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1. ENGINEERING & HYDRAULIC STRUCTURES
[bookmark: _Toc400853715][bookmark: _Toc454609185]1.1. Headwork
Purpose: To raises the water surface level on its upstream side in order to create the head necessary and divert the water through the canal intake.
Location-Condition to the topography of the area, the headwork site is located in mountainous and boulder stage of the river.
[bookmark: _Toc400853716]1.1.1.Headwork Site Condition
a. Geology of the Site
Based upon surface and subsurface exploration of the weir site superficially the riverbed is consisted by gravel and pebble to boulder size. Its permeability is high and the sound foundation basaltic rock is expected at a depth of 1.00m to 1.50m from the riverbed.
b. Weir shape 
The weir shape designed determined based on the geological and pedalogical investigation of the headwork site and the selected shape is a broad crested weir type.
c. Design Parameters
The design parameters, which considered through the design are:
· Discharge coefficient C=1.70
· 
Coefficient of friction = (0.65~0.75)
· Specific weight of water w=1 ton/m3
· 
Angle of internal friction =16o
· Specific weight of masonry (2.0~2.3) ton/m3
· Specific weight of Concrete (2.4) ton/m3
[bookmark: _Toc400853717][bookmark: _Toc454609186]1.1.2. River Hydraulics
[bookmark: _Toc393168485][bookmark: _Toc400853718]a. Average River Bed Slope
According to the river longitudinal profile survey data, the bed slope up and downstream of weir axis calculated as follows:




	b. longitudinal

	Station
(m)
	Partial distance
(m)
	Elevation
(m)
	Accumulative Height
(m)
	 Area
(m2)
	Remark 

	0
	0
	1462.80
	0.00
	0.000
	 

	22
	22
	1463.21
	0.41
	2.075
	 

	47
	25
	1463.57
	0.78
	5.960
	 

	72
	25
	1463.57
	0.78
	7.770
	Weir Axis

	84
	12
	1464.49
	1.69
	12.335
	 

	94
	10
	1464.69
	1.90
	17.930
	 

	108
	14
	1465.63
	2.83
	23.630
	 

	122
	14
	1465.63
	2.83
	28.310
	 

	172
	50
	1465.54
	2.74
	27.865
	 

	197
	25
	1466.03
	3.23
	29.875
	 

	222
	25
	1466.37
	3.57
	34.025
	 

	 
	 
	 
	 
	 
	 

	 
	222
	 
	 
	189.775
	 

	Have=
	2*A/L=
	1.710
	 
	 
	 

	Iave=
	Have/L=
	0.0077
	 
	 
	 



C. River X-Section
The X-section at proposed weir axis:

[bookmark: _Toc454609210]Figure 1: Stage Discharge Curve

[bookmark: _Toc400853720]c. Stage Discharge Curve
River discharge is calculated based on Manning’s formula, Q = AV
Where V=1/n I1/2 R2/3
[bookmark: _Toc454609202]Table 1: Discharge Calculations

	Iave
	0.0077
	 
	 
	n
	0.035
	 
	 

	Elevation
	Depth
	Water Area
	Wetted Perimeter
	Hydraulic Radius
	Velocity
	Discharge
	Remark

	El(m)
	D(m)
	A(m2)
	P(m)
	R(m)
	V(m/s)
	Q(m3)
	 

	1463.572
	0.00
	0.00
	0.00
	0.000
	0.00
	0.00
	River Bed

	1464.351
	0.78
	3.815
	9.89
	0.386
	1.33
	5
	 

	1464.841
	1.27
	13.374
	22.38
	0.598
	1.78
	24
	 

	1465.464
	1.89
	33.642
	27.99
	1.202
	2.83
	95
	Inner bank

	1466.065
	2.49
	55.440
	30.02
	1.847
	3.77
	209
	LRB

	1466.508
	2.94
	72.272
	32.17
	2.247
	4.30
	311
	RRB

	1467.200
	3.63
	101.226
	38.16
	2.653
	4.80
	486
	 

	1467.841
	4.27
	131.639
	37.72
	3.490
	5.77
	759
	 






[bookmark: _Toc454609211]Figure 2: Depth versus Discharge graph

Therefore, the discharge is 110m3/s at tail water depth equivalent to 1.83m.
[bookmark: _Toc400853721]1.1.3. Estimation of Water Depth on Crest
a. Length of the Weir
From the existing topography of river bank width, the weir length is taken to be 35m.
b. Determination of Weir Crest level
· Average U/S river bed level ------------------------ 1463.72m
· Average Level of the highest field at 25m ------ 1465.12m
· Water depth required -------------------------------- 0.52m
· Slope of the canal x distance from the weir ----  0.025m (25m form intake)
· Head loss across head regulator ------------------- 0.10m
· Weir crest level ---------------------- 1465.12+0.52+0.025+0.10 = 1465.72m
· Weir height --------------------------- 1465.72-1463.72 = 2.00m




c. Water Depth on Crest
The river is non boulder river and also from the appropriate workmanship, the weir shape is selected to be broad crested with vertical upstream. Discharge over the weir is generally expressed as:-
    Q = CLHe3/2, 
    Where: -Q=Peak flood (110m3/sec) 
                   L =Effective weir length
                   C =Coefficient of discharge =1.70
                   He =Height of energy line  = [Q/CL] 2/3 = [(110/ (1.70*35)] 2/3= 1.52m
     Va =Q/A=Q/ [L (hd+p]
Where: -Va= approach velocity, p=silt height ≈ Weir height (2.05m)
Va= 110/ (35(hd+2.05)) = ------------------------------------------ i 
But, He =hd + hva hva=Va2/ (2g),
 Va = (2g (1.52 -hd))1/2 ----------------------------------------------  ii 
Equating (i) and (ii), the value of hd calculated by trial & errors as:    

[bookmark: _Toc454609203]Table 2: Water Depth Calculation on Crest using trial and error method

	 
	Trial & Error
	 

	h
	Left
	Right

	1.450
	0.81
	1.37

	1.460
	0.80
	1.18

	1.48
	0.79
	0.78

	1.500
	0.78
	0.39

	1.520
	0.78
	0.00

	1.540
	0.77
	-0.39



Therefore, hd = 1.48m, & Hav= He-Hd = 1.51-1.48 = 0.03m.
[bookmark: _Toc454609187][bookmark: _Toc400853722]1.1.4. Detail Part
a. Hydraulic Jump & Basin level
U/s riverbed elevation	 ---------------------- 1463.72m
Applying the Bernoulli's Energy Equations b/n u/s just before the jump
Z+ He = d1+hv1→ 2.05+1.51 = d1+hv1 but hv1= v12/2g
3.56 = d1+v12/2g → v1 = (2g (3.56-d1)) 1/2 --------------------------------- (i)
Unit discharge, q = Q/L = 110/35 = 3.14m3/m
V1 = q/d1 = 3.14/d1 ------------------------------------------------------------- (ii)




By trial & error d1 computed as follows

	Trial & Error

	d1
	i
	ii

	0.36
	7.92
	8.72

	0.38
	7.90
	8.26

	0.40
	7.87
	7.85

	0.41
	7.86
	7.66

	0.42
	7.85
	7.48



∴ d1 = 0.40m
             V1 = q/d1 = 3.14/0.40 = 8.55m/s
 Fr = V1/(gd1)1/2	= 8.55/(9.81x 0.40)1/2 = 0.64
             d2 = d1/2 [√1+8Fr2 - 1] = 0.40/2 [√1+8x0.642 - 1] = 1.36m
Conjugate depth d2 (1.36) is lower than tail water depth d3 (1.83). So the structure is for stilling basin slopping apron.
b. The Length of the Stilling Basin
∴ By energy method, L = 4d2 = 4*1.36 = 5.44m take 6.00m
[bookmark: _Toc400853723]c. Determination of the Detailed Parts
[bookmark: _Toc400853724]i. Weir section
For submerged conditions, the basic section of weir body can be calculated as follow:
 Top width, Tw = He/√ ρ & Bottom width, Bw = (H +He)/√ ρ
        Where, H- Weir height, &   ρ – Specific weight of weir body (2.25)
	        Tw = He/√ρ =2.90/√2.25 = 1.94 ≈2.00m take 1.20m but check stability
                     Bw = (H +He)/√ρ = (0.90+2.90)/ √2.25 =2.47 ≈2.58m take 2.80m

ii. Length & Thickness of Apron
For the design of the length and thickness of apron the maximum head differential on the structure, score depth and cut off depth of the apron are calculated as follow.
For dynamic case; Head on structure = Head water - Tail water                  
		Hmax = 1467.20 – 1465.54 = 1.66m
For static case; Head on structure = Weir crest 	- river bed level
Hmax = 1465.75 – 1463.72 = 2.03m
Score depth
		R = 1.35 [q2/f] 1/3
                                     Where R = Lacey’s Regime score depth (m)
                                                 q = Discharge intensity (m3/sm)
                                                  f =   Lacey’s silt factor
                                                  f = 1.76√dmm
                                                 d = average particle size (mm)
                                                 q = Q/b = 158/20 = 7.9m
Type of river bed material is Gravel &Average grain size be 5.1mm
∴ Lacey’s silt factor f = 1.76 √5.1
                                  f = 3.9, R = 1.35 [(7.9) 2/3.9] 1/3   = 3.4m
[bookmark: _Toc400853725]
Downstream cutoff
Let us provide a downstream cutoff up to depth 1.5R-Hd below the downstream water level, which is 1535.94m                                    
Upstream cutoff depth (D) =1.5R-Hd=1.5*3.4-1.79 ~ 2.43, but from geology basaltic rock is found at depth of 2m 
∴Dup =2m is taken
[bookmark: _Toc400853726]Downstream cutoff
Ddown=1.5R-d3=1.5x3.4 -3.41=1.66m but to prevent the piping effect along the base of the structure the same cutoff depth of the will be provided at downstream apron as u/stream apron.
∴Ddow=2m
[bookmark: _Toc400853727]Total Floor Length and Exit gradient
The worst condition of flow occurred when the maximum flood is passing in the river and there is no water in the canal (i.e. the canal is completely closed) the bed level of the downstream floor. Therefore the maximum head differential on the structure is the static case i.e. 
The maximum static head under this condition H=2.2, depth of the downstream cutoff d is equal 2.0m and safe Exit gradient is 1/5 given as the geologic information of the weir site.

