£
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o B+ 4.46D = @
31.9f

From C and D we get

-- (D)

2.4632-62 D+ _Q Lx_-_o

31.9F 3.47 £}

Substituting different values of Q and £ inthe above equation

and solving for D fifferent values are obtained. These values are

shown in the &k table Noe.1 and are also plothed in fige. 1

Similerly for S = ﬁ in 15,000 general quadratic equation is

as given below:—-

2.6 p° - Y

88157

D+ Q =

—— 0
4.9 £

and for § = 1in 18,000 , general quadratic equation is

2,46 D2 -

181 £

D+ Q

- = 0
6.2 f



are also tabulated and shown in fig.1
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The k value of depths for different values % of f go obtained

TABLE g, 1

Particulars = n = .017,

side

slopes = 2:1

Section trapeozodial

= 1in 12,000

(A) Slope

¢ . : .
S.No. ¢ Discharge § Lacey' s Water § Bed w1dthg

g in cusecs§ silt factor§ ?S t? § (B) in Remarks.

(Q) P o(5) Rl B
1. 2. 3. 4, 5 6

Te 18500 162 19.25 154.0 ft,
24 15000_ 142 21.5 97.0
3, 13000 12 25,00 50,0
4. 12000 1.2 31025 1705 Limi‘ting.case.
5e 18500 Te1 1345 300,0
6o 15000 1.1 13.75 232,0
Te 12000 1.1 14.3 17140
8, 26200 1.1 24,7 10.0 Iimiting case,
9. 18500 1.0 945 531.0
10, 15000 1.0 9.6 432,0
11, 12000 1,0 9.75 33640
124 6000 1.0 10.50 144,0
13, B70 1,0 18,3 8.5 Lt"n\it-'nj Case



B) Slope 1 in 15000

To 2, 3 4, 5. 6.

14, 24000 1.0 22,75 170,0

5. 18500 1.0 24.,5 105, 0

15 15500 1.0 36,0 16,0 Timiting cage.
7. 24000 .9 14.5 562

18 18000 9 15,0 397

19. 15000 .9 15.5 313

20, 12000 9 1640 234

21, 9060 9 18425 139

22, 6700 .9 2642 37  Limiting.case
23. 15000 .8 110.5 622

24, 12000 8 11,0 470

25. 6000 .8 11.5 212

26 3000 8 15.6 55

27, 2800 8 19.7 24 Limiting case.
Slope 1 in 18000: | .

28 52000 1.0 5845 139  ZLimiting case.
29 22300 0.9 44,0 92 Limiting case.
30 24000 .8 1241 870

31 18000 .8 16,5 460

32 12000 8 19.8 233

33 9000 .8 24.5 137

34 8700 8 29.8 71  ILimiting case.

Notet= 1) Depths calculated are minimum for any particular discharge

gnd minimum silt factor.,

2) Limiting case is the discharge below which design is not

possible
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Interpretation of the resultsi-

For discharges higher than 9,000 cusscs, suitable desigg
is possible with depth = 25 ft., minimuq&ilt factor = 8 and bed
slope of 1 in 18000, ;

From 4000 to 9000 cusecs sguitable design is possible with
depth from 15 to 25 ft., minimum silt factor = .8 and bed slope
varying from 1 in 18000 to 1 in 15000.

9ilt capmying capacity of the canal with different bedfbpqsl

For an average digcharge of 12700 cusecs and gradients of
canal varying from 1 in 12000 %o 1 in 30,000 gtudy has been conducted
to find out the gilt factoré ¥ Dacey's and Kanne@y&s formula and
formule—and bed load carrying capacity with semi—tﬁeoritical
formula such as Meyer Peter's equation and Einstein's equation.

(1) Meyer Pegferts equation 3
A '\ Ya — /2
g =33900 (%o (%)7 — 7o)
where gs = Rate of bed lead transport in 1lbs./ft.per hour
?

n’= Manning's co-efficient pertaining to the grain sige on a

plane, unrippled bed.

B
1]

Actual value oBtained on rippled bed.

)
]

Total tractive force intensity on the bed
Tee= Critical tractive force.
Assuming the gilt factor as 8. From Lacey's equation

f = 1,76 /mF , ratio of m, is obtained.

2
m_=f 2
T 2 = ‘8—2 = ,206 mm S&y o2 mm.'
1.76 1.76
/CY =5 x .2 = 0003 1bSo/Sq.fto '
305
n&’: Ks1/6
30

KS = Grain digmeter for closely spaced uniform grain angl

may be taken as 665 or the diameter than which 65% of the material



is finer for graded sand.

Assume K = S mm = +000985 f+,

1/6 -
= s000085 V€
T
8g= 33800 (62,5 xR x § % (. 011)5/2 .003)7/2

77
= 33800 (32,5 xR x § - ,003)3/2

-

Calculation are done in the taple Noe2 given below.-

Table No,2
Gradient { doHydraullc 5245xRx8 0 52,5 Rs-.00% ggs Total *agt:s per
w1dtl§r?aius 5 ‘ | qbed 10,
: d gigg}hrg

1 in 12000 85 14,95 <041 .038 245 20900 7+3

1T in 15000 95 15.25  ,033 +03 176 16700 5,3
1in 18000 105 15,50 008 .025 134 14100 4,9
Tin 21000 115 15,75 0245 20215 106 12200 4,»
1in 28000 125 16,00 0530 L0182 83 10400 3,6
110 27000 135 16,25  01gs .0165 719600 3,3
11130000 45 16,45 018 ,oq5 62 9000 3,4
2) Einstein' g equation:-:

$ and Y where P 1is given by
&g 7 - §1/2 g 1 8'1/2'
;‘"3? TR b ¢
5 s

Where SS= specific gravity of graing,
b =(s+ 1)a

‘M-
R'g

= (2.64 = 1).000085 - .00161
k'3 S R'x 8

i3
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gy = ‘FE Ssx\) x(ﬁs_1)1/2(gd3) 1/2

b x 2,64 x 62.4 % 1,647 %% 322V % 009855/ %% 36000

= 135 ¢
o _ (2001372

= ow
= 052 XB

xR

Detailed cglculation are shown in the table No.3 below:~

Table No,3
Gradient {Bed Hydraulic R! 0 & 1g j
S N o W Ee
(2) 3 (&) ’52Rg 8graph%135+§1bs./hr.Q ‘106
per
| | 0 i 0 i Bxgy §

1 in 12000 85 14.95 Te8 2,48 2.1 283 24100 8¢5
1 in 15000 95 1525 7.9 3.05 1.8 243 23100 8.6
1 in 18000 105  15.50 8e1 3,57 1.3 175 18400 6.5

1 in21000

115 15.75 8.2. 4,13 0.8 107 12300 4.3

1 in 24000 125 16,0 8.3 4.55 0.7 95 11900 4,2

1in 27000 135 16,25 8.5 5.11 0.5 67 9050 3,2
1 in 30000 145  16.45 8s6 5.61 0.45 61 8800 3,1

For an average discharge of 12,700 cusecs on Rajasthan

Canal, the bed load carrying capacity and silt factorg with

different diacharges arqgiven in table No.4 below:-

- 64
Vo= 84 D

= .84 x 21°%% 5.88
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.T A BLE NQ.~ 4

fin parts per 10 cityd f b v/

Gradient gz?d LR (Bed 1oad carryige capacit% VelodLacey's Kennedy' s
idth 2
¢
§
¢

eter leyer'sinstein's { vo
L o ean. 1 | ;
1in 12000 85 14,95 7.3 8.5 477 1,07 .81
11in 15000 95 15.25 8.5 8.6 4,39 0,95 745
11in 18800 105 15,50 4.9 6.5 £,08 .81 694
1in 21000 115 15,75 4.2 4.3 3.81 .69 .65
1 in 24000 125 16,00 3.6 4.2 3.57 .60 605
1 in 27000 135 16.25 3.3 3.2 3.61 .54 0.58
1in 30000 145 16,45 3.1 3.1 3,26 48,555

Field tests should be conducted on Rajasthan Cangl +to
find out the guantity and amount of silt on Rajasthan Canagl., After
the construction of Bong Dam the quantity ané amount of silt
entering into the Rajasthan canal would be comparatively less.

As per Kanwar Sain minimum silt factor of 0.80 can be zdopted

on lined channels. In case of Ratwasar Disty. (unlined) of
Rajasthan cangl a minimum Lacey's silt factor of 0.5 has been =z
adopted, No rigid limit can be specified fofr the silt fgctor to
be adopted. In case a minimum silt factor of .60 is allowed a
gradient of 1 &n 24,000 can be adopted. In case minimum silt
factor xx of 0.8 is-allowed a gradient of 1 in 18000 can bhe adopted.
It is also clear that differentein bed load carrying capacities of
canal with gradient of 1 in 12000 and 1 in 18000 is small. Rec-nt
tests conducted in Pokistan on large canal had rev¥ealed that silt
carrying capacity of canals ig much more than given by Einstienﬂs
formula, it can, therefore, be assumed that Rajasthan Canal would

not silt even if gradient &f 1 in 18000 is adopted.
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Ze Criterea for Design of Burried membrane & Earth
Lin

Burried membrane gnd earth lining are usually erodible.

Therefore, canal section has to be designed in such a manner
that neither erosion takes place nor silting occures. These
can further be classgified under two heads.

a) Erodible channels carrying clear or desilted water

b) Erodible channels carrying water’with sufficient

amount of silt,

In India burried membrene and earth linings are

seldom used. There is possibility of using the same on

Branches)aﬁd Digtributaries and minors of RajasthanCgnal,

therefore, only principles of desgign will be discussed.

3+«T Erodible channels carrying clear or degilted

water.

.

Ag the water carried by‘the channels is clear or
desilte@ there is no danger of silting. The channels are
designed such that erosion does not take place. Actually
physical and chemical preperties of the material forming
the channel section are mainly respfhsible for stable channel
section. However, at the present State of Knowledge following
methods are employed for the designi-

4) Method of maximum permissible velocity.,

2} Method of tractive force.

pevemi .
32 v Method of maximum possible velocity:-

Various Research VWorkers have published maximum.
permissible velocities for different materials such as
Etchevery, Fortier and Scobey. U.S.S.R. Data on permissible
velocities for non co-hesive and co~hesive soils along with

+
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correction factor for different depths of water in_canalvagﬁas
available in ref (48) are based on the principles of soil
mechanicg, DLane has suggested reduction of 5, 13 and 22% for
slightly, moderately amd very sinWov¥s canals. It is important:
t0 note that the data's are for well seasoned channels,

245 Method of pérmissible tractive force:-

Unit Tractive force ig the average pull of water on the
wetted area infthe directionjof flow. Permissible tractive force
is the maximum tractive force which would not cause serious
erosion of the material forming the chennel bed on a level
Surface. For non co-hesive materials gravity force acting on
side slopes is élso gignificant. To aceount for this permiss-

xEEX ible tractive force on side slopes i#reduced in the ratio

of tractive force., Tractive forece ratio.

K=/ sin’d

sin'e
Where < = inclination of the sloping side.
® = Angle of repose.

For éo~hesive and fine non co-hesive materials even
with clear water angle of repose need not be congidered as
the co-hesive forces are great compared to gravity forces.

Curges showing permissible tractive force are
available in ref (48)

Lane has suggested reduction of 10, 25 and 40% for

slightly, moderately and very sinuous cenal.

Baron W.F. Van Asbeck has suggested the following values
of attainable tractive force for cover materials as givenin

teble No. 5
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TABLE NOs,

Type of cover Minimum.%. Secreen Allowgble |
Gy o fractiv
1« Earth ‘ - — .04
2. Gravelly material., 25 No.4 .06
3. Gravel o 50 | No. 4
25 § 3/4 inch{ .10
4. SEreened Gravel 90 No.4
45 g 3/4 inch{ .13
10 8 3 inch |

The design of channel section shall have to be carried
out by trial and error method.

Erodible channels carrying water wth silt:-

For these chamnnels in addition to satisfying the
critereon for chamnels with clear or desilted water, it has
%o be assured that no silting takes place.

For non silting ve1001ty empirical formulae of Kennedy
or Bacey or Semé émpirical formula of Einstein shall have algo
to be satlsfled. ‘

Lot of research work still remains to bﬁdone for clear

understanding of the design principles of such channels.
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CHAPTER .5

STRUGTURAL DESIGN OF ILINED CANALS



CHAPTEX -

STRUCTURAL DESIGN OF LINED CANALS

Till recently steeper side slopes (1:1) were provided on
lined canals. It was thought that the thickness of lining would be
sufficient to resiét earth pressure in cases where side slopes
of canal were steeper than the angle of repose of the soil forming
the banks. In America reinforced concrete linings were aesigned.
On Havell czmal (now in Pakistan) reinforcsd brick lining was
provided. On Fhaf canal side slopes (1:1) were provided but
ie—inforcement was ommitted, On Bhakhra canals 13:1 side slopes
were adopted. Proper compéction of émbankments was also engured.
On Rajasthan Canal 14:1 side slopes were adopted upto mile 18 \
and 2%1'afterwards. Better understanding of principles of soil
mechanics and need for economic lining has changed the concept of
new design of linings. It is now considered that the banks of
the canal supporiing the lining should be properly designed and
constructed on the basis of modern principles of s0il mechanics
g0 that no pressure is exerted over the lining. Drainage filters
and relief valwes should be provided, where-ever, necessary to
relieve the lining from external hydraulic pressures. The lining,
should, moreover, be designed to resist compressive and tensile
- stresses caused by temperature and hydraulic pressures. It should
be strong enough to with ¢end abrasion, disintegration, wetting
and drying etce Generally the thickness of the lining is decided

to make 1t impervious asainst the high head of water in the canal.

Etchevery (46) had worked out the following thickness
of concrete lining corresponding to various depths, of canals, on
the basis of coulogb's theory of earth pressures (caused by dry

earth), these are shown in table No.1 below:m



Tgble No.1

Side slope Angle of Y _Maximum depth of canal in feet
ofcanal-zepdpe/of earthj No surcharge & thlck— Max.suTcharge & the

Tego se %ﬁgszgf l;&ln( 4 th%?%nezg %f 1ﬁ?12§ %f
311 ST 5.5 1046 16,0 32,0 1.6 3.3 5.0 10.0
L 1%t 1 146 342 4.8 é.6 066 1.2 1.8 3.6
" 231 1.0 2,0 3.0 6.0 0.4 0.8 1.2 24
" 331 045 141 1. 3.2 0.3 0.6 0.9 1.8
1:1 1551 1548 3146 47.5 948 4.8 9.7 145 29,0
" 231 3.8 TT 115 23.0 1.9 38 5,7 11.4
" 381 1.9 3.8 5.7 11,4 0.8 17 2.5 5.0
14541 2¢1 37.0 74.0 111,0 222,0 11.3 22,6 24.0 68,0
" 341 642 12,4 8.6 17.2 . 2.5 5.1 Ts6 1542

It was specified that the thickness required would be
much moré if provision'has to be made for external hyrdaulic pressures.
Figure No.1 shows the thickness of lining for conarete,
reinforced concrete, gunited and asphalt concrete linings #few
cancne#e?SaGOpted in America. Abragive action of silt, unusual
~ were etc. would also need additional thickness.

Thickness of concrete lining as specified by I.S.I. are

given in the table No«2 below:-

Table No.2
Canal capacity Thickness of M=150! Thickness of M~100 g
ma@ .mmmﬁﬁuﬁ?. % concrele cm,
controlled fordinary | Controlled { Ordinary ¢
0 to less then 5 5.0 6.5 Te5 Te5
5 to less than 15 6.5 6.5 705 705
15 t0 less than 50 8.0 9,0 10,0 10.0
50 to less than 100 9,0 10.0 12.5 12.5

100 dnA ahasra an A~ - -
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Thicker lining would be necessary for surface detersimatior
in freezing climage, ® uplift of floor, over turning of side
slopes and other forces.

Thickness of plaster for tile lining v/s head of water:-

Generally double tils lining (total thickness 5%"),with
5/8" thick 1:3 cement sand mortar (sand-witched) had been used both
on side slopes as well as in bed irrespective of the gize of the
cangl gnd its full éupply depth. On Rajasthan Canal, single tile
lining(total thi‘ckness 3-;1/8") with 2" thick plaster is being
adopted in bed for F,S.Depth varying from 15 o 21ft, Iﬁ case of
canals lined with concrete different thickness of lining are spe-
cied for varying discharges as shown in table No.2. In case of
tile lining, the property of imperviousness is controlled by
133 cement sand plaster. The minimum thickness of the plaster

can be fixedto make it structurally safe against cmacking due to
temperature etc. The thickness of mortar required for different

headsof water from permenbility considerations would be discusgsed:-

Seepage losses in the labosratory:-

As reported by Central Board of Irrigation & Power (47)

the seepage losses from various mortars are given in table No,3

belows-
Table No.3
Degcription Water head losses in cusecs per 1065q,
ft.of wetted area
1/2" thick 1:6 C,S. mortar 10! 12
1/2u n 185 " 151 +0037
1/21\ " 183 0 " 15; +0006

Recent experiments conducted in laboratory on different

types of specimen shows that the losses are much more as compared



to above. Nazir Abmed (13] has reported that the seepace losees

per million square feet of wetted area from 1" thick 1:10, 1:6

and 133 cement sand plasters under 10 ft. head of water are 25 Cs.

15 cusecs and negligible respe.

sand plaster seepage losses per 106

In case of 1f2" thick 1:3 cement

cusecs under 10 ft. head of water.

sqe.ft. of wetted area are .47

Seepage losses through 2 £4. x 2 ft. stab of 1" thick

made of 1:3 cement sand mortar and cured for three weeks are given

in table No.4 belowi-

Table No.4

Water hmad in ft.g Te6 11¢1 14¢4 1746

20.4 21.6 26,6 32,4 34,0

Seepage in cusecs
per million sqg.ft. Nil Nil

e 22

+40 0.47,

0.57 0.87 0,33 0.3¢

Results of tests performed oﬁVarious specimen to find

tabie
abeowe No.5 and 6 belowi-

Table No.5

out the effect of replacement of cement by Surkhi are given in the

Experiments performed in 6.,0" dia. Cylinderical apparatus

Thickness of morter (1:3) 1/2" , percolation reduced to 20°% ¢

S.No. Water head  Percolation in cusecs per 106ﬁq.ft.of area
in f1. % replacement of cement by surkhi equal to
25 30 35 0
1 11,0 0.71 0,22 0.86 0e13
2 13.5 0.52 0.40 0.88 0.13
3 15,0 2,09 0.84 2.75 0.64
4 21.2 3.54 2.2% 3.94 1.38
5 2441 2.90 2,75 6.76 2.06
6 28,2 3490 2. 77 8.26 4.75
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Table No.€
Experiments performed on 2'x2' specimen of 1/2" mortar (1:3%)

cured for month:=-

S.No. Water head in ft. Seepage in cusec per million sg. ft. of
area % replacement of cement by surkhi.

15 25

1 8.3 | — -

2 10 e e —

3 14.4 0.88 0.377
4 17.6 0.87 1,77

5 21,3 1.53 2,08

6 25.1 177 2,36
7 B3 2,48 3,54
8 317 3,66 4,13
9 331 3,82 4,37

It is clear from the above results that head of water has
marked influence on the rate of seepage .

