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[bookmark: _Toc468754278]Executive Summary

Kerfe small scale irrigation project is located in Kerefe kebele; Ada’a Wereda of East showa zone. The area is inscribed between kerefe; Hidi Deko; Ardega Kordida; Edado Ejire; Goro Tigir; and Tulu Dimitu kebeles.  The proposed command area is located at geographical location of 8050.270 N and 39008.948E at a distance of 14km South East of Godino town and about 20km in North east of Bushoftu town. The area is under subtropical zone at an average altitude of 2042m a.s.l, with unreliable rainfall distribution. Irrigation is a key element to boost agricultural production and productivity and to diversify agricultural activities over the area. Looking to interest, efforts, trials and requests of the community, OIDA-East Shoa Zone office, district line office, administrative bodies and other stakeholders at district level have given due attention to the site to be studied and come up with this proposal.


The beneficiaries of the project are residents of Kerefe kebele. From this proposed project, at least 76 households benefit from irrigation activity so that equitable use of land and water resources could be established at the site under consideration as currently there exist water shortage to increase production and productivity on sustainable basis. The target communities are experienced in irrigation development activities from the existing traditional scheme owned by them. 

The project is gravity system with main canal route of 2242m length, Secondary canal of 497.4m and 8 Tertiary canals of 2082m and 5 outlets (Turnouts). The soil of the area is dominantly clayey in texture. 

The components of this project scheme include the weir, supply and drainage canal network and other related irrigation infrastructures. The total project upgrading cost is 6,127,657.40 Birr. The project is designed for 20 years life. 







[bookmark: _Toc468754279]IRRIGATION AND DRAINAGE SYSTEM DESIGN

[bookmark: _Toc356369415][bookmark: _Toc391204103][bookmark: _Toc468754280]General

[bookmark: _Toc348279728][bookmark: _Toc349096936]Irrigation and drainage system design incorporates all engineering aspects related to project study and designs. This system design focuses on study and design of headwork, supply and drainage canals and all appurtenant structures related to diversion, conveyance, distribution and application of water to the farm lands. This design also gives attention to network of roads (access to main road, farm roads and inspection roads). All influential factors that determine project sustainability are accounted to come up with reasonable results of study. In so doing, idea from different disciplines was given due attention. The project is gravity diversion system on Mojo River. One-way (Right side) intake is suggested based on available suitable irrigable farm land with available discharge. Reasonable systematic layouts were adopted to minimize costs and to enable easier application of water and easy management of the project. A total of 45 ha of land were surveyed of which 39 ha net irrigable area planned for development based on topographic condition. 

[bookmark: _Toc468754281]Location and Accessibility of the project areas


Kerfe small scale irrigation project is located in Kerefe kebele; Ada’a Wereda of East showa zone. The area is inscribed between kerefe; Hidi Deko; Ardega Kordida; Edado Ejire; Goro Tigir; and Tulu Dimitu kebeles.  The proposed command area is located at geographical location of 8050.270 N and 39008.948E at a distance of 14km South East of Godino town and about 20km in North east of Bushoftu town. It could be accessible from Bishoftu town to the project area through passing Gabaya Robi (Hidi town) all weathered road.
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[bookmark: _Toc456422216]Figure 1. Project area description of Kerfe small scale irrigation project
[bookmark: _Toc356369417][bookmark: _Toc391204105][bookmark: _Toc468754282]Methodology of project study and design

The methodologies adopted are:
· Existing localities and community experiences and information.
· Using hand held GPS and1:50,000 contour maps in initial geo-referencing and in selection of appropriate headwork site.
·  detail site survey and investigations
·   Secondary data from concerned areas.
·  Hydro-meteorological data, crop data, soil data etc. collecting and organizing for this study.
·  Using guidelines manuals and other reference materials.
· Use of different software like; 
· New Locclim 1.0,
·  cropwat 8.0, 
· Arc GIS 9.3
· Global Maper 13
· Google Earth   
[bookmark: _Toc356369418][bookmark: _Toc391204106][bookmark: _Toc468754283]Planned irrigable area

The irrigable area has moderate surface slope ranging from 2-5% towards the Mojo River. The soil of the area vertisol with deep clay texture. The soil is expansive type and easily susceptible to runoff so that the area is dissected by number of gullies. Proper soil and water conservation practices shall be adopted by the community to avoid any minimize the effect of runoff due to the introduced scheme. The proposed crops for this project are Maize, Onion, Potato, Pepper, Cabbage and Tomato. These crops under irrigation have maximum dry period duty of 1.04 l/s per ha  for 12 hr irrigation per day and the net irrigable area of 37.19 ha was planned for 38.68 l/s design discharge.