	GE = 'c    	=1/2+((1+2)/2) and =b/d 


		= 


= 

		= 0.119 from plate – 11,2

	= b/d where b stilling basin length, d=D/S cut off length

		 = b/d= 15.92/1.5= 10.6m
Adapted total floor length b = 16.00m. Hence, a balance of 2m lengths can be provided as u/s floor length. The floor length will be provided as below and as shown in fig:  
                         Downstream horizontal length---------------10.0m
                         Crest width ---------------------------------------4.2m
                         Balance provided as upstream floor--------1.8m
                          Total     -------------------------------------------16.00m
[bookmark: _Toc400853728]Thickness of the floor
Based on Lanes conclusion that vertical parts of lines of creep are more effective than horizontal parts and recommended weighted creep ration in the form
 L > CH	where-
		L – Percolation distance (m)
		H – Maximum Head (m)
		C – Percolation coefficient

Percolation distance L = ≥CH from table 4-1 RIDD. Where

	C = 3.0		= Sum of all vertical creep distance (m)

	Hmax = 2.2m              = Sum of all horizontal creep distance (m)
	L > 3* 2.2
	L > 7.8m
L = (2+1.5+1.50+0.8+0.8+1.5)+1/3 (16)
L = 8.1+1/3(16)
L = 14.07
Weight creep ratio= L/Hmax = 14.07/2.2 = 7.76
According to Lanes recommended ratio, this structure would be safe from piping on coarse gravel including cobbles. The base material of the river consists of coarse gravels including cobbles. Therefore the length of the apron is sufficient to prevent the piping. 

Thickness of floor at point A, B and C using Lanes creep theory and = 2.4

          t =	      Where t – thickness of floor (m)
                                       H – Uplift pressure at any point along the base (m)

 - Specific gravity of floor material for concert (2.4)
     Up lift pressure at any point is determined as.

h =H- , Where H – actual water head (m)
     L – Equivalent creep length at the point along the base. (m)
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	Point
	Weighted creep length
	Hmax (1-LA/LC)
	TWL-WLA
	f/(m-1)
	t (m)

	
	LH
	LV
		Lc



	
	
	
	

	Dynamic Case Hmax =
	1.689
	 
	 
	 
	 
	Calculated
	Adopted

	A
	7.5 
	5.5
	8.00 
	(1.06)
	1.447
	1.0
	0.39 
	0.5

	B
	11.5 
	5.5
	9.33 
	(1.39)
	0
	1.0
	(1.39)
	0.7

	C
	19.50 
	5.5
	12.00 
	(1.83)
	0
	1.0
	(1.83)
	0.5

	Static Case Hmax =
	2.53
	 
	 
	 
	 
	 
	 

	A
	7.5 
	5.5
	8.00 
	(1.58)
	0
	1.0
	(1.58)
	0.5

	B
	11.5 
	5.5
	9.33 
	(2.08)
	0
	1.0
	(2.08)
	0.5

	C
	19.50 
	5.5
	12.00 
	(2.74)
	0
	1.0
	(2.74)
	0.5




	C*Hmax dyn. =
	
	4.39 



	
	

	C*Hmax Stat=
	6.58 
	Required condition: Lc  C*Hmax

	
	
	
	






[bookmark: _Toc454609212]Figure 3: Longitudinal Cross Section of Head work

[bookmark: _Toc400853729][bookmark: _Toc454609188]1.1.5. Stability Analysis of the Weir
	1.Stability Analysis of the Weir Body
	
	
	

	
The weir body will be analyzed for the following Cases:
	
	
	

	1. Over turning Failures
	
	
	
	
	

	2. Sliding Failures
	
	
	
	
	

	3. Tension failure
	
	
	
	
	

	4. Crushing (compression) Failure
	
	
	
	

	To carry out the analysis, all the forces acting on the weir body that have stabilizing and 

	De-stabilizing potential has to be identified and quantified.
	
	

	These are:-
	
	
	
	
	

	1. Self weight of the weir---------------Stabilizing
	
	
	

	2. Hydrostatic force ( U/S)--------------De-stabilizing
	
	
	

	3. Uplift pressure ------------------------De-stabilizing
	
	
	

	4. Silt pressure----------------------------De-stabilizing
	
	
	

	



Assumptions:-
	
	
	
	
	

	i. Weir body material is masonry with specific wt.(t/m3)=
	2.3
	
	

	ii. Specific .wt of water (t/m3)=
	1
	
	
	
	

	iii. Back fill material specific wt. (t/m3)=
	1.8
	
	
	

	iv. μ = coefficient of friction value b/n masonry and masonry or concrete and concrete 

	range ( 0.65 - 0.75 )
	
	
	
	
	

	v. Angle of internal friction for the back fill soil is
	30⁰
	
	

	vi. (b)Unit cross section of weir=                       1
	
	
	


















	
	
	
	
	

	Name of forces
	Symbol
	Description
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	1.Vertical forces  
	 
	 
	 
	 
	 
	 

	1.1 down ward 
	 
	 
	 
	 
	 
	 

	Weight of weir
	W1
	 
	6.88
	 
	2.75
	18.93
	 

	
	W2
	 
	4.59
	 
	1.33
	6.12
	 

	
	W3
	 
	0.86
	 
	3.33
	2.88
	 

	
	W4
	 
	0.000
	 
	2.00
	0.00
	 

	
	W5
	 
	2.400
	 
	1.33
	3.20
	 

	
	W6
	 
	4.800
	 
	1.00
	4.80
	 

	Subtotal
	 
	 
	19.54
	
	 
	35.92
	

	weight of water 
	Ph2
	 
	1.110
	 
	1.00
	1.11
	 

	
	Ph3
	 
	1.995
	 
	0.67
	1.33
	 

	Subtotal
	ΣWw
	 
	3.105
	
	 
	2.437
	

	Sub - total of (1)
	 
	22.641
	 
	 
	38.361
	

	1.2 Upward forces 
	 
	 
	 
	 
	 
	 

	uplift
	Pu1 
	 
	
	2.625
	2.33
	 
	6.13

	
	Pu2
	 
	 
	1.750
	1.75
	 
	3.06

	Subtotal
	Σpu
	 
	
	4.375
	 
	
	9.188

	Summation ΣV & ΣM
	42.176
	4.375
	 
	74.285
	9.188

	2. Horizontal force
	 
	 
	 
	 
	 
	 

	2.1 u/s water pressure
	 
	 
	 
	 
	 
	 

	 
	P1
	 
	 
	1.991
	0.67
	 
	1.324

	2.2 u/s silt pressure
	 
	 
	 
	 
	 
	 

	 
	Ps
	 
	 
	2.156
	0.67
	 
	1.434

	 Summation ΣH & ΣM
	0.000
	4.146
	 
	0.000
	2.758

	Total
	42.176
	8.521
	 
	74.285
	11.945

	
	
	
	
	
	

	





[bookmark: _Toc454609204]Table 3: Stability Analysis for High Flood Condition













	1. Sliding
	[image: ]
	 



	 
	 
	 
	 
	 
	 
	 

	 
	
	
	3.22
	ok!
	Resultant force R =
	 
	43.03
	KN

	 
	 
	 
	 
	 
	 
	 
	 
	 

	2. Over-turning
	[image: ]
	 



	 
	 
	 
	Max. Allowable BC of fine sand.KN/m2
	 
	 
	100

	 
	
	
	6.22
	ok!
	Min. Allowable BC of fine sand.KN/m2
	 
	 
	75

	 
	 
	 
	 
	 
	 
	 
	 
	 

	3. Tension
	 
	 
	 
	B or L=
	3.50 
	B/6 =
	0.58
	 

	 
	[image: ]
	åM=åM+ - åM-
	 
	62.3
	 
	 
	 

	 
	
	Arm of Resultant force from toe, X i.e. centroidal distance=åM/åFv=
	 
	
	 
	 
	1.48

	 
	
	 
	 
	
	 
	 
	 

	 
	 
	 
	Eccentricity, e =
	0.27
	ok!
	 
	 
	 

	4. Vertical stress Pmax/min
	[image: ]
	



	
	 
	 
	
	 
	 
	 

	 
	
	
	Pmax =
	17.7
	ok!
	 
	 
	 

	 
	 
	 
	Pmin =
	6.4
	ok!
	 
	 
	




[bookmark: _Toc454609205]Table 4: Stability analysis for no Over Flow Condition
	
	
	
	

	Name of forces
	Symbol
	Description
	Forces (KN)
	Lever arm
	Moments (KN-m)

	
	
	
	Vertical (+)
	Horizontal (-)
	
	(+)
	(-)

	1.Vertical forces  
	 
	 
	 
	 
	 
	 

	1.1 down ward 
	 
	 
	 
	 
	 
	 

	Weight of weir
	W1
	 
	6.88
	 
	2.75
	18.93
	 

	
	W2
	 
	4.59
	 
	1.33
	6.12
	 

	
	W3
	 
	0.86
	 
	3.33
	2.88
	 

	
	W4
	 
	0.000
	 
	2.00
	0.00
	 

	
	W5
	 
	2.400
	 
	1.33
	3.20
	 

	
	W6
	 
	4.800
	 
	1.00
	4.80
	 

	Subtotal of (1)
	 
	19.54
	0.00
	 
	35.92
	0.00

	1.2 Upward forces 
	 
	 
	 
	 
	 
	 

	uplift
	Pu1 
	 
	
	2.625
	2.33
	 
	6.13

	
	Pu2
	 
	 
	1.750
	1.75
	 
	3.06

	Subtotal
	Σpu
	 
	0.000
	4.375
	 
	0.000
	9.188

	Summation ΣV & ΣM
	19.535
	4.375
	 
	35.924
	9.188

	2. Horizontal force
	 
	 
	 
	 
	 
	 

	2.1 u/s water pressure
	 
	 
	 
	 
	 
	 

	 
	P1
	 
	 
	1.991
	0.67
	 
	1.32

	2.2 u/s silt pressure
	 
	 
	 
	 
	 
	 

	 
	Ps
	 
	 
	2.156
	0.67
	 
	1.43

	 Summation ΣH & ΣM
	0.000
	4.146
	 
	0.000
	2.758

	Total
	19.535
	8.521
	 
	35.924
	11.945



[bookmark: _Toc400853730]
	1. Sliding
	[image: ]
	



	
	 
	
	 
	
	 
	 

	 
	
	
	1.49
	ok!
	Resultant force R =
	
	21.31
	KN

	 
	
	
	 
	
	 
	
	 
	 

	2. Over-turning
	[image: ]
	 



	 
	 
	 
	Max. Allowable BC of fine sand.KN/m2
	 
	 
	100

	 
	
	
	3.01
	ok!
	Min. Allowable BC of fine sand.KN/m3
	
	 
	75

	 
	
	
	 
	
	 
	
	 
	 

	3. Tension
	 
	 
	 
	B or L=
	3.50 
	B/6 =
	0.583
	 

	 
	[image: ]
	åM=åM+ - åM-
	
	24.0
	
	 
	 

	 
	
	Arm of Resultant force from toe, X i.e. centroidal distance=åM/åFv=
	
	 
	
	 
	1.23

	 
	
	 
	
	 
	
	 
	 

	 
	
	
	Eccentricity, e =
	0.523
	ok!
	