Seepage losses in the field:~

<

Actual seepage losses in the field would also depend upon
~ the permeability of the materisl forming the subgrade and other
factors which vary considerably from one place to ahother. Table
No.7 below shows the seepage losses from Bhakra Canal & Rajasthan

Canal as observed on various sites, Complied from (9)

TABLE NoO T
%{gfngf Description Head of Seepage losses in Cs.per million
‘ of site. water inft. sq.ft. of wetted ares
1 2 3 min, 4 max. 5,
Double tile Bhakra Main Max® depth  0.341 .870
lining Canal R.De 18 f%.

1,70,000 to
5434,000
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1e 2o Be e 4, 5e
Double tile 260'x75' tanks 2.0 . 0083 Average
lining near R,D, 11700

of Raj.Feeder . 0049 Average
Single LI ]
Double " "  Tanks 260'x150' XAYEK

at R.D.89440 of ~ 36 +595
Single " " Raj.Feeder 14.58 .07 o3
Double " " Ranks 125'x182' 2.76 3.79

at RoDo 242800 . ) )
Single " "  of Raj.Feeder 21.0 0.88 1.64

Thege results also show that the head of water has m
marked imfwk influence on the rate of seepage.

If seepage losses upto 0.5 cusecs per 106nsq.ft.of
wetted area¢¥: permissible under field mtests (2.0 cusecs under
field conditions) the folllwwing conclusions can be drawn.

i) 5/8" thick 1:3 cement sand plaster in case of double
tile lining is just sufficient for a head of 14 to 15 ft.of water.
ii) " 3/4" thickness 1:3 cement sand plaster in case of
single tile lining gives g higher losses under a head of 21 ft.
Therefore, 1" thick 1:% cement sand mortar would be required for

21 fi or slightly more head of water. For higher heads a thickness
of more than 1" would be necessary.

iii) For heads lower than 15ft, it is possible to reduce
the thickness of 1:3 m plaster upto 1f2" or cement content of
plaster can be decreased i.e. 1:4 ot 1:5 cement sand mortar can be
used,

Nazir Abhmed (13) has, howwer, recommended that the
thickness of the impervious course should in no case be less than
3/4", For high heads upto 25ft. it will be perferable to use 1.0"
thick plaster. Dr.Uppal recommends single tile lining with 3/4"

mortar on bed and side slopes for all types of channels,



The thickness of the morter Esrxwkixiypsmxzf as
sugg ested would be appliceble in case no additidfs are used to reduce
the co~efficient of permeability of mortars. In case, additidas
are used it magy be possible tb reduce the thickness of the
mortar if ecocnomy allows,

Embankment Besign:-

It has been.experienced Bhat the lining of certain
canals failed due to inadequate inner side slope of the camal.
Therefore, it is now customary to heep the slopes flatter than
the angle of the repose of the soil. On Rajasthan Canal a side
slope of 231 has been adﬁpted beyond mile 18. Generally a side
slope of 2:1 would be safe in Rajasthan Canal. In specizlly heavy
filling reaches it would be advisable to conduct shear tests to
determine the shear paramekrs of the soil and banks should be
designed by slip circle method for stability of slopes.

Types of shear tests to be performed depend on the
type of soil as detailed below s ‘
(1) For in combressible £ills with co-efficient of
permeability more than 10"60m/sec., slow sghear tests should be
performed,

(2) For clayey soils, quick shear tests should be performed
for stahility computations immediately after construction.

(3) For compressible silts, stability computations should
be based on the most unfavourable combination of slow and
consolidated quick shear values compatible with the =umg
contemplated operation conditionsi~-

fhe values of angle of internal friction () for
different soils are given in table No.8 below as complied from

(45)



Tgble No.8

Type of § Strata § shape & % Cot ¢
soil { _
Sand  Loose dry or Round uniform 28.5° 1 in 1.8
moist )
" " Well graded 340 11in 1.45
angular
" Dense 4ry or Round uniform 350 1in 1.43
moist
" " Vell graded  46° 1 in 0.97
angular
" Dense saturated Round Uniform 33° 1 in 1.54
" " Well graded  44° 1 in 1.0
angul ar
Silt & sandy
SC(("’ - 0 0 . o
soil Loose —-— 27 to 33 1 in 1.96 to 1 in 1.7
n Denge . 30%0 35° 1 in 1,73 to 1 in 1.4°
" Consolidated - 17%0 22° 1 in 3.3 to 1 in 2.5

quick test

For stable banks of sandy and silty soils (neglecting
co~hejsion in caée of gilty soils) angle of shear must be more
than the angle of the slope.

It is generally considered that the upgtream side glope can
fail under sugden draw drawn conditions. This would, however,
depend upon the type of fill material and 1its properties.

In actual practice draw down occures more or less gradually. The
effects of draw down are discussed belowi-

(1) If the material forming the bank is in-compressible with
high permeability as that of course sgsandx, the water draws out

of the voids of the fill as Trapily as the level of the water drops
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dovm inthe canal & ghere is no danger against failure due to draw down.
(25 In case the permeability of the in~compressible fill is low

but draw down is associated with and folldwed by a decrease in the
vol@@ of the fill due to consolidation., Therefore, the effect on the
properties of fill material is even more impertant during gradmal

draw down than after suddendraw down. It has been experienced that
draw down failures are most common in case the bank material contains
silty or mixtures of silt and sandy soils.

On Rajasthan Cenal (in Rajasthon portion) the soil consists
mostly of fine sand or fine sand silt mixtures, For sand sili
mixtures it is desirable to design the inner slope under sudden
draw down conditions. As compaction of so0il is done to pré@ors
maximum demsity it would be advisable to keep the side slopes as
2.5 ¢+ 1 in such reaches. In sandy reaches inner gide slopes of
1¢5 $1 0r 1.75 ¢ 1 would be sufficient. Xeeping this in view a
side slope of 231 has been adopted and the same would be sufficient
in most of the reaches.

Soil compaction:-

To minimise settlement of banks, to reduce their permeability
and to increase the stability (of banks) compaction of the embankment
material is neceésary. Compaction increases the density of the fill
.as well as shear perameters of the soil. On Rajasthan Canal,
compaction is generally specified to achieve 90% of the optimum
density obtained in the laboratory., U.S.B.R. specifies 95% of
the standard density in case of clayey or siliy soils af unifomm
op¥imum moisture. 6" compacted layers are desired. Co-hesionless £
free draining soils are compacted IuyExzxarExizsizzix to 70%
relative density. Compaction in 6" layers is desired in case

rollers or tampers are used and ini2" layers if tractors ftread or
other vibrating equipment are used,
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¢.L,Dhawan and J.C.Bohri (34) are of théppinion that soil
should be compacted upto stable density and a density higher than

1,65 is not necessary for canal embankmen*ts of 20 t0.25 ft. height.

The arguménﬁs put forth by them are as underi-

(1) In case of canals, permeability and settlement are the main
congsiderations., Shearing strength and bearing capacity are not
important as the canal ehbankments are subjected to lesser loads.
(2)  Por fiormal eoils, under lightr mmx loads, more moisture is
;equired to attain stable density., With increase in moisutme of

the fill, there is saving in the compaction effort.
(3) With passage of time, soils compacted at higher dengities

have tendency to loose densitias and therefore it is futile waste
to compact the soil at higher density.
(4) By increasing the compacting effort from 1% blows to 25
blows, the mam? settlement can be reduced from2,.4% to 1.4%

Wnile with 35 blows the settlement can be reduced to 0.97%
By increasing the moisture content to ohfain stable density, the
settlement of the fill can practically be reduced to nil.

Considering the above facts in view, they have recommended
that the stable density for any particular soil should be determined
in the consolidation apparatus by imposing a ioad equivalent to
the height of the embankment or the probable pressure to which the
soil is subjected.,

Four types of soil of the mechanical composition as given
in table No.9 were tested, Stable densities as observed by them

at different loads are given in table No.10.
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Table No.9

Mechanical

analysis of soils.

Sample No. g Clay particles g Silt particles 8 Sand particles)

below .002 ]

1 18 .4 17.6 64,0

2. 21.28 30.88 47.84

3 24.4 43,52 32,08

44 43.92 33,28 22.08

Table Wo.10
Stable Densitiég:~

Sample : . " .

To. Q %a%? 3f Max" Wﬂm@m—w X, ,
opilguﬁe density f on. 1 Ton 2 Ton 3 Ton
mols Mo siture 8Density 8 Mois%Den—Q lMois gDen Moi

ture sityo ture sit«ture?
" - sity

Te 12.0 1.865 15.4 1.78 4.3 1.82 14.7 1.86 14,0 -

| 1.8°

2. 14.6 1.765 19.3 1.65 18,0 1.72 12.5 1.77513.8

1.8t

3 18.4 1.72 21.7 1.615 20,4 1.65 19,6 1.68 19.7

1.6¢

4. 15.6 1.805 5.6 1.485 21,3 1.53% 23.9 1.572 12.9

1.620
Conal

On Rajasthanl(in Rajasthan portion) the soil consists mostly

of fine sand or fine sand silt mixtures.

In few reaches soil

certainiclay particles but the percentare of clay is generally

less than 20%, Even as per

difference bhetween stable density and optimum density.

Dhawan there is pardically no
It would,

however, be advisRable to compact such types of soils at 2 to 3%

more moisgure than optimung.
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Holtz (18) has reported that in case o& silty soils there is

a loss off density with passage of time. The loss of density i® more
noticeable in the top 6" fto 12" layers. In case of Rajasthan Canal

as the sub-grade is covered by the lining there would be no loss of
density. Hence shearing stréngth would npt be practitally effected
with the passage of time. To avoid failure due to draw down conditions
it would be advisable to compact silty types of soils to the maximum
possible extent.

External hydraulic pressure on canal liningi:=

External hydraulic pressure on the canal lining may be due to:-
8) High sub-soil wmater above the bed of the canal.
b) Differential heads on the lining in draw down conditions.

¢) Saturation of the back fill due to rain water.

It has been experienced that a lining designed to counteract
the external pressure by‘its flextural strength would be very costiy.
In case the lining is designed to counteract a part of the external
hydraulic pressure the possibility of its failure still remains there.

It is, therefore, adviseable to study the cases where
external hydravulic pressure acts under the lining and the ways and

means to counteract be same.

a) High sub-scil areas-

In reaches where canal passes through a high sub-scil area,
the measures as deliiled below can be adopted to safe gaurd against
the uplift pressure,

1) Depth of the canal can be reduced so as to keep the hed of
x..the canal above the water table if possible or as little below the
bed of the canal as possible,

2) Certain depth of.the water csn be maintained in the canal by
constructing humps or regulstors to counter balance the extra
hyraulic pressure.

.9 ¢ REXBHA



3) By providing drainage arrangements and pressure relief
valves in the bed as well as on sides of the canals,

b) Due to differential head on the linings-

In case the goil of the bank is 80% or more sand, no
differential head is likely to be exerted on the lining, This is due
to the fact that the permeability of the sand is hich, water k @rains
out of the voids of the fill almost as fast as the water level goes
doWn. |

In case the soil forming tﬁe bank is impervious, the entire
water is practically retained by the fill and practically no;
differential head is exg¢erted during draw down conditions.

Incase the soil forming the bank is semi-impervious
(permeability co-eff. varying from 3 to 50 ft./years) differential
head would be exerted on thé@ining and,  thereforr, remedial measures
are necessary to safe guérd the same.

c) Saturation of the bank fill due %o rain water:;

Where the soil hagboor drainability differential head may
be exerted on the lining due to rainvater entering behind the
lining. This causes the capillary moisture to become free ahd
exert the pressure, Therefore, adequate surface drainage arrange;

ments are necessary to prevent rain or flood waters to enter the fill,

Drainfge arrangementss-

The following téchniques can be adopted to provide an

effective measure against the external hydraulic pressure.

i) French drains:= Thig syptem consists of transverse drains

along the.side slopes of the canal, diséharging into the longitudingl
drains at the junction of the sides and bed. A longitudinal drains
along the centre line of the canal bed is also provided. The
longitudinal drains empty intc the canal through valves which open

only when a differential head is exerted. These are made of opened



- 38

BRI R ER R XA A XX B H X AXXHER
jointed brick work, open jointed pipes or slotted pipes stranded with
gravelt avoid clogging. The gravel is to be provided on the basis

of filter design critereon,

ii) Continuous blankeg:— Ikt consists of 2 continuous layers of

filter (one layer of %" to 5" thick of course material underlain

by a layer of 2" thick fine material. Three longitudinal drains

two at junction of the bed and sides and one axt centre line of the

bed are provided. |

iii) French drains plus continuous blanket:- This conists of
system of french drain plus 3" layer of sand be tween transverse
drains, This is commonly adopted because of economy and efficiency.
iv) Boulder pitching, porous concrete Ror brick pitching can slso
be used as drainége method g.

Disposal of the wapr colleccted from draings-

) This can be done in two ways®-
i) By continuous drainage out side'the canal provided the
level permits. This prevents the building of pressures behind lining.,
ii) By providing flep valves at close intervals. This arrangement
reduce the seepage loss but there is danger of pressure being built

up in case the drains get checked,

Structual strength of lining:-

In India cement concréte lining of 2" thickness varyipg
from2" to 6" and mix proportions varying fvom 1:6:10 to 1:2:4 have
been adopted on various canals. Double tile and singie tile linings
are also used on major canals. Different forces such as compressive,
tensile pu¥e, tensile in bending, shear, impact, torsion or twist etc.
may be acting on the canal lining under field conditions. It is
difficult to evaluate these forces and therefore, linings are

» L N
designed on the basis of past experience and rule of #im thums,
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In order to understand -these forces and design different types of
lining on the same @niform standard itis necessary to know the
various types of stfeﬁ}hs of the lining under Waripus load conditions.
(1) Compressive stregs ~ CompregsiV¥e stresses are caused due

to increase in length of lining block or rise in temperature or
mokture.

(2) Tensile stresses are caused due to decrease in length of
lining block on decrease in temperature or moisture.

(3) Flextural strength of lining comes into picture under the
following conditionsi- |

8) Under draw down conditions due to external hydraulie forces.
b) - Canal rumning with full supply didcharge with settlement

of sub-grade.

4) Punch shear:- Brick tile under which the sub-grade had
settled is pushed down or in case of back pressuredit is put {®ed
outward.

5) Torsioqbr twist, impact etc, may be the other forces

Therefore, flextWral, tensile and compressive strength
are important to compare the different type of iinings on the same
standard, Punch shear may be important for brick lined canals,

In fact the question of tewting the strength of lining
came in pidture when Dr.Uppal suggested to adopt single tile lining
~ both on the bed as well as on side slopes of Rajasthan Canal. A
decision to do single tile lining in bed of Ragjasthan Canal was taken
and'the same is under execution. Vhile, double tile lining on side‘
slopes is still being adopted.

Ilextural strengthi-

Flextural strength of a test specimen is given by the

following formula



R=MUxY
I
Where R = Plextural strength in Lbs/saqin.
M = Bending moment at failure lead in in.-lbs.
I = Moment of Interia‘in(inches)4
Y = Distance of the neutral axis from top in incdhes,
If the test piece is rectangular in shape of width = b"

l

1

and depth = 4", the formula can be written as

Mx
(o}
R = 5

EYE

12
or B = Q_g
"~ bd
Flextural strength of different type of concrete mixes

are shown in table No.11.

Table No. 11

Type of mix Flextural strength in 1bs/sq.in
At 7 days Permissible.

1( 250) 3122 375 112

M(200)  1:14:3 335 100

H(150)  1:2:4 300 | 70

M(100)  1:3:6 240 42

Incomparisén to above the flextural strength of lining
blocks of single and double file linings cut from Rajasthen Cahal and

Kankar lime block ffom GangCanal as reported by Uppal (26) are shown
in table No.12 belows-
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Table No. 12

Type of lining Sample from Ioad applied k Flextural strengh
R.D. g on 1/3 pointi 1bs./sq.in.
Single tile lining 232 of R.F. 'On bed side 137.4
~do- - T34 o 211,5
- do=- 207 " Top Bide 58,9 broken on straigh
edge.,
~do- 94-95 " " 83,2
Double tile lining 166-67 " On bed side 127 1
;do— 161=167" " 116, 4
- do- 165-166 " Top Side ‘ 216,.5
Bikaner Kankar 57-58 Géng Canagl " 69,0
Lime concrete woo " oo T6.4

In another experiment few specimen of double tile liring, single
tile liﬁing with plaster ontop and single tile lining with plaster on
bo ttom were tested under their own weight. It was observed that double
tile lining and single tile lining with plaster on top failed at approxi;
mately 845 ft. span, while single tile lining with plaster on bottom
failed at approximately 10.0 ft. span. TFlextural strength of the
1ining specimen as worked out from the above formula afe 101, 155 and
201 lbs./sq.in for the three specimen.

It woudd be thus clear that the flextural strength of single

tile lining is better compared & to doubde tile lining,

Flextural stren_th v/s external hydraulic pressures-

——

It is denerally presumed that the external hydraulic pressure
acts under the lining onside slopes, This force is balanced by the
sub-merged weight of the lining and its flextural stren:th., Part of the

force resisted by the flextural strength of the lining can be
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celculated by treating the lining span as cantileveY (lewer and
fixed andlupper end freey and external pressure acting unifoimely.

(This is possible under sudden draw down conditions).

Upper end (free)

4
Q‘l‘
€5,

o Lower end (fixed)

B. M, = E__Z_L_2x 12 =_x_x 62.5 x 12x6 = 31.25 x 12 in 1bs.
2 12 '

Resisting moment =R b d 2

100 x 12 x 5.252= 5500 (For double tile lining)
I

2
150x22x31125 =2920 in lbs.(For single tile lining)

il

Assuming R = 160 1bs./sq.in for Double tile lining
150 1bgs/sd.in. for single tile lining,
By equaling B.M. and resisting moments for vari%s span lengths,
value of x {§ external hydrauiic pressure in inches | can be determined
Table No.13 below showg the detailed calculations:; |

Table No.13

Spen of liningl Bending Yalues of x in inches
in ft. moment Double tile lining Single tile lining
(in lhs.) Col.2 = 5500 Col. 2 = 2920
10¢ 3125 X 1076" 94"
201 12500 x 440 230
30' 28125 x 20" 10"
40" - 50000 x REL 06"
501! 78125 x LO7 «04n

It is clear from the above that Upto 10' £t, span (depth



of the canal say 5 ft), tile liningsare able to with stand externalxkx
hydraulic pressures of more thani" to 2" by their flextural strength.
Beyond 10* gpan their resisting power due to flextural strength is

negligible and the entire pressure would be resisted by its wékght.,

Flextural strengthv/s water pressures-

So long as the sub-grade is sound, no apperciable pressure
is exerted on the lining. In case of settlement of the sub-grade, the
flextural strength of lining would have to resist the water pressure
a8 well as its own weighte. The lining would actﬁally behave tk as
twio way sléb; However, for simplicity, the lining has been treated
as ordingry siab and its resisting power for different depths of water

is shown in the % table No.14 below?i~

Table No,14

azgzg gi Benﬁing zf’mzment < { '?pgn of }ining_in £t, at |
canal uble tiley Single tlle% Col.2 = 5500§ Col.2=2920

. }ining . 1ining3 { .
51 545 x 1° 515 x 1° 3018 2,38
10" 1015 x 1% 985 x 1° 2,33 1.71
15¢ 1500 x 1° 1470 x 1° 1,91 1441

2 2 _

20! 1980 x 1 1920 x 1 1.68 1.23
251 2420 x 12 2390 x 1° 1.5 - 1.1

It is clear from the abowve that neither double nor Hingle
tile liningé would be able to with stand forces caused by fhe
gettlement of the sub-grade., It is, therefore, very clear that the
sub-grade should be compacted uniformely and effectively so that
there is no possibility of unequal settlements » In czse sub-grade
settles , the lining would crack and settle. Cracked linings are

no better than unlined cansls as for as seepage losses are concerned.,
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I
Tue to settlement of the lining co-efficient of ragosity would
increase. Full scale tests conducted by Uppal had provided that
there is no settlement of the sub-grade under fully loaded condi;
~-tions. However, the importance of uniform compaction is to be kept
in view to avoid ssttlement.