[bookmark: _Toc356369419][bookmark: _Toc391204107][bookmark: _Toc468754284]Water Availability

The source of water is Mojo River. It could have been good if monthly flow data were available; but the river is not gauged. Hence Lean flow was estimated after taking dry period measurements using floating technique. The lean flow as reported under hydrology section is 50 l/s. With 10% downstream release 40l/s flow was planned for this development. There is intense rainfall over the area and the catchment is mild to steep ranges with clay soil cover resulting in generation of high runoff, thus the peak design flood obtained is 155m3/s.


[bookmark: _Toc356369420][bookmark: _Toc391204108][bookmark: _Toc468754285]Water distribution scenario

Water application to the field is based on irrigation interval set for each crop. In so doing continuous flow in main and secondary canals and rotated flow in tertiary and field canals will be adopted. The soil of the area is dense clay and its water holding property is good. The interval of water application is generally expected to be longer till next irrigation is applied when the readily available soil moisture is depleted. At each field unit level; the unit discharge is applied based on stream size required for that unit of field within irrigation time set per day to attain the required irrigation depth (FC of the soil).

[bookmark: _Toc356369421][bookmark: _Toc391204109][bookmark: _Toc468754286]System Layout Plan

The system layout plan was prepared based on irrigation and drainage design criteria for small scale community managed schemes. This layout is prepared on 1:1000 maps with 0.5m contour interval. The field units are around 1.20ha on average bases in size and tertiary units are kept below 10ha for the scheme to be manageable with an average 5ha the lower value for the tertiary unit is due to the topographic nature of the area.   Continuous flow in main and secondary canals and rotated flow in tertiary canals is adopted regarding water distribution. The irrigation application method is furrow which is locally practiced by the farmers. Thus the furrow direction is set along the contour lines. Furrow length is selected based on soil, crop type and topography of the area, but as per local farmers practice 45-70 m is adopted in stretching the layout plan. With average furrow length of 50m and field canal length 200m a field unit of 10000m2 or 1 ha is generally adopted where the topography is convenient. 
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[bookmark: _Toc356369422][bookmark: _Toc391204110][bookmark: _Toc468754287]Nomenclature and Symbols

The following designations were used in naming various irrigation infrastructures in the project area.
[bookmark: _Toc456422192]Table 1. Naming used in system layout plan
	Designation
	Representation

	MC
	Main canal

	SC
	Secondary canal

	TC
	Tertiary canal 

	FC
	Field canal

	TC-1-1
	First tertiary canal on SC-1

	OT
	Field off take (tertiary canal to field canal)

	TO
	Turn out (secondary/main canal to tertiary canal)

	C-1
	Culvert -1

	TD 
	Tertiary drain

	FD
	Field drain

	FU
	Field unit

	TU
	Tertiary unit

	 
	Angle made by the wall with the vertical

	 
	Angle of surcharge

	 
	Angle of repose

	 
	Angle made by line of action of pressure with the normal to the batter

	h
	Height of backfill on bank side

	Pa
	Active earth pressure  

	Ka
	Co-efficient of active earth pressure

	Pah
	Horizontal component of active earth pressure

	Pav
	Vertical component of active earth pressure

	Pp
	Passive earth pressure

	Kp
	Co-efficient of passive earth pressure

	Pph
	Horizontal component of passive earth pressure  

	Ppv
	Vertical component of passive earth pressure  

	DL
	Dead load

	WL
	Water load

	Z
	Lever arm of resultant

	M
	Net stabilizing moment

	V
	Net vertical force

	Po
	Net vertical force per meter width

	e
	Eccentricity

	b
	Bottom width of abutment/ wing wall



[bookmark: _Toc356369423][bookmark: _Toc391204111][bookmark: _Toc468754288]Standards

The following standards were adopted in preparation of the project document. Weir site topographic map was prepared on 1:500 scale and field system layout is prepared on 1:1000 scale map indicating all features. Longitudinal profiles are prepared in scale of 1:100 in vertical and 1:1000 in horizontal. Working drawings are prepared to scales of 1:10, 1:50 or 1:100 based on appropriate visibility scale and all drawings are prepared on standard sheets of A0(1080x810), A1(810x540), A2(540x410), A3(410x297) and A4(297x210) in millimeter units.

