6. DESIGN OF THE FIELD STRUCTURES

13 Box Culvert

The box culvert is provided to carry drainage water
from field drain FD-3 under the main farm road MFR.

Design considerations
Width = 3 timés drain width = 0.9 m

Height 2 times the maximum flow

‘depth = 1,1 m

t
<
o
3

Thickness of wall

A-~ The Span AB

- 1) To determine the loading
14T Fruck

a}) Live Load Vo

Consjder a 14 T truck passing the farm
road, '

Thezloading distribution on AB is as

shown
R -
— -

1-79 e -

T ER SER
| N e b —

%{ P bl : g
a = 1.75+2(0.25+0.68)
= 3.61

e

0.2+2(0.68) = 1.56
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We = the equivélent toad distribution
per unit area

We = 2P(l+i)

3.61x1.56

= 2,77 T/m®

= 27.15 KN/m2

Live load = 27.15 KN/m2

b) To determine dead load

i) Self weight = 23.6x0.2
w2
= 4.73 ¥N/m

ii) Top soil = 18x0.68

i

12.24 KN/m2

. Ultimate 1oad-W 1.4 D.L + 1.6 L.L

1f

1.4(12.24+4.73)+1.6x27.15

1l

il

67.20 KN/m>

67.20x1.1 KN/M

i

73.92 KN/m
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23

3)

4)

a) For 5imply supported beam, AD

M_E}_E
- B
= 73.92x252% < 15,6 kN w/m
b -~ For Fixed end moment

LT —

-~ 73.92x1.3°
i3

= 10.4 KN m/m

To check the section

MX‘ = 0.15 f¢u bdz
where M, = ultimate moment;
feu = concrete cube strength = 25 N/mm
b = width of section = 1000 mm
d = effictive depth of tension reinforcement
= 17% mm.
.My = 0.15%x25%1000x175°

= 114.8 KN m/m (greater than the
: actual moment.

To provide the reinforcement

a) The span _
ising CP 110, Part 2

M _ 15.6x10°
bd? 1031752
= 0.5



b}

From chart, .

100 A, = 1.05
gt
A . 1.05x1000x175
s C 100 -

1837 mm2

I

provide 16 mm @ 125 clc

The support

M__ . lo.4x10®
pd? 10%x1752
= 0.33
100 A_
—g3m> = 0.57
3
A 0.57x10°x175
s 100
= 9.98'mm-2

provide 13 mm ¢ @ 250 c/fc
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B - The wall, AC

EL a.718
L 6.60 A 8
k
' : . Fa
) ] T
: ' \ Vsh
bt 530 | A : ¥
assumption
clay soil, @& = 0
ka = ].
By = 1.8T/m° = 17.64 KNfm®
h = 6.78 - 5.3 = 1.48 m

The active soil pressure, Pa actlng on the wall
of the culvert at the one third the helght of
the soil equivalent from the base.

Pressure Pa = ¥y h ka + th

Thus the force Fa acting on the wall can be
determined by.

Force = Pressure X Area

h - 2
= aghkax5+ gw%#

Fa x D

Moment at C 3

- Bywn ka+%¥wh2)

« 228 (3x17.66x1. 487 x1:2x9 . 8x1. 487)

il

14,83 KN m/m
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1) To provide the reinforcement

a) Wall
6 .
M__ _ 14.83x10°
bd?  10°x175°2
= 0.48
100A
)
A = 1.0x107x175
s 100
= 1750

provide @16 mm @ 125 c/c

b) The hunch

provide @¢l0 @ 250 c/c

The cross section of the culvert is as
shown below.

Fig. 50. cross section of Box Culvert
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23 Control

box

The control box 1s provided at the end of the pipe
line as its function is te control "the water supptly
to the following field block,

and 8,
way. .

In addi
into th

and

tion,
is

that is F,.
to control the water level by the spill-

b-4.5, 6.7

the blow of value is also prévided
controel box as mention before.

The 1rrigation water is controlied by following

operation.
ftems _Dperatidn.
l. irrigation water is 'M.S gate is closed in
supplied to the F.B. order to keep the
1, 2 and 3 -proposed height.
2. irrigation waterx is ¥.8 gate is opened
supplied to the F.B and. give the free
4, 5, 6, 7 and’ 8, flow to the irriga-
tionm canal.
3. cleaning of the pipe open the blow off
‘ line value and flash out
the sedimented
~obstacles,
The control box i{s shown as in Fig-. 5l
Fig.-58l Control box . . .
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3)

Drainage control

The purpose of the drainage control is said that
the ground water table should be controlled by
operating the drainage control gate and give the
optimum water table for plants in accordance with
the rice cultivation stages.

Actually,
follows.

the control gate will be operated as

Items

Operation

tion time

2. Growing stage

3. "Harvesting time

1. Before presaturation
and right presatura-

gate is closed in order
to increase the water
table.

lto_contrpl the water
table depends on the
circumstances.

gate is opened in
order to decrease
‘the water table
and increase the
bearing capacity.

six numbers of drainage control are provided in

this project and-Fi;D. 4,

the end of the drainage canal.
are designed by the same way as the D.F.

2.

The rest -that are the F.D.

1,

5 7and ‘6 are located at

These structures
l-and

2 -and 4-1 have a

control drop so that the calculation method is

indicated as follows.

3)-1

1) Determination of the drainage

{Qmax)

Drainage control F.

D.

4-1

dischrge

Qmax is decided as follows:

(1) maximum designed flow of Q.C. 1
is to be Ql.