Compressive strengthi-

Ve Compressive strength of various concrete mixes vary considerabaly.
However, typical compressive strength are shown in taile Wo.15,

Table No.15

LYpe of mixe Cube strength 1bs.s Jin.at 28 dayg
Thb.tets Field tests
11250 (1:1:2) 4500 3500
11200 {1:1%:3) 3600 _ -2800
M150 (132:4) 2806 2100
N200 (1:3:6) 1900 1400

Compressive strength of 8" and 6" square samples of single
tile lining (3" to 4" thickness) and double tile lining (5" to
6" thickness) cut from the prototype lining are shown in Table No.16

belows—

Table No.16

S.No.g Type of lining | R.D. § compressive strength in 1b/sqg.in
. § § Ymen tested dry{ When tested wet

1 Sin_le tile lining XEéXE 73T74 of R.F. 1119 9%1
2e -do; 94~95 of R.F. 1772 1582
3.Double tile lining 165;166 e 607 594
4. -do; 166-167 676 633
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Note:~ Compressive strengths of singlé tile lining are higher than

double tile lining due to the fact that the thickness of single
tile lining is 3" to 4" and that of double tile lining is 5" to

6" while the size of cube ig 6" or 8" square.

Compregsive strength of single tile lining is showin in
Table No.17

Table ¥o .17

\

S.Nos ReDuo Compressive strength When tested dry
Wet (1bs./s@.in)

1 94~95 1171 2776
24 " 3371 1718
- 3. " 1333 2161
4. " 702 : ' 2419
De " 921 827
6. " - 1231
7498 11132

5 6

= 1500 1850

Compressive strength of single tile lining depends upon the
compressive strength of brick tile which vary considerably.ln
one of the test meries it was observed that compressive strength
of 2" gide cubes of brick tiles on various kilns of Sirhind Feeder
varied from 1200 to 25008 1bse/sq.in average being 1200 1lbs./sq.in.

' On Rajasthan Canal in Rajasthey, compressive strength of tiles
from various kilns from R.D.B0 to 135 was observed to vary from 800
to 2500 ® 1bs./sge in. averaging to 1600 lbs./sq.inches,

Eéﬁpﬁ:&iﬂﬁﬂ_&fresses:- '

Due to rise in temprature, compresgsive stresses are created
in the lining block. If the co~efficient of expansion of concrete

6

is 5x10° and @odulus of elasticity E-3x106 psia, the pompressivé



stresses due to 100°F, rise in temperature would be 5x10"§3x106x100=
1500 1bs./sq. Ordinarly good concrete would be able to resist
theése stresses.

For tile liningst=-

E=5x 105 .
& = 3X1§@ ' '

" oCompressive stresses = F o« %

=5 x 10°x3x10~°

x100 = 150 1lbs./sg.inch,

Both single as well as double tile lmning would be able
to resist these stressese

Due to fall in temprature tensile stresses are creaded.
,Average'temperature of the lining laid in winter is 60°F. and that
in summer is 120°F, Minimum temperature to which the lining can
be subjected would be 40°F,
Tensile stresseS for linings
lgid in winter =E &t

5x3x10—6x20 = 30 lbs./sq.inch,

= 5X1O
Tengile stresses for lining .

lgid in summer = 5x105x3x10“6x80 = 120 lbs/sq.inch.

The 1iningé laid in winter are subjected to lass tensile
stresses than linings laid in summer. Therefore, lining laid in
winter would crack less than the lining laid in summer. It has
also been experienced at site that lining work done at site during
winter season has lesser no. of cracks than work done in summer
seasgon.

Due to differentigl temparature on the top amd bottom surface
of the lining, the lining would be subjected to curling or warping.

Exact theoritical analysis for the above is not possible and therefore
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it is presumed that factor of safety would bear these stresses.

Conclusion:- The~oritical studies and practical tests have

revealed the following impord#ant points:-

() Thicker linings designed for pressure can't be aB@olutely
free from failure. It is, therefore, better to éGOpt cheaper fype
of linings and provide safety measures to counteract the forces.
(2) Uniform compactiazzggnﬁanm density is desirable so that
sub-grade failures are minimised, |

(3) Thickness of lining or cement plaster in case of double tile
lining should be designed from the consideration of hydraudic head
(hydraulic gradient).

(4)  Earthen embankments should be designed on the basis of

modern principles of soil mechanics so that the chances of its

failure are minimised,
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CHAPITER 6
TYPES OF LININGS

Linings wefe generally classif%ed on the basis of the
lining materials used. These are now classified on the basis
of design considerations involved in the various types of
linings and can be grouped under three main sub-heads,

A) Exposed Lining.
a) Hard surface or rigid linings.
1) In situ concretee.
. 2) Precast concrete.
3} Gunited or shotcrete.
4) Lime concrete.
5) a) Hot mixed asphaltic concrete
b) Cold mixed asphaltic concrete.
65 Brick (Tile)
7} Stone masonry.
.8) Soil cement,
b) Exposed Membrance Linings.
' 1) Prestressed flexible sheet
2) Asphalt mocadam |
3) Prefabricated asphaltic
*4) 7Plasfic and synthetic rubber
B) Burried membrane Linings.
1) Asphalt Membrance (hot-applied)
2) Prefabricated asphalt membranee
.3) Plastic Membrane
4) Bentonite membrane
c) Earth Linings
1) Thick compacted earth
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2} Thin compacted earth

%3) ILoosely placed earth vlanket

4) Bentonite soil mixture

5) Soil sealignts.

Various types of linings, materials used fortheir
congtruction and methods of construction are described breefly
in this chapter, Suitability of these types of linings under
different conditions has also been discussed. Examples of
important linings constructed in India end America are also
given.

A@ Régid type of Liningws-

Hydraulic and ztmxmiwa sturctural design considerations
for these types of linings have already been discussed. In this
chapter various constructional aspects of these types of linings

are described.

1) In situ concrete L;nings:~

As the name implies these are so called because these are
cast in situ. Depending upon the availability of 1abour, machinery
and economy any of the following methods can be addpted for placing ‘
concrete i~ |

i} Hand placing:- Where cheap lsbour is available as
in case of India, placing the concrete and screeding is done
by hand.

ii) Meckanical screeding:- For large size of cenals the
operation of plecing the lining takes sufficient time. Screeding
of concrete by hand .in such cases imposes a great problem.

Therefore, to save time mechanical screeding is adopted.
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'iii) Sub-grade guided slip formsi- With the rige ip cost
of living and to improve the efficiency of construction plecing
and screeding of concrete by mechanical meansvis adopted. In

‘United States of Amercia slip forms supported directly on the
sub- grade operating longitudinally along it are used for
mbderately large canals.

iv) Rail guided slip formg:~ In order to effect economy

slip forms supported on Rails placed on berms of canal are used
for laying concrete incase of large canals,

Mix proportions:- Design of mix should be done as per

I.5.3,, depending upon the strength and slump required. TUse of
air entrining agents improve the durability of the lining.

Care in constructions- Proper sub-grade as in case of

tile lining is also essential for this type of lining. Sub grade
should be moistened 24 hours before laying to ensure penetration
of water to a depth of 6 inches. Good finishing of concrete
surface using long handled steel trowel is desired., In India
curing is started by covering the concrete with gunny bags and
watering by cans or mushaks a few hours after concreting. This
should be continued for 28 Mdays. BRetter curing can be done by
sprinkling water from a perforated pipe fed from an over-head tank.
In bed curing is done by allowing 6" depth of water in bed in

between earthen bunds for 2 to 3 months.

o« In Amercia curing compounds are used:i-

Reinforcement i~

Due to volume change caused by decreage in temperature or
moisture, shrinkage cracks are usual in concrete. Provision of
reinfor cement steel upto 0.25 to 0.3 percent of the area of

concrete reduces the width of thege cracks thereby minimiéing the —
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seepage. Theoriticaliy, the maximum amount of steel necessary to
hold the edges of cracks Xx tightly together would be that required
at a crack in the langitudinal centre of the slab to over;come the
external frictional force devel@ped between the slab and sub-grade
as each half tends to shorten during any volume change,

This is expressed in the formula,

A =BVl )
2% s

Where a= area in sq. inch of steel per feet of width in the
direction in which L is measured.

I= Distance in feet between free longitudinal joints
ﬁherv computing transverse steel or between free
Evansvevse joimb S wWAemnr
computing longitudinal steel.

W= Veight of concrete slab in 1lbs., per sft. plus
weight of water per goft. in the Canal.
F= Co-efficient of friction between slab and'subngrade
(1.5 to 2.0 for average conditions).
S§= Allowable working stress in steel (usually 1/2 x
ultimate strength of steel)
Maxm(ZO ft. length of slab is adopted to prevent excessive

‘

opening at the joint. Reinforcement should be broken at the

.

jOin'tSo

Expansion and contraction joints:=-

Due to rige in temperature, compressive sgtresses are

produced in concrete. If «=, 000005, E = 3x106

1bs/sq. in,

then with 100° F rise in temp. 1500 1bs/sd. in compressive

stresses are ﬁroduced. These can be registed by good concrete even
without expansion joints. Concrete dries out shortly after placing
resulting reduction inlength. Tensile stresses produced cause

cracks in concrete. These stresses produced are of two kindsg:~
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i) Those caused by a decrese in temperature or moisture,

Simple tensile xxEx stresses are produced which can be

computed.,

ii} Those cause by differential variation between the upper

and lower edges. of the slab, This results in curling

and worping o~f slabs. Formulae for computation of

these giresses are Yet to be investigated.

The later is the major factor which causes working stresses

in Canal lining. Craoking.can be minimised by the following;

1) By providing re-inforcing steel.

3
2) By meking groovi%g t0 a depth of about 1/3 of the

thickness of the slabs at proper spacing both transversely

and longitudinally.

3873 - 1966 clauses 6.2.1%" where lining

operations are continuous, transverse grooves or longitudinal

and transverse grooves both in cases of concrete lined canals with

b perimeter more than 10m shall be formed as shown & in Figure in

accordance with Tagble given.

Table:- # Contraction joint spacing,

1 b c Approx. Groove gpacing
mm mm mnm centre to centee m
50 8 17 3
65 8 20 3
75 ad 80 11 27 4 to 5°
90 11 30 4 t0 5
100 ad 11 33 4 to 5
more
. A PA3Ten ,
e ) T Z 1o men KMM& l7
K {“ f "T—}Ezfl J
] FIl G—~  DETAIL ©OF CONT‘RA‘CTION JOINT —
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Allowable tolerance on b and ¢ shall be + 1.5 mm, Then
lining is cast in panels not more than 3 m}faces of previously
placed concrete shall be painted with a sealing compound to assure
that no bonding takes place. Provigion of grooves is not necessary
in thes case.

In situ sleepers in case of bed and precast in case of
sidés shall be provided under the joints., The gleepers shall be
20 mm cm. wide and 10 cm. deep in case of Canals with capacity more
then 15m3/S or less. The SIeepers shall be of the same grade ag for

lining and should be placed under the joint.

Joint fillersg:~ ZFillers should be water tight for given heads,
stable over the temperature range, fairly plastic, durable and
economical. It should permit, without fracture or failure of its
adhesion with concrete, the slow movement set up by expansion and
contraction of jointé.

In Amercia senmi 1iquid compodnd consisting of powdered
ashglt short fibred asbestos, diatomaceous earth and powdered lime
stone with asphaltic flux oil and plasticizer are used. In India
hot pour expansion jointing compound of Shalimer Tar product is
recommended for use.

Bxamples of in Situ concrete Linings in India,

Neme of Project Specification employed ‘ Length in miles
gr Canal. ' .
rungabhadra Project 3" thick 1:6:10 concrete in bed g 1345

Low Level Canal, 3" to 4" thick 1:4:7 concreteon sides {

Kurnool Branch 3" thick 1:6:10 concrete in bed .g

canal M to 44" thick 1:437 concrete on gides | 108
Left Bank Main A" thick 1:6:10 concretein bed g ;

Canal 4" thick 1:6:10 concrete on sides | =0
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Kurnool Cuddapah 4" thick 1:4:8 concrete in bed i
Canal Project 4" thick 1:4:8 concrete on sides 8) s
Lower Bhawani Project 2i" thick 1:4:7 concrete 14,0
Distributaries.
Santhur Project 3" thick 1:6:10 concrete in bed g
Main Canal. 3" thick 1:4:7 concrete on sides § o
Hangal Hydel 5" thick 1:2:4 concrete in bgd g
Channel. 6" thick 1:234 concrete on sides § 20

5" thick 1:3:6 concretein bved g

27,0
6" thick 1:3:6 concrete on sides {
Examples of some Amercian Canals (Un-reinforced
copncretfe Tiningei=
Wame & location Gapacity (Cs.) Side slopes Maickness
inches.
1) Delta Mendota Canal 399 1401 4"
Central Vall ey Project
2) Friant Kern Sentral 4(500 to 5000 1431 34
Central Valley Project.

3) Ceochella Canal ‘ 425 to 625 1441 B

Bonlder Canyon Project.,

2} Precast concrete Linings:- Precast concrete slabs are cast in

in factory by machines under controlled conditions, therefore, these
have more sirength for the equivalent thickness. Quality contirol
of raw materials, proportioning, grading, mixing and casting can be
effectively done with less skilled labour, Finishing with plaster £
and form work are not necessary. It is easy to repair and less costiy
for small canals. Various types of joints are possible.

On the other hand slow progress, unsuitability for curves being
casted flat and rectangular and difficulty in handling large sige

slabs limits its use. 4g/“?

-
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Where the slabs are required in small quantity,wthese are
casted by hand in steel or timber moulds. 1:3:6 concrete is
ghaerally used, Normal size of glabs for manual handling is
10 "x20"x2" or 24".

Layings~ The precast slabs are laid directly over the
sub-grade, the joints are sealfed with cement mortar of dry
consistency eand prOperly packed to eliminate shrinkage. Expansion
joints are provided at regular intervals of 12 to 16 ft. TMetails
showing the constructional procedure of Rosa-cometta slabs are at
figure r

Examplegi~ 1:3:06 cement concrete precast slabs sige varying
from 24x15" to 24x24" were used on Tungabadhra Cgnals.

Recently on Yamuna Hydro Eleetric Scheme Stage I, 12"x12"x2"
precast concrete tiles have been used over flat bricks, Sandwithzadt

—~ched in between 4" thick mortar on sides of Power Channel with
7000 Cs. discharge.

Amercian experience:- 1In U.S. Precast slabs have been used °

to a large scale for lining small drainage ditches. Some of the

examples of large canals are tabulated below:-

- Year Name of Project Length Size of glabs.
1940~-41 Branch Cagnals on 6 Miles 4'x6'x1" reinforced with
Yuma Project. 3/8" dim, bars in each of

two ribs on the underside.

- Carls bed Project. — 3Mx12"x 18" and 3"x12"x9on
1910 Hill side Canal On 10 Mides 4" t-ick x24" long cgﬁt in
Tietan Project nmetal forms curved té 8 ft.
dia.
1946  Branch Cansl of 400 ft.  a)2'x2'xolM
Yakima Project | b) 2! xBrx oL
GO | —— 8"x24"x2" curves left unline

and grounted later,
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i

Blocks with special shapes have been used on various
Canals inJapan in preference to stone and concrete linings. The
details are given in an article 'Lining of Canal in Japan' in the
third Congress on Irrigation and Drainage 1957'. (20)

3) Shotcrete Lining:=-

It usually congists of 14" to 2" thick layer of cement '
sand mortar applied by means of airjet at 30 to 50 lbs/sq. in.
Maximum size of sand used is 3/8", however, for finish coats %"
maximum size should be used. Sand must contain moisture varying
from 4 to 8%, Dry sand does not hydrate properly while wet tends
to clog the equipment. Before placing in machine cement and sand
should be thoroughly mixed. 3 gallons of water per cwt. of cement
is added.

'No reinforeement is generally provided; however, the
same can be provided in the form of wire gauge of 12 gauge.

Grooves of %" depth are provided at 6 to 12 ft. intervals,
Joints are not provided as cracks cen be repaired with cement gun.

This type of lining can be used on irregular sub-grades
guch as rocky formation. Due to mm small size of equipment it is
also suitable for small and scattered jobs. Because of gmaller
thicknesgs it is m&re useful for small Canals. And at places of
mild climates. Due to difficulty of placing in uniform thickness

it is liable to fail where the thickness is less than specified.

Examples:i~ Eleveh miles of qéra Canél in Madhya Pradesh were

lined by guniting in 1934~-45. The lining is still in good comdition.
A ligt of some shot@rete lining works inAmerica are

given in the table:=-

Year Project. Capacity Thickness Remarks

(Cusecs) {inches)

—

1941 Wew Briar Canal 350 to 700 14 Reinforced



1945 Gila Canal laterals 14 to 70 1% Reinforced,
1946 Paséo Pump laterals 15 f 2 “nreinforced.
1946 Pasco Pump laterals 5 to 15 | 1% Unreinforced.
1946 Yuma Mesa laterals. 1? to 60 14 Reinforced.

1946 'A' € 'B' laterals

1950 Fort Summer 20 14, Unreinforced.
1950 Fort summer 80 to 100 © e e
4. Hydrgulic lime concrete linings:-

Bikaner Canal was the first major Canal in the India which
was lined in 1925 to conserve water., Due to availability of Kankar
on the alignment, Kankar lime concrete of proportioh 12136 was
adopted. Kankar was burnt in KXilne at every 5 miles to get lime.
The same Kankar was used as coarse aggregate as well as sand also.
The designed capacity of Bikarer Canal was 2144 Cusecs. with 8 f%.
as F.S.D., side slopes as 1:1 and free-board 1 ft. The szn
section was raised subsequently. |

Concrete slabs 44x44 £t. and 22x13 ft. were casted at
site in bed and sides respectively V and Y shaped pieces 6" long
the former being 1" wide at tbp and 4" wide at bottom were used
for providing joints.