	 
	 

	4. Vertical stress Pmax/min
	[image: ]
	 



	 
	 
	 
	 
	 
	 
	 

	 
	
	
	Pmax =
	10.6
	ok!
	
	 
	 

	 
	 
	 
	Pmin =
	0.58
	ok!
	 
	 
	


[bookmark: _Toc454609189]1.6 Stability of Retaining /Wing Wall

[bookmark: _Toc400853731]Upstream Wing Wall
Total Height of wall H, =Weir Height + He
H=h+He =2.00+1.52 = 3.52m but H=3.50m is taken for economic reason
U/s wing wall level = Upstream river bed level +height of wall
                     =1463.72 +3.50 = 1467.22m a.s.l
Taking depth of foundation 1m below upstream river bed level
Bottom width =2/3(height of wing wall + depth of foundation)
                       =2/3*(3.5+1) =3m
Top width =0.5m commonly used value
-Provide weep holes at least at every 1m vertical interval and 2m horizontal interval.
-Provide expansion joints for long masonry work.
	Considerations: 
	

	-  Analysis per meter span and moment about heel.
	

	-  Earth pressure at rest was considered.
	
	

	-  Drained silty clay back fill was considered.
	
	

	wm=2.3 ton/m3
	ww=1.0  ton/m3
	wsoil=2.0 ton /m3
	
	

	-Drained angle of internal friction() was taken 300.
	

	ps= ½ kows H2  where K0= 1-sinϕ and hence ps = 95.819 kN/m say 96KN/m

	design parameters

	Wm=weight of masonry
	

	Ws=weight of soil material
	

	ᵞm=specific weight of masonry=
	2.2

	ᵞs=specific weight ofsoil      =
	1.8

	Ф=angle of repose of the soil  =300
	

	Ka =Rankin's coefficient of active earth pressure = 0.33


[bookmark: _Toc454609190]1.2. Irrigation System Design and Layout
The system layout of Uke irrigation project was summarized as follows:
· Consists of one-way diversion structure with canal head regulator to the Left side of the River 
· A 5.150km Main Canal profile (both lined &earthen) 
· Three Secondary canals
· Chutes structures on secondary canals
· Six drainage culvert on both main & secondary canal 
· Two Flumes on main canal 
· Six Road crossing box culverts as shown 
· Field roads with slabs along the main canal and secondary canals
· Turnouts as shown with their Engineering symbols on the lay out
· Three Division box
· Drop with chute as shown with its Engineering symbol on the lay out

[bookmark: _Toc454609191]1.2. 1. Design of Main Canal

The main canal is one way left side and its total length is 5.15km of which 2000m (from 00- 2000) is lined and the rest is earthen canal
a. Line Main Canal
 Q = 0.230m3/s, S = 1/1000, n = 0.014
     For rectangular lined canal, the most efficient cross section is
      Let    b/d = 1.15 & b = 0.60m 
∴ Q = 1/n. R2/4. S1/2*1.15d2
 0.230 = (1/0.014) x (1.15d2/3.15d) 2/3 x (1/1000)1/2
 A=b*d = 1.15d2 = 0.31m2, P = b+2d = 3.15d = 1.64m & R = A/P = 0.19 of which 
         b = 60cm, b = 520cm & V = 0.75m/s provide fb =18cm
b.Earthen Main Canal
       Q = 0.123m3/s, S = 1/100, n= 0.025, m=1
       For trapezoidal efficient cross section of side slope of unity,
         b/d = 0.67, & A = b*d = 0.67d2
∴ Q = (1/n) x (R2/3) x (s1/2) x1.84xd2
 0.230 = 1/0.025 * 0.5d2/3 * 1/10001/2* bd+d2
 d = 52cm & hence b = 35cm providing Fb of 18cm
     V = Q/A = 0.142/0.28 = 0.51m/s


[bookmark: _Toc454609192]1.2.2. Design of Earthen Secondary Canal, SC1, SC2&SC3

 a. Earthen Canal SC1
The secondary canal, SC1, total length is 720m (the 1st 240m is chute & the rest 480m is rest is earthen). The junction from main canal is at 1km+ 100m and its hydraulic analysis as followswhere as the chute part has been put in the in chute section:
∴   Q = 0.018m3/s,   n = 0.025, s = 1/1000, b = 0.86d & A = 1.86d2
 Q = (1/n) * (R2/3) * (S1/2) * A
 d = 35cm   b = 30cm, V = 0.40m/s providing, Fb = 15cm
b. Design of Earthen Secondary Canal SC2 
The secondary canal, SC2, total length is 1260m (the 1st 280m is chute & the rest 980m is rest is earthen). The junction from main canal is at 1km+ 800m and earthen hydraulic analysis is as follows where as the chute part has been put in the in chute section:
∴   Q = 0.018m3/s,   n = 0.025, s = 1/1000, b = 0.86d & A = 1.86d2
 Q = (1/n) * (R2/3) * (S1/2) * A
 d = 35cm   b = 30cm, V = 0.40m/s providing, Fb = 15cm
c. Design Earthen Secondary Canal SC3
The secondary canal, SC3, total length is 1440m (from chain age 0 to 180m & also from 380 to 720m is chute & the rest is earthen). The junction from main canal is at 3km+ 900m and the earthen hydraulic analysis is as followswhere as the chute part has been put in the in chute section:
∴   Q = 0.018m3/s,   n = 0.025, s = 1/1000, b =d & A =2bd
 Q = (1/n) * (R2/3) * (S1/2) * A
 d = 30cm   b = 30cm, V = 0.40m/s providing, Fb = 15cm




[bookmark: _Toc454609193]1.2.3 Flume
[bookmark: _Toc454609206]Table 5:  Flumes Parameters
	No
	Location
Km + m
	Length
m
	Q
 l/s
	

	
	from
	to
	
	
	

	1
	1+760
	1+782
	22
	230
	

	2
	3+717
	3+740
	23
	230
	


[bookmark: _Toc454609194]1.2.1. Flume, F1

a. Hydraulic Design:

i. Flume Section:

          Assume b = 1.5d, V1 = 1m/s, and n = 0.014
 A = Q/V = 0.23/1 = 0.23m2
          Assume b = 0.60m  d = 0.40m
 A = b*d= 0.60x0.40 = 0.24 m2
 V = Q/A = 0.23/0.24 = 0.96m/s


∴ Fr = V/= 0.96/
 Fr = 0.48 ≤0.7 (subcritical flow) ----- Ok!
                 P = b+2d = 0.6+2x0.40 = 1.40m &  R = A/P = 0.23/1.40 = 0.17
          Friction Head loss, Hf = L [nV/R2/3]2 = 22x [0.014x0.96/ (0.17)2/3]2 = 0.041
          Drop of water surface at inlet, ∆h1 = 1.5 x (V22-V12)/2g 
∆h1 1.5 x [0.962-0.702/ (2x9.81) = 0.03m
          Raise of water surface at outlet, ∆h2 = 0.3(V22-V12)/2g = 0.01m
ii. Elevation:
                 - Inverted elevation at u/s canal = 1463.36m
                 - Water surface elevation at u/s canal = 1463.36+0.52= 1463.88m
                 - Water surface elevation at flume inlet = 1463.88+0.03= 1463.85m
                 - Invert elevation at the flume inlet = 1463.85-0.40 =1463.45m
                 - Invert elevation at the fume out let = 1463.45-0.04=1463.41m
                 -Water surface elevation at flume outlet =1463.41+0.40= 1463.81m
                 - Water surface elevation at d/s canal =1463.81-0.01=1463.80m
                 - Invert elevation at the d/s canal = 1463.80-0.52=1463.29m
iii. Structural Design:
Flume is a structure used to pass the canal over the cross drainage by supporting with columns without reducing its dimension. The structural design of flume and its columns that spanned over columns was as shown below. 