(2) Q.C. 1 has a function to store
the drained water by H.W gate
whese height is given as 0.8 m
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(3) Just after opened the gate, amount
of flow (Q2) will be calculated
as follows by Manning formula.

A = lﬁ9%9L39x0.30 - 0.88 m’

Q2 = 4!\)(%;;{1{2"'31“%2

il

where: n 0.03 _
R + AfP = 0.343

1

1l

i/1000

.;QZ = 0.49-m3/sec'

in this case Q2> Ql, thus Qmax
“is determined by 0,49 m3/sec/

2} Determination of type of drop

Water drop type is judge by following
check list,
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3) Design of approach channle,
1. Length of approach channel (1)

It is calculated by the following formula,
3
i 1.2+-§{/Q

where; Q : Maximum drainage discharge

= 0.43 m3/sec

]

1

. . 3 -
1) = 1.243%/0.43 = 2,18 m
£ 2,50 m
2, Depth of cut-off wall at the starting point (&3 )

fy is calculated by the following formula.

i, = 0.6/h,

where, h1 : upstream water depth

= 0.80m
1, = 0.6x/0.80 = 0.536 m
= 0.55 m
3. Free board of approach channel (Fbl)

Fb1 is calculated by the following formula but

minimum Fbl should be 0.30 m.

1,0.80 = 0.266 m< 0.30 m

then Fb, = 0.30 m.
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b3 Design of out-falt
1. Critical depth at out-fall point (he)
he 1s calculated by the following formula

2

2 ®V
he = 3x‘h+ ZE )
where,_ of =~ 1.1
Vo= Velocity of upstream flow

in this case, width of canal (B) is
0.90 m

n = 0.0l5 (concrete)}, I = TB%SN
MELZLIEN
— ——
3
1
2.57m
2)

Let's suppose V = 0.84 m

then, A = % = 0.43/0.84 = 0,512 m2
A
h = 3= 0.512/0.90 = 0.57 m
A
R = 5 = 0.251

Check accounts

vV = lx R2/3x1%
n .
b s e 203 1 .
= 5.0i% x0.251 x (1000 ?
= 0.84 mfsec ..... 0.K
- 5
-2 1.1x0.84
. he = 3x(0.57+——§;§T§mm)

=0.£}}.]TI
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2. Width of Out-fall (b)

b is decided by the following formula

R R S
T 2.98 heo!?
where; q = unit width flow
- 2.98 he/?
= 0178
b = “-——'—-0——.‘&2—'37:2- = 0,55 m
2.98x0.41
L 0.60 m

5) Design of stilling basin
1. Length of stilling basin (L)

L is decided by the following formulas.

(L1+L2)x

L = 5 L

2§H+h'))%

L2=3(E-F)% _ _
where; ofL ¢ 1,2 -~ 1.5 (in this case AL =1.2)

L1=2xVc (

h' = he (=222 = 0,205 m)
¥ = DROP HEIGHT (=0.90 m}
0.43
Ve = helh (= 6TZT;6766) = 1,75 m/sec)
E = h fi!i-(o 57,L:1x0.84 617 m)
T OMETRgT MW TTaygTeT ¢ Y m

(: Specific energy of upper
stream)
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-F : HEIGHT OF FALL
= (HEIGHT OF UPPER STREAM Hl)
~ (HEIGHT OF DOWN STREAM H,)

(DEPTH)

Hl : E.L 6.144+0.57 = E.L 6.71 m

H, is calculated as follows,

(1) (Amount of downstream flow QD)

‘=(Amount of Q.C. 1)+(Amount-of Q.C.2)

= 0.43 m3/sec+0.17 mafsec = 0.60 m3fsec

(2) Cross section of downstream

o202z A
\

(2hD4+0.30)+0.30
3 -

;. AD = x hbD
) .
= kD" +0.30 hD
PD = 0.30+2. /2.uD
RD = AD/PD
1 , . s
(3) 1 = 1565~ ® ~ 0. 03 (given condition)

(4) Let's suppose VD = 0.55 m/sec

0.60 m3/sec%0.55 m/sec=1.09 m2

:hD2+0.30 hb

AD

AD 1.09

RD = ——~r— = e

0.30+2./2.hD  0.30+2./2.091

0.382
—_191“‘



Then,

L

Finally L=

2.

Depth

(5) Check accounts (Manning formula)
1 2/3 ¥
VR = nx(R) x{(1)
1 2/3., 1 %
= 5763*0'382 *(15657)
3
= 0.55 m /sec ..... O0.K
2 (6) H, = E.L 5.24+0.91 = E,L 6.15
LDF = H1+H2
= 6,71 - 6.15 = 0.56 m
. r L
2xVe ( 2(H+h ') )
g
1"
2x1,75x(g§£9;29i9;29§l)2
5.8
1.66 m
3(ExF)%

1%(0.617%0.56) %

1.76 m

x1,2

2.05

2.10 m

of water cushion (D)

D is decided by the following formula.

D

i

%(E;F)%

i
1x(0.617x0.56)°

~192—
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3. Thickness of Base (tz)

t, is decided by the followlng formula,

2

if calculated t, is less than 15 cm, t

2
should be 15 cm.

ot (0,140.1 /q.F)

where; o{t = 0.6 (in the case concrete)

) o.ﬁ(o.r+o.1x/o.7sxo.56)

0.10L0.15 m

2

-
it

then t2 = 0,15 m

4, Free board (sz)

sz is decided by the following formula,
Fb, = 0.10+0.30%/Q
= 0.10+40.30x/0.43 = 0.296 m
= 0.30 m
6) Design of approach channel to downstream.