[bookmark: _Toc356369424][bookmark: _Toc391204112][bookmark: _Toc468754289]Major Components of the project 

i) Access to main road 3km from  (URAPE Road from Bishoftu to Gimbichu town) 
ii) Diversion Head work Broad crested weir and temporary channel and diversion for construction by part.
iii) Lined Main Canal  2.02km long after intake structure
· Canal water escapes (1 in No).
·  Crossing drain (5 in No)
·  Turnout  5 in number
· Drop Structure (7 in No) on Secondary canal. 
· Drop Structure (7 in No) on Tertiary canal. 
· Drop Structure (2 in No) on Tertiary Drain. 
· One Secondary Canal with total length of 0.497km
· Total of  8 Tertiary Canals with total length of 2.082km
· Tertiary Drain 3 in number with a total length of  0.57km



[bookmark: _Toc468754290]HEAD WORK

[bookmark: _Toc468754291]Objective
The main objective of the head work is to provide sufficient irrigation water at upstream side of the weir during the period of low flow. And the work, which are constructed at the head of the canal in order to divert the river water towards the canal, so as to ensure a regulated continuous supply of silt-free water with a certain minimum head in to the canal.

[bookmark: _Toc468754292]Selection of Headwork site
The headwork site was selected under the following factors:
· Easy access to the site during construction and operation 
· Possibility to command the anticipated area with reasonably less weir height.
· Convenience for intake and head regulators
· Better geological formation at the bed and side banks.
· Possibility to protect flooding of off taking canal
· Relatively area convenient for construction 
· Area with less flood heights and effects.
· Area with less effect of transported materials specially boulders 
· Area with easier temporary diversion during construction.
· Relative cost of weir.
[bookmark: _Toc356369426][bookmark: _Toc391204114]Design 
The main Component of the project design is head work design and Command area system Arrangement. The Possible Diversion Weir location has been chosen. The exact position has been fixed after carefully consideration of each of the following factors
· Characteristics of Foundation 
· Topography of the earth and rock surfaces at the site and its effect on the dimension of the weir, 
· Quantity of Material to be excavated and other factors. 
· Requirements as to coffers, 
· necessary for unwavering of the site 
· Availability and character of materials for Construction 
[bookmark: _Toc468754293]Geology of weir site and the canal route 
The diversion headwork site is selected in a narrow, relatively straight stream channel that is oriented in NE-SW direction. Both banks are stable and both upstream and downstream parts of the river course at the headwork sites are straight reach. The river channel is mainly weathered basalt at top and hard basalt at bed.

[image: ]The cross section along the weir axis depicts the succession composed (from top to bottom) of: moderately weathered and fractured rock of ignimbritic origin followed by hard rock to depth. The headwork site is in general safe for the diversion headwork construction provided that top weathered fractured ignimbritic rock is removed to the strong and fresh layer of basalt. The weathered layer is unwedded extending to both sides of the river and can easily be chiseled at top surface layer that tends to be monolithic to depth.  