Considerations:   - Uniformly distributed load
                            - Simply supported structure
                            - Unit weight of concrete = 24KN/m3
                            - Acceleration due to gravity = 10m/sec
                            - Unit weight of water = 10KN/m3
                            - The beam was designed for rectangular type 



Dead load,W1 = (0.5x0.15x2+0.15x1) x 24 = 7.2KN/m                                                            
Life Load, W2 = (0.6x0.3) x 10 = 1.8KN/m
Factor of safety (F.S) = 1.3
Therefore, the overall load will be: 
 WT = (W1+W2) x F.S = (7.2+1.8) x 1.3  WT = 11.70KN/m

Mid span bending moment:
        B.M = WL2/8 = 11.7x52/8 = 36.6KNm/m
Therefore, from the bending moment and shear force diagram,
+ B. Mmax = 22.72KNm/m
                S. Fmax   = 35.44KN
- B. Mmax = 30.94KNm/m
Assuming one layer of ø14 main bar,
           d = 150- ø/2-stirrup-cover     = 150-7-6-25 = 112mm
Check the resisting moment:
Assuming fs = 140, c= 6, kb= 0.2553, jb= 0.9149
  M. R = (C/2) x kb x d2 x b x jb
            = (6 x 103/2) x 0.2553 x 0.1122 x 1 x 0.9149 = 8.8KN/m <22.72KNm/mnot safe!
Therefore, the beam should be doubly reinforced.
For doubly-reinforced rectangular beam, 
         M. R = (bnc/2) x (d-n/3)
         Where n = 0.39d = 0.39x0.112 = 0.044m
 M.R. = (1x0.044x6x103/2) x (0.112-0.015)
 M.R. = 12.8KNm/m = 12.6x106N-mm/m
    At = M.R/ (fs x d x jb) = 12.6x106/ (140x112x0.9149) = 892.258mm2    
         Single area of ø14mm main bar = 153.938mm2
         Therefore, 6ø14, @17cm c/c at the top and bottom
b. Structural Design 
i. Column Part:
A column is said long or short based on the slenderness ratio i.e, k = Le/r = 3.45Le/b
Where Le= 0.65L (Le = effective height, L = total height)

The length of the longest column in this flume is 9m.
 Le = 0.65x9 = 5.85m

If the cross sectional area of the column is 20mx40m, then b = 0.4m and hence
             K = 3.45Le/b = 3.45x5.85/0.4 = 50.45m = 50.45m > 45m
Therefore, the column is treated as long column and the design procedure for long column is as follows:
           Pa = Ac cc + Asc + sc, where
                    - Compressive stress, cc in concrete = 6N/mm2
                    - Compressive tress in steel, sc, = 140N/mm2
                    - Pa = total allowable load
Assuming 4ø 16 main bars for the column, total area, Asc = 4x л (0.022)2/4 = 0.0008m2
 Pa = (0.2x0.4) x 6x103+0.0008x140x103 = 592KN
But for long columns, the allowable load (Pa) should be multiplied by some factor (cr)
             Cr = 1.25 – Le/48b = 1.25-5.85/ (48x0.4),   Cr = 0.95
Pallowable = Pa x cr = 592x0.95 = 562.40KN
The external load, Px = 0.2x0.4x9x24+11.7x5 = 75.78KN
 Px x F. S = 75.78x1.3 = 98.51<562.40
Therefore, the dimension provided for the column is sufficient to carry the loads and use 4ø16, at the corners and ø6 ties at 20cm c/c.
ii. Footing
Assume the footing has a length of 1m, a width of 0.6m, and a depth of 1m and the footing rests on hard clay, safe bearing of which is 30tone/m2.
       Pexternal     = 98.51+weight of footing = 98.51+0.6 x1x1x24 = 112.91KN
 Pallowable      = Px/A
A = 0.6x1 = 0.6m2
 Pallowable = 112.91/0.6 = 188.2KN/m2
 188.2KN/m2< 300KN/m2 →safe
    Bending moment, +M = Px x b/2 = 112.91x0.3 = 33.87KNm
Assuming ø16 main bar, and D = 350mm
 d = 350-8-6-30= 306mm
 MR = (C/2) x kb x d2 x bx jb
       = (6x103/2) x 0.2553 x 0.3032 x 0.6 x 0.9149 = 38.60KNm > 33.87KNm → OK
∴ At = +M/ (fs x d x jb) = 33.87 x 106/ (140 x 306 x 0.9149) = 864.156mm2
       Therefore, use 4ø16, @ 14cm c/c at the bottom

1.2.2. Flume, F2

This structure is located between stations 3+717 and 3+740 and the total flume length is 23m.
 Hydraulic design:
 i. Flume section:
     Assume b = 1.5d, V2 = 1m/s and n = 0.014
 A = Q/V = 0.24/1 = 0.24m2

 A = b*d = 2d2 =  d = VA/2 =  = 0.40m
                b = 2d = 2x027 = 0.54m
New A = b x d = 0.60x0.40 = 0.24m2
               V2 = Q/A = 0.142/0.1458 = 0.9738m/s


                Fr = V/ = 0.9739/ = 0.5984 ≤ 0.70 OK
                P = b+2d = 0.60+2(0.40) = 1.40m
                R = A/P = 0.24/1.40 = 0.170m
         hf = 0.04, ∆h1=0.03m, ∆h2=0.010m
Total head loss: HT = 1.2 (V22-V12)/2g+ hf = 0.1764m
ii. Elevation:
                 -Inverted elevation at u/s canal = 1461.35m
                 - Water surface elevation at u/s canal = 1461.35+0.52= 1461.87m
                 - Water surface elevation at flume inlet = 1461.87+0.30= 1461.84m
                 - Invert elevation at the flume inlet = 1461.84-0.40 =1461.44m
                 - Invert elevation at the fume out let = 1461.44-0.04=1461.39m
                 -Water surface elevation at flume outlet =1461.39+0.40= 1461.79m
                 - Water surface elevation at d/s canal =1461.79-0.01=1461.80m
                 - Invert elevation at the d/s canal = 1461.80-0.52=1461.28m
 b.Structural design:
For the definition and considerations (assumptions), see structural design of flume one
(F1) The load intensity, the spacing and all the hydraulic calculations are the same as that of flume1 (F1).
Therefore, from the shear force ad bending moment diagram,
	+ B.Mmax = 22.72KN/m
- B.Mmax = 30.94KNm/m
                              S. Fmax = 35.44KN
Since the dimension and the spacing are the same as that of flume1,
         Use 6 ø 14, @ 17cm c/c at the top and bottom

The design of columns and footing is the same as that of flume1 except that the column here is treated as short column since the max height of the column is 5m (k ≤45). Hence, the dimensions provided for the column (0.2x0.4) and footing (1x0.6x1) are sufficient to carry the loads.

For the columns, Use 4 ø16 at the corners and ø6 ties at 20cm c/c spacing
For the footing, Use 4 ø 16, @ 14cm c/c at the bottom
[bookmark: _Toc454609195][bookmark: _Toc400853744][bookmark: _Toc393168518]1.3. CHUTES
The structures are located on secondary canals and their specific parameters are described below.
	Canal Type
	Station
Km + m
	Elevation
	Chute length
	Stilling Basin

	
	from
	to
	A
	B
	m
	Length, L
	Width, W

	SC1
	0+000
	0+100
	
	
	
	
	

	SC1
	0+100
	0+240
	
	
	
	
	

	SC2
	0+000
	0+140
	
	
	
	
	

	SC2
	0+140
	0+280
	
	
	
	
	

	SC3
	0+000
	0+180
	
	
	
	
	

	SC3
	0+380
	0+720
	
	
	
	
	



Toward its beginning, the Main canal run through profiles of steeply slopes. Therefore chute structure is provided this steeply slope profiles. The lengths and chain age of the chute structure is described as bellow.

a. Critical Flow hydraulics
Q1 = m3/s
	Maximum Permissible values of V
	
	
	
	

	Channel Type
	Velocity(m/s)
		 




	 
	 
	 

	Sandy soil
	0.45
	
	
	
	 

	Sandy loam
	0.6
	
	
	
	 

	Loam
	0.7
	
	
	
	 

	Clayey loam
	0.9
	
	
	
	 

	Clayes 
	1
	
	
	
	 

	clay with sand
	1.2
	
	
	
	 

	soft rock
	2.5
	
	
	
	 

	Moderately hard rock
	2.5
	
	
	
	 

	hard rock
	3
	
	B-  Canal Bed Width
	 

	Thick conc.(>18cm)
	3.5
	
	Y-  Canal Water depth
	 

	Thin conc.(<10ch)
	1.5
	
	F-  Canal Free Board, Shall not be less than 0.3m

	Asphalt
	1
	
	    for earthen canals except for field canals and TC .

	Conc.block dry masonry
	 
	
	    of little flow rate.
	 

	                (Stay< 30 cm)
	1.5
	
	T-   Canal top width
	 

	       (Stay > 30 cm)
	2
	
	W- Canal embankment top width

	Conc.Block wet masonry
	2.5
	
	z-   Canal side slope(external)

	pre-cast conc. Pipe
	2.5
	
	m-  Canal side slope( inner)

	Steel pipe
	5
	 
	 
	 
	 



[bookmark: _Toc454609213]Figure 4: Typical Canal Cross Section
	EL.A =
	1537.284
	Chute Inlet Elevation(bed

	EL.B =
	1522.79
	Chute Outlet Elevation(bed)

	L =
	153
	Apparent Chute length

	d3=
	0.4
	Water depth in the off take Canal

	V3=
	0.558
	Velocity in the off take Canal

	hv3=V32/2g
	0.0158
	Velocity Head in the off take Canal

	bc = 0.734Q/do3/2
	0.4000
	 critical Canal width 
	 

	qc =Q/bc
	0.208
	critical flow
	 

	dc =(qc2/g)1/3
	0.164046461
	 critical Canal depth
	
	 

	
	
	
	
	

	
	
	
	
	

	vc =qc/dc
	1.267933482
	critical velocity
	 

	hvc =vc2/2g
	0.081939618
	 
	
	 

	Ac =bcdc
	0.065618584
	 
	
	 

	Pc =bc+2dc
	0.728092921
	 
	
	 

	Rc =Ac/Pc
	0.090123915
	 
	
	 

	Ic =(nvc/Rc2/3)2
	0.470689308
	 
	 
	 




	Ec=
	E1=
	14.6

	4.Conjugate Depth after jump
	 

	Froude no(Fr)=
	V1/(V1/(gd1)^0.5
	5.95189

	Post depth(dp)ord2=
	d1/2*[(1+8Fr2)^0.5-1]
	1.9037

	5.Stilling basin
	 

	Length,LS=
	4d2
	7.614798

	Width,B=
	18.46*Q1/2/(Q+9.91
	0.076021

	   6.Bottom Elevation(EL.C)
	 