Recent experiments in Indis as well as in America have
proved that lime or lime cement as binding agent has very poor
compressive strength, high permeability, less resistance to
cracking and x digintegrates with less than 10 cycles of freeging
and thawing.

5. Asphaltic concretes~

The most important advantage of this type of lining is

—_—
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the plastic property which enables the lining to aajust to sub
crade settlements. It can be laid in winter in extreme cold
climates. It can be used for.repair work. This type of lining
is onlyvsuitable for small Canals. ‘

It has less life than concrete lining. Velocities are
limited to 5 £4. per sec. Resistance to hydfostatic or soil
pressure is insufficient. Due to dark colour and plasiticity,
more heal, light, air and water impedes resulting in weed growth.

Weed growth can be prevented.

been

a) by increasing the density of ILining:- Tt has/found
experimentally that denser lining (with less than 3%

voids prevents weed grouth more than lighter lining
witn high percentage of stone.

b) By apolying soil sterilizer.,

Sodium Chlorate is the strongest soil sterilizer more
so far killihg underground parts of plants. 5% sodium in water
at 2 liter 5 per square meter is generally applied., To avoid
leaking ﬁnder opfn revetment, 200 gm. per square meter of a
mixture of 10 parts borax and 4 parts sodium chlorate (by weight)
are spread and then fogged with water.

Petroleum products such ag Diesel fuel or gas oil can be
used with 3 to 5% &m of any of the following phytocidal chemicals
is spread at 1 liter per square meter and soil left undistuibed
for 4 days.

a) Pentachlorophenol.

b) 2, 4 dichloro phenoxy acet-ic acid (hormone product),

¢) 2, 4 dinitro butylbhenol,

d) dinitro ortho-cresol (DNOGC)

Injection of DD, are carried out at 40 cm.



S T

intervals to a depth of 3.0 cms. for plants with long routes.

Hot mix aSphaltic conecrete -

Design of Mix:-  Asphaltic concrete or sheet asphalt as per

typical grading shown in the following table are generally used
as criterea for design of mix.

a) Asphaltic concrete

Passing A.8.T7.M. Sieve 1" grading 4" grading 3" grading
(K 100% - -

3/44 80% _— —

1/2" 607 100% -

1/4" 46% 7% 100%

NO 10 | 33% 57% 75%

NO 40 17% 33% 45%

NO 80 12% 2% 30%

NO 200 S 5% o125 15%

Bitumen in mix 5.5=~T.5% 6.5=8.5% 7.5-9%
b) Sheet asphalt '

Passing A.S.T.M. Sieve

No 10 100% ‘ Grade of bitumen from
NO 40 60-90% 30/40 (in hot climates)
NO 80 30-50% to 80%100 in cold climate
NO 200 | 10-20% \ is used. Both for
Bitumen in mix 09— 11% j Asphaltic concrete and

0 sheet agphalt.

Ags design of mix involves trial ana error, gradings are so
ghosen such that the void content of the final mix does not remain
more than 4%, TFiller may consists of cement, lime stone dust or
-dust of any other mineral such that 70% of it passes through seive
No. 200.
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Process of mixing i~ The equipment such as mixer, aggregéte boiler

and bitumen boiler are used for mixing the concrete at site of

work. The aggregate and bitumen are heated to a temperature of
130°C to 190°C and then are mixed. Batch mixer or continuous

mixér can be'adqpted for mixing both being pug millé with the mixing
blades mounted on twin shafts.

Laying and compacting:~ The mix is taken by lorries, some times

insulted, to the site and is then dumped mxkhi#r either on the steel
plates for subsequent spreading by hand with showels rakes or
into some form of mechanised spreader. |

Compaction is done by roller mik with weight of 10 to 40
Kg. per cm, width. For hot mix on steep slopes the formation of
hair cracks by the roller into the surface can be avoided by
using a lighter roller for initial compaction. Experience with
light rollers of 300 kg. weight indicates that this type of
equipment can be satisfactorily used.

Normally asphalt lining is laid continuosly without
joints bﬁt in case of loose sandy soil laying in alternate layers
is prefered. For joining near concrete'with 0ld one, the edge of
cold concrete should be cut to an awrgek angle of 45° and primed
with pure hot bitumen before the laying of new layer,

A seal coat of cut pack bitumen if laid will fill all
the pores. ‘
Drainage:~ The drainage behind asphaltic linings is very
‘important factor. These linings are very sensitive to up-1ift
against hydrostalic pressure being plastic.

Examplegi-  This type of lining has not been used on the Canals

of India. Examples of some of the Amercian Canals where this has

been used are given below:-

\05399
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Zxamples of some Amercian Canals:-

Yame of Cgnal Type of Lining Average Average Total Date
or Project. capacity thick. length of
C.F.Ss  mess of in install-

lining miles  ation.

Pasco Pump laterals Asphaltic 3-96 2 inches 11.2 1947

& sub-laterals concrete

(Columbia Basin Project)

Ygnacio Canal ~d0~ 0=30 2 inches 4.2 194748
Central Valley Project. ' 6" edge.

Vyoming Canal & - ~do- 10-45": 2 inches 15,65 . 1951
lateral s~ ' ‘ -

-

6, Brick (tile) Lining:~ In India this type of:lining is largely

being used specially in the regions where other suitable materials
are hot available, This type_of lining is being used on Rajasthan
Canal. Detzailed description have béen given in a seperate chapter.
In this type of lining cement plaster sand-witched or on the top
serves as impermeable materiél while the brick or tile serves as
skeleton.,

Names of various canals wnere brick lining has been used
are given below:-

Name of Canal . Degcription Length in miles.

Sarda Canal 6" thick sandwitch mortar (two 4.5
layers burnt tiles with cement
mortar in between). |

Nangal Hydel 52" thick sandwitch mortar two 1140
Channel. layers burnt tiles with cement

mortar in between.
Bhakhra Main line, —do; o 198
Narwana Branch ~d o~ , 64
Sirhind Feeder. ~do~ | 53
Sadul Branch. -d0- 40. 25
KaniSingh Branch. ~do— 3.0
Amar Singh Sub-Branch. -d0- | 28 45

Ghaggar Sub-Branch. -do- o 8,0
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7- Stone Linings:-

Stone lining is the oldest type of lining constructed.
Lainly two types of linings have been constructed.

1) Rough stone linings.

2) Ashlar or stone masonry.
1) Rough stone lining:~ 1In claye& s0lls which are impermeable,
only protection to slope is m necessary. Stone pitching has been
used in these circumstances. The main draw back of stone lining
is the doubtful durability and are therefore used where rough
building stone and mannéé‘labour is avallable in'abddance.
2) Ashlar or gtone masonry:- :Ashlar masonry type of lining
was uséd in old -days but bvecause of high cost this has been
given up entireiy. Examples of rough stone lining and masonry
linings used in Spain are given in table below. These have stood
the taste of the time., Some of the linings hawe been repaired.

In India stone masonry in lime mortar has been used on
Chambal Canals. On Tungbadhra Cangls shahbad stone slabs 1"
to 2" were tried. But because of their high cost and less
durability these were given up.

In Japean block type of masonry is now a days prefered
because of less cost, more durability and better understanding

of mechanies.

Year Name of Canal Type of lining. Remarks.

1930 Henares Canal Rough Stone on a) Where velocity is above
, . m .
clayey soils 2"/sec. erosion occures

& is encourged by swelling
of claye.
'b) "here vel. is between 1
to 2 meters/sec. formation

of cregt is noticed.
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c) “here vel. is less than
1 meter/sec. appreciatle
deposits of slim,
1740 Jarama Dike Large rough stone Repaired in 1993 with 15
on Gravel(soil with mm concrete coating.

sand.,

" ~=G o= Lime stone with lime Xepairs in1927 with coating
mortar in clayey

sandy soils with cha~ of cement mortar & concrete

lky soil in some copinge.
sections.,

" ~=(0=- Masonry lining on Abandoned in195%. Replaced
Chalky soil. | by another portion with

concrete walls,
1875 Henares Canal liagonry lining & Only periodical clearing
coping of lime stone  was necessary.
picked ashla ¥s in
coglomerate soil with
high proportion of
small & clayey sand.
1580 Aranjuesz ‘Masonry lining of

Irrigations. clayey loamy soil. ———

g-S0il cement Lining:-

2% This type of lining has low resistance to erosion and is
therefore adopted for small canals. In America two types of mixes
are adopted.

1) Standard soil cement:~ It nas optimum moisture centent
determined under Laboratory condition. Mixing is done at site and
compacted by pneumatic or flat rollers.

2) Plastic soil cement:- On side slopes where compaction and

méxing are difficult, plastic soil cement is used. It contains
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more moisture and flows like concrete. Slip forms can be
employed for its placing.

In India Standard soil cement is used. The details of
design and construction are narrated below.

1) Grading of soil:- The following specifications prepared

by Central Board of Irrigation & Power for soilf cement blocks
can be used as guide for soil cement lining. Cement should be
5% by wright of dry soil.

Clay (below 0.002 nm) 8 to 15% (by weight)

Silt (.002 t0.02 mm) 12 to 25% (by weight)

Sznd (.02 to 2,0 mm) 60 to 80% (by wetght)

Where natural soil confirming to the abové specifications
are not available blended soils with the following specifécations
can be adopted:- |

Plasticity index = 8,5 to 12.0

Sand content 4 35% by weight.

P value = 8,5.1%0 12.0

Qrganic matter 3l> 1%

As per Americd practice following gradation should be
adop ted.,

Maxm. particle size =3" - should not remain more than 5% on 3" sieve.
Passing NO 4 ASTM sieve = minimum 40% (preferbly should not
retain more than 45%)

Passing NO 40 ASTM sieve 15 to 100%

" 1 OO 3] "

Not more than 50%
Liquid limit ¥ 40 '
Plasticity index b 18



Tﬁﬁough cbmpaction of sub-grade is essentiai. Loose pockets
should be filled with selected material in layers of not more than
6" and compacted.

Soil used as Lining material should be crushed and sieved
while in ‘watter® donditions-shch that 80% pass the NO 4 sieve .

Soil should be‘added:gglculated guantity of water to bring
its moisture content to optimum. Consideration for evaporation
and absorption losses should be taken into account, After over
nighqbbsorption of moisture cement ehould be added and mixed
thoroughly by hand or pug mill.

In India so0il cement is placed carried to site and placed
by hand lagbour., Compaction is done by pneumetic or flat rollers.

For 7 days curing is done by spreading 2" of soil straw'
or gunny bags and kept wet as necessary. 28 days curing is done

by sprinkling water.

Exaﬁples:-

Name of Project Length. Specifications:

Jagadhri Tub-well 3 miles. 4-1/8" thick soil cement (with 5%
cement) in bed and sides. Vearing
coat of 1:2-cement sand mix,

Krishanasagar Project 6" thick soil cement.

Shimsa Branch Channel Short

of Visvesvaraya Canal lengths.

W.C+ Austin Project 4" to 6" thick soil cement

Okalahana. gradation ~100% passing A8 gieve

§ Wo 4 » 605 passing ATTIT M. 200

10:5=12% cement instandard mix

187, cement in plastic mix.



2xposed membrasne liningsgi—-

These types of linings are generally under experimental
stage. In India these have not been considered owing to their
high cost. VWith the advancement in Industry and necessity of
linings old canals in operation condition may force the gdoption
of this type of lining in future,

a) Plastic linings:~ Plastic membrances have low resistance

to puncture., On exposure these are liable to disintegerate.
Thicker membragnces are more ccstly. Experiments are being
conducted.

b) Prefabricated asphaltic membranei~- Prefabricated

asphaltic sheet 1/2" or more in thickness can be used as lining.
On one of the Bureau Canale this type of lining has been used

to satisfactory line the canal ih running conditions. Canal 30
feet wide, with 3% to 47 depth of water and 1 to 3.0 ft/sec
velocity was tried with 1/2" thick asphaltic membrane. Pre-
fabricated panels were allowed to drop in from both ends and
pulled by means of barges. Centre joint was sersled with mastic.
The process of sealing ig yet under impmovement. A& hot melt
asphalt appeared best. Use of large air driven stopler have been
advised for sticking the pannels., TFrefabricated lining can also
consist of tiles 85 x807"x2.5%" with a booking of burlap
extending 15 cms. ontwo adjacent tiles, are laid with joints

. filled by a blown bitumen containing 127% filler. The tiles are

composed of asphaltic concrete containing aboug 12% bitumen 50/60

and the mineral aggregate graded¢ from 1/8" max” to 15% passing

200 mesgh.

Agphielt mecadamg:i~ To make the Canal water-tight large guantity
of asphalt is required hence it is costly. On exposure it shrinks

and cracks are developed. Hence maintenance is also costly.
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This nas been used as cover material to aSphalﬁ} membrane on
experimentzsl basis to obtain impermeable léning., But its high
cost compared to ofher earth cover materials limits it use.
Prestressed flexible sheets and synthetic ruhber are also under

experimental stage.
Burried lMembrane linings:-—

A The basic design conslderations for Canal section are the
same as that for unlined Canal., This is because a burried
membfance lining essentially consists of an earth or earth cum
gravel cover placed over the membrane. 2:1 side slopes are
generally prefered but in no case it would be steeper than
1.75:1. For earth and gravel cover, ccver thickness asg deter-
mined by the following empirical formule should be gdopted:-

Cover thickness =QTU' + 10

Vlhere 4 = depth in inches.

Similar to earth lining it has also the advantage of
deffering the decision to line the Canal at a later gstage without
any extra cost. In fact after the excavation of Canal vulnerable
reachedrequiring lining can be determined effectively.

| Actual construction procedure involves of the following
operationgi-

1) Over excavétion of C%nal section to a depth equal to the
thickness of lining.

2) Finisning of the Canal section to a true section. The
process is termed as dredging when done by dredger. It is called
dressing when done by mgnugl labour,.

3) Smooth steel roller is alsqused to obtain satisfactory
surface. Rolling is not required to increase the density of the
sub-grade,

4) here weed growth is a problem sub-grade is 2lso treagted with

sterilent,
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5) Laying of membranee is accomplished as detailed under
various kinds of linings.
6) Protective cover consisting of earth or earth cum gravel
is then laié over the top of gravel.

Depending upon the type of membrane used kmmx burried mem-—
brane lining are further classified as under:-

1) Asphalt liembrane (hot applied)

2) Prefabricated asphalt membrane.
3) Plastic membrane.
4) Bentonite membrane,

1) Asphalt membrane (Hot applied).

Catalytically blown asphalt cement prepared by the
catalytic blowing xzux treatment of gsphaltic petroleum,
conforming to the specifications shown in Table is used.
Essential requirement of material gre:-

1) It should have high softening point to prevent sagging,
flow down the canal on exposure.

2) It should be sufficiently plastic at operating temperastures
to minimise rupture from earth movements.

3) It should not have cold flow ten~dencies to resist high

nydraulic head. , )
TABLZE,
Description. ‘ Type 1 Type 11,
Penetration grade. 50;60 55;70
Flash point (c.o.c)net less than 425° - 22T 425°F
Softening point (R&R) 175°~260° 175°-200°
Penetration at'77°F, 100 grams, 5 seconds 50-60 55-T0
Penetration 115°F;50 grams 5 seconds, not 120 135

more than 120



Ductility at 77°F,5 centimeters

per minute not iess than 3¢5 em. 3.5 cm.

Loss at 325°F, 5 hours not more than  1.00 1.00

Penetration of residue at 77°F,100

gnams,5 seconds as compared fo penetration

before heating not less than 60% 60%

Bitu..en (Soluble in carbon tetra

chloride not less than) 97% 97%
Pype I is used for a1l membrane construction and type II

where more resistance to Graking is required.

Membrane spplicationi-

On the preparea sub-gradg¢, water is sprinkled very
lightly to prevent formafion of holes. Catalytically blown
asphalt of above specifications is heated to 400°F and is
applied to sub-gradé in three layers at 50 lbs. pressure
through hand & sprayers, or distributor with spray bars. 1.25
gallong to 2.0 gallons per sqg. yard gives sufficiently imper-
meable membfane of 1/4 4o 5/16 in thickness.

Precautions to‘be taken at tHe time of application:

1) ~ Second or third coating'should be applied immediately
after the first as high softening point asphalt mek cools down
rgpidly.
2) To prevent freezing in hose pipes, spray bars should not
be shut for more than 1 to 2 minutes at a time. |

A canal in Wyoeming with saturated and extremely unstable
sub-grade was treated satisfactorily with asphaltic membrane
after 25 years of rumning.

2) Prefabricated asphaltic membrane & plastic membrane s

With advancement in industry prefabricated membrance are
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becoming more popular. These are manufactured under controlled
conditions hence of better quality. Prefabricated asphaltic
membrone of 1/8" to 2" thick material were generally manufactured.
Experience on U.S.S5.R. Projects indicates that minimum thickness
of 3/16" to 3" is desiragble. Rolls of 30 ft. 3 ft. congisting of
4 to 5 kg. pér sq. meter of blown bitumen on craft paper backing
or reinforcing a layer of aluminium or fibre: glass fabric coated
on both side with blown Eitumen tda total thickness of 3 mm.
Polyvint and polythene plastic filmes €0 ft, in width and 1000 ft.
length have been manufactured. It has the fdllowing advantages

over burried membrane (hot applied):-

1) No special equipment is required for laying these films.
2) Time reguired for laying these films is very much less.
%2): Careful trimmin-g of Canal section is not necessary and due

to. extreme flexibility it will conform to the minor settle-

ment in sub-grade surface.

Short term tests and ertificial eging studies indicate that
these type of linings will effectively control seepage. ZIong time
test date is yet awaited as these linings are in use since recent
period. '

(3) Zentonite membrane:—- 1" to 2" thick layer of bentonite can

be laid as membrane material. Bentonite consists of mostly ®m clay
mineral of montmovillOnite group, which swells on wetting. Rz

This swelling proferly is mainly responsible for the seepage control.
Earth or earth cum gravel cover is necessary to protect the

membrane .

sxanmplegs— These types of linings have not been used on Indian

Canels. However, there appears to be a great scope for these tyves
of linings in future works. ©¥xavples of some of important American

Canals are given bhelows~
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Total Date of

Yame of Cural Type of Average  Awerage
of Iroject. lining. capacity thick- length installation
C.7.3. ness of in
lining. miles.
Latecele on Burried - 15 to 200 4" - 1950-1951.
Columbia Basin -glt membrane
2roject.
Riverfon Project.
Wyoming Canal & ~d0= 25 to 566 " 10.35 1951,
laterals.
Pilot Canal - -do~ 470 o 4.6 1951
-~ 0—— -do~ 105 to 850 2! T.€ 1951.
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THICK CONZACYED HAUTH LINING.

It consists of ahthick layer 14 ft. to 3 ft. of selected
graded so0il containing sufficient fine material compacted on the
bottom and sides of the canal gection.

Thig type of lining can be adopted where suitable materials
are available at site. It has the following advantages:

1. The gection of Canal required for this type of lining is
same as far unlined Canal, It can be done in the pervious
reaches which require lining. Normally 1000 ft. length .is
taken as a unit due to compacting equipment and machinery.

2) It can resist several feet of ground water due to its weight
2 bk stzkIixty kxxanpz mf Xy weigEk wxod LexikIidityy

¥ without »roper drainage.

