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Abstract

Selecting cross sectional variables like canal subsidiary slope, floor width, flow depth, and canal section radius are different based on the
purposes of designers. For different goals, various values and relations among sectional variables are possible. One of these goals is
minimizing total costs of canal section for the passage of ensured Debbi from a definite area. In addition to low cost, optimal cross section
variables should be determined in a way that enables meeting hydraulic constraints. In concrete trapezoid canals, there are problems like
passing Debbi, canal subsidiary slope, and canal coat diameter. They need accurate calculations to optimize the design for passing proper
Debbi based on land slope. This study uses an optimal technique of concrete coat diameter in trapezoid canals to maximize favorable Debbi
with the most economical costs by a cost function and technical and executive constraints of irrigation and drainage coat dimensions.
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INTRODUCTION

The main obstacles on the way of executing irrigation
and drainage canals are financial costs and considerable
time duration for them which are needed in establishing
them and completing their subsidiary nets. These high
financial needs and timeliness of canal establishment have
yielded many problems in irrigation transfer systems
among which are delays in establishing subsidiary canals of
irrigation, problems of capital inaction, and damaging the
useful life of main net and other existing utilities.
Subsidiary canals are designed and executed in the forms of
concrete, ready-made, half-pipe, rectangular, trapezoid,
instant concreting, and etc. Being made of concrete creates
many problems in building irrigation transfer systems.
Thus, using low cost canals that meet technical
requirements can enormously help irrigation system
development. This study evaluates optimization techniques
of concrete coat diameter in trapezoid canals to transfer the
maximum water amount with the least cost; it also selects
the target cost function, optimizing different technical and
executive constraints of irrigation and drainage canals.

Tools and materials

This paper gathered necessary data and the features of
coating irrigation and drainage net canals in Gilan
Province. Then, it represents a total cost proxy of canal
coat. Examining different options for canal coating, section
design was suggested for optimal coat and minimum costs
(Monem,2002).  Selecting target function including
executive costs of canal coat and exerting proper hydraulic
and structural constraints, optimal coat diameter in canals
resulted. Finally, based on technical and economic
evaluations, the best diameter for coating canals based on
weather and local conditions of Gilan Province was
suggested; this can be of main applications for irrigation

system engineers and designers (Bahramloo. 2007). One of
the most important reasons of selecting under-study canals
can be topography and slope status of the lands in the
project. Selecting areas with positive, zero, and negative
slopes, the need to examine most of the existing canals in
irrigation and drainage systems in Gilan province will be
removed. This trend will proceed in the whole net of the
province. The status of land slope in the whole area can be
a replication of 3 selected canals. This positive slope for
Gallehrood Canal has caused a shoot design with the height
of 1.5m to overcome high land differences for keeping
irrigation standard balance line. Zero land slopes in down
and upper areas of Rasht canals have been examined. A
significant point of investigating main canal of Fomanat
Town from D3 construction unit is related to negative land
slope in the area of building this canal which is essential for
directing necessary irrigation of pumping operation.

Optimizing coated canal design

Based on Manning Equation, we have
Equation (1),

Q= % AR 2

N: roughness coefficient ~ A:area R: hydraulic radius S:
canal slope For trapezoid canals, we have:
Equation (2),
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Figl. Canal cost optimization

b
For the result of (2), ie, (—) ratio, canal cost

optimization based on coating is used:
Canal total cost C = C,, (floor cost) +C, (wall cost)

c, =Bb+k
c, =2 (y+F)V1+2Z?

Where,
B. floor concreting price per unit for definite floor diameter

I'  \wall concreting price per unit for definite wall

diameter

K. The material price of canal corners per length unit
Then, we have:

Cost function,

C=bB+k+2I(y+F)NZ2+1

Based on our variable b or y, the above function should be
minimized:

oc oc
oy or ob

o

Replacing Manning Equation in it, the following
formulation results:

b_ 2K,
B '%
—K, {Kg +20(2)K,
I
Where, ~
K, =20(zz+1)—[1+4(?) 47\1+2°

K, = (1-?)6422 +1—102(§)

Solving 2 above equations yields the values for b and y.
Optimizing coat design of main canal in down area of
Rasht includes 3 different area ranges in which Q value
(Debbi) and canal slope (i), floor width (b), canal height
(h), and irrigation height (y) are regarded as the primary
data resulting from executive plans of optimal coat design
measures. In this study, first range was considered as the
sample range for showing calculation trend and all other
calculations for optimal coat design in other ranges are
replicated similarly. In the optimal coat design, two
variables include canal wall slope (z) and coat diameter (t).
Z changes rangeis

2(33)

5 =34
1.6+[ (~1.6)° +20(0.48) 332

b_
y

Z2=0.2,,050.7,115,225

The results are shown in the figures that come below. As
seen in the calculations and figures, the slope of 1.5 (z=1.5)
was proved to be the optimal slope for all canals. In the
following section, optimal coat design operations in
downside area of Rasht in first range will be shown as the
sample.