	                        V2=
	qc/d2=
	0.109261

	                        hv2=
	v22/2g=
	0.000608

	                        E2=
	d2+hv2=
	1.904308

	                        E3=
	d3+hv3=
	 

	  Leap height(a)
	E2-E3=
	 

	       EL.C=
	EL.B-a =
	1522.79

	 
	Q=
	0.0823

	Parant canal
	Chute

	Q=
	0.0823
	 
	 

	do=
	0.4
	dc=
	0.164046

	vo=
	0.558
	bc=
	0.4000

	bo=
	0.6
	Fb=
	0.15

	Fb=
	1.5
	ELA=
	1537.284

	 
	 
	ELB=
	1522.79

	 
	 
	LC
	153



[bookmark: _Toc339097900][bookmark: _Toc370536663][bookmark: _Toc454609196]1.4. Division Boxes
[bookmark: _Toc454609197]1.4.1. Hydraulic Design
 The main propose of division box structure is to regulate or control the supply entering the secondary canal and also serve as a meter for measuring discharge.
It is proposed to divide water from the main canals to the secondary canals and/or secondary canals to sub-secondary canals. 
[bookmark: _Toc454609207]Table 6: Division Box Hydraulics
	Division Box No
	Location
K + m
	Branch Canal
	Discharge,  Q lt/s

	1
	1+100
	Sc1
	18

	2
	1 + 800
	Sc2
	27

	3
	3 + 900
	Sc3
	55



Consider here a division box at the junctions of SC1, SC2 and SC3from parent main canals at different locations.
Since the flow in all canals are open channels, these division boxes are designed using broad crest flow formula by assuming the same discharge coefficient & sill height for all distribution direction.Here under aredetailed design parameters for the selected sample division box mentioned on SC1:

Design of Division Box 1: Sample design at Station:- 1+100 on MC junction for SC1
Using broad crested formula, 
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[bookmark: _Toc370536766]
[bookmark: _Toc454609214]Figure 5: Schematic Layout of Considered/Sample Division Box




Hydraulic Dimensions:

Q= CL (h)3/2
Where Q= Parent canal discharge = 0.230m3/s
	w = width of parent canal =0.60m
            C= discharge coefficient, C= 1.70
	h = height of D.box =d + fb = 0.52+0.18=0.70m
            w = width of D.box =d + fb = 0.52+0.18 +0.1=0.80m
            w1 = width of distributor canal SC1 =0.30m
b1= L1Q1/ Q= 0.06m 
However, from practical point of view take convenient dimensions of b1 = 0.3m which is equivalent to incoming canal bed width, b2 = 0.30mand b3 = 0.3m and control required depth of flow in each subsequent canals by gates as per presented design tables for corresponding canals.
Top width of Division Box = bed width of parent canal +2*m*d = 1.40m. The division box is assumed of squaredimensions (For more information, refer Drawing Album).
[bookmark: _Toc454609198]1.5. Turn Outs
[bookmark: _Toc454609208]Table 7:  Dimensions for Turn Outs
	Turn Out
	Area
	Location
	Q
	E
	E1
	B
	B1
	H
	H1
	h
	b
	Ø

	No
	m2
	km+m
	lt/s
	m
	m
	cm
	cm
	cm
	cm
	cm
	cm
	cm

	MC-T1
	0.09
	0+150
	0.001
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	10

	MC-T2
	0.12
	0+175
	0.001
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	10

	MC-T3
	0.73
	0+275
	0.006
	1465.85
	1465.91
	80
	140
	20
	4
	26
	22
	10

	MC-T4
	0.12
	0+450
	0.001
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	10

	MC-T5
	1.51
	0+525
	0.013
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T6
	2.35
	0+640
	0.019
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T7
	2.85
	0+775
	0.024
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T8
	1.34
	0+875
	0.011
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	20

	MC-T9
	0.45
	0+950
	0.004
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	10

	MC-T10
	2.36
	1+050
	0.020
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	20

	MC-T11
	1.93
	1+160
	0.016
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	20

	MC-T12
	1.86
	1+350
	0.015
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T13
	1.22
	1+450
	0.010
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	20

	MC-T14
	0.72
	1+600
	0.006
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	10

	MC-T15
	0.69
	1+700
	0.006
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	10

	MC-T16
	0.17
	1+850
	0.001
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	10

	MC-T17
	0.47
	1+925
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T18
	0.40
	2+000
	0.003
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T19
	0.46
	2+075
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T20
	0.51
	2+125
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T21
	0.82
	2+175
	0.007
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T22
	0.98
	2+275
	0.008
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T23
	0.73
	2+375
	0.006
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T24
	0.86
	2+450
	0.007
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	10

	MC-T25
	1.21
	2+550
	0.010
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	20

	MC-T26
	1.22
	2+625
	0.010
	1465.91
	1465.91
	80
	140
	20
	3
	27
	22
	20

	MC-T27
	1.38
	2+740
	0.011
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T28
	1.94
	2+825
	0.016
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T29
	1.90
	2+925
	0.016
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T30
	1.63
	3+000
	0.013
	1465.91
	1465.91
	80
	140
	20
	4
	26
	22
	20

	MC-T31
	1.46
	3+175
	0.012
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	20

	MC-T32
	0.67
	3+275
	0.006
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	10

	MC-T33
	0.46
	3+360
	0.004
	1465.91
	1465.91
	80
	140
	20
	2
	28
	22
	10

	MC-T34
	0.62
	3+475
	0.005
	1465.91
	1465.91
	80
	140
	20
	1
	29
	22
	10

	MC-T35
	1.48
	3+550
	0.012
	1465.91
	1465.91
	80
	140
	20
	1
	29
	23
	20

	MC-T36
	1.21
	3+650
	0.010
	1465.91
	1465.91
	80
	140
	20
	1
	29
	24
	20

	MC-T37
	1.04
	3+850
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	25
	20

	MC-T38
	0.23
	4+950
	0.002
	1465.91
	1465.91
	80
	140
	20
	1
	29
	26
	10

	MC-T39
	0.32
	4+050
	0.003
	1465.91
	1465.91
	80
	140
	20
	1
	29
	27
	10

	MC-T40
	0.37
	4+100
	0.003
	1465.91
	1465.91
	80
	140
	20
	1
	29
	28
	10

	MC-T41
	0.51
	4+165
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	29
	10

	MC-T42
	0.45
	4+250
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	30
	10

	MC-T43
	0.61
	4+350
	0.005
	1465.91
	1465.91
	80
	140
	20
	1
	29
	31
	10

	MC-T44
	1.01
	4+450
	0.008
	1465.91
	1465.91
	80
	140
	20
	1
	29
	32
	20

	MC-T45
	1.19
	4+550
	0.010
	1465.91
	1465.91
	80
	140
	20
	1
	29
	33
	20

	MC-T46
	1.18
	4+640
	0.010
	1465.91
	1465.91
	80
	140
	20
	1
	29
	34
	20

	MC-T47
	1.04
	4+710
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	35
	20

	MC-T48
	1.36
	4+810
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	36
	20

	MC-T49
	1.35
	4+900
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	37
	20

	MC-T50
	1.35
	4+975
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	38
	20

	MC-T51
	1.64
	5+075
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	39
	20

	MC-T52
	1.39
	5+175
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	40
	20

	SC1-T1
	1.62
	0+225
	0.013
	1465.91
	1465.91
	80
	140
	20
	1
	29
	41
	20

	SC1-T2
	1.04
	0+320
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	42
	20

	SC1-T3
	1.35
	0+400
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	43
	20

	SC1-T4
	1.68
	0+530
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	44
	20

	SC1-T5
	1.69
	0+660
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	45
	20

	SC2-T1
	1.50
	0+110
	0.012
	1465.91
	1465.91
	80
	140
	20
	1
	29
	46
	20

	SC2-T2
	1.08
	0+185
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	47
	20

	SC2-T3
	1.03
	0+290
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	48
	20

	SC2-T4
	0.72
	0+380
	0.006
	1465.91
	1465.91
	80
	140
	20
	1
	29
	49
	10

	SC2-T5
	0.45
	0+328
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	50
	10

	SC2-T6
	0.52
	0+500
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	51
	10

	SC2-T7
	0.43
	0+600
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	52
	10

	SC2-T8
	0.39
	0+665
	0.003
	1465.91
	1465.91
	80
	140
	20
	1
	29
	53
	10

	SC2-T9
	0.55
	0+730
	0.005
	1465.91
	1465.91
	80
	140
	20
	1
	29
	54
	10

	SC2-T10
	0.77
	0+840
	0.006
	1465.91
	1465.91
	80
	140
	20
	1
	29
	55
	10

	SC2-T11
	0.51
	0+920
	0.004
	1465.91
	1465.91
	80
	140
	20
	1
	29
	56
	10

	SC2-T12
	0.81
	1+040
	0.007
	1465.91
	1465.91
	80
	140
	20
	1
	29
	57
	10

	SC2-T13
	1.10
	1+140
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	58
	20

	SC2-T14
	1.48
	1+120
	0.012
	1465.91
	1465.91
	80
	140
	20
	1
	29
	59
	20

	SC3-T1
	0.91
	0+140
	0.008
	1465.91
	1465.91
	80
	140
	20
	1
	29
	60
	10

	SC3-T2
	0.70
	0+290
	0.006
	1465.91
	1465.91
	80
	140
	20
	1
	29
	61
	10

	SC3-T3
	0.39
	0+420
	0.003
	1465.91
	1465.91
	80
	140
	20
	1
	29
	62
	10

	SC3-T4
	0.94
	0+515
	0.008
	1465.91
	1465.91
	80
	140
	20
	1
	29
	63
	10

	SC3-T5
	1.67
	0+740
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	64
	20

	SC3-T6
	1.67
	0+840
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	65
	20

	SC3-T7
	1.42
	0+920
	0.012
	1465.91
	1465.91
	80
	140
	20
	1
	29
	66
	20

	SC3-T8
	1.71
	0+980
	0.014
	1465.91
	1465.91
	80
	140
	20
	1
	29
	67
	20

	SC3-T9
	1.54
	1+060
	0.013
	1465.91
	1465.91
	80
	140
	20
	1
	29
	68
	20

	SC3-T10
	1.04
	1+100
	0.009
	1465.91
	1465.91
	80
	140
	20
	1
	29
	69
	20

	SC3-T11
	1.62
	1+130
	0.013
	1465.91
	1465.91
	80
	140
	20
	1
	29
	70
	20

	SC3-T12
	1.78
	1+180
	0.015
	1465.91
	1465.91
	80
	140
	20
	1
	29
	71
	20

	SC3-T13
	1.33
	1+240
	0.011
	1465.91
	1465.91
	80
	140
	20
	1
	29
	72
	20

	SC3-T14
	1.76
	1+290
	0.015
	1465.91
	1465.91
	80
	140
	20
	1
	29
	73
	20

	SC3-T15
	2.24
	1+340
	0.019
	1465.91
	1465.91
	80
	140
	20
	1
	29
	74
	20

	SC3-T16
	2.00
	1+420
	0.017
	1465.91
	1465.91
	80
	140
	20
	1
	29
	75
	20


[bookmark: _Toc454609199]1.6. Culverts
[bookmark: _Toc454609200]1.6.1. Road Crossing Box Culvert
1. Hydraulic Calculation
A. Flow Hydraulics Canal
	Q, m3/s
	b, m
	d, m
	s/s
	bed slope
	v, m/s
	n