1, Length of approach channel (12)

12 should be same 2as L then L2 =L = 2.10m

% 2.00m

2. Depth of cut-off wall at the end point ( L2)

i2 - 0.6 /E;

where' h, : depth of downstream

Ly 0.6x/0.91 0.57

0.55 (make it all of uniform
height as the other cut-
of £)

.
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7) Reinforcement of stilling basin wall.

l. External pressure (P)

Condition

¥w = 1.0 t/m3

! Ym = ¥s = Yu
. hll-sm = 2.0—1-05100 t!m3
/o /Pa G 050" l #= 30°
Ka = 0.33
P = (Water pressure) + (earth pressure)

Pw+Pa

bx Khxh2+%x mehzxKa

il

%xl.Oxl.52+%x1.0x1.52x0.33

1.50 ¢

M‘: %xth = %xi.le.S = 0.75 t-m

I

2. Let's suppose As = 7.85 mzlm {BRC BlO}

effective height : 10 cm

As
=5
where; P = steel ratio
b : unit width
d : effective height
) 2.85
P = ~755ai5 & 0:00785
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where b ¢+ width
: effective height

h 1+ total height
As : reinforcement area
N : neutral axis
X 3 aistance to N
n : Es/Ec
Es : Young's modules of steel
Ec " “ " concrete

C : Total compressive stress

T ¥ tension "
fc : compressive strength of concrete
6s : tension " " steel

In this case
A)Y C should be T
Then % §ckdb = Asd s

As = pbd, and &8s = ndc (l-k)/k

:,KZ}kan~2pn = 0

2 K %/ 2np+(np)2 - np
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B) distance from N to C is 2/3 k.d

If

1 1
then j.d dnik.d = (lw§k)d

‘ A |
Sl o= lxk
Cc) Bending moment by'external force should
balance to resistance moment by internal

force.
2
then Mc = % 8ca.K.j.b.d ... (1)
where Mc : resistance moment by
concrete

dca : allowable compressive
stress of concrete

if Ke = 2/k.j

then Mc = 1 xb.dzx &ca
ke

also Ms = dsa.As.j.d = Géa.p.j.b.dz ..... (2)
where Ms : resistance moment by steel

dsa : allowable tension stress by steel

if Ks = y
Pl
2
then Ms= bd” bsa
. ks
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4)

using table (1), in case P=0.00785, § = 0.873 and
k = 0.381

Therefore, from formuia (I)

MC = %- ﬁca. ktj-bod-
o bc = “*m—g§*~§“
k.j.b.d
2x0.75x1000%100

= = 45.1 kgfcm2<,70kglcm2..o.k
0.381x0.873x100x10

from Formula (2)

Ms = & s.As5. j.d.
M
tés = As.j.d.
0. 75%1000x100 2 2
= 7.85%0.873x10 ~ 1.094 kg/em 1,400 kgfem™ ., o.k

3)-2 Drainage control F,D. ) and 2

The .drainage contrel of F.D. 1 and 2 are also carried
out by using the same method so that the calculation
procedure is obridged hereby.

Water taps

The water taps are provided to in-take the irrigation water
from the pipe line to each field lot.

The important thing is that the assumed irvigation water
to supply into each field block should be taken constantly
even pressure is low like the end of the pipe line.

Therefore the proposed water pressure to meet this matter
1s taken from the lowest portion, that is:-

iowest portion No. 10O + 4.67
pressure head W.L 7.240 m
proposed ground level E.L 6.52
proposed water level in the

Field lot No. 381 A W.L-6,62 m
proposed férm road level E.L 6.89 m

.. water head = 7.240 - 6,62
= 0-63 in
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Generally, the water head should be given approximately 0.30
to 0.50 m at least.

Take into.comnsideration about the water discharge to each field
block, there are-five to six lots within a one field block so
that the recommendegd water discharge to each field lot is

to be around 0.10 m" /sec in order to supply the irrigation
water at the same time.

. 4)-1 Determination of the size of G.I pipe.

The water discharge ts determined by the following
equation.

Q = CehA. 2-8-“

where, c ¢ coefficient of the velocity 0.65
A flow area of the valve

H : water head

0.65x A x/ 2x9,8x0.65

0.010 =
A = 0.0044 m2
D = 0.066 = 0.065
Vv = 2.27 m/sec

Therafore, the G.I pipe with the diameter of 65 mm
is provided fo this water tap.

4)-2  VWater Cap
The velocity in the G.I pipe is to be 2.27 m/sec
so that if there is no cap 1t is sure the water
is golng to shoot into the sky.
Therefore, the water cap is provided to still the

water velocity and supply to the fleld lot properiy.