Fig2. Optimal coat design operations in downside area of
Rasht in first range

Q=35

i=0.17

b=2.00

H =150

y=1.25
F=H-y=15-1.25=0.25

For the canal with diameter

t=0.12 ,,42=15
.

B =2.48"x0.12" x1" x 65000 — =19344(T)
m

r- 2{% (2.7+2.5)x0.12x1x 65000} _ 40560

K =2x[0.12x0.25x1x 65000] = 3900
z=15

Z?+1=3.25

Z*+1=18

B _ous
r
2 B 2
K, =20(Z +1)—[1+4(F)}4z Z%+1
=20(3.25)—[1+4(0.48)|4x1.5x1.8 =33=K,

K, = (1—?)6\/22 +1-10z(§)
— (1-0.48)x6x1.8—10x1.5(0.48) =5.6-7.2=—1.6 = K,

b 2K,
- %
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%
{(b)+2»\/1+22}
y-tl 4 (F

G

_[34+2(1.8)] 0.014x3.5

. % 0,27
[3.4+15] Nk

b =34=0b=0.27x3.4=0.92

y

From experience formulation,

F =0.3+0.25y = 0.3+0.25(0.27) = 0.37

c=bB+k+20(y+F)\Z? +1=0.92(19344) + 3900 + 2(40560)(0.27 +0.37)(L.8) =115147

C =115147

Optimal coat design

0.84m 12

Fig.3.optimal coat design for calculating Copt :

Q=35

. a=arc tan1/1.5=34
1=0.17 W=1.5/sin34=2.7
b—0.02 w=1-0.12/sin34=2.5
H=0.37+0.27=0.64

y =0.27

B=1.4%x0.12x1x65000=10920
I'=(1.6+0.93)x0.12x1x 65000 = 16302
K= 2[0.12 x0.25x1x 65000] =3900

W = (_)'65 =1.16
sin34
K, = 20(27 +1) —{1+ 4(?)}4&/22 )
W= (_)'52 =0.93
sin34
K, = 20(3.25) - [1+4(0.67) | 4(L.8)(L.S) = 25.26
Z=15
Z2+1=3.25

K, = (1-0.67)6(1.8) —10(1.5)(0.67) =—6.5

JZ?+1=18

2(38.5)

b
b_ ~19
Y 6.5+[42.25+20(0.67)(38.5)]

B_10920 .

T 16302

Y
e )
[2.55+1.5]’

b=0.32x1.9 =0.608
F =0.3+0.25(0.32) = 0.38

Cy = 0.74x10920 + 3900 + 2(16302)(0.29 + 0.37)(L.8) = 51159

Copt/c = 0.4
For 2=0.2,05,0.7,1,2,2.5 , with error and trial we

get canal section features from the following formulations:

%
{(3)+24\/1+ 22}

_ nQ %
y N 5 ( ﬁ)
G
y
Where,
n=0.014
Q=35
S, =0.17
Z=02
b=2

For example, in z=0.2, the above formulation is true for
y=0.19. From F= 0.3+0.25 vy, free height and H can be
calculated. Calculations for this section is like the
aforementioned ones. All results for related Zs are reflected
in the figures.

Fig.5. Canal chart for down area of Rasht (range 2)
Q=35 1=04 b=2 H=1.3 Y=1.05

Fig. 6.Canal chart for down area of Rasht (range 3)
Q=35 1=0.05 b=2 H=18 Y=15

Fig.7.Canal chart for upper area of Rasht (range 3)
Q=75 1=0.6 b=25 H=15 Y=1.25
Fig. 8. Canal chart for upper area of Rasht (range 2)
Q=75 1=054 b=3 H=15 Y=1.25

Fig.9. Main canal of D3 construction unit (range 1)
Q=6 1=0.27 b=3 H=1.5 Y=1.25
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Fig. 10. Main canal of D3 construction unit (range 2)
Q=6 1=0.51 b=2 H=15 Y=1.25

Fig.11. Main canal of D5 construction unit (range 3)

Q=48 1=032 b=2 H=15 Y=1.26
Fig. 12.Main canal of D5 construction unit (range 4)
Q=48 1=0.32 b=2 H=15 Y=1.26

Fig. 13.Gallerood main canal of G1lconstruction unit (range
1)

Q=165 1=05 b=3 H=21 Y=18

Fig. 14. Gallerood main canal of Glconstruction unit
(range 2)