%) It ie suitable over exnansive clay sub-grades from uplifs
“and bank stability because of its weight and flexibility.

4) Compaction of fill materials is noﬁ necessary, except, for

uigh fills, as earth linings can with stand nominal movements.

DESIGN AND CONSTRUCTION CONSIDERATIONS.

a) Large Canals:—.Where bed width of Canal is more than28 ft,
bed gnd 322; can be compacted in 6" lgyers by rolling equip-
ment, 2 ft. thick lining owbed and 6 ft. to 8 ft. thick
as measured horizoqglly on sides is usually adopted.ee fig3.

b) Mledium sized Canals:- Where bed width of Canal is 4 to 28 ft,
1 £%. to 2 f£t. thick lining on bed and 3 to 6 ft. measured
horizoﬁélly on sides is usumally adopted. Compaction can be
done by rolling equipment in horézontal layer. Some times
layers on slope of 4 :1 are used,

c) Small laterals:- Where bed width is less than 4 f4. 1 f+.
thick lining in bed and 3.0 £%. theck measured horizonally

on gides is required. Some times overall bank sectiong are



compacted as one full section and later on Canal section is cut.
dequirement for compaction fill under earth-lining depends
uopons

1) Héignt of fill 2) Earth construction material,

3) Haterial of fill construction.

When Canalk 1s constructed by excavating and havling equip-
ment in layers not more than &" thick, additional compaction is
seldom required for heightsupto 20 ft. amd 10 £t. for coarse and
fine grained soils respectively. ‘'here draglines are employed the
safe heights are upto 50%. Above critegrien can also be apnlied
for upper reaches of high fills. Coarse grained soils are then
classified as 6, 6P, SW and S P, while fine greined soils are
then classified as 1T. ¥ CL. CL. §i, O and O,

Vaterialss— Following tests are performed for the final

selection of lining material.

1) Gradation and plasticity tests are performed to determine
data on partiogi&r size and for liquid and plastic limits., The
information ig useful to determine suitability to erosion,
detrimental shrinkage and expansion characteristics.

2) Compaction test determines the expected density at placement
moisture., The information is useful for construction control and
determingtion of permegbility in the laboratory under similar
condition,

3 Permegbility tests determines the suitability with respéct
to seepage cbntrol.

4) Shear tests:i~ These are performed for deep channels or steep

slopes to determine stability characteristice.



SUITABILILY OF NATERIALS.

8ilty or sandy soil with plasticity index less than
7 are not suitable even for small Canals. Minimum plasticity
index for large canals should be 10. Soils having liquid
limit more than 50 are not suitable from stability consider-

ation. Most suitabile soils in order of merit are as below:

1. GW - 6C
2, 6C
3. SW - sC
4. G M

’ : ' o
Design considergtion:— While designing the thickness aﬂiliXM

lining it is kept in view that seepage losses are kept to
0.1 cubic ft. per square ft. per day and in exceptional
cases even upto 0,2 cubic £t, per square ft.ver day.
Economic considerations regarding the availability of
proper materials with reasonable distances, blending of ma-
terials and other s%te conditions play important role in
the design of lining.

Construction Controle It has been generally found that with

dens ities from 95 to 98%vof lavoratory maximum, lining is
impevymeable and stable. Hence rigid'quality control is
essential.

Estimated 1ift of lining is 60 years. Seepage
losses in certain cases.are found to be even less than

concrete lining
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SUITABILIVY OF S0ILS FUd THICK COMPACTED LINING,

™
S sonr e g?ﬁ@'ﬁ; “OIL PROPERTIES | SUITABILISY FQR CANALS
CROUPS SY_ pyeﬁ SheQ Comg Erosion [Compacted
BoLs § mial] eary pac resis- | earth
g bil{ ing} ted tance flinings.
,g ity8 st} den g
i eng Isity
i { § th { g 0
To 2. 3¢ 4e 5. 6o &7.
. Well graded ev 14 16 15 2 -—-
gravels, gravel-
sand, mixtures,
little or no fines
Poorly graded gravels
gravals—éand;mixtures |
little or no fines GB 16 14 8 3 .
Silty gravels,poorly
graded graVei Gl 12 10 12 -5 6
sand claj“ﬁ-ixtﬁre. "
Gravel with sand
clay binder Gw-GL 8 1% 16 1 . 1
Clayey gravels,poorly
graded grave-gsand GC 6 ? 11 4 2
clay mixture.
. Well graded sands,
gravelly sands, oW 13 15 13 8 —
little or no fines | '
Poorly graded sands,
gravely sands, SP % 17 9 —

Course.
little or no fines



1o 2 3 4 5

Silty sands, poorly

- graded sand silt mixture

{0,

n.

1.

14,

s,

SM 11 9 10

. Clayey sands,

poorly graded 3¢ 5 7 9

sand-clay mixture

Sand with clay

binder Sw- 7 12 14
SC

. Inorgenic silts and

very fine samds, ML 10 5 5
voelk Flovy sitbyor

clayey fine sands with

slight plasticity

Inorganic clays of low

to medium plascity,

gravelly clays, CL 3 6 6 -

sandy clays, silty

clays, lean clays

Organic silt & organic‘

silt clays of low

plaséicity oL & = 2 3

Inorganic silt, micaceous

or dietomaceous fine

sandy or silty M 9 3 2
BXkx soils elastic silts

Inorganic clays of high

plasticity for CH 1 4 4
clays

l¢. Orgganic clays of medium

10
Cour se

11

12

7 Erosion
critical

8 Erosion

critical

9 Erosion
critical

10 volume

change critical



to high plasticity, :
bak_class. T 2 1 1 — -

6. Peat & other highly
organic soils ¥ *% *X*
** Numbers above indiate the order of increasing values for the
physical property named,
***  Numbers above indicate relati¥e suitability (1=best)

Thin compacted lining:- Ag the name implies this type of

lining consists of 6" to 1 f£t. layer of thin compacted soil laid mm
on bed and sides of Canal section. Due to high cost of compacti-
ing thin layer and the less of density with time. it is not
considered favourable except where fundé are very limited.

The lining consisting of soil clay (impermeable even
at dengities less than optimum) covered with gravel may be

suitable,

Loose earth blanketgs=— It consists of a blanket of loose earth

of selected fined grained soil dumped on Canal bed ami sides.,
Tuis type of lining th#ough cheap in cost is not suitable as
permanent barrier. It can be used in emergéncy but shall have
to be replaéed by convential type of lining when the funds or
the time permit the same. |

Bentonite soil mixture:— Where sandy or gravelly soils without

impermeable particlls are available it may be feasible to mix
bentonite on the sides and bed and compact the same. This

- type of lining is generally not found economical as hand mix-
ing has to be adopted which is costly.

Soil sealants.

Seepage logses are generally observed to be much more in
a newly congtructed canal compared to an old canal with silted

berms. In a Cangl flowing with muddy water geepage logses are



less than with clear water. This is due to natural

depositioqbf silt or cléy carried by flowing water. The

same process is accomplished by adding sediments, bentonite

or chemicals to the flowing water. Injection of these

materials into leaky and pervious zones mekes the Ganal water

tight. The important requirements of the sealing material

are

1. It should remain stably dispereged and suspended in the
wat‘er. | |

2. 1t should produce an adequate sealing in depth effect
within the previous soil during percolation.

3. Sealing effect should be permanent.

4, It should not be harmful to irrigated land,

Trial and error procedures are essential to find out
best sealing materiaﬂ.under varying site conditions. This
type of lining thfough vet in experimental stage might-
replace the conventional types of linings in future due %o
the following advantages. |
1« Placement cost of thig lining is very much less.

2. Sub grade preparations are not essential,

3o Haulihg of materials i-s greatly reduced.

4. Time required for linings a Canal is negligible compared

to conventional type of lining.

5. Can be suitable for lining old Canals, without closures.
Process of lining consigts of the following stages:

1« Evaluation of site conditions under #x dry end normal

flow conditions are necessarys

2. BSelection of sediment:- Depending upon the local '

availability of material and keeping in view the essential
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requirement of lining material, the material is chosen.

High swell bentonite of various grades serves as all purpose

lining material. _

3) TPinal testing and plamning:- This is accomplished by
trial and error, ‘

Bentonite concentration is usually set at 1%, viscosity
being very close to that of water. Concentration of disper-
sand range from none for soft waters to 20% by weight of
bentonite for hard waters.

1 0.5 to 1.0 ft. of bentonites per sq. ft. of pervious
wetted area is reguired $2) ¥ to 2 Ton per cubic f£t, per.
second capacity per mile of Canal. (3) Volume of largest
pond plus volume of estimated shrinkage in up stream
sedimenting ponds.

(4) Installation procedure gi-

The detailed construction procedureé are beyond the ﬁﬁﬁﬁix
However, basic information is summarised as below:-
(a) Presendimenting work required at each site congists
of the following:
1) Release of water for sedimenting run.
2) Assembly of equipments and materisls and constru-
ction of mi#d pit if necessary at the head of Canals.
3) Preliminary mixes of water sediment and dispersant
to check the stability and to caliberate hydrometres.
4) Cleafning of water from Canal and water proofing
of check structuresg. |
5) Arrangement for mixing and water running crews.

(b) Mixing of sediment:

¥ixing of sediment into the water csn be done by multiple

jet devices , compressed air jetting., After mixing slurry is



I Dot RIS

.\__H;,&’/AMM-J“ ”’30&{0' - 1 0 0

t

v -

Kept in mud pit for retention and then diluted fo-concen-
tration for sedimenting.

c) Routing of sediment mixture:- Where structures are

closely spaced pending under low flow conditions and where
structures are 4spaced at distances full flow procedures are
adopted. Care is to be taken that sufficient ponding time
is given to secure good sealing in depth effect.

d) R¥xBX% Follow up phase s~

. followin
After completion of sedimenting run the fé}iinga

courses of action are taken.

1) Clear water after diivq@s run if penetration sesms to
be a problem,

2) Canal is allowed to dry if penetration is achieved
but sealing is a problem. |

3} Hormal deliveries of irrigation water are also

resumed depending upon the site conditions.

Chemical sealants Such as vesinous polymer with heavy aimos,
petroleum emulsion, cationic asphalt emulsion ete. are also
used. It must be aoscertained that these are nontdxic to

human, animal snd crops.

S0il stabllization:

According to G.T.Dadeyev (21) "Experimental investi-
gations effected under laboratory, field and operation
conditions have proved that by stabiliéiﬁg of soils of
natural texture emplaced into the embankment k the KXiﬁﬁxkx
filteration passages are disrupted and the soil porasity at
a depth of 1 ~1.5 meters is reduced, this leads to‘a decrease

in filteration losses of water from canals with earth bed
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from 15 to 20 times. 'Stabilizétion of soils is accomplighed
by impact and vibrational zmx action of machines,

Machines have beeqdesigned for construction of canal
by punching with gn elemination of excavation both in soils
of natural texture and in soils placed in side slopes."

Ex Examples of earth linings:- Earth linings have not

been tried as such in India. Indirectly compaction of banks’
behind regid type of lining also serve as thick compacted
earth lining. There is a great scope for this type of lining
to be tried on Indian Canals. ZIExamples of some of America

Canals are given below.
8e6obeBole 88888t bed

Name of Project Type of Av, capacity Thick Length Date of
Linin .
or Canal, ¢ cusecs. ness in inehes'ingtall-
T Miles ‘a tion
1. 29 3 4. De W—_
Central valley Projecte.
i)Priant Kern Canal Heavy 2 fton ¥ 25 '1947-48
bo ttem
comp aced 5000 3 £t on sides
earth.,

ii) Delta Iendeta

Canal ~do=  3310-%211 —dom 18 1947-48

Cmath ! TAL

Hatend% on Klardh Recampacted " on bottem

. earth 50 1.85 1948,
Project. ‘ 12% opn sides

All American Canal 'lLoose

. : %Y
Project ear th 1600 gn 184 1947
Coachella Canal. °
Lower Colorade River Heavy 1300 2 f£t. 6445 1949
Project compacted

earth.

Poonia Project Loose Barth 165 6" 9.6 1950-5 1
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CHARPTER _7
SULTABILITY OF TIIE LINING FOR RAJASTHAN CANAL

MATERTALS FOR CONSTRUCELON AND CONSTRUCTLION DRTALLS.



CHAPTER 7

SULTABILITY OF TIIE LINING BOR RAJASTHAN CANAL, WATERTALS
. -AND.
USED FOR CONSTRUCTION/CONSTRUCTIONAL DETAILS.

I3

As already dlscussed only hard surface or rigid linings
are suitable for Rejasthan Canal. %ile lining has been adopted
bn the Rajasthan Canal due to the following reasons:-

1« The soil for manufacture of tiles is available at nearer

- distances than most other construction materials.,

2e Labbur for construction of t}le lining is also available.

3¢ It is cheaper in initial cost.

4. Tt has the same degree ofkin@ermeability as concrete.

§. Co-efficients of expansion and contraction are less, hence
it is liable to lesser cracking.

6. Tile lining is flexible,

Te It can be repaired easily.

8e S%one and Cement Concrete linings are very costly as stone
is not available nearby.

9. Due to extreme hot climate, asphaltic concrete cold mix or
hot mix are not durable., |

10. Gunited or shot crete concrede is also costly and has
rough surface thereby the co~efficient of rugosity is
higher,

11, Lime and aggregate for lime concrete lining are not
available, Strength of lime concrete is comparatively

' less. .

12. No foreign exchange is required for the tile lining as

the work is done by manual labour.
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The main construction materials required for tile
lining are Tiles, Cement, Bajri and Sand.
Tiles:~ Tiles are manufactured in continuous kilns. Soil for
the manufacture of tiles should have the specification as below:-

Clay content between 12 to ZQ%

Sand content not more than 65%

Kenkar Less than 3. 0%

Total soluble selts less than 0¢3%

Sodium Sulphate less than 0.1%

Calcium Carbonate less than 5%

The tiles are manufacturedin size 12"x6"x2", The permiss~
ible tolerances onthe dimensions of tile are %" in length, 1/8™
in width and 1/8" in thickness. Compressive strength of tiles
as per Indian Standards should be 2000 1bs./sq in, when tested for
24 hours immersion in water, However, on this Project tiles with
compressive strength varying from 800 lbs/sq in to 3000 lbs/sq.
in have been used. Average water absorption shall wmot be more than
15% by weight af ter immersion in water for 24 hours.

Tests for trangverse strength and permeability of tiles
are not specified on this Project. |

Upto mile 38 of Rajasthan Canal soil for the manufactute
of tiles was generaliy available very neagr the canal alignment.
Kilns at every 1 to‘1% miles were éstablished for the supply of
tiles. TFrom mile 38 to 55 of Rajasthan Canal good soil for the
manufacture of tiles was not available at gite. Experiments were
conducted to manufacture tiles by mixing Nali Soil (containing
nearly 30% clay) carried to site from Suratgash with the soil
available at site. It was found that neigher the results of

mixing by manual labour were satisfactory nor the contractors
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were ready to manufacture tiles by this process. Therefore it |
was preposed to manufacture tiles at Suratgarh which is 10 to 15
miles away from the site of work. For reaches down below mile
55 kilns are being established at gite,

Sand 3= Tibba sand with F.M. varying from.3 to .4 generally

from .2 to .3 is already available at site. FJM. of sand required
for the preparation of mortai of specified strength is 1.00.
Bikaner Bajri witﬁ F.M. 2.5 ig available gt Bikaner nearly 100
miles away from Birdhwal Rail head. Bikaner Bajri is to bve
further carried to site wﬁich is 5 to 20 miles from Rail heads

and may be even more than 50 miles in down stré@ reaches. Keeping
in view the economy in cosf, without loosing much strength it was
decided to use 25 to 30% Bikaner Bajri in place of Tibba Sand.
Cements~  Cement is transported from Cement Factories to the
nearest Rail head inRailway Vagons, from where it is carried to-
site by meang of trucks and'Tractors. Cement packed in gunny

bags is used as requirement is scattered in large length of the
canal.

Agency for execution.

Generally 10 to 12 miles length of Rajasthan Main Canal is
controlled by a Divisional Officer who is assisted by three o
four Sub Divisional Officers. Four to five sectional Officers
(Overseers) are working under each Sub Divisional Officer.
Practically (1/2 mile) length of MainCansl is under the charge of
Sectional Officer. While the earth work is executed by the
contractors as well as Departmental lMachines, the lining work
is done entirely by the contractors.

Divisional Officers are responsible for the satisfactory

execution of work in time consigtant with good quality. The



105
quality of work 1is also checked by a seperate agency under the
charge of Research Officer. Assictant Research Officers, Resgearch
Assistents and work Ilistries work under Research COfficer for
controlling the quality of work.
| Normally the work of lining is alloted to contractors in
1/2 nile Teaches, Some contracting agencies are allotted 3 to 4
miles length but the work ig done considering 1/2 mile as one unit
of lining commonly called 'headingB.

Vater supply arrangementsi=

As already stated water table is very deep and water ié
brackish. Special water supvly arrangements are therefore necessary.
Water supply arrangement, onthis Project is a very difficult and
costly job. Water is alsc required for earth work compaction,

Kilns and drinking;purposes. Water reguirements at the peak’ti&e of
construction of lining works out to nearly 1 cusec per mile
jength of Main Canal.

For the constructien of Rajasthan Feeder in Rajasthan and
Main Canal upto mile 19, a pilot channel (mostly lined) was
censt¥ticted along the toe of bank on outer side, The terrain of
area from mile 18 to 38 was highly undulating hence the construction
of usual Pilot Channel near the bank was not economicglly feasible,
Beyond mile 19 t¢ 38, a battery of 6" pipe line was laid and water
pumped‘through them, but the arrangement proved bardly satisfactory
for the excavation work, kiln etc, In reach near mile 20 of
Rajasthan Pilot Channel on the top of bank was constructed but this
did not prove to be satisfactory as there was heavy seepage leeses
losses which resulted in wetting of the inner side slope of the

bank., This caused hinderance to lining work and was subsequently

T"——-.
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abondoned. PFinally the construction of bed pilot channel of 10
cusecs capacity was resorted to from mile 24 of Rajasthan Canal.
This proved to be quite satisfactory arrangement for water supply.

The work on the construction of Rajasthan Canal from mile
(38 to 48) was started simultaneously with the construction of
Main Cangl from mile 18 to 38. Therefore independent arrangement
for the water supply was made from mile 38 = 48 of Rajasthan Canal.
A pilot channel with 6 cusecs capacity was constructed from
Pilibangan Disty. (Bhakra Canals) near Suratgarh to Mile 4% of
Rejasthan Canal. The water was lifted at two points by pumping.
Construction of reservoirs, pilot chamnel and laying pipe lines
was resorted. This arrancement helped in the excavation of
Rajasthan Canagl in part reach. The major part of lining work
wag, however, done after the construction of Pilot Chamnel in the
bed from water supply received from the upner reaches of Main
Canal.