Fig.- 52 water cap

water (;GP
R =2 iZ2.5m
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. ) . 1.
Long chord C = 2.R.sin %- = 2.T.cos 5 = 0.200
External 1 1 I
secant E = T.Tan %" R.tan —?_—.tan N
Tangent : 1
length T = R.tan 3
1 I
C = 2(R.tan =).cos = = 0.20
2 2
SR = O.?O -
2.tan E.Cos 5 oo (1)
1
E+M= 0.10.tan % = R.sec E
' 1
M = 0.1l.tan EhE
' 1 1 1
= 0.1ftan EMR.tan E.tan i 0.95
I
.. Oslitan — — 0,050
R = 2
- - (2)
tan E.tan Z

If the R 1s assumed by 0.125 m the intersection angle
is to be:- :

. R = 020 - 0.125
2.tan l.cos 1
2 2
1 1
. tan 2.Cos 5 = 0.80
1= 107
1 I
E = R.tan i.tan 4
3] o :
= 0.125.¢tan lgz—.tan l91—'= 0.085
2 4
.1
E+ M= Ojl.tan E
: o 7 :. .
= 0.,1.tan 7 = 0.135
M = 0.135 - 0.085 = 0!05 rev v O-k
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Consequently, the water cap is designed by the
0.125 m radius and the details of the water cap

is shown as in Fig.-

43-3 Concrete box

The irrigation water is supplied through the notch
which is provided to the concrete box.

The water discharge through the notch is calculated
as follows.

Fig.— 53 Details of water tap
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Q= mA./ 2.g.h | ses complete over flow
¢ : water discharge o 0.010 m3/sec
where,

m : coefficient of discharge 0.35

A 1 area of notch

h : up-stream water height 0.10 m
Q = 0.35%Ax/ 2x9.8x0.10 = 0,010
A = 0.02 m2

Therefore the width is determined by 0.20 m
Field off--take

The field blocks of the F.B-4, 5, 6, 7 and 8 are supplied
by the irrigation water directly from the quaternary canal
as Q.C. 1, 3 and 4.

In principle, the determination method is the same way
as the concrete box of the water tap, however the guide
walls are provided at each field off-take except the
one which are belongs to the F.B-4.

The water flow is expected as the complete over flow so
that the width of the field off-take 1s determined by
0.20 m as well.

The field off-take is shown as in Fig.-

Field ocut-let

The average field lot area in this benefitted area is
determined by 0.215 ha.

Now the converted rate to the on farm facllities is considered
aboutr 10 percent, so that the actual paddy field area is to
be:-

0.215x0.9 = 0.1935 ha

The depth of flooding water 1s supposed to be 0.30 m and it
must be drained out within a day.
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DETAL OF FIELD OFF-TAKE TYPE 2
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0. 1935}(1041{00 30
3

1

drainage volume

581 m

-l

* dralnage discharge is to be:-

581
86,400"

The water flow from the field out-let is expected by the
complete over flow such that the width of the notch is
calculated as follows."

0.0067 m3/sec

Q = m.b.h.y/ 2.g.h

0.0067 = 0.35xbx0.15x 2xgx0.15

*b=0.0Tm

Where the water depth is considered as 0.30 m at the
first time and at that time the drainage discharge is
also very large, however by decreasing the water depth
at the up-stream thén it's drainage discharge is going
to small.

Therefore, in this design the up-stream depth is given the
average water height of the flooding water, that is 0.15 m.

Though the width of the notch iIs determined as 0.07 m,
take into consideration of the differences of the lot
size the width of the notch is determined by 0.300 m

as the standard width together with the ¢300 P.V.C. pipe.

Regarding this field out let, a very importént thing to
consider is that the crest level should be provided lower
than the paddy field elevation.

1f the crest level is provided at the same level as the
paddy field elevation, sometimes it may prevent the
drainage discharge because the so0il surrounding the
field out-let will be taken away and the ground
elevation will go down.

Consequently, the field out-let is shown as in Fig.- 55
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Fig.- B5 Field out let
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1)  Farm road crossing grating

The farm road crossingsvare provided for the field block
Mo. & and the distribution box No. 1 and No. 2.

At that time, the irrigation canal should be covered by
some materials to prevent the soil from falling down
into the canal and the samll children as well.

7)1 Concrete cover.

The thickness of the concrete cover 1s calculated
as follows.

- 650 1
bl
{conditions)
e
: 1. span = 650 mm
2. width b = 500 mm
3. fca = 70 kgfcm2

Fh+__________4_4 4, {"sa

1.400 kg/cm2

B> B 152
. 20 _ 4.
1= 350065 = 03%
P = 5.6x1.395 = 7.812 ton
M Max = ELl

A

7.812x%0,65x0.25x1000x100

126,945 kg-cm.

effective thickness is to be:-
M
d= CIJ b

where, d : effective thickness

C1 : 0.279
C2 : 0.00299

L d = o.zvgx\f 13%5332 « 14 em
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area of the reinforcement is to be:-

. oAs = szrﬁig

0.00299x,/ 126, 945x50 = 7.53 cm®
As 7.53

soy P= 370 T Soxld

= 0.011
k = 0.433, | = 0.856

therefore, the compressive stress intensity
of the concrete isi-

e -21M -
k. b.d

il

) 2x126,9485 . 69.9 kg/en’<.70 kg/en?

0.433%0,856x50x14

and the tensile stress intensity of the reinforcement
is:—

&1
v% = As.j.d.

~ 126,945 9
= TE3a0.856n14 - 10407 kg/em 1,400 .. No.

Though the tensile stress of the reinforcement
is not insufficient, however the thickness of
the cover is already very thick.