	0.230
	0.60
	0.70
	
	1/1000
	0.75
	0.014



B. Flow Hydraulics of Culvert
b2 = 0.50, d2 = 0.52,   Fb =0.18 &n2 = 0.014
A2 = b2*d2 = 0.50 x 0.52 = 0.26, V2 = Q/A2 = 0.23/0.26 = 0. 0.88m/sec
hv2 = v22/2g = 0.882/2x9.81 = 0.04, P2 = b+2d2 = 0.50*2+0.52 = 1.54m
R2= A2/P2 = 0.26/1.54 = 1.69, I2 = (nv/R2/3) 2 = 0.0016, &
Difference in elevation b/n B & C, Hf = L x I2 = 5x0.0016 = 0.008
C. Water Surface Change at u/s and d/s of Culvert
i. Drop of water surface at the millet of the culvert
∆h1 = 1.5*(v22-v12/) 2g = 1.5*(0.882-0.752)/19.62 = 0.010m
∆h2 = 0.3*(v22-v12)/2g= 0.3*(0.88-0.75)/19.62   = 0.0020m
ii. Elevation
Invert elev. at u/s canal 	= 1462.72m
Water surface elev. at u/s canal= 14624.72 + 0.52 = 1463.24
Water surface at the culvert inlet= (water surface elev. at u/s canal) - ∆h1
				   = 1463.24-0.010 = 1463.23
Invert elev. at the culvert inlet= (water surface at the culvert inlet)-d2
				= 163.23 - 0.52 = 1462.71
Invert elev. at the culvert out let= invert elev. at the culvert inlet) – hf
					1462.71 – 0.008 = 1462.70
Water surface elev. at the culvert out let = (invert elev. at the culvert out let) + d2
					1462.70+0.52 = 1463.22
Water surface elev. at the d/s canal= Water surface elev. at the culvert out let) + ∆h2
                             = 1463.22+0.002 = 1463.222
  Invert elevation at the d/s canal = (water surface elev. at the d/s canal)-d1
			                    =1463.222-0.52 = 1462.70
d. Total head lass
HT = 0.5 ∆hv + hf + 0.7∆h2v = 1.2∆hv + hf = 1.2 (v22 – v12/2g) + hf
=1.2*(0.88^2 -0.75^2)/19.62)+0.008 = 0.021
Check water surface difference b/n u/s and d/s canal. The difference, Z
	Z= (Water surface elev. at u/s canal) -(Water surface elev. at d/s canal) 
            Z= 1463.24– 1463.22= 0.020------- Ok!

[bookmark: _Toc454609209]




Table 8: Typical Canal Elevations at Each Section

	Section
	Location
2+350
	Water Depth
	Change in Water Level
	Elevation

	
	
	
	
	
	Canal Bed
	Water Surface

	A
	U/S Canal
	0.52
	
	
	1462.72
	1463.240

	B
	Barrel
	0.52
	Drop
	0.010
	1462.71
	1463.220

	C
	Barrel
	0.52
	Drop
	0.008
	1462.70
	1463.220

	D
	D/S Canal
	0.52
	Rise
	0.002
	1462.70
	1463.222



2. STRUCTURAL DESIGN
a. Design condition
Live load = T – 14
Allowable stress
	Ⴀca (concrete)	= 55kg/cm2
	Ⴀsa (reinforcement) = 1400k8/cm2
	Ⴀa (shear) = 9.5 kg/cm
	Ⴀoc (adhesive) = 8kg/cm2













b. Moment

	



L = b+2c = 0.60+2(0.25) = 1.10m
	M = Pl/4 = 5.0*1.10/4 = 1.375 ton m = 137,500kg-cm
	S = p/2 = 5/2 = 2.5ton = 2500kg
c. Reinforcement
	d = t-5 = 18-5 = 13cm ≥11.20 Ok!
	Check,	d = C1√M/b = 0.334√137500/100 =12.39cm
i. Main Reinforcement
As1 = C2√Mb = 0.00244√ (137500*100) = 9.048 ≤ 10.26cm2 Ok!
If Ø= 14mm with interval of 15cm is used the total area of reinforcement per meter will be 10.26cm2. It can be expressed as As1 = Ø14 @15 = 10.26cm2
ii. Negative Reinforcement
	As2 = 0.2 As1 = 0.20*9.048 = 1.81 ≤3.35cm2 Ok!
If Ø= 8mm with the interval of 15cm is used, the total area of reinforcement per meter will be 3.35cm2. It can be expressed as As = Ø8 @15 = 3.35cm2
iii. Distribution Bar
	As3 = 0.2As1 = 0.2x9.048 = 1.81 ≤ 3.14cm2 Ok!
If Ø= 8mm with the interval of 20cm is used the total area of reinforcement per meter will be 3.14cm2. It can be expressed As As = Ø8@20 = 3.14cm2
d. Shearing Stress
	Ⴀ = S/bjd = 2500/ 100x0.875x0.98 = 2.9 ≤ 9.5 kg/cm2 Ok
e. Adhesive Stress	Ⴀ = 0.5.5/ujd = 0.5 .2500/29.32.0.875.13 = 3.75≤ 8.0kg/cm2

	No
	Ø, mm
	Length, m
	Total Length
	Weight, kg
	Total Weight

	1
	8mm
	0.90
	38.00
	0.42
	16kg

	2
	14mm
	3.00
	42.00
	1.27
	54kg










f. Foundation
                                                5.00				
                                   5.6T                     5. 6T
                     C= 0.60             W= 1.8               C=0.60




1.50

Area to be stressed
	Af = [c+w/2] x 2a = [0.60+1.80/2] x 20.8 = 2.40m
Load
	Concentrated load = i x p  = 1.2 x 5.6    = 6.72 ton
            Weight = Span + wall
		 = {0.94x0.18x1.50} x2.4 + {(05+0.8) x0.93+ (1.6+0.25)} 2.3    = 7.65t
                    Total=Concentrated load +dead load = 6.72+7.65 = 14.37 ton.
                    Stress= Total Load/ Area to be stressed = 14.37/2.4 = 6.00   ≤ 20kg/m2 Ok

The bearing capacity of the soil will be taken from the soil report 20kg/m2 so it’s Ok
This structure was laid at the main canal and secondary canals crossing the main road and field roads. Their locations and dimensions were shown in the drawing.
The maximum load assumed here in the analysis of the slab was that of Dozer D-7 which 32 tone (32,000kg) is.

Note: The construction material for the masonry part should be the selected type and the stone should be well brushed. Mix-ratio for masonry should be 1:3 and that of concrete should be 1:2:4.


2.1Drainage Pipe Culvert
ø = 50cm
 Chainage (2030m —2036m)
Hydraulic calculation
Given data
	Discharge
	Bed width
	Water depth
	Side slope
	Velocity
	Canal bed slope
	Coefficient roughness

	Q(m3/s)
	b(m)
	d(m)
	m
	V(m/s)
	s
	n

	0.230
	0.60
	0.4
	0
	0.38
	0.0016
	0.025



 Flow hydraulic barrel
Assuming ø of the pipe = 0.50m
	H = 0.80*D = 0.80*0.50 = 0.40
	H/r = 0.40/0.25 = 1.60
Refering to table 5.3 from the design manual
∂ = A/r2 = 2.694 	A = 2.694 (0.25)2 = 0.1684m2
p/r = 4.428; P = 4.428 x 0.25 = 1.107m
P = R/r = 0.608    R = 0.608 0.25 = 0.152m
V2 = Q/A = 0.0832/0.19625= 0.42395 = 0.40m/s
Hv2 = V22/2g = (0.40)2/19.62 = 0.0081
L2 = [nv/R2/3]2 = [(0.025*0.40)/(0.152)2/3]2 = 0.00123
Difference in elevation Between Elevation B and Elevation C
hf = L.L2 = 5*0.00123 = 0.00616m
C. Water surface change at the u/s and D/s of the culvert
Drop of water surface at the inlet of the culvert
∆h1 = 15[V22-V12/2g] = 1.5[(0.40)2-(0.38)2/19.62] = 0.0012m
Rise of water surface at the D/s of the canal section
∆h2 = 0.3 [(v22-v12)/2g] = 0.3[(0.402-0.382)/19.62] = 0.00024m
d- Elevation
Inlet elev. at u/s canal =1517.260m
W. s.  Elev. at u/s canal= Inlet elev. at u/s canal +H=1517.260+0.40 = 1517.660m
W. s. at the culvert inlet = (W.S. Elev. At u/s canal)-∆h1 = 1517.660-0.0012 = 1517.6588m
Env- Elev. at the canal inlet = (W.S. at the culvert inlet) – d2
= 1517.6588 – 0.40 = 1517.2588m
Env. Elev. at the culvert out let = (Inv. Elev. at the canal inlet)- hf
			     = 1517.259 – 0.00616 = 1517.253m
W.S Elev. at the culvert outlet = (Inv. Elev. at the culvert outlet)+d2
                                          = 1517.253 +0.40 = 1517.6526m
W.S Elev. at the D/S canal = (W.S. Elev. at the culvert out let)+∆h2
                                          = 1517.6526+0.00024 = 1517.6529m
Inv. Elev. at the D/s canal = (W. S. Elev. at the D/s) – d2
                                          = 1517.6529– 0.40 = 1517.253m
e. Total head loss,HT = 1.2 [(V22-V12)/2g]+hf
	HT = 1.2 [(0.40)2-(0.380)2/19.62]+0.00616 = 0.189m
Check water surface difference between u/s and D/s canal
	∆Z = (W.S. Elev. at u/s canal) – (W.S- Elev. at D/s canal)
	∆Z    = 1517.660 -1517.6529= 0.0071m