From mile 48 to 60, 6" pipe line was laid for preliminary
works and ultimetely bed pilot channel with 20 cusecs discharge
has been constructed. |

"For the construction of works oﬁ Rajastham Canal from

mile 6é to 122 simultaneously and indepenent water supply scheme
was executed, Capacity of Karniji distributary of Gang Canal was
raised and a minor was constructed to feed reservoir at Kupli.
From Kupli to mile 80, 2 pipe lines of 18" dia have been laid,
From mile 80 to 70 and 70 to 60 one pipe line of 15" and 123"

dia have been laid., From mile 80 to 90 one pipe line of 18" dia
and one of 16" otion omd from wmile Go—lov one pipe line of 1% cial
and one of 123" ard from mile 100~107 and 107-110 one pipe line
of 16" and 14" kz dia have been laid., Various reservoirs have

been constructed/are under construction and the water woulad
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be lifted by electric power/diesel generation sets.

It is now anticipated that kk this arrangement would also
be satisfactory for the preliminary stages such as for earthwork,
Kidns, buildings etc. The construction of bed channel would be
necessary as well as economdcal for the construction of lining work.
The cost of construction of bed channel is very nominal and cost
of pumping water would be reduced considerablyg.
snegj f:j Qaijgns QI hjnjngl £

A typical cross sectiop of Rajasthan Cangl is shown in
figures No. 1. Dohble tile lining on Side slopes and single tile
linigg in bed is provided. Double tile lining consists of 2"
thick tileg laid in 1:5 cement sand mortar, over 3/8" thick mortar
of the same specification. 5/8" thick sand witched plaster of 1:3
cement sand Mortar cen be laid on the second day in summer and
third day in winter after curing, tegting and repairing the first
layer of tiles. After one day curing of this layer second layer of
2" thick tiles in 1:3 Cement Mortar is laid over %" thick mortar
of the same ratio.

Single tile lining cosists of 2" thick tiles 1laid in 1:5
Cement Send Norter over 3/8" thick Nortar of tae same ratio. %"
thick plaster of 1:3 Cement Sand Mortar can be laid over it on
the second day in Summer and third day in ﬁinter after curing,
testing and repairing the first layer of tiles.,

The double tile lining on gides rests on compacted
embankment in case of filling reaches. Side slope 1%:1 was adopted
upto mile 18 of Rajasthan Cgnal. Beyond mile 18, side slopes of
2:1 have been adopted,

During the earth work excavation or construction of embankment

provision for extra w cover of earthwork is required over the
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designed formation. This extra earth is cut at the time of

lining and the process is tegpd as lip cutting.

This extra earth cover gerves the following purposes:-

1. To safe guard the sub grade from being blown away by wind.

2., In filling reaches the inner edges of banks can't te compacted
to the desired density. To obtain firm sub grade it is
necessary to cut loose earth,

3, It serveg as protection to sub grade from rain,

4., 1t serves as cover required for the finishing of the sub

grade.

Quality Control.

A Log Book for works is maintained by the Research gtaff
and various data's in connection with Quality of work are noted
therein., Important points are described as below:i-~

a) Sub Grade preparation:-

After lip cutting or bed cutting, sub grade is examined
carefully and loose pockets if any are filled with mud concrete.
In cases of doubt D.B.D.'s of the sub grade are also observed to
ensure the suitability of the same,

anti salt treatment. 1is provided in the following reaches:-

a) Wihere the total salt content is .5 to 1.0% or Sodium Sulphate
«2 to .3% the first layer of tile is laid in 1:3 ¢,S. Mortar,

b} Where salt content is above 1.9% or Sodium Supphate is over
.36% in addition to the use of $§£Zk cement mortar 1:3, the sub
grade is first covered with 1/16" thick layer of maxphalt 30/46
over crude oil sprayed at the rate of one gallon per % sft.

Soaking of Tiless=- Tiles are soaked for minimum 2 hours in the

soaking tanks before use for lining work.
lortars~ 1:5 and 1:3 Cement Sand Mortars are used. Preport-

ioning is done on volume basis. Slump for 1:5 Cement Sand Mortarc—
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Inspecting Officer.

5} Daily consumption of materials is same. Use of materials can
thus be effectively controlled.

6} In case of Tile lining as the bed and sides are completed
simultaneously construction of earthen bunds is possible.
Thus better curing is ensured.

For pm proper planning it is essential to classify the
various items of work and adjust them in such s mannersgs as to
have a unified effect.

The 1lip cutting work is taken in hand before the actual

start of lining. At least 100 ft. length of Canal should be

dressed with proper sub grade before hand., It should be ascertained

that 100 f£t. length of canal ig always ready in advance with
proper sub grade,
Actual process of bed and side lining of Rajasthan Canal
which consists of single tile and double tile lining can be sib
divided into following operations:-
1e Final dreseing of the sub grade, watering and construction
of 'Dhumalies' (Profiles) for 1st layer.

2. Laying 2" thiék layer of tiles 1:5 cement sand mortar on 3/8"
thick 1:§ cement sand msrtar.

3. Raking curing, testing and repairing of joints.

4. Laying sand witched plaster 5/8" thick With 1¢3 cement sand
mor tar.

5. Curing of sand witched plaster and construction of 'Dhumalies’
for the second layer.

6. Laying of second layer of 2" thick tiles in 1:3 Cement Sand

Mortar oR 2" thick 1:3 Cement Sand Mortar.
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is kept at 12" and that for 1:3 mortar as 2". Tests for Fineness
modulus of Bikaner Bajri and sand are usually conducted at site
Briquettes of 1:5 and 1:3 Cement Sand Hortars are castd™ every.
day and tested after 7 days. The strength of 1:5 and 1:3 Cement
Sand liortars should not be normally below 90 1lbs/sq in and 140
lbs/sq in respectively,

Testing of joints, thickness of mortar etec.

Joints of lining are tested on the second day after curing
the layer of tiles and refilled where ever found empty. Fach and
every tile is tested by Research staff. Assistant Engineers and
Executive Engineer also check the joints as far as possible .
Checking of the thickness of mortar is very important. MNortar
should be laid with the help of L. shaped wooden frames to ensure
correct thickness. This should be invariably checked,

Curing of Lining:- Curing of lining plays on important rodl for

strength. 28 days curing is normally done after the finished portion
of Canal is ready. Bed which consists of single tile lining is always
to be kept filled with 3" depth of water (Adequacy of 3" depth of
water is discussed in a saperate chapter).

NHecessity of Planning,

It has been obgerved that the work of lining is some timeg
done haphazardly due to one reason or the other. it is, therefore,
very necessary to frame a programme of construction. Proper
plamning has the following advantages:-

1) Better and consistant quality of workmanship is achieved.

2) Minimum equipment is required.

3) Time required for completion is also less as the labour is
trained for a particular specialised fjob resulting in greater
efficiency. 1

4) Quality of all the items of work can be checked by any -
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7) Curing, testing and repairing of joints;concreting work on
top and construction of curing drain.,

8) Dressing of bed and construction of Dhumalies.

9) Laying 2" thick layer of tiles in 1:5 Cement Sand Mortar on
3/8" thick Cement Sand MNortar.

10) Rgking, curing, testing and repairing of 1st layer.

11) Laying 2" thick 1:3 Cement Sand Plaster.

Déilg_zgggirement of material and labour for lining heading.

For completing 12.5 ft. of canal daily the following material

labour»and T&P are requiredi-

A) Yaterials.

i) Tiles 8000 Nos.
ii) Cement. 30 Bags.
iii) Bajri. 110 cft.
iv) Samd. ' 250 coft.

B)  Labour,
For lip cutting 50 to 60 donkeys & 20 Donkey Men.
For Dressin . % %o 4 DressePs.
For lining. 50 Mazdoors.

C) T&P Articles.

Soaking Tanks. 6 Nos. for soaking.
2 Mos, for curing arrangements.

D) Pumps, Hose Pipes etc. would also be required.

Lining Plan.,

| A lining plan in figure 2 gshows the arrangementg of various
components and space for construction materiais on any particular
ZRd BE dgy. Double tile lining on sides consists of seven
operations. As the wofk has been planned in such a way that each

operation is executed on any day the work of side lining is spread
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in 100 ft. length for completing on an average 12.5 ft. length
of canal per day. For construetion of side lining space in bed
ig required for materials and labour. Theréfore, bed lining is
started from the place where side lining is just completed i.e.
st a lag distancey of # 50 £t. ag shown in the figure. The bed
lining consists of four operations (8 to 11) and the work is
zpey  spread in 50 to 100 ft. length at one time.

Figure No. 3 shows the out line of lining Plan.Various
operations on different sections to be done and difference days
are shown in different colourss Red, Green, Yellow, Blue and Red
colours represent operations on Ist, 2nd, 3rd, 4th and 5th days
respectively.

For any particular section of the canal if item No. 1 is
executed on ISt day, the item No, 2nd, 3%rd, 4th, 5th znd 6th and
Tth will be executed on 2nd, 3rd, 4th, 5th, 6th and 7th day
respectiveiy. The déuble tile lining at a particular section
would be completed in 7 days. TFrom the study of the lining plen
on Ist and 3rd day it would be clear that the double lining tile
has shifted by 25ft. in two days. This 25 f{. of double tile
lining is ready on alternative days.

From the comparision of position of different items of bed
and side lining on Ist and 5th day it is observed that the entire
lining heading has shifted by a digtance of 50 ft. In other words
50 ft. length of canal is ready in four days (average 12,5 ft. per
day). As bed lining is sterted at a lag distance of 100 ft, x%
from the operation position of item No. 1 of double tile lining
1t takes 8 days to start the bed lining on that section. In
other workd 12 days are required for any canal section to be lined

(bed as well as side slopes).
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Planning of the lining as detailed above is based on the
ideal conditions such as completion of earthwork in reach before
start of lining, no breszk down in labour and supply of materials
etc. It shows an approach to idealistic planning to ensure good
quality of work. On site the planning may be modified according
to the availability of labour and constructional materials etc.
It may, however, be emphasized that any unscientific déviation

might detersfate the quality of lining work.
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CHAPTER 8(a)
INSULATION TO TEMPERATURE VARIATICN ON TILE LININGS

In case bf Double tile lining, the top layer of
tiles serves as a insulating material to the Sand=-witched
layer of plaster, I case of single tile lining, 2" to 3" gdepth
of wter is providéd te serve for insulation, Jatinder Singh and
Gulbir Singh Dillon (10) state that in a 12 hours day the top
layer oé tile.will not let the ternperuture of #the plaster surfuce

rise by more than 11°C while in case x of single tile lining

the rise in temperature even after providing 2" depth of water
would be about 5§°C; On the other hand investigations conducted
in Aﬁritsar Research Station (11) reveal that although the top
layer of tile has significant effect in reducing the ¥ tempera-
ture variations in the sand witched plaster due to abrupt'changes
in the atmospheric temperature, the maximum temperature attained
by the plaster was only 1,5%¢ ana 3.590 less than the maximum
temperatures attaized by top layer of tile in Summer and winter
respeetivélyi In case of single tile lining the reduction in
temperature due to 3" depth of water is very much more as compéred
to top layer of tiles,

It appears that the results are contrary to each other;
A theoritiéal nanalysis of the problen by applying heat theory
of conduction into semi infinite sdiid to find out which of the
above results/opinions are correct is given below. Probable erors
involved in their assumptions/ experiments are brought out,

THEORY OF HEAT CONDUCTION IN A SKMI INFINITE BODY

If a temperature o is applied to the face of a seni-
infinite body intially at temperature 0 thoughout, it will
propogate into the hody,The rate at which the propagation

takes place is given by
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)

Where o= Thermel aiffusivity (_1?)
7

_ £ >k = Time reqiireq for a te

into the hody to a depth x,

1perature(bo -
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©)to penetrate

The temperature distribution in semi infinite body is

given in table No,1 (Taken from 22)

~ TABLE MO, 1

=< - &
0 0.0

.0278 .001
.04 001
0525 2005
2111 034
0,174 2090
0.25 2158
0.277 .180
<309 ;203
.333 .229
.391 .258
444 1289
:510 .322
1590 .358
+694 $396
+826 437
1,00 2479
1.99 .500
1,23 .525
1.56 572
2,04 J621
2.78 571
4.00 724
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6.25 TV
11,10 832
25,90 .388
100,¢c0 .9436
625,00 «9774
2500,00 .9587
"

APPLICATION OF TImCRY 1o
S et St attow g iy v IR ey

. CUDLE w11 LoIg
The physical Properties op Bricks, soil and water aye
given in taple No,2 belag

TELLoro.e e
Laterial "% ¢ . &
Bricks o AT 2 198 «022
Soil «30 «45 100 02

Water «343  ,093 624 0056

for 10 to 12 hours a day, In 10 hours period 10% eftfect reaches
hardly to a depth of 1 pt, The thickness of double tije lining

i8 0,44 1. hence benetration of heat into 80il is of smajy magni-

2) The rate of bropagation depends 2pon the value oftxlwhich

18 nearly same for brick ang soil,

to treat tie double tile lining resting onearth a5 a semi infinite

801id receiving solar rediation on the topn,
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The investigations were carried out on portable bdocks

6'x6"x5-1/8" of sand witched type of lining. Horizontal hore

holes approximately 4" dia meter and 3" in length were made on

a vertical side 6'x5-1/8" of the blocks at imown depths from the

top, Cotton was used to for plugging the-rmometers and hessain

cloth to cover sides., The results as available in Canal linings

(11) are given in fTigure No, 1 aad are shown in table No,3 below

TABDBE NO,3

Temperature

Time in Temp.at top
hours. of tile surface of plaster in
in Deg.Zentg, Deg.Centg,
1 2 3

7 30 30

8 36 32

9 41 36

10 48 41

i1 56 45

12 60 52

13 58,5 56

14 5845 0TS

15 57 58

16 54 56:5

17 55 56

18 4.6 S54

At the time k O,when both top of tile surface md iater

pased plaster are at 30°C; 30°C would be assumed as Zero tempera-

tire and the rise or fall will be calculated accordingly, Tempera-

ture at the top of tile surface would be assumed as given in column

2 and temperature at various intervals at top of plaster would be

calculated by conduction theory treating the body as semi infinite
v [
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As the temperature is nct uniform and varies continsously it

would be assumed that the same is wiiform for 1 hour intervals

and the temperature at interposed plas ter would be calculated by

the method of superimpositi

Thickness of tile layer
X =

R "_(...{: at 1 hour time

on PrxEkxpsaxafxtikaxkaymxcextiLe,
A7 £t
022

D221 - B
o172

°.<_-Li for various time intervals have calculated and

fx
volues of 1—.31 comi.lted for the table No.1 are shown in the
-]

table No.4 given below.

T ABL ENO,4

Time « E 1- 6
- from Tg‘gle 0.2
% 37 .25
13 1.1 50
2% 1.9 .61
3% 2.6 .56
4% 3.4 .76
5% 4.1 273
6% 4.9 5
7% 0;5 .75
8% 6.4 J17
é—r'z- T.4 278
10% 7.9 19
TABL Z NO,5

SUPERIMPOSITION OF RESULTS

Time emperature | Temp- | Rise or fall in = ! Calo- Wotual

in llrs, wf tile : rise, } Temperature at !t ulated lobser-
:surface. ' 1 plaster over 30°C ! temp, ‘ved
! ' ' 'of Kemp.
! | ' ! plasten

' H 2 ' 3 3 Y ! s ' ¢
(f 30 - )
8 36 6  6x.25 =1.5  31.5 950
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9 41 5 5x.25+6x%,50 = 4,25 34,25 36°
10 48 7 (1x25)+(5%,50)+(6x.61) 37.8 41°
=7.8
0
11 56 8 (8x.25)+(7x.5)+(5x.61) 425 4
‘ +(6x,66)= 12,5 _
12 60 4 (4x.25)+(8x.3)+(7x. 61) o
+(6x, 66)+(7x 70) 16,8 46,8 52
13 5845 {~}1.5 (1.5x%,25)+(4x.,5) (kﬁxxﬁx
: gsx 61§+(71 .66)+(5x 70)
6x.,73) = 19 49 56
14 5845 0.9 f@x 25? 1,5%,5)+{4x,51)
8X.66 t7x.7o)+(5x.73)
+(6%.75) = 26 50 57.5
15 57 -1;5 =(1.5%,25)=(1,5X.61)+
‘ 4x, 66; ésx.7o§+(7x .73)
| +(5%,75)+(6x.,76) = 20,5 50,5 58
16 54 3.0 -{3x%x,25)=(1,5%5)~(1.5%.69
+(4x,70}+{8%x,73) +(7x.,75 )«
(5%,76)+{6%,77) = 20 50 5645
17 50 -4.0  -{4x.,25)-(3x.5)=(1.5x.68)
-(1.5%,70)+{4x,73)+{8x.75}
+t7x 76)+(5x.77)+(6x 78)  48.3 56
= 18,3 ,
18 46 -4,9 -4( 25+.50) \3x.61;-(1.53
.86} =(t,5x,73}+{4x.75)+ 46,2 54
%S 8x.76)+(7 A7)
5x.78)+(6x.%9) = 16,2

P - -

Fromthe avove table it is clear that due to upper layer

of tiles the insulation effect onthe sand witched plaster would
be 00=50.5 = 9,5 °¢ which is nearer to the figure of 11% suggested
by Jatinder siagh & Dillon and not 1.5% as observed in Amritsar
Research station,

Anticipatéd experimental error that might have caused the
difference is due to the fact that insulation can & not be done
properly and therefore the results are on the higher side.

TISULATION EWFECT OF A COLUMN OF WATER ON THE
IEMPERATURE VARIATIONS OF THE SUBMERGED LINING

The investiagation were conducted inAthe Anritsar Research

Laboratory to find out the insulation effect of 3",6" & 9" depth
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of water. Three Bricks masonry blocks having 3" C.sand plaster
were kept in a eylindfrical masonry container’7 tt, in dia aad
1‘-6" deep fitted with water in such a way that depth of water
oﬁer the plaster surface was 3",6" and 9" for first, second &
third block respectively. The tem?erature at the top of bloek,
under water and on the top of block placed out side and that of
"air were noted by thefmometeré. The results are shown in figure
2.

It has been explained by them that propagation of heat takes
place as under.

1) By convection from 0°C to 4°C

2) By conduction from 4°C to 6°C

3) By convection from 6°C to 4°C,

4) By conductionfrom 4°C to 0°C,

Theoritically speaking it is obsolutely correct to
assume that the propagation would take place as explsgined above
In actual practice due to wind velocity the progagation by con-
vection would also bhe there alongwith conduction and therefore
theoritical analysis is not possible, However, assuming that
the propagation would take place by conduction results are ana-
lyged theoritically and compared with the results obtained from
experiments,

Physical properties of water,

MW = ,0056
k = 4T
c = 2
6 = 62,4
Assuming that the rise in temnerature at the top of the
surface of water is x same as for top of tile surface,(The
assumption is not correct as the temperatire of the water sur;

face is mostly different than that of tile surface as the pro-
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propagation takes place hy both conduction as well as conv-
ection, the temperature at a depth o0£.25 f£t, .5 ft and .75ft. wExX
would be calculated at different time intervals. The results

are given in table No,0 helow

TARGLE No &

oI7

Time - Value for x =,25 Values for x=,5  values for X =.15
< bt -8 xt - 8. o - -6
ey 8o x> BGo e So
x A R i —
4 .045 .001 N - LCCE -
13 185 .08 035 001,015 .001
2% 225 .132 055 004,025 001
3% 315 21 .08 015,035 001
4% <405 .265 1 025  ,045 :092
5% « 495 312 125 05 .055 004
61 .:585 .354 146 4065 005

As is clear from the.abdve table there is continuous
rise of temperature upto 12 hours, After wards the temperature
falls and therefore the propagation would take plage by conve;
ction, The maximum rise in temperature of the water at 12 hours
at .25,.5 and .75 ft, depth would therefore be as helow.

a) Maximum rise in temperature at .25 ft. depth.