Q=165 I1=4 b=3 H=2.1 Y=1.05

Coated canals design optimization based on t changes

Fig.15. Canal coat design optimization for down area of
Rasht (range 1)

Q=35

1=0.17

b=2.00

H =1.50

y=1.25
F=H-y=15-125=0.25

T =canal coat diameter
Copt/c=optimal cost/ cost

For t =0.08
B =2.48xtx1x65000=12896
W _1.S _o7 z=15
sin34 722 +1=3.25

I' =(27 + 2.5) xt x1x 65000 = 27040
2 —_—
15—t JZ?+1=138

W=— =25 B
sin34 —=0.48
r

k = 2(0.25x t x1x 65000) = 2600

Kl:20(22+1)—[1+4(§)}42 22 +1
= 20(3.25) - [1+4(0.48)]4x1.5x1.8 = 33

K, = (1—?)6\/22 11-10Z (?)
— (1-0.48) x6x1.8—10x1.5(0.48) = —1.6

b_ 2K,
- b
y -K, +[K22 + ZO(B)Kl}
r
b 2(33) a4
y 16+[(-1.6)° + 20(0.48)><33]% o
b 34
y
%
{(b)+2\/l+ 22}
y-rl L (2
58 S
[(b)+ z} ol
y
% %
y_ [3.4+2(1.8)5] _(0.014><3.5j 027
[3.4+15]% | 017

—=b=0.27x3.4=0.92

F =0.3+0.25y = 0.3+ 0.25(0.27) = 0.37
C=bB+K+2I'

(y + F)NZ2 +1 = 0.92(12896) + 2600+ 2(27040)(0.27 +0.37)(1.8) = 76912

Coat optimal design for calculating Copt )

Q=35

i=0.17

b=0.92

H =0.37+0.27 =0.64
2 g4

0.56

y=0.27

Vv:t=0.08
_064-t 0.9

0.56
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B =t x (0.92 + 0.48) x 65000 = 7280
I = 2xtx 65000 = 10400

K = 2(0.25xt x 65000) = 2600

B

—=07
r
Kl

=20(Z%+1) —[1+4(§)}><4x Zx\Z%+1
K, =20(3.25)—[1+4(0.7)|x4x1.5x1.8 = 24

K, = (1—?)6\/22 +1 —102(?)

— (1-0.7)x6x1.8-10x15x0.7 =7
2(24)
7+[49+20(0.7)24) 2

b_
y

_[L8+20.8))"

045-03
L8+15°

b=1.8x0.3=0.55
F =0.3+0.25(0.3) = 0.375

Cop =bB+K +2T(y+F)y/1+Z? = 0.55(7280) + 2600+ 2 x (10400)
(0.3+0.375)(1.8) = 31876

C!
/=04

All above calculations for diameters
1 =10,12,14,16cmis calculated and chart t is drawn

based on Copt e

Fig16. Canal figure of down area of Rasht (range 2)
Q=35 1=04 b=2 H=1.3 Y=1.05

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 17. Canal figure of down area of Rasht (range 3)
Q=35 1=0.05 b=2 H=18 Y=15

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 18. Canal figure of upper area of Rasht (range 3)
Q=75 1=06 b=25 H=15 Y=1.25

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 19.Canal figure of upper area of Rasht (range 2)
Q=75 1=054 b=3 H=15 Y=125

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 20. Main canal chart of D5 construction (range 1)
Q=6 1=0.27 b=3 H=15 Y=1.25

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 21. Main canal of Dsconstruction(range 2)
Q=6 1=051 b=2 H=15 Y=1.25

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 22.Main canal of Dsconstruction(range 3)
Q=48 1=032 b=2 H=15 Y=1.26

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 23. Main canal of D5 construction (range 4)
Q=48 1=032 b=2 H=15 Y=1.26

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 24.Gallehrood main canal of G; construction unit
(range 1)

Q=165 [1=0.5 b=3 H=2.1 Y=18

T =canal coat diameter

Copt/c=optimal cost/ cost

Fig. 25.Gallehrood main canal of G; construction unit
(range 2)

Q=165 1=4 b=3 H=21 Y=1.05

T =canal coat diameter
Copt/c=optimal cost/ cost

Optimal slope of 1.5 and optimal diameter between 10-
14 cm resulted for this study. Based on the findings,
trapezoid canal design with subsidiary wall slope for the
values smaller than 1 and bigger than 2 and coat diameter
of 0.11 is optimal. Since these results are reasonable for Z
and T, they are acceptable. All these optimization trends
can be calculation criteria for any supposed section with
different forms that can finally lead to minimizing section
design costs.
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