[bookmark: _Toc333783161][bookmark: _Toc341896266][bookmark: _Toc456422217]Figure 2. Geological X-section of Mojo River along the Diversion Headwork Axis
 
[bookmark: _Toc468754294][bookmark: _Toc356369427][bookmark: _Toc391204115]Base Flow & Design Flood Estimation 

Accordingly, to the Hydrology study the base flow discharge estimated in the river course of Mojo River during dry season has been obtained as 40 l/sec excluding the probable subsurface flow through the gravel river course formation, and  the design discharge for the structure to be constructed  as diversion shall be 155.00 m3/sec with  50 return year by taking high rainfall, degraded land, shallow depth soil and other topographic features of the area in to consideration
[bookmark: _Toc468754295]Selection of Weir Type

Broad Crested Weir will be provided so as to have minimum possible head loss. The minimum top width as per IS 6531-1994 is 2/3 He. Hence crest width of the weir was determined to be 1.7m length which will be provided with Riprap protection work for both upper and lower embankment.
[bookmark: _Toc356369428][bookmark: _Toc391204116][bookmark: _Toc468754296]Design of weir
Length or span of the weir overflow was taken 22.5m from the existing situation of the river section. This span results in relatively less flood height and hence the anticipated weir would be economical. 

Discharge and Head over the Weir								
		Q = CLHe3/2,   H= (Q/CL)2/3			
                                                Where: C=1.70	
			                  He=2.54m
                                                     q=Q/L=6.89m3/s/m
Modular Flow formula Q = CLHe3/2 is used						
		Where	C=1.7				
Design Discharge to pass over Weir (50 percent of total Discharge) =139.50m3/s
Calculated Discharge to pass over Weir (Q) = CLHe3/2=153.79OK

Discharge Through Under Sluice (Q1)						
Where:-									
	Upstream head, He = 2041.7 - 2038.05 = 3.65m, and		
	Downstream head, D = 2040.1m - 2038.05 = 2.05m.			
	Difference of u/s and d/s water level   H= 1.60m		
	D/He = 2.05/3.65 = 0.56 (<0.75)	
	Hence; Modular Flow formula Q = CLHe3/2 is used					
Design Discharge to pass over Weir =3.20cumecs							
Total Discharge Pass Through Weir(Q1+Q2) =156.99cumecs > 155 ,OK
Stilling Basin										
             Discharge in Weir (Q)=153.786m3/s   
            Total clear Waterway (L)= 21.50m
            Discharge per metre length (q)= 7.15m3/s/m
            Head loss (HL)= 1.60m
 From Blench Curve,  Critical Depth, Dc = (q2/g)1/3=1.73m		
			HL/Dc	=0.92			
	Pre-jump depth corresponding to Ef1;	D1=0.77m		
	Post jump depth corresponding to Ef2	;D2=3.31m		
	Upstream specific energy level	 Ef1=5.15m		
	Downstream specific energy level Ef2	=3.55m		
	Froude no., F = q / √ g x D13=3.37			
	∆ cistern level  = D/S TEL - Ef2	=2038.05m				
＊ Cistern Length required (Fr<4.5) = 5 x ( D2 - D1 )	=12.69	m		
Say L =13.00m		
Top Width of Crest										
Sharp Crested Weir will be provided so as to have minimum possible head loss. The minimum top width as per IS 6531-1994 is 2/3 He 							
		Where;	 He = U/S FSL - Crest Level=2.65m		
		∆ min. top width of crest =1.9	m		
				           Say =2m		
Vertical Cut-Offs										
	(i) Provide U/S Cut-off of  2 m depth below U/S bed level=2.00m		
	     Bottom elevation of upstream pile=2036.05m		
	(ii) Provide D/S cut-off of  1.9 m depth for safe exit gradient=1.90m		
	      Bottom elevation of downstream pile =2036.15m		
Floor Length										
		From Khosla's theory, the exit gradient can be expressed by the relation as:	
                              Exit gradient = 1 / p x sqrt ( l ) X (H / d )						
		Where;
                                             GE (Exit gradient) = 1 / 5								                              d = Depth of d/s cutoff	=1.90m		
		               H = Maximum static head = U/S FSL - D/S cistern level =1.60	m		
		Substituting the values	1 / 5 = 1 / p x sqrt ( l ) X (H / d )								                          or		
                                                                          1 / p x sqrt ( l ) = d / (5 x H)=0.216		
	               From Khosla curve for 1 / p x sqrt ( l )	a= 3.19	; 4.34	
		Floor length = a x d =  	6.06m		
The Total length will be provided as below :-
i. D/S Floor length=0m
ii. D/S Glacis length ( 1:2 slope)	=2.00m
iii. Length for Gates & Crest=2.00m
iv. U/S Glacis length ( 1:1 slope)=	1.00m
v. U/S floor length=0.00m
vi. Total length of floor=5.00m
vii. D/S floor thickness = 0.38m
viii. U/S floor thickness= 0.70m detail of weir cross-section is shown in the figure below 
	