(6x.001}+(5x,005 ) +(7x.132)+(8x,21)+(& 4x.265)
= ,006+,275 +,924+1,68+1,060
= 3,945% say 4%

b) MAximum rise intemperature at ,5 ft.depth;

(6x0)+5x(.001)+(7X.004)+(8x.015)+(4x;025)
.005+,028+,120+,10

0
= 0253

Say 1/4%
¢) Maximum rise in temperature at ,75 ft,depth.
=(5+7+8)x,001+,002x4

=,02+008 = ;028°C nagligible,
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The maximum rise intemperatures at depths of 0,25 It,
5;5 ft, and 0,75 ft. as calculated above are 400,{00 and 1/40°C.
The actual observed maximum temperatures are 14% ,’ 9°¢ ana 9°C
at depths 6;25 £t, 0,5 ft, and ,75 ft, respectively, It is,there-
2ore very clear that propagation of heat in water takes place&
due to conduction as well as convection, In case the propagation
would have been due to conduction there would have been no rise
in temperature at 6" and 9" depths and rise at (25 ft,depth
would have been only 4% 1t appears that there is a increase
or 9% entirely due to convection;Tpis increase should be for
the entire column of 1,5 ft. contained by the masonry cha.mber‘i‘;'
It can be argued from here that in c ase the depth of water in
the container is 2", the rise intemperature due to convection
alone(assuning that there is mo loss; of heat due to conduction
by lining)would be 9xi8 _ 81?00 aven more than figure of 58°C
suggested by Jatindezr singh & Dillon, |

Actually there would be losses due to condu.ofion of

w@w&{m&mmmo{ abonosphese , Gruncfone,

heat by the lmmg an [the expected rise in temperature may

° & as’c
be W/sma /\BS/tMG-w. In other words the damping effect

NVovdol be gusd €gud Vo.{uv{;

of 2" depth of water over the lining 1rswv~ewy«,mu@h/doubtfu1.1
to thakt of top Aayer of tites em case limimg (¢ always covevcol wy £k wake

Incase the depth of ‘water is increased to 6" to 9" the
rise intemperature would be considerab‘ly reduced in proportion
to the depth of waters

The reasons why the results obtained by Amritsar Labora-
tory are not practicalave.

1) It appears: that all the three saumples were placed in
the container with 1} ft.water depth; It was presumed that pro-
pagation takes place by conduction (This view could have been

corrected had the results been analysed theoritically) In fact

rise intemperature was mostly due to convection and therefore
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temperature 0f entire column ofwater had rise® to nearly

9%,

2) Mas?nry tanks with lined bottom should be constructed
and depth ofwater ineacﬂtanks should be varied to 3",3m 6" &

9" depth to find out the effect correctly.
Difficulties in the field,

While executing thé worﬁ of lining of Rajasthan Canal f rom
mile 14 to 18 during the years 1962-64; the following difficu-
1ties were observed, |

1) In certain reaches thetlosses due to m absorption and
evaporationwere 1" to 2" per day. Due to irregular supply of
water it was observed that bed.filled with 2" depth of water
remained dry most of the-time in a month and the plaster in the
bed was found k to be cracked,

2) In reaches where the bed was depressed the water was
filled automatically to depths varying from 1 ft, to 2,5 ft,
practically no.cracks were observed when the bed was emptied,

F&om the above discussions it is clear that the damping
effect of the tile on the top of lining is substential, The
damping effect of 2" depth of water over the lining is practi-
cally less and can't be relied upon, Therefore it is suggested
that plaster of the lining should be covered by x@itx atleast

o" to 1 £t, depth of water to minimise the cracking of plaster,
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CHAPTZZ 8 (Db)

TILD LIING ON SANDY SUB GRADES
In most of the partial m cutting and heavy cutting

reaches on Rajasthan Main Canal the soil forming the sub-
g?ade for lining is sandy, The co-efficient of peﬁﬁability
of sand varies from 1000 to 3000 ft/year. Luec tc this high
co-efficient of perneability, tiic sub-grade absorbs the moisture
from the mortar so repidly that it becomes unworkable imm-
ediatelyafter placing on the sub-grade. Th; problem of lay-
ing tile lining on sandy sub-grade, on Rajasthan Canal is
not given due attention with the result that the first layer
of tile liniug behaves no better than tile pitching,Special
treatement required on s andy sub;gradc has been discussed,

As would be clear from chapter 2, the seepage losses
corresponding to co-efficient of permeability are 46 cuscs

per million sguare feet of wetted area,

40 inches per day

5/3 inches per hour,

4= 1" in 30 minutes,

Water contained in 3/8" thick layer of mortar is just.

equivalent to 1/16" depth; It would mean that nearly 50% of
the water contained in mortar can be soaked away by the sub-
grade‘within one minute of its laying. It has also been prac-
tically observed that the mortar bec omes unworkable within one
minute of its layingse

As peq%pecifications laid down by the Rajasthan Canal Board,
the mortar should not be kept in the mortar pan, It should he got
emptied by the mason as soon as the same is received atthe place
of work.Mason should then spread the mortar by trowel and lay the

tiles; The tiles are cured aid tested on the next day, During the
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execution of work on Rajasthan Canal from mile 14 to 18 the
difficulty in following the procedure was noticed, The prodblem
was, therefore, studied as under:-

1) Laying firét layer of tiles inbed in standing water
1/2“ to 1" was tried but with little success,
2) A lean cement sand grout was sprinkled over the sub-
grade before laying the first layer of tiles, This exporiment
prbved tobe quite successful and nearly 300 to 400 ft,leagth
of canal was laid in that Fashion,

| The matter was referred to the Research Organisation
of the Project, Various tests were conducted and it was sugg-

ested to provide the cheapest of the techniques mentioned here

under:~

1) 1 ft, blanket of compacted clayey earth,

2) 6" thick mud concrete,

3) | 2" thick layer of stabilized soil with 2% cement and

compacted with trowels to achieve deasity upto 1.5

gram/ce,

The cost of such applications varied from Bs, 10 to 15%
sft. Therefore the proposal for treatmeast was dropped axd it
was suggested by the Di rector Designs to use capious watering
before laying the first laying of tiles:

As already pointed out the method of mMpE cupious water-
ing is not effective aad the first laying of‘tile lining behaves
no better than pitching, It is necessary to provide same sort
of treatement before the laying of Iirstpayers 02 tiles.

Apnlication of lean cement sand mortar grout is Qquite

satisfactory, Dr.,Uppal has suggested the use of linseed o0il

or tar paper, It is,however,neccessary to kuow the permeahilityA

of the soil upto which such treatewent would be essential/f
desirable.
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CHAPTER - g

ECONOMICS OF LINING
TBEHEE
The necessity of conserving water in this arid tract
alone jusiifies the lining of cenals., For financisl justification

normally direct benefits such as revenue from water rate, croprate,
interest on betterment levy and interest on sale of Government

land are considered. Indirect benefits such as reduced drainage
costs, ingurance against failure of crop, saving in maintenance
and revenue ffom extra taxes cannot be evaluated correctly and
the same are not considered. It is generally assumed that the

develbpment charges will be borne by indirect benefits.

In this example financial justificetion for lining of

' Rajasthan Canal from mile 38 to 48 has been considered, To
simplify)%h@ following assumptions have been made,

(1) Extra cost in compaction of earthwork is balanced by
saving in earthwork in case of lined canaldue to winding of canal

and lesser bed width,
(2) 4s most of the lend is owned by the Government, saving in

cost due to less land required in case of lined cansl is neglected.
(3) Saving in cost of masonfy structures is compensated by
extra amount required for the establishment, T&P etc.

(3) Losses in lined canal are calculsted at 2 cusecs/106sq.ft.
of wetted area, while in unlined canal @ 8 cusecs/106ft. of

wetted area.

(5) One cusec of water at Branch head can provide imrrigation
facilities to 260 acres of C.C.,A. with 78% intensity of

irrigation, actual irrigation with one cusec of water at Branch

head will be 200 acres., Assuming water rate and crop rate of
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of B.9.75 per acre and working expenses at F.3,00 per acre,
1 cusec will earn 1350/- (200 x 6.75) anmually,

(6) Time between the construction of lining and actual
utilisation is assumed as 10 years.

(7) Life of lining = 50 years

Ay

(8) Rate of interest = 4% .

Section of Lined canal and losses t-

Che designed discharge in reach mile 38-48 of Rajssthan
Cenal is 15726cusecs. The particulars of canal as worked out
from Mamnings formula assuming N = «017, S = 1 in 12000, and
side slopes = 2¢1 are as unders-

Bed width = 99 ft. + 10 ft. curved portion

FOS.D. = 21 f't‘
Wetted perimeter = 109 + 94 = 203 f4, \

Iosses in reach mile 38-48 = 2x203x10x500
00 -~ = 20 cusecs.

Section of unlined canal and losses:-

For the same discharge of 15726 cusecs (actual discharge®
- would be more in case @ the entire main canal was unlined) &

bed slopes of 1 in 12000 the unlined section will have the
following dimensionss=

Bed width
F.S.DO
Wetted perimeter

il

300 ft.

13 £4.

300+ 2 x 1,12 = 13
300 + 29 = 329 ft,
Iosses in reach mile %8 to 48

il

il

=8 x 329 x 10 x 500 _ 43,6
100
Total annual revenuei~

cusecse Say 130 cusecs.

Saving in water due to lining = 130 - 20 = 110 cusececs.

Value of water saved per year = 110 x 1350 = 1,48,500
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Assuming 8600 acres as private land and 20,000 acres

Sadle
as Govermment land, the income from Betterment charges and side

preceeds would be as under:-

On 8,600 acres private land,betterment
charges @ B.3.00 per acrey =25,80,000

Sale proceeds of 20,000 acres of
land at B.1000/- per acre =2,00,00,000

Totalsw 2425,80,000

Annual revenue earne@x as interest

charges @ 4% on k.2,25,80,000/= 9,03, 200
Revenue earned from water rate 1,48,500
Total annual revenue 10,51, 700

Total annual expénditure:-

Cost of lining of Rajasthan Cenal from

mile 38 to 48 at Bs«8 lacs per mile 80,00, 000

Interest char§ s for 10 years lag

period (1.04) ~ 1 = 48i.e. 48% 40,00, 000

say 50% . -
Total s~ 1, 20,00,000

Cost of constvuvection of Bvamches avot bisih
System fov Jlo cusecs ab RS 25000/. pev cusec

viclabion av 2 27, §9,990

ME Le Ch 5£$ at 27, per ) / ]

year i.e.2 of 1,20,00,000 2,40,000
Average interest charges at QiA—Q%

per year on 1,20,00,000 2,40,000

Interest charges at 4% on 27,50,000 1, 10,000

Total annual expenditure . ~ 5,90,000

Extra revenue earned per year =

To#l annuel revenue -~ Annual expenditure

= 1=,50,000 -~ 5,90,000 = 4,60,000

Thus nearly 4,60,000 would be earned annually by
lining 10 miles length of canal i.e. &.46,000 per mile. Total
annual revenue of the Project would be increased by 425x46000 =

2 crores with the lining of the main cansl.
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On similar lines it carflso be proved that lining of

Branches, distributaries and water courses is also a sound
prowposition. '

Alternative justification on Liningi-

Capital investment per cusec of water delivered at
Branch head is comparatively high in case of Rajasthan Canal

due to the following reasonsi-

1) construction of storage works was essential to utilise

the river supplies to full extent.
2) Construction of 134 miles of Feeder channel wae necessary.
3) Rajasthan canal is a contour canal and irrigates lands

mostly on one side.

It is clear from the above reasons bhat the lining of
canal is justified to save dearly water., For comparing the
economy of lining of méin canal, capifal investment per cusec
of water delivéred at brénch'head and capital investment per
cﬁsec of water, saved due to lining of main canal, are compared

a) Capital invegtmeﬁt per cusec of water delivered at Branch head:-

i) Capital cost of construction of works upto Branch
head would be the sumg§ total of the following:-
1) Share of Rajasthan Canal cost of Beas Dam = 4500 lakh k.
2) Share’of cost of Madhopur Beas link = 500" "
‘ A,
3) Cost of Rajasthsn Feeder in Punjab 2300 lakh Bse
4) Cost of Lining feeder in Rajasthan 460 n
5) Cost of Main cenal lined fom mile O
to 291.8 (tail) . 6340 " m
Total capital cost 14,100 lakh s,
Cost of lining of Feeder & Main canal 3,300 *»
Cost of unlined canal 10,800 Liakh Bs.

Total discharges at head of Main canal (at Harike

head works) is 18,500 cusecs. The losses in Feeder and Main
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canal lined are 5%. The 1osseaﬁn unlined canal are 6% times
( 130) more than lined canal. Therefore, anticipated losses

20 ,
in unlined canal would have been 6,5 x 5 = 33%,

The avzilgble discharge at branch head in case of
lined canal = .§5 x 18,500 = 17,600 cusecs.

Discharge available é%ﬁ branch head in case of unlined
canal = 18,500 x .67 = 12,400 cusecs.

Capital investment per cusec of water

delivered at Branch head in case of
unlined canal =10,800

12400

Discharge available at branch head =17600-12400 =5,200 Cgs.
dve to saving in losses by lining
of main canal

=0,87 lakh &s.

Therefore,cspital investment per cusecsg '
of water by lining of main cznal =33200 =0,64 lakh k.
5200

_gapital investment per cusec of water delivered at
branch head by unlined canal is .87 lakh rupees. Capital
investment per cusec of water saved and delivered at branch head
by lining of Main canal is 0.64 lakh rupees. The lining of

Main cenal is thus an economical proposition.



CHAPTER- 10
ECONOMIGAL BED SIOPE FOR LINED RAJASTHAN CANAL.




CHAPTER 10
BCONOMICAL GRADIENT FOR RAJASTHAN CANAL

In arid regions canals are lined to save absorption
losses, Generally speaking gradients (bed slops) on lined
canals are kept sufficiently steep so that the channel =®
becomes economical due tovlesser cross-section but the maxi-
mm velocity is limited from 6 to 8 ft./sec. In case of
Rajasthan Canal, which is a contour Canal a bed = slope of
1 in 12600 (suficiently flatter) has been provided for the
total length of 426 miles, The flat slope has beer kept to
enable irrigation of most of the lands by flow irrigation,
After completion Rajasthan Canal will provide irrigation
facilities to 36,5 lac acres C,C,A,(30 lac acwes by flow
and 6.5 lac acres by 1lift upto 15b ft,)

The annual expenditure on the 1ift channels would be
more as compared to flow channels.This would, however, depeﬁd
upon the cost of power which varies considerably dependfing
upon the socurce of generation 9A(and length of trausmission
lines. The expeaditure on 1ift channels can be reduced by
providing flatter bed slope in the main canal,This would,
however,increase the cost of lining,earthwork énd masonry
works, The problem of silting of Rajasthan Canal with flattoer
slopes has already'beenvconsidered in chapter No.4, ¥For the
purpose of this study it has becn assumed that silting would
not be a problem as Rajasthan Cacal would carry desilted
water after the construction of Poig Dan, |

The problem has heen studied fromtwo different angles,

1) To find out economical gradient for Rajasthan Canal



for different costs of unit power to provide lift irrigation
facilities to 6;5‘130 acres as envisaged in the project,

2) To find out culturable commandedi%g receive 1lift
irrigation facilities with differend bed slopes at differcnt

cost of unit power,

DASEG. WEATJRE OF RAJASTHAN CANAL

- As already mentioned a bed slope of 1 in 12006 has been
proevided on Rajasthan Canal side slopes 1.,5:1 has been provided
upto mile 152 ( from Harkke) and there after 2:1 as the canal
traverses desert area where the soil is mostly saxdy,., In the
upper reaches mile 0-3 tne 2 casal ig unlined with water depth
as ;:: ft. from mile 3-36 the depth ofwater has beca Lept as
14,4 ft; to safe gaurd against high sub soil area. From mile 36
to 300 , 21 £t depth has beca provided and from mile 300 to
426 depth would vary f rom 21 to 15 ft, The details of design
are shown in Table No,1 below,Index plan at Figure 1 shows the
various details of the project area. |

TABLE No,1

h. L e e i Sl S R P I R e ™e™ e T e ™00 "" e e "o ™ -'o"'o-o"'o"o‘o-o"'-o
Reach ’D1scharde iBed width!Depth blde’ Bed ! lemarks

in .yin cusees !including |in ft.,slopé slope! -
niles, ' qcurved \ . ! '

@roy ! , ortion . ! H !

Jarike) ! in f£t.) | i ) ' .
-."'n"‘o-o"!"’."o""-"o"o"'o"ooi-"’ “'!o o‘ﬁ."c'!'o"{"l-.--‘— 0'1"."02 oo o™
0-3 18500 332 14,9 14:1 % Unlined,

3-36 L 260 14.4 " ! 3.4 76,Pall
36-111 " 138 21,0 " - 2.83 ft, fall
111-134 " 138 " "

134-148 17400 128 " " laoee

148-152 16000 118 " " #

152-167 15900 110 " 2:1

v
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167-182 15700 109 21,9 211 in
182256 12700 85 " " 12000
256-275 10850 68 " y

275-300 10350 64 " "

300-319 9100 63 20.5 "

319-342 8000 59 19.0 "

342-399 6850 58 17.5 "

309-411 606D 58 16.5 n

411-426 5000 571 15.0 o

COMPARATIVE STUDY,.

The capital investient and annual maintenance cost on
the civil works on lift chaaiels would be the same as for
flow cha:nels. The additional works required for the lifts
channels would be detention reservoirs, pump houses, i.ista-
llation of puaps aad motors, pipe lines ete, The adlitioanal -
annual cost would therefore comprise of the following:-

1) Deprecistion charges oa account of additional works,

2) Cost of Electrical power,

Due to adoption of flatter slopes thas 1 in 12006 there
would be saving in annual cost due to above two iteias,

Tt is estimated$hat the cost of installation of addi-
tionﬁl works (including cost of pumps mortors) would bé 3,
100Qﬁ* per cusec for an average head of 46 ft. i.e.b, 40 per
cusec ft, Therefore, the depreciation charges at 10% per year,
would be Is, 4 per cusec ft,

At the time of preparation of 1563 revised project

estimate it was anticipateqthat the cost of unit power would
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be 5, 3.75 paisa, For the purpose of this study different
rates at 4,6,8,16 and 12 paisa fer unit (X.%W.,H)or Is,350,
525,700,875 and 1050 per X,W.year would be.considered.