3. Bill of Quantities and specifications for the construction of Ukke SSIP
	No 
	 Description of work
	Unit
	 Quantity 
	 Unit cost 
	Revised   Total cost 

	1
	General preparatory works
	 
	 
	 
	 

	1.1
	Allow  for Mobilization  (Machineries, material, labor, etc)
	Ls
	1
	60,000.00
	60,000.00

	1.2
	Allow for Demobilization after finalizing the whole project activities
	LS
	1
	40,000.00
	40,000.00

	1.3
	Camping (3m x 12m office & bed room, 3m x 8m bed room & kitchen, 5m x 5m store, 3mx2m Toilet & Shower, 2m x 2m guard house 
	 
	 
	 
	 

	1.3.1
	Site clearing
	m2
	160
	9
	1,440.00

	1.3.2
	Excavation
	m3
	45
	35
	1,575.00

	1.3.3
	Masonry works of mix ratio 1:4
	m3
	60
	1,100.00
	66,000.00

	1.3.4
	Hard core
	m2
	110
	450
	49,500.00

	1.3.5
	5cm Cement screed
	m2
	110
	300
	33,000.00

	1.3.6
	 Walling(C.I.S)
	m2
	215
	450
	96,750.00

	1.3.7
	 Roofing(C.I.S)
	m2
	135
	450
	60,750.00

	1.3.8
	Fence 2.0m height & 15cm φ eucalyptus poles placed every 2m with barbed wire at 20cm vertical interval & posted in 0.6m depth  embedded with concrete
	ml
	160
	40
	6,400.00

	1.4
	Access Road 
	 
	 
	 
	 

	1.1
	 Access Road Maintenance cutting to an average depth of 0.5m, with 6m width
	km
	7
	9,000.00
	63,000.00

	1.2
	Field Road construction cutting to an average 
	km
	10
	5,000.00
	50,000.00

	 
	                                        Sub Total
	 
	 
	 
	528,415.00

	2
	Head Work
	 
	 
	 
	 

	2.1
	Weir
	 
	 
	 
	 

	2.1.1 
	structural excavation of weathered rock  to a depth not exceeding 0.7m, including disposal<50m
	m3
	125
	65
	8,125.00

	2.1.2 
	Masonry works of mix ratio 1:3
	m3
	200
	1,100.00
	220,000.00

	2.1.3
	Concrete works of mix ratio 1:2:4
	m3
	88
	1,800.00
	158,400.00

	2.1.4
	Plastering, mix ratio 1:3
	m2
	175
	165
	28,875.00

	2.2
	Right side wing wall
	 
	 
	 
	 

	2.2.1 
	structural excavation of weathered rock  to a depth not exceeding 0.7m, including disposal<50m
	m3
	45
	65
	2,925.00

	2.2.2 
	Masonry works of mix ratio 1:3
	m3
	200
	40
	8,000.00

	2.2.3
	Concrete works of mix ratio 1:2:4
	m3
	23
	1,800.00
	41,400.00

	2.2.4
	Plastering, mix ratio 1:3
	m2
	96
	165
	15,840.00

	2.3
	Left side wing wall
	 
	 
	 
	 

	 2.3.1 
	structural excavation of weathered rock  to a depth not exceeding 0.7m, including disposal<50m
	m3
	34
	65
	2,210.00

	 2.3.2 
	Masonry works of mix ratio 1:3
	m3
	171.7
	1,100.00
	188,870.00

	 2.3.3
	Concrete works of mix ratio 1:2:4
	m3
	18
	1,800.00
	32,400.00

	 2.3.4
	Plastering, mix ratio 1:3
	m2
	85.25
	165
	14,066.25

	2.4
	Stilling Basin
	 
	 
	 
	 

	2.4.1
	structural excavation of weathered rock  to a depth not exceeding 0.7m, including disposal<50m
	m3
	101
	65
	6,565.00

	2.4.2
	Masonry works of mix ratio 1:3
	m3
	285.25
	1,100.00
	313,775.00

	2.4.3
	Concrete works of mix ratio 1:2:4
	m3
	34
	1,800.00
	61,200.00

	2.5
	Up & D/s cutoff Walls
	 
	 
	 
	 

	2.5.1
	structural excavation of weathered rock  to a depth not exceeding 0.7m, including disposal<50m
	m3
	44
	65
	2,860.00

	2.5.2
	Masonry works of mix ratio 1:3
	m3
	26
	1,100.00
	28,600.00

	2.5.3
	Concrete works of mix ratio 1:2:4
	m3
	8
	1,800.00
	14,400.00

	2.6
	Gate Structures
	 
	 
	 
	 

	2.6.1
	Supply & installation of steel intake gate(60cm*60cm)  including steel works, angle iron, sliding shaft as shown in the Drawing
	pcs
	1
	25,000.00
	25,000.00

	2.6.2
	Supply & installation of steel Undersluice gate(200cm*100cm)  including steel works, angle iron, sliding shaft as shown in the Drawing
	pcs
	1
	30,000.00
	30,000.00

	2.6.3
	Purchasing, transporting, and laying of plain concrete pipes(Ø50cm)
	m
	18
	350
	6,300.00

	 
	                                        Sub Total
	 
	 
	 
	1,209,811.25

	3
	Canals
	 
	 
	 
	 

	3.1
	MC(Lined-2000m)
	 
	 
	 
	 

	3.1.1
	Ordinary soil excavation
	m3
	2310
	55
	127,050.00

	3.1.2
	Hard core
	m2
	2400
	450
	1,080,000.00

	3.1.3
	Masonry works of mix ratio 1:3
	m3
	720
	1,100.00
	792,000.00

	3.1.4
	Concrete works of mix ratio 1:3:6
	m3
	120
	1,800.00
	216,000.00

	3.1.5
	Plastering, mix ratio 1:3
	m2
	3600
	165
	594,000.00

	3.1.6
	Backfill
	m3
	475
	45
	21,375.00

	3.2
	MC(Earthen-3000m)
	 
	 
	 
	 

	3.2.1 
	Ordinary soil excavation
	m3
	2500
	19.08
	47,700.00

	3.2.2 
	Backfill
	m3
	950
	19.08
	18,126.00

	3.3
	SC-1 (718m)
	 
	 
	 
	 

	3.3.1 
	Ordinary soil excavation
	m3
	650
	55
	35,750.00

	3.3.2
	Hard core
	m2
	320
	450
	144,000.00

	3.3.3
	Masonry works of mix ratio 1:3
	m3
	126
	1,100.00
	138,600.00

	3.3.4
	Concrete works of mix ratio 1:3:6
	m3
	22
	1,800.00
	39,600.00

	3.3.5
	Plastering, mix ratio 1:3
	m2
	540
	165
	89,100.00

	3.3.6
	Backfill
	m3
	140
	35
	4,900.00

	3.4
	SC-2(1265m)
	 
	 
	 
	 

	3.4.1
	Ordinary soil excavation
	m3
	1150
	55
	63,250.00

	3.4.2
	Hard core
	m2
	320
	450
	144,000.00

	3.4.3
	Masonry works of mix ratio 1:3
	m3
	126
	1,100.00
	138,600.00

	3.4.4
	Concrete works of mix ratio 1:3:6
	m3
	22
	1,800.00
	39,600.00

	3.4.5
	Plastering, mix ratio 1:3
	m3
	540
	165
	89,100.00

	3.4.6
	Backfill
	m3
	140
	35
	4,900.00

	3.5
	SC-3(14400m)
	 
	 
	 
	 

	3.5.1
	Ordinary soil excavation
	m3
	1360
	55
	74,800.00

	3.5.2
	Hard core
	m2
	320
	450
	144,000.00

	3.5.3
	Masonry works of mix ratio 1:3
	m3
	432
	1,100.00
	475,200.00

	3.5.4
	Concrete works of mix ratio 1:3:6
	m3
	22
	1,800.00
	39,600.00

	3.5.5
	Plastering, mix ratio 1:3
	m3
	540
	165
	89,100.00

	3.5.6
	Backfill
	m3
	140
	35
	4,900.00

	 
	                                        Sub Total
	 
	 
	 
	4,655,251.00

	4
	Flumes on MC
	 
	 
	 
	 

	4.1
	Flume, F1 (L=22m)
	 
	 
	 
	 

	4.1.1
	Structural excavation  to a depth not exceeding 2m, including disposal
	m3
	13
	55
	715.00

	5.1.2
	Masonry works of mix ratio 1:3
	m3
	8.5
	1,100.00
	9,350.00

	4.1.2
	Concrete works of mix ratio 1:2:4
	m3
	9.6
	1,800.00
	17,280.00

	5.1.3
	Plastering, mix ratio 1:3
	m2
	3.5
	165
	577.50

	4.1.3
	Cemented stone pitching (thickness 30cm)
	m2
	2
	340
	680.00

	5.1.4
	supply & preparing of 50mm thick timber for form working
	m2
	19.3
	2,000.00
	38,600.00

	4.1.4
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø10cm at each 10m length for form working
	pcs
	166
	35
	5,810.00

	5.1.5
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø5cm at each 10m length for form working
	pcs
	408
	30
	12,240.00

	4.1.5
	Supply, cutting, bending, placing, &any other fixing of reinforcement bar :
	 
	 
	 