Because, add the minimum cover to the reinforcement
of 5 cm thickness, the total thickness is to be
19 cm. )

In this case the up-and-down will hapben on the
road and it is not to be a good design.
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7)~2  Grating

Therefore, the grating which is made by Mild
Steal are considered for the cover,

{(conditions)
1. span 1 = 650 mm
2. width b = 500 om -

3.  shear stress intensity of the web plate”= 1,000 kg/cm2

4, interval of the web plate In = 30 mm
rear fire

The dynamic load of one of
the rear tire of the 14 ton
track can be devided into

N Z
i lelste ] 7 by the web plate.
web Idef/) : )
<P l‘_—~c,4'-e.-f’ 3wl So, the ‘dynamic load for the

one web plate is:-

2O

Pw = 7.812x% = 1.116 ton

P = 1.116x1.396x1000

" 1.558 kg.

fl

50, the maximum shear stress is to be:-

P.b
Smax:RA= T
: 30
1,558x— :
o 1e38eF 550 kg < 1,000
50
therefore 7 = -Sm2X h Awn : f web pl
erefore = Awn where, wn ¢ area ol web plate
779
1000 = m
CA 2
GAwn = 0,779 em
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the thickness of the web plate is decided as follows:-

6 500 .
t::m: 70 = 2,9 £ 3 mm

.. the height of the web plate is to be:-

= Ehjggﬁlgg = 26 mm & 30.3 mm.

B 3
so, the size of the web plate is shown as in Fig.- 56"

Fig.~58&, Size of the Grating.

8.2 B8
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The cross-section of the farm voad crossing is shown

as in Flpg.~ 57?7

Ris 4 ( Tyre.A)

Cross-section of the farm road crossing
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and the calculation table for the stress intensity is
shown as 1in tab.- 404

Tab.- <fjoA Table for the stress intensity

sea b T 1200t kg fom? 10 = 1300 kg /cm? ora= MO0k g/om?
tkg/fem?) < , C, C, Cy (o) <y

0 o5t | ooo177| osa2 | 00058

95 - 0457 | 000203] 0.458 | 0. o01BY

an n411 | 0.0n228} 0.421 0. 00203 0.430 0. 00185

45 03%-| ooossal 0383 | oooe 0. 39 0. 00204

30 0.345 | 0.00297 | 0.3%4 [- 006248 0.360 0. 00224

55 0,321 | 000300 ©.328 0. 00269 0.31 0. 00744

60 0.300 | 6.00323| 0.307 | 0 00290 0317 0. 00263

65 0.284 | 0.00345| 0.289 { 0.00310 0.295 0. 00281

70 .0.29 | ooossr| o214 | 00030 0.279 0. 00209

75 0.261 | o0 00350 0.265 0. 00315

£0 0.249 | € 00368 0.253 0. 00334

8 0.239 | 0 00386 0.242 0. 00351

%0 0.229 | 0.o0404 0. 233 0. 00368
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R p | | PO R
oan| o258 09i4] 0.0070] 0.365] 0.078[ .01l 0.433] 0856
o032 | o263 o9i2] ooor2| 0.368| os7| oonz| 041 | oS
0000 | 0,271 0.910) 0.0074F 0.373| 0.875] 00114 0.433 | 0.Rs4
oo | o277l noos| 000761 0.377T] 0815] 0.0116) 0.441 | 0.853
nomR| ozrd| 0.005] o078 | 0.381] 0.873) 0.0n18| 0.443] 0.852
wnn | n2o2] oo03f oowo; 0.os4l os72| 0.0120] 0446 | 0.851
o.od2| .28 ) ooot | ooosz| 0.388 | o871 ] 0.0122) 0.448 ) 0.851
0004 | 0303 | 0.899| 0.00r4 | 0.392| 0.969 o.0124| 0.451 | 0.850
0.0N6 | 0.909| 0.897] 00086} 0.395] 0868| 0.0126{ 0.451| 0. Ran
0.00MB| 0.315| 0.895] o.ooef | 0,398 | 0.857] 0.0128 ] 0.457 | O R4R
nosh)-0.32] 080l oomol 0.402] 0B56| D030 0459 0.847
052 | oa25| oesz| 0009z| o405 o.85] 0 o1az] 0451 o &G
0.0054 | 0430 080 0.0094| 0408| 0.Re4{ 0.0131| 0.464| 0.845
o6t 0.3 0.889) 0.0096 1 0411 ) 0.863] 0.0136| 0,466 0.R45
00058 | 0.339 | O.87] 0.0098{ 0.4i5 [ 0.862( 0,013 0.468 | ©.844
oomn| 0344} ores| 0oloo| o418| o0.851) 00140 0.471] 0813
o.0062] 0.348] 0.884) 0.0102( 0.421) 0.850] 0.0142} 0.473 | 0.813
o.0061] 0.353| oesz| 0.otma| D424] 085 | 0.0144f 0,475] 0.R42
o066 0 0.357| orrif onios| o427 0858 0.0145] 0.477| 0.8u
o6t 0361 0.880) o.0l08 | 0.430] 0.857] 0.0148| 0.479| 0.840
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8) Divislon box
There are two division boxes which are provided to distribute
the irrigation water from the main canal, that is Q.C.1, to
Q.C. 3 and Q.C. 4.

The M.S gates are also provided to control the irrigation
water 1in this division boxes.

The operation of this gate should follow the rotational
irrigation system and should be maintained properly.

Fig.~ 38 Division box No. 1l and No. 2
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Division Box No. 2.
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9) Multi purpose centre.

it is recommended that the multi purpose centre should be
set up for the purpose of the paddy processing and for
storing chemicala/fertilizers and as a meeting place

for the cooperative-members.

As the convnetional farming, the farmers is not cooperated
together therefore it might be said that there 1s no farmers
cooperatives here and all of the farming works are on their
own initiative.

These matters cause to the cultivation schedule and it is
very hard to control not only the water supply but also
transplanting and harvesting time.