Due to adoption of flatter gradients than 1 in 12000,
there would be increase ia cost of Barth work,lining and
masonry works,The expenditure on these works shall have to
incurred Say 10 years before utilisation of irrigation water.
Assuning rate of interest at 4% per year the actual cost of
civil works would be 50% higher than the actual execution cost
This facter would betaken into consideration while arriving
at the costs,

Increase in the annual charges due toextra works due
to adoption of flatter slopes would therefore be as under;-
1) Depreciation'cost of lining at 2% per year and masonry

works at 1% per year,

2) Maintenance charges at 4% for lining and masonry works

and 2% for earthwork,

3) The average cost of lining and earth work would be as
under -
- Item | Coéts.. . L ] L] L4 * .. L] L ] ‘. . . .
o mam e em e e 4t present After 10 years,_

Single tile lining

in bed, fss 80 ner % sft, Is, 90 per % sft,
Earth work, s, 50 per %o cft, B, 75 per %o cft,

Note:~ The above rates are average and include over head

charges also,

1) Annual charges would, therefore,work out as umader:-

Single tile lining per % sft in beg,

Depreciationat 2% of 90 = 1,80
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Maintenance at 3% of 90 = 0.45
Interest charges at 4% of 90 = 3,60

5,35 8ay ks,6/- per i sft.

9) Earthwork per %o Cft,

Maintenance charges at 2% of & 75 = 1.5

nterest charges at 4%0f 75 = 3,0 ‘
taer ¢ ‘ : 4.5 Say Is. 5/~ per %o oft,

3} asoary works. .

S

Depreciation charges. 1f

t
I~ o

lfaintenance Charges. 5%

Interest charges 4
5%% Say 5% of the increased cost

of masonry wWoris,

For the purpose of comparative study increase in aannual
cost on the main Canal and saving in annual cost on 1ift schenme
d2e to adoption of flatter gradient than 1 in 12000 would be
considered at the rates mentioaned above.

Increase_in anpual cost on main canal V/S bed slope..

For working out the increase i: cost on main canal follo-
wing assumptions are made: |
1) Increase int the cost onthe basis of average,discharge
of 12700 cusecs would be reasonably accurate,
2) F.S.Depth in canal with differeit slopés would be kept
as 21 ft, and only the bed width would vary.
3) It is assumed that the cazal would tranverse through
a similiar type of terrain for diffecrent aligunents with
different bed slopes e.g. there x would be heavy cutting

anod bed fillings in the same length of canal for different

alignments,

Channel dimensions with different bed slopes.,

Keeping the depth as 21 f+%, bed widths required for
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discharge of 12700 cusecs have been worked out with different
bed slopes by Manning's formula as shown in the table No.2 below

T ABLENO,2

. LI PR 2 et By Tk ek Tl Saadt 3 . L] . *
e T 4™ e e ™ e " Sl . » . * . . *
— . e o™ 0™ e ™ e ™ e ™ . e

Bed slope D1scharge i Bed Depth R side Velocity

in cusecs width in ft, in  slope  in %,/
in ft, ft, Sec.
1'In 42000 12700 .017 85 21 14.95 2:t 4:77
1 in 15000 " " 95 "o 15,25 ¢ 4,39
1 in 18000 " n105 " 15,50 4.08
1 in 21000 " " 115 " 15,75 " 3.81
1 in 24000 " "o 125 " 16,0 ® 3.57
{ in 27000 no135 v o16:25 3.44
1 in 30000 " 145 16,45 . M 3.26

T T T e T e T T e T e e T e T T T E T e T e e T T e T e T e T T e " e ™™ e ™

Increase in acnual cost on main canal due to lining.

The total length of main Canzq is 426 miles or 2.1 x16%
ft, Increase in cost would be due to bed lining as R F.S.D, is
kept same, The increase in annual cost at &s, 8/- per % sft for
single tile lining in bed has been worked out in table No, 3

T A B L I NG 3

e e T e T e T ™ ™ ™ e e ™e ¢ ¢ e —.-.'-....,.'-..-'-.-.—..—..—— D Y™

Bed slope Len«th of chd. Increase Izcrea Increa
. ¢caral in bed in bed se in se in annual
106ft width. width lining cost of

thanwith face llglng in

1/12000 in, 6 10°RS @ k.6/-

) per Sft,
"'0"!"-"-" e z:‘ -------- "- Rl "'S:'f':-i:' e e ™ é‘ """""
1 in 12000 2,0 85 - - -

i in 15000 " 95 10 20 1.2

1 in 18000 " 105 20 40 2,4

1 in 21000 " 115 30 60 3.6



TR IS N . S
! tn 20000 2.0 125 40 80 4.8
1 in 27000 135 50 100 6.0
1 in 30000 " 145 60 120  T.2

Increase in annual cost due to earthwork,

As the depth of the canal has been kept the same in all
the cases, the increase in the cost of earth in cutting reaches
where the depth of cutting is less than halancing depth of cutt-
ing would be negligible. In reaches where bed filling exists or
depth of cutting is more than balancing depth, there would be
an increase in the quantity of earth work., It has been estimated
that the Rajasthan Canal passes through reaches in 40 miles length
where average bed filling is 16 £t and in 200 miles length where
average hmAxfittimgxix depth of cutting ( more than balancing
depth) is 30 rt,

Increase in earth_work due to one ft.increase in bed width
= (200x3o+46x10)x5000 = 32 x 10%¢¢t.

Inersase in annual cost of earth work at B, 5/- per B %o
cft works to Is, 1Gxioqper ft.increase inbed width, The total

increase in amnual cost is worked out in the table No.4 given %

below: -
TABLZENO 4
S e T T e T T e T e ™ T I e T e ™ ™™ [ Rk Nl S 2 i N Sl Raull el i S S Nl
Bed slope Incrcase in Increase in annual
bed width cost due to earth
than with work in 106P
1 in 12000 Se
"o"'o.l-"o-o"o"n-'o‘-o —tg—ra‘(.iteri‘?- bt ot - e ™6 e ™ _ ‘}' Rt e e e ™
1 in 12000 - -
i in 15000 10 | 1.6

1 in 18000 20 3.9
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Y 2 3
_- g ™s e T — e e e Te e T e e =8 ™e e TeT e » e e ™ ™ e Te Te e
i in 21000 30 4,8
1 in 24000 40 6.4
1 in 270090 50 8.0
1 in 390900 60 9.6
Lol Rk Sk Bk et ] “'o"‘o”"o"’o"o""o"“o"o“'o""o"o"o“o“o e S S et o R b Sk Tany

Increase in cost due to Masoury works .,

The estimated costof masonry works on Rajasthan Main
Canal is Ps. 4.3 Crores. The =z tual cost after 10 years would
worlz out to W, 6.5 Crores. ILucrease jn cost of masoary worlks
wouid be in propaeration to increase in water sarface width
" Annual cost at 5% per unit water surface width for bed slope
of 1 in 12000 is &. 6,50,000x5 = 19,109 Say 20,000/~ The

100 x 170
increass 11 anaual cost is worked out in the table No.5 given

below:-

TA3LENOS
Bed slope Reqd. ’atcr.suxface‘ ﬁnnual .Iac}eésé in ’

ved width width:Bed mainte- annual main-
width + 84 nance & tenance cost
=4 3 ’
say.Bo ft. cogm in g loﬁm.
10 "Bs, '

1 ln 12000 85 170 L] L] * .3:4: L] * . * .- * * L] . *
1 in 15000 95 180 3.6 0.2
1 in 18000 105 190 3.8 0.4
1 in 21000 115 200 4,0 0.5
1 in 24000 125 210 4,2 0.8
1 in 27000 135 220 4,4 1.9
1 in 30000 145 230 46 1.2
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Total increase_in apnual costs,

The total increase in annual costs will the sum total of
the increase in amnnual costs due to lining, Barth woxk and masaary
works.Total increase in annual costs for'gradients flatter than
1 ip 12000 im showa in the table Jo,6 given below. These costs
show§ increase in amnaul costs due to increased sections required

for flatter slope as compared 1 in 12000 gradient.

T A B L YO 6

- ™ e ™ e e ™ P R A P P Tt Bt T it Tt Rk Senl Tt Sl Sl et} L Sl Bk Rl Radk Ralk et 3k 2k 3
Bed slope __Annual increase in cost due to flatter sopes
gLiAing  Garthwork Masonty works Total

- Amount in 106m.

1 in 120900 - - - -

1 in 15000 1.2 1.6 ' 0.2 3.0
1 in 18000 2.4 3.2 0.4 6.6
1 in 210900 3.6 ° 4.3 0.6 2,0
1 in 24000 4,8 6.4 0.3 12;6
1 in 27000 6,0 8.6 1.0 '15.6
1 in 30000 7.2 9.6‘ 1.2 18,9

A graph showing increase in amnual cost V/S bed slope is hlﬁjL

figure-3 Saving in annual expenditure on lift channels due t0

different bed slones,

The details of 1ift channels proposed on t he Rajasthan

Canal are shown in table No 7 below

- e e e am -
-
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T'A BLE NO 7

§;;é~8;.—.ﬁiiéage. Leng%n of Helght Gross C.J A. Dls“harﬂe
1ift of off channel of 1ift ... in 3 at x head.
channel, taken in miles. (Max,) lac.

from acres., cusecs
-y - '_"o" -O—”;A“r;se-.-o"'o"'u"'o"'0"'0_o—.-o-.-o"o-c—o-i-o-l'0"’."."-.-0-
1 181 107 134.,5 260 2,5 1000
2 319 80 146 226 240 1000
3 399 60 70 130 1.5 750

For the purpose of study it is assumed that one 1ift channel
takes off at mile 300 and the 1ifts for varicus discharges would be
as shown in Table No,8gbelow: -

TABLE NO 8 (e

Lift Discharge in Dlscharge Commalatlve Jls xhead
in-ft, cusecs, . head.,

30 - 2500 : 75000 75000

60 ' 2000 60006 , 1,35,660

90 . 1500 45000 1,80,600

120 1006 30060 2,10,006

150 500 o 15060 2,25,606

Due to adoption of flatter gradients, there would be saving
in head loss, The head loss so s aved at mile 300 of Rajasthas Canal

has been calculated in the table No, 8¢y

For lifting of one cusec of wator by o.ue ft.head ate7? capacity

factor, 1 XVH(1x1x7) energy would be required.The annual saving in

14x,5
cost for one cusec ft,wonld work to [s, 356,53,70,88 & 105 respectively
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Then the cost of power is 4,6,8,10 and 12 paisa per Z. V. H.,The
total azanunal saving per cusec £1, woald therefore work out ato
s, 39,57,74 92 and 109 say s, 40,60,80,100 and 120 resp,vhen
the cost of power is 4,5,8,10 and 12 palsa per KW H,

pa . .
Annuaysaving in cost due to adoption of flatter gradel

ants is shown intable No.Ségiven belowi~-

- P —_— J P I Pl —.-.—.-0-..—.
e e ™ ™™ s T T T e T e T .

-——-“‘an-——
.

Bed slope Bed Savmrr Total Saving 'Aanual sav11g in cost in

slope in jiead saving in head 106M. cost af power per
£t/ mlle. in x Dis,

unit is . L
mile, head, (cusec. TEm L
1] . ft ) e oo b - § 10 . “ngq
-y, e ™ e T e e ™ Te ATt ™ e T e ™ Te T T e P St Tt
e e e ™ . T i aT T e T e T e T T T TeTe et
1 in 12000 .417 - ~ - - - - - -

i in 45000 L3353 .084 25 62000 2,50 3,75 5.0 6.2 T.5
1 in 186@0 .278 .139 41 100020 4,00 6.00 8,0 10,0 12,0
1 ii 21000 .238 ,179 53 122000 4,88 T.32 9,75 12,2 14,64
1 in 24066 .20é .258' 62 140000 5,60 8,40 11,2 14,0 16.83
1 in 27000 .185 .252 7§ 150000 6.06 9.00 12.0 15.6& 18.9
f in 30000 .167 250 75 160000  6.40 0.60 13.8 16.0 19,2
Graphs showing saving in amual expenditure on lift channels V/S
bed slopes for dlfferent urit cost of power are also drawn in
figure Mo, 2 The points where this curve 1ﬂtc"sects the curves
detecrmines the economical gradientsrfor different unit cost of
power. It woulgd be seen that 1 in 15500 gradient for main canal
is economical when the unti cost of power is 6 paisa.

Fromthe above results a curve showing relation betwees eco-

nomicalfgradient and unit cost of power is shown in figure$ 3(case
I)
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4 to receive 1ift irrigation facilitios GOOuOJlCﬂllX

d .\J.

with different bed slopes for differeat cost of unit power,
The above study was condicted keeping in view that the

total area as o~visaged inthe Project renoyt wonld rcceiva&

irrvigasion facilities, Similar studies are conducted to cover
the C.C.4, for 1ifts upto 120 £, 90 ft, 60 f£t. and 30 ft, only,

Table No, 92,10,11,aad 12 show the calculatioans f£or cumaulative
head x Discharge for various lifts,

TADLENGYD

Case II _ Lirt nnto 120 7t,

Height of 1ift. Discharge Hoad x Cummulative
in cusec, Discharge. Head x Discharge,

30 ft., 2000 60,000 60,900

60 ft, 1500 45,000  1,05,000

90 ft. 1000 30,000  1,35,00)

12028, 509 15,000 1,50,000
TABLENOI10

&inxx Case III N L1ft upto 90 ft__l”:‘: T T

Height of 112% ~ Discharze  de:d x T Cummulative
in cugec, Jischorze. Head x dig- '

charge,

30 1500 45000 45000

60 1000 30000 - 75000

20 - 500 15000 90000
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Case IV Lift upto 60 ib.

Height of 1ift Discharge in Head x = Cuwmulative
cusec, discharge head I dis,
4¥ 30 1000 30,000 30,000
60 500 . 15,000 '45,000

TABLENO12

Case V. Lift unto 30 f£t.

Height of 1ift  Discharge in Head » Rum Rk RE XA
cusec, discharge,
30 500 15000

Curves showing relation between head loss and saving in
head and discharge are drawn in the figure 4 mfor the cases I,
IT,II1,IV ana V, |

From_tﬁese curves savizg in head and discharge for any
particular loss of head can be read the corresponding unit cost
of power can also he calculated so that the. saving due to redu;
ction in 1ift is equal to the increase incost dué to inder sec-
tioi, The calculations are given in Table 13 xmﬂxmng

A set of curves showiag the relation between Height of
economical 1ift V/S Unit cost of Power for various gradients say
1 in 15,000, 1 in 18,000,1 in 21,000, 1 in 24,000, 1 in 27,000
and 1 in 30090 are drawn in figure S.Anticipated cur |

ve for gr-
adieat of 1 in 12000 has also been drawn,
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Bed slooe Increase Sav- Saving in discharge ®ate of uxlt power in

i1 anau- ing X head. _ & 1o earecs o paisa for which gradi
al cost in Casc (ase hse CaseCASE ent is economical.
due to head I IT III IV V, Casefase (ase CaseCase
flatter 1loss, i, II. III IV v,
slope in .

105 ns;

T —— -

T 12000 =~ =TT =TT e T
tnnnmﬁﬁ%ﬁhﬁk&&xxx&xﬁﬁxxﬁﬂﬂﬁ&dﬁk&ﬁkﬁﬁﬁﬁﬁ

1 in 15000 3.0 25 62 50 37T 25 12 4.8 6 8 12 24
1 in 18000 6,0 41 100 176 56 35 15 6.0 7.8 11,7 16,9 40
1 in 21000 9,0 53 122 94 68 41 15 7.4 9,5 13.2 21.7 GO

i in 24000 12,0 62 140 108 76 45 15 8.6 11,1 15,8 26.7 75
1 in 27000 15.9 70 150 115 30 45 15 10 13 18,7 33,3 200

1 ia 30000 18,9 78 160 120 82 45 15 11,2 15 21.8 40 120

- - S L e -

The curves show& ; that if the costﬂéf power is 4 paiéé per
XV, M it would Le economical to Qrovide 1ift irrigation facilities
for areas upto 150 f£t, ligt as envisaged in ‘the project, If the cost
of power is.6 paisa, it mmza be would ecosomical to vrov1ue 1ift. irrl-
gation facilities for areés upto 90 ft, 1lift w1th} Xlslbllg Sradient
of 1 i 12000, Oa the other hand with 1 in 18000 gradient of canal
1ift irrigation facilities could have Besn provided to areas upto
150 ft. at the unit cost of power as 6 paisa per X,7,H,

At low cost of nower flatier grudients are costlier thian
providing 2ift irrigationuon the other hand at higher cost of powae
flatter gradiests arc economical as compared to 1ift irrigation, How
ever, for a particular gradient there is certaiﬁarea which canpe irr-
gated by reasonable 1ift, From set of curves in figure 5 eco.zonical
lifts for diffgrent slopes can be read directly,Similiar economical

gradients should be calculated for Branches, distributaties ang pinors

on 1lift chanmnels to arrive at the most economical Proposition.
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CHAPTER 11
SCGOPE POX RESEARCH.

Although a logt of work has been done during recent
past on the various problems in connection with lining such
ag design considerations, constructional procedures etc. but
the literature available is mostly empirical. Acc&ggg'to
Professor Danel "Empirical knowledge, however, glorious it
may be at times sufferg from the disadvantage of being very
different to convey readily to other people or to discdss in
a meeting. Further more it suffers from something worse, it
can never prove its case completely in that atthough it may
produce working solutions it cammot prove they are the most
economical and most efficient. The change that they even

generally
are remote2.

Techniques for thé determination of seepage losses
of a censl prior to its construction or even after are ikt
either very costly or not reliable. Therefore need for
improved techniques that are accurate as well economical is
felt to determine the actual losses in the field.

Reliable estimates for the determination of life of
different types of linings are not available. It has however
been estgblished that the life of concrete or tile lining is
more than 40 to 50 years. TFor other types of linings results
for a life span of 10 to 15 jears are available. For the
present the economics of lining is determined from the figures
of initial cost of construction as the cost of maintenance are
not available. For the purpose of determination of most
economical type of lining, its maintenance costs aré also
necessarye. It is also necessary to know the various forces actiﬁg.

on the lining and cheap means @ to counteract these forces
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without adding much to the coet of lining.

Research work on the development of new materials or on the
improvement of known materials is still in the stage of development.
It is just possible that the new materisls to be developed may
change the techiniques of construction, In case of 0ld unlined
canals 1t is not possible to adopt the present methodsdHr their
lininge This is because of the fact that period of construction
required for conventional type of lining is great as normelly
closures are not possible, In additiont this the cost of
construction in ke lining these canals is also high, |

Lacey's or Kennedy's theories for design, canals free
fromhrokble of silting are applicable for unlired canal or at
the most can be made applicable for small lined canal. TFor big
lined canals studies on models or prototype structures are necessary
tofind out the gradient/sectionof the canal that will be frec
silt trouble,

The cost of generation of power is high with the result
the expenditure on lifting of water is very heavy. By provic
fléﬁest possible élopes (that may not endanger the canal witl
silting problem) the height of 1ift can bgréduced considerab’
there by the cost also.

The need for standralisation of canal section is being felt,

This would simplfy the Yayious constriaction procedures.
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