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50601305 Irrigation and Drainage Engineering

Irrigation:

Irrigation

Introduction, definition, purposes, necessity, soil — water - plant
relations, land grading, computation, design slope calculations, earth
works calculations, Infiltration, infiltration equations, field
measurements. Surface irrigation, efficiency, adequacy, uniformity,
water balance concept, water front advance. Consumptive use and water
requirements, net and gross depth, continuous and intermitted
discharge, Irrigation scheduling, water duty.

Canals: Classification, general layout, numbering, canal design

Drainage:

methods.

Definition, drainage coefficient, Darcy's Law, closed and open drains,
filters, cross sectional design of open and closed drains, design of drain
spacing, vertical drainage system .
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Examples For Land Grading ‘

Ex1: Design the land grading of the field, shown in Figure below, using the plane of best fit
to determine the design slopes, summation method for earthwork calculations.
Consider a ratio of cut to fill (C/F) ranged from 1.2 to 1.45.The intervals of mesh points
is 50x50 m. The design should e reveal the following: .

a) final design level at center of mesh unit (cells). I 8.0\ 484\ 492

b) Volumes of cut and fill after performing the earthwork balance.
c) Plot the contour line of no cut & no fill (divide line of cut and fill &
regions). g

480|489 484

d) If the cost of 1m® of cut, transport, and grading soil to use as
fill is 9 000 ID, estimate the land grading cost for 1hectar.

Solution: }-—— !som_—..l

a) The field is a square shape, therefore the centroid is located at intersection point of
both diagonals. Xc =2L; Yc=2 L,, Sx and Sy can be calculated from following tables:

4716 | 41.8 | 484

e X,

From eq(3.6) and (3.7):- 3 [No| Nt (2 Hi (K )
871.8 — 2(434.7) 48,0484 492) |1]3]| 3 |145.¢6|145.6
Sx = T = 0.4/L, meter
42 —9+2 480l a89|484| |2|3| 12 |m5.3] 290.6
oy = 867.6 — 2(434.7) _ 03 L tster }t ar6| a8lasal |3|3| 27 |143.8|431.4
= — ——= =—03/L,
42—9x2 Jl9| 42 14347 867.6
;. Qv & | o |9
< I R
From eq.(3.3) Z| = R
"':’;.;:J 2 ik L1 B
4347 HEREAREE
9 Xl oo | & (¥
Let the design plane of above slopes pass through =
the centroid of the field with o level of H at this - : e
o] et T

point to get the design levels. Thenafter,
calculate the cut and fill at each cell to obtain the

total depths of cut and fill over whole field. 4.0 484 49.e|
48.2|F20 | 48.6|F20 ‘?:?.OE(JZO

ZC =20+ 10+ 60 =90 cm ' 80|  fas9 |44
ars|cio | 48.3{ceo | 45.1|F30

21‘7 =204+204+30+20=90cm a16 4?_5. 454
a16|0 |48dF | 484 0

By considering eartwork balance:

n.=5 (includeing non-cut points and non-fill points) 45,@\ 484 492
ny=4 43.ra| £ |4858| 18 |48.98| C22
From eq.(3.20) with C/F=1.2:

N ; _ 43,9[ 489 484
AH = 1.83 cm approximate the result close to 1cm, thus; 7 35' =7 |da28] coz | senl Fze
AH = 2 cm ,now check C/F with this value of AH ,however the
new value of C/F is within a given range (C/F=1.22). 18] {478 464

.55\ coz |4rgs|Fie |48.38 coz




b) From egs.(3.18 &3.19 ):
ZC,, =90+5x2=1m

zFb=90—4><2=0.82m

From eqs.(3.14 &3.15 ):

ve = 1.00 (50 x 50) = 2500 m’
Vy= 0.83 (50 x 50) = 2050 m’

¢) The contour line between cut & fill regions is plotted after the values of cut and fill are
fixed at intersection of a new mesh generated by delineation passing through centers of

old cells as shown below:
r
Fill Region /

37 718 cz2
A___—/
L~
Cutt Region /

cie ce2 Fa8
Fill Region

Pl %, "

coz” FI8 co2
Fill Fi:egfon \\

d) Total area of the field =150X150=22500 m*=2.25 hec

Volume of cut =2500 m’

25003 x 9000 ID/m3

Cast = - =10 000 000 ID / hec

-




Ex2: Design the land grading of the small field, shown in Figure,
using the average slope method and considering C/F=1.5 .
Determine the final design levels at each point and estimate
the earthwork .The intervals are 20x20m.

Solution:

Lo cr ) W02 155
SX,={(12.0- 12.1)/[ (2-1)x20]} x100= - 0.5%

Fromeq. (3.9):  Sx=1.5+(- 0.5)/2 =0.5%=10m/ 20m
From eq. (3.13):

Sy,={(12.1- 11.9)/[ (2-1)x20]} x100=1.0 %

Sy,={(12.0- 12.2)/[ (2-1)x20]} x100= - 1.0 %

Fromeq. (3.12): Sy=1.0+(-1.0)/2=0

11.9+12.2+12.1+12.0

=12.05m

Fromeq.(3.3) : H=

Let the design plane of calculated slopes pass through the centroid of the
field with a level of H at this point to get the design levels. Thenafter,
calculate the cut and fill at each cell to obtain the total depths of cut and fill
over whole field as shown in figure.