On the other hand, te follow the rotational irrigation
system and improved cultivation techniques on- the land
consolidated area, it is required to seb up the. farmers
.cooperatives unless otherwise it will failed due to the
lack of systematic rule.

The cooperative members can use the multi purpose center
at anytime and they could discuss matters concerning
about the farming schedule with the KADA extension workers
in accordance with the proposed-cultivation schedule.

The chemicals and fertilizers which are subsidized by the
government can be stored at one place and in accordance
with the improved cultivation schedule it can be supplied
by the gotong royong to each field block.,

Thus, the activities surrounding in this area is expected
to change much better centering around the multi purpose

center.,

The size of the multi purpose center is shown as in Fig.- 59
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10)

Fig.~-59 Multt purpose center
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Wooden bridge

The wooden bridge which {s mainly used for the pedestrian
is provided at the point of HNo. 11.+ 10.0 in field block
No. 6 with a size of 2.88 m x 1.0 m.

There is a conventional kampong road at that point, however

.because of the new drain as the on farm facilities will cut

off the road in order te connec t to the other side, this
wooden bridge is provided.

—215—



wooden bridge’

60

Fi.go"'

woL doo

2%

o e e

15>

13002

W OF BUND LEVEL

¥

R4 Lwlmlw

Fza0

—216—



S01L IMPROVEMENT WORKS

This is the wost important aspect in a land consolidatin project.

One is apt to take part in the engineering works but not agronomic
works, however it must be emphasised that soil improvement works

_should be carried out simultaneously otherwise the whole project

will fail even though the construction works is carried out
successfully.

There are some good results and recommendations which are observed
at The National Water Management Training Centre at Kota Bharu as
indicated below.

L)

2)

Ground condition

The demonstration farm has been constructed with a style of land
consplidation, however. the levelling works has not be carried out

very well, therefore the differences In the level of each field lot was
0.25 to 0.30 wm and 20 percent of the transplanting cannot be carried
out -properly because of the deep water condition as a result of the
unlevelled ground. Moreover; the sub soil was also mixed together
with the top soil such that the fertility of the soil was very low

and it atfected yield production directly, that is only 1.5 ton

per hectare was obtained with differenceés in the heading period

of 10 to 30 days:

Counter measure
2)~1  Land levelling

The land levelling has to be carried out several times
in order to realise the best field condition. 1In fact,
it took at least three times to achieve a ground level
of from 0.30 m te 0.04 m in difference.

The levelling works was done under flooded condition
and 1t was found that it was very difficult to do levelling
by using a small tractor.

Thus it can be said that the early phase of construction
works is the prime period for scil improvement works to
be carried out otherwise it might be very difficult to
carry out the levelling works for the farmers if 1t 1is
delayed after the construction time.

2)-2  Application of fertilizer and chemicals
To improve the fertility of the soil N.P.K at 80.60.30 kg/Ha

was supplied as the standard application together with the
Calcium Silicate of 1.7 tons per hectare.
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3

In addition, rice straws wetre plowed into the ground
every season and it's volume was about 53 tons per
"hectare.

Results

These countermeasures as mentioned above were carried out and the

soill condition was improved as compared to the condition immediately

after comsolidation. Actually, it took about three years to
achieve a homogencous fertile soil condition and this period
is not much different between Malaysia and Japan.

Without doubt, this is the result of the countermedasures under—
taken and it goes without saying that it will take much longer
time 1f ne soil improvement works 1s carried out.

Considering the difficulty of obtaining Calcium Silicate in
Malaysia, Ground Magnesium Limestone is therefore recommened
for application in place of the calcium silicate.

However, {n this case, the quality of the silicate is rather
insufficient such that it-is recommended also to use rice
husks or other silicate materials together with the G.M.L.
In addition, it is alse recommended that C.I.R.D at

200 kg/Ha must be applied together with the G.M.L in order
to improve soil fertility. “In this design; therefore, the
following works are recommended to be carried out:-

1. Application of G.M.L. 2. Application of C.I.R.P
!“ 9
(34-35% PZOS)
proposed volume 5 ton/ha - proposed volume. 200 kg/ha
price $ 4740 kg. price $ 283/ton
object area 10.1 ha objected area 10.1 ha
10.1x5x1000x4 0.2
0 = $5,050/- 345xlo 1%285 = 1,669/~

2, Rice husk

proposed volume 5 ton/ha
price free of charge (L.P.N)
object area 10.1 ha

. Total volume 5x 10.1 = 50.5 ton

—218-



One tyuck (2 ton) can cafry the colume of 5.1 m3 of
the rice husk and its weight is estimated to be 571.2 kg.

So, the total number of transportation is

5,000x10.1
—_ 1]
~4—37TT§- = 89* trucks.

The results which was obtained at N.W.M.T.C at Kota Bharu
is shown as 1in Tab.- 4]
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ROTATIONAL IRRIGATION SYSTEM.

Each field lot will possess the lrrigation and drainage
canal as the independent system, however if the operation
of water control is oone without any systematic method,
the shortage of the irrigation water will happen thus
efficient water manapement caunnot be achieved.

Therefore, the rotatiomal itrigation system Iis recommended
whereby the irrigation water will be supplied from upper
stream field block to down stream block one after another,

1) Formula for the rotationmal irrigation in presaturation
period. ‘

1)-1 Calculation method for the rotational irrigation.
Calculation method is carried out as follows.

1. Field blocks are saturated gradually from
the up-stream blocks to down-stream blocks.

2. A saturated block is supplied with supple-
mented water succeedingly,

3. Presaturarion period calculated for one
block is to be corrected to a whole round-
up number so as to facilitate easy water
management.