	 

	a
	       -Ø6
	kg
	27.98
	50
	1,399.00

	 
	       -Ø8
	"
	78.17
	45
	3,517.65

	 
	       -Ø10
	"
	154.12
	45
	6,935.40

	b
	       -Ø14
	"
	192.95
	45
	8,682.75

	c
	       -Ø16
	"
	159.55
	45
	7,179.75

	d
	       -Soft Wire(10% of a)
	"
	46
	35
	1,610.00

	e
	       - Nails
	"
	8
	35
	280.00

	4.2
	Flume, F2 (L=24m)
	 
	 
	 
	 

	4.2.1
	Structural excavation  to a depth not exceeding 2m, including disposal
	m3
	15
	55
	825.00

	4.2.2
	Masonry works of mix ratio 1:3
	m3
	9.4
	1,100.00
	10,340.00

	4.2.3
	Concrete works of mix ratio 1:2:4
	m3
	9.6
	1,800.00
	17,280.00

	4.2.4
	Plastering, mix ratio 1:3
	m2
	4
	165
	660.00

	4.2.5
	Cemented stone pitching (thickness 30cm)
	m2
	2.5
	340
	850.00

	4.2.6
	supply & preparing of 50mm thick timber for form working
	m2
	20
	2,000.00
	40,000.00

	4.2.7
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø10cm at each 10m length for form working
	pcs
	166
	35
	5,810.00

	4.2.8
	Purchasing, transporting, and cutting of Eucalyptus pole of  Ø5cm at each 10m length for form working
	pcs
	408
	30
	12,240.00

	4.2.9
	Supply, cutting, bending, placing, &any other fixing of reinforcement bar :
	 
	 
	 
	 

	a
	       -Ø6
	kg
	27.98
	50
	1,399.00

	 
	       -Ø8
	"
	83.89
	45
	3,775.05

	 
	       -Ø10
	"
	161.86
	45
	7,283.70

	b
	       -Ø14
	"
	206.57
	45
	9,295.65

	c
	       -Ø16
	"
	159.55
	45
	7,179.75

	d
	       -Soft Wire(10% of a)
	"
	52
	35
	1,820.00

	e
	       - Nails
	"
	10
	35
	350.00

	 
	                                        Sub Total
	 
	 
	 
	233,965.20

	5
	Chute(700m)
	 
	 
	 
	 

	5.1
	On SC1
	 
	 
	 
	 

	5.1.1
	Ordinary soil excavation
	m3
	154
	55
	8,470.00

	5.1.2
	Hard core 25 cm thick
	m2
	475.2
	450
	213,840.00

	5.1.3
	Lean concrete 7cm thick
	m2
	158.4
	1,800.00
	285,120.00

	5.1.4
	Masonry works of mix ratio 1:4
	m3
	158.4
	1,100.00
	174,240.00

	5.1.5
	Plastering, mix ratio 1:3
	m2
	580.8
	165
	95,832.00

	5.1.6
	Backfill
	m3
	39.6
	35
	1,386.00

	5.2
	On SC2 (980m earthen)
	 
	 
	 
	 

	5.2.1
	Ordinary soil excavation
	m3
	63
	55
	3,465.00

	5.2.2
	Hard core 25 cm thick
	m2
	252
	450
	113,400.00

	5.2.3
	Lean concrete 7cm thick
	m2
	84
	1,800.00
	151,200.00

	5.2.4
	Masonry works of mix ratio 1:4
	m3
	42
	1,100.00
	46,200.00

	5.2.5
	Plastering, mix ratio 1:3
	m2
	308
	165
	50,820.00

	5.2.6
	Backfill
	m3
	21
	35
	735.00

	5.3
	On SC3 (560m Earthen)
	 
	 
	 
	 

	5.3.1
	Ordinary soil excavation
	m3
	117
	55
	6,435.00

	5.3.2
	Hard core 25 cm thick
	m2
	468
	450
	210,600.00

	5.3.3
	Lean concrete 7cm thick
	m2
	156
	1,800.00
	280,800.00

	5.3.4
	Masonry works of mix ratio 1:4
	m3
	78
	1,100.00
	85,800.00

	5.3.5
	Plastering, mix ratio 1:3
	m2
	572
	165
	94,380.00

	5.3.6
	Backfill
	m3
	39
	35
	1,365.00

	 
	                                        Sub Total
	 
	 
	 
	1,824,088.00

	6
	Division Box (10 in no)
	 
	 
	 
	 

	6.1
	Excavation
	m3
	81.62
	55
	4,489.10

	6.2
	Masonry works of mix ratio 1:3
	m3
	52.47
	1,100.00
	57,717.00

	6.3
	Plastering, mix ratio 1:3
	m2
	131.14
	165
	21,638.10

	6.4
	Backfill
	m3
	30.36
	35
	1,062.60

	 
	                                        Sub Total
	 
	 
	 
	84,906.80

	7
	Turnouts(96  No)
	 
	 
	 
	 

	7.1
	Excavation
	m3
	163.64
	19.08
	3,122.25

	7.2
	Masonry works of mix ratio 1:3
	m3
	144
	565.95
	81,496.80

	7.3
	Concrete works of mix ratio 1:2:4
	m3
	15
	925.46
	13,881.90

	7.4
	Plastering, mix ratio 1:3
	m2
	428.8
	46.78
	20,059.26

	7.5
	Cemented stone pitching (thickness 30cm)
	m2
	30.44
	171.66
	5,225.33

	7.6
	Purchasing, transporting, and laying of plain concrete pipes(Ø20cm)
	pcs
	96
	55
	5,280.00

	 
	                                        Sub Total
	 
	 
	 
	129,065.55

	8
	Culvert
	 
	 
	 
	 

	8.1
	Box Culvert(1  No)
	 
	 
	 
	 

	8.1.1
	Excavation
	m3
	18.2
	19.08
	347.26

	8.1.2
	Masonry works of mix ratio 1:3
	m3
	15.52
	565.95
	8,783.54

	8.1.3
	Concrete works of mix ratio 1:2:4
	m3
	5.5
	925.46
	5,090.03

	8.1.4
	Cemented stone pitching (thickness 30cm)
	m2
	4
	171.66
	686.64

	8.1.5
	supply and preparing of 50mm thick timber for form working
	m3
	10.71
	2,000.00
	21,420.00

	8.1.6
	Purchasing, transporting, and cutting of Eucalyptus pole of Ø10cm at each 10m length for form working
	pcs
	115
	15
	1,725.00

	8.1.7
	Supply, cutting, bending, placing, &any other fixing of reinforcement bar :
	 
	 
	 
	 

	a
	       -Ø12
	kg
	132
	45
	5,940.00

	b
	       -Ø10
	kg
	84
	45
	3,780.00

	c
	       -Soft Wire
	kg
	15
	35
	525.00

	d
	       - Nails
	kg
	5
	35
	175.00

	8.2
	Drainage pipe culvert(6 No)
	 
	 
	 
	 

	8.2.1
	Excavation
	m3
	15
	55
	825.00

	8.2.2
	Masonry works of mix ratio 1:3
	m3
	8.36
	1,100.00
	9,196.00

	8.2.3
	Concrete works of mix ratio 1:2:4
	m3
	4.36
	1800
	7,848.00

	8.2.4
	Plastering, mix ratio 1:3
	m2
	30
	165
	4,950.00

	8.2.5
	Purchasing, transporting, and laying of plain concrete pipes(Ø100cm)
	pcs
	14
	600
	8,400.00

	8.2.6
	Backfill
	m3
	6
	35
	210.00

	8.3
	Bed  slab with bar  on Mc&Sc(8 No)
	 
	 
	 
	 

	8.3.1
	Excavation
	m3
	68.09
	19.08
	1,299.16

	8.3.2
	Masonry works of mix ratio 1:3
	m3
	56.15
	565.95
	31,778.09

	8.3.3
	Concrete works of mix ratio 1:2:4
	m3
	10.54
	925.46
	9,754.35

	8.3.4
	Plastering, mix ratio 1:3
	m2
	81.81
	46.78
	3,827.07

	8.3.5
	Supply, cutting, bending, placing, &any other fixing of reinforcement bar :
	 
	 
	 
	 

	a
	    -Ø8
	kg
	595
	10
	5,950.00

	b
	    -Soft Wire
	kg
	60
	10
	600.00

	 
	                                        Sub Total
	 
	 
	 
	133,110.14

	9
	Drops(6No) on SC-3
	 
	 
	 
	 

	9.1
	Excavation
	m3
	36.4
	55
	2,002.00

	9.2
	Hard core
	m2
	36.8
	450
	16,560.00

	9.3
	Concrete
	m3
	37.2
	1,800.00
	66,960.00

	9.4
	Masonry works of mix ratio 1:3
	m3
	37.6
	1,100.00
	41,360.00

	9.5
	Plastering, mix ratio 1:3
	m2
	38
	165
	6,270.00

	9.6
	Backfill
	m3
	38.4
	35
	1,344.00

	 
	                                        Sub Total
	 
	 
	 
	134,496.00

	10
	Cattle cross(8No)
	 
	 
	 
	 

	 
	Excavation
	m3
	176
	19.08
	3,358.08

	 
	Masonry works of mix ratio 1:3
	m3
	72
	565.95
	40,748.40

	 
	Concrete works of mix ratio 1:2:4
	m3
	32
	925.46
	29,614.72

	 
	Plastering, mix ratio 1:3
	m2
	72
	46.78
	3,368.16

	 
	                                        Sub Total
	 
	 
	 
	77,089.36

	 
	Total
	 
	 
	 
	9,010,198.30

	 
	VAT (15%)
	 
	 
	 
	1,351,529.74

	 * 
	Grand Total
	 
	 
	 
	10,361,728.04




Bed bars are nothing but frame works constructed on earthen channel having the same hydraulic dimensions as that of the channel.                       
They are used as a frame work to keep the shape and design bed elevation of the channel during canal cleaning and maintenance. They can be constructed from wood, masonry, concrete, wet stone pitch or any other construction materials.
In this project, bed bars with slab were recommended at all points where the canal crosses foot path so that they can function as a bench mark and also for animal and human crossing. The total length of each bed bar is 2m.
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