ZC=10+10=206m

ZF:10+10:206m

By considering eartwork balance:

ne.=2

nNg =2 )

From eq.(3.20) with C/F=1.5: AH =2cm

Now lower all levels at centers of cells by 2cm, the final levels are shown in
figure.

From eqgs.(3.18 &3.19 ):
Y 6, =20+2x2=024m
ZFb =90 — 3% =016m

From eqs.(3.14 &3.15 ):

Ve = 0.24 (20 x 20) = 96 m’
ve= 0.16 (20 x 20) = 64 m’

1.9

z.a

2.1

12.0

.2

2.1

12,

o

1.9

12.2

2.0

F10

2.1

cio

121

120

12.0

c

121

F1o

e

2.2

.98

Fo8

1208

cl2

12.1

f2.0

1.9

c12

!2.05] FO8




Ex3: The values shown in table represent the natural ground levels at

center of mesh unit of the land grading. If the design slopes are
given as Sx=0.4% and Sy=0 ,while the intervals are 25x25m , find 7.10 | 7.00
the: :

a) by using the summation method ,the volumes of earthwork at | 6.90 | 6.80 | 7.30
(C/F ) ratio=1.0

b) AH required to lower the design plane in order to get C/F=1.5

Solution:

Since the field is unsymmetrical shape, therefore the centroid must determined by using
eqs.(3.1&3.2) as follow:

X
Xc=(1x1+2x2+2x3) / (1+2+2)=2.2 L;=55 m r Xe Le/2
Ye=(2x1+3x2) / (2+3)=1.6 L,=40 m fe 2100 | w0
L Sm+| (-
From eq.(3.3 ;
q.(3.3) = —
_ 7147+69+68+7.30 {2 690 | €80 | 730
H = c =7.02m Y

Let the design plane of above slopes pass through the
centroid of the field with a level of H at this point to get
the design levels, as shown in figure.

Thenafter, calculate the cut and fill at each cell to obtain the
total depths of cut and fill over whole field. 710l |70

?.00|ce0 7.10|Fro
Zc=10+20=o.30 -

6.94 G.BC‘ 7.30

Z F=10+4+20=0.30 cm 1699 0 | 7.00|Fz0| 7.10|c20
By considering eartwork balance:

n.=3 (includeing non-cut points and non-fill points)

nf =2

From egs.(3.14 &3.15 ):

a) Vec=03(25x%x25)=187 m’

Vy= 0.3 (25 x25) = 187 m’
b) From eq.(3.20) with C/F=1.5: AH =0.025m=25cm




Ex4: The small area shown in figure was a part of a land grading
design for large project whose interval in x-direction L;=30m
and in y-direction L,=20m.the natural ground levels at points
deb, and s are 48.4 , 48.0 , 48.6, 48.0, respectively , while
design levels are 48.1, 48.0, 48.3, 48.4. Calculate the volume
of earthwork?

Solution:

From the balance of natural ground levels and the design levels at

points d,e,b, and s ,the depths of cut and fill for the area kabg k d
shown in figure are calculated by using Eqs.(3.16&3.17) for (1) (2)
subareas 1,2,3,and 4 .The results are shown in tabble below: Cd3 5 = e
T B E e (%) (4)
Area No. | H.(cm) | H¢(cm) V. (m) Vi (m”)
" i ' E40 csol
1 30 0 45 _ 0 g s
2 30 0 45 0
3 30 40 15~ 34
4 60 40 54 24
Sum=163m’ | Sum=58 m’
for Cut for Fill

ExBxA survey for small field was carried out in order to implement a land grading of
intervals Ly x L, =20x25m .Thus, the mesh consists of 6 rows and 10 columns. The
averaged natural ground levels are given below :

No. of row or column

1 [2 [3 J4 [5 [6 |7 |8 |9 |10
Row (x-axis) | 67.0 | 67.2| 67.3| 67.3 | 67.5 | 67.5 '

Column(y-axis) | 67.7 | 67.5 | 67.4| 67.5 | 67.3| 67.2 | 67.2 | 67.1 | 67.0 | 67.1

Use average rofile method to determine the design slopes in x- and y-direction.show in a lot
the rofile of average levels in x- and y-direction associated with slopes as percent with sign.

Solution:

= 67,0+67.2+67.34+67.3+67.5+67.5
H=Mean of average levels = -

=673m

Xc=100m, Yc=75m

Row (x-axis)
Column(y-axis}




Along y-distance

The first point was selected by sight is (12.5,67.05), whereas the second point is (yc, H).
Thus , the slope Sy can be calculated as:

67.3 — 67.05
-

— 0.49
ST — 125 100 = 0.4%

Sy =
Along x-distance

The first point was selected by sight is (10.67.63), whereas the second point is (xc, H).Thus,
the slope Sy can be calculated as:

67.3 — 67.63

= —0.369
100 — 10 % 100 0.36%

Sx =

67.6 " E ;

[=]
‘HJ
o
&
3

Ye s 1)

Elevation ,m
2 2 .
|
L

6?_03 l l LI LI L LI}
00 125 875 625 875 1125 1374

" distance along y-axis . m

67.7
67.6
67.5
67.4
67.3
67.2 Je : |

67.1 \ jn
M- N (D T, S

99 50 7o 90 110 130 180 170 190

gpalrtred s plen il paet

Elevation,m

T I

&
—
e

distance along x-axis , m