_4. Evaporation losses from unsaturated soil
are calculated only for presaturation
period of one field . block.

5. Infiltration losses during presaturation
period. of whole area are neglected, because
the losses are already assumed in the water
requirement of. puddling.

1)-2 Calculation formula

The calculation of the presaturation period is
carried out as follows:i-

Q@ = Ql+Q2
_ 2S+H+E.THA
Ql = B64.T
Es.T.L,B
Q2 = E

In this case T is fixed from above formula

_ (S+H) . A
B64.0Q0-(L.Es.B+E.A)

T =
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where,

Ql:

Q2

i

Es

»

Total water requirement
presaturation period

water requirement for
presaturation

water requirement for
supplement

presaturation period
presaturation area
supplement area
puddling water
standing water layer

field loss

for

evaporation from saturated

soil

evaporation from unsaturated

soil
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day

ha

ha
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10 cm.

20%
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Earth

Work

Total area for land consolidation is actually the padi

area plus the batas area. The area for the facilities
such as irrigation and drainage and other structures
are excliuded.

1)

2)

Standard machinery

The medfum type swampy bulldozer can be used,
{13 ton)

Opervation hours of the wmedium type swampy bulldozer

Time {(T)=Standard time (to} +
Supplementary time It1+t2+t3+tﬂ)

where} tl : supplementary time by top soil removing
L2 :+ " by site conditions
£3 " by site gradientr
th " by drainage conditions

to = 33.0 hr/ha
tl = taxd
where; ta : supplementary time by the rate of the
rate of top soil performance area and

its method.

28 : supplementary coefficient by the
thickness of top soil removing

2)-1 Supplementary time by the rate of top
soil performanced area and 1t's method.

1) in case of the rate is 100 percent.

method ta/ha
by order 29.8 hr/ha
cut and filil 45.6 hr/ha
2 in case if the rate is in between

0 percent and 100 percent: and/or
mixed method,

=228 -



ta = 29.8x(rate by order method)+45.6x
(rate by cut and fiil)

where;
rate of top soll performancde =

object area of top soil removing/
Land conselidation area.

Supplementary time by the thickness of top
soil removing.

(t) t<l0cm 10<t<13cm l3<t<isem | £>15¢m

3% 1 1.05 1.0 1.10 1.20

where the thickness shows the average one
in the whole top soil removing area.

Supplementary timé by the site conditions
t?2 = ta+thb
where, ta : supplementary time by site conditions

th : " by average lot
area under existing condition.

1) Supplementary time by site conditions.

This time should be determined by
con%ldering the site conditions such

as obstacles, shape of the; existing
field lot and whether the land re-
formation project have been done before
or not. Then the index of the -site can
be decided by the following formula.
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site index={xXl+{2+034K4) /4
ta = 2,.9%+0.4

2) supplementary time by average lot area
under existing condition.

total area
average lot area = ———mero—mes—e .

number of lots ~
th=-0.7.x+4.1

2)-4 Supplementary Eime by the site gradient

The gradient': shows that the existing
slope run along the proposed short side
of the lot. -

£3--9.8 log x+23.2
~where, .x shows the denominator of the slope.

It cannot be adopted if the slope is over
1:200.

2)-5 Supplementary time by the drainage conditions

Tab.- 45 Drainage index for the bulldozer
operation.

class Content weighted
Index
A glways flooding 0
B topsoil is "1
saturated :
¢ between B and D 2
D good drainage 3

wth = ~-10,55x+35
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2)-6 .

Calculation of the operation hours.

Then,’

the operation hours of the medium

type swampy -bulldozer is caleculated as

L)

2)

el

3}

4)

"follows.

_=by order

-15 cm

to = 33.0 hr/ha
tl = taxy
top soil performénce rate-100%
method
topsoil thickness
- 29.8x1.10 = 32.8 hr/ha
t2 = ta+tb

(o¢ 14523043 404 Y=(3. 043,043, 043.) /4=3.0

“ta =

average

wtb =

2

1l

t3

2.9%x3.040.4

9.1 hr/ha

iot area = 11.1991/44
0.7x0.25+4.1
3.9 hr/ha

9.1+3.9 = 13.0 hr/ha

existing slope 1/500 (N.E)

soe3

11

-9.8xlog 500+23.2

-3.2 hr/ha

—232-
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ta . Index = 3.0

tl} = -=10.55X3.0+35
= 304 ht‘/ha
T = 33.0432.84+13.0-3.2+3.4

19.0 hr/ha

Actually, the 1! ton class bulldozer
can be used in this construction so
that the time which is calculated

by the above method should be
converted to 11 ton bulldozer

as follows. ’
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L TC = 719.0/0/73 =

total hours

11.1991%0.9%108. 2

operation hour per day
.. construction period

1091/7.1f30 =

3) Capability of the works by 11 ton
Bulldozer
60xaxfxE
Q = cm
where,
Q : capability of the works per hour
(> /hr) "
q : excavation volumeBper one
cycletime (1.307m”)
f : coefficiency of the soil
E ¢+ efficiency of the works,
Cm: cycletime {(min)

Cm = 0.034x50"x0.25
= 1095 min-
£ : 0.9 clay
0.95 topsoil

108.2 hr/ha

=”1.091 hr.

11 ton bulldozer -

5.1 month/unit

Efficiency of the works is determined as

follows.

7.1 ton

i1 din cut fiil Land
sot er ary topsoil topsoil grading
clay 0.6 0.7 -0.65 0.5
Q Q1 Q2 Q3 Q4
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‘Thus, the capability of the works
under each condition is determined
as follows,

=+ Ql=(60x%x1.307x0.9%x0.6)/1.95

=21.7 m3/hr.

Q2=(60x1.307x0.95x0.7)/1.95

226.7 m2/hr.

Q3=(60x1.307x0.95%x0.65)/1.95

~264.8 m>/hr.

Q4=(60x1.307%0.9%0.5)/1.95

=18.1 m3/hr-
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4)

Levelling works.

In general, the levelling works are carried out

as follows.

Top soil
removing

. Top soil

———»={ Land grading refiltl

Land levelling] —m Final levelling

4)-1

Top soil removing

The soil study is carried out in this area and
the thickness of the top soil is identified
approximately 0.20 m. and the rvrest is toc be
sub soil.

Thus, the top soil removing should be carried
out in order to keep the soil homogenized un-
less otherwise the sub soil is mixed together
with the top soil whereby its will affect the

yield directly.

In this design, the thickness of the top soil
removing is recommended as 0.15 m, because
the cost of the top soil removiang involved
huge amount of money if all the thickness

is performed. :

And, the method of the top soil removing
can be done in accordance with the rotational

order.

The expected volume of the top soil removing
is calculated as follows.

1. top soil under_fhe facilities

Normally, the top soil can be lost
easily due to the heavy rain that might
flush away the top soil from the stock
area and wind or transportation,

Therefore, the top soil is taken, by
0.2 m thickness which is obtained from
the soil study and also it is to be a
good Koundation for the facilities.
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top soil from each field lot.

Thg thickness of the top soil which is
required to be remove is recommended
as 0,15 m thickness.

Thus the velume of the top scil is to
be: -

1. wunder the facilities .. 2,5107m3

2. from the field lot .. 100,792x0.15=

15,120 m°

The so0il conversion factor of the top
soil is supposed to be 0.95, so that

.the surplus volume of the top soil is

to be:-

2,510%0.95-(15,120-(15,120%0.95)) =

1,630 m°

This surplﬁs top soil can be stocked
for the supplimental material.

Tab.- 47. Top soil removing.

Item Voluhe (m3) Remarks
Cut 17,630 ' 2,510+15,120=
17,630
Refill 15,120)
) J16,750
Surplus 1,630)
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432 Land Grading

This work is to be a key point of the levelling
works. - The ‘accuracy of the land levelling is
about : 5 ¢m and to keep this range the grading
works should be carried out more carefulty.

At that time, though the elevation on each
field lot is expected to be kept level
however, the drainage side is recommended
to bhe slightly below the irrigation canal
side. . , .

Take into consideration about the grass land
which has not been cultivated for so long,
such that the ground is supposed to be harder
due to the bulldozer which has passed many
times previously.

Thereofre, it is recommended that the drive
harrow sheould be used to crash the hard soil
about 20 c¢m depth in order to facilitate better
cultivacrion condition at the same time.

The volume of the land grading is calculated
as in tab.-

.That is, V = 11,920 m3

43)-3 Land levelling

Prior to refill the top soil, the land levelling
is carried out in order to give the pgood founda-
tion for the top soil layer. 1If the land grading
is not performed properly the thickness at the
certain part is to be either deep or shallow

and not even. '

Afterwards, the top soil is refilled
The volume of the land levelling is
calculated as in tab.- .  That ig

Vo= 7..5501113.

4)44 Final levelling
This is a final works of the land levelling
works., There are two types of the method

to do this final levelling, that is:-

1. Final levelling in dry condition.

2. Final levelling in wet condition.
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5)

“The dry condition is to be a normal way,
however the farmers are going to cultivate
straight away after construction, thus
the wet condition method is taken, the
work ts carried pat ander the flopding
condition in order to keep the final level
even for the land preparation work.

Determination of the each field lot elevation.

The proposed elevation on each field lot éhould be
considered such that to give- the optimum elevation
i.e over cut aund fill,

This decision making Is not so easy, it must be:
carried out by trial and errcor in accordance
with the assumed elevation and lt s total earth
work balance.

The factors which is considered for this matter
are as follows:

1. Weighted:elevatioﬁ under existing ground.
2. Farm road height.

3. Earth work balance of the field facilities.

4. Gradient of the irrigation and drainage canal.

‘5., Difference of the height.bepween neighbour lot.

6. Some exceptional factors on the ground.

7. Comparison of the construction cost.,
All these factors should be satisfied especially
the earth work balance which is the most important.

factor.

The final arrangement of the elevation ¢n each
field lot is shown as in Tab.-48. -

On the other hand, the gquantities on earth work
can be arranged as in Tab.- 49.
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50, the insufficient soil volume is to be:-

5,190 - 1,580 = 3,610 m°

Therefore, the surplus soil will be supplied
from the levelling works in the beneffitted
area and the volume which 1s obtained is teo

be 3,650 m-.

Consequently, thesurplus s0il volume is given
as follows.

3,650 - 3,610 = 40 m>

Take into consideration of the soil conversion
factor wich is not identified in this area, so
0.9 is assumed as the falue for clay soil.

In addition, the accuracy of the land levelling
is allowed as - 5 cm, therefore this surplus
volume can be changed all the time thus making
it very difficuit to balance or adjust the
earthwork value. -

In this project, the surplus earthwork volume is
"to be used for the facilities.
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