	
[image: C:\Users\HPcomp\AppData\Local\Temp\msohtmlclip1\01\clip_image001.png]
[bookmark: _Toc456422218]Figure 3. Flow condition over the weir its detail part
[bookmark: _Toc356369433][bookmark: _Toc356369672][bookmark: _Toc381966656][bookmark: _Toc391204120][bookmark: _Toc468754297][bookmark: _Toc356369434][bookmark: _Toc356369673]STABILITY ANALYSIS OF WEIR:
Calculation of the force acting on the weir[image: ]








	(1) 
	Horizintal forces
	
	
	
	
	
	
	
	
	

	①
	:  Water pressure
	Ph=γw x(Hcw - Hu)2 x1 x 0.5
	=
	5.00
	KN
	
	
	

	
	
	γw= 
	10
	KN/m3
	
	
	
	
	
	
	

	
	:  Point acting force
	Lh1=1/3 x (Hcw - Hu)=
	    above d/s bed level
	0.33
	m
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	②
	:  Silt pressure
	
	
	
	
	
	
	
	
	

	
	
	Silt gets depositted against the upstream face of weir.
	
	
	
	
	
	

	
	If h is the height of silt deposited, then the force exerted by this silt in addition to external water pressure,
	 
	

	
	 can be represented by Rankine's formula as :
	 
	 
	 
	 
	 
	 
	

	
	 
	Ps = 1/2 x γsub x h2 x Ka
	 
	 
	 
	 
	 
	 
	

	
	 
	 
	where :Ka is the coefficient of earth pressure of silt = (1 - sinΦ) /( 1 + sinΦ).
	 
	 
	

	
	 
	 
	Φ
	 is the angle of internal friction of soil.
	 
	 
	 
	 
	

	
	 
	 
	         :γsub is the submerged unit weight of silt material.
	 
	 
	 
	 
	

	
	 
	 
	        : h is height of silt deposited.
	 
	 
	 
	 
	 
	

	
	In the absence of any reliable data for the type of silt that is going to be deposited, U.S.B.R. Recommendations

	
	may be adopted. In these recommendations, deposited silt may be taken as equivalent to
	
	
	
	

	
	 a fluid exerting a force with a unit wt. equal to 3.6KN/m3 in the horizontal direction and a vertical force with a unit wt. of 9.2KN /m3.

	
	Hence,In this project case it is reasonable to accept the U.S.B.R. recommendation.
	
	
	
	

	
	
	PSh=1/2 x 3.6 x( 1 x (Hcw - Hu))2 x 1=
	
	1.800
	KN
	
	
	

	
	:  Point acting force
	Lh2=(1x (Hcw - Hd)) x 1/3=
	
	0.13
	m
	
	
	

	( 2 )
	Vertical forces
	
	
	
	
	
	
	
	
	

	①
	:  Water pressure
	Pv=γw  x(Hcw - Hu)2x 1 x0.5 =
	
	0.000
	KN
	
	
	

	
	:  Point acting force
	
	LV1=1/3 x  (Hcw - Hu)=
	
	
	0.33
	m
	
	
	

	②
	:  Silt pressure
	
	
	
	
	
	
	
	
	

	
	
	Psv=1/2 x 9.2 x (1 x (Hcw - Hu) )2 x 1=
	
	4.6
	KN
	
	
	

	
	:  Point acting force
	LV2=(2/5 x (Hcw - Hu)) x 1/3 =
	
	0.13
	m
	
	
	

	③
	: Weight of weir 
	
	
	
	
	
	
	
	
	

	
	
	To calculate this one,body of weir should be divided as part of five.
	
	
	
	
	

	△
	Area and centre of parts
	
	
	
	
	
	
	
	
	

	
	
	 ①
	Area 
	((Dup+(Dup+0.5 / m1))/2) x 0.5 =
	2.2
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	2.20
	m
	
	
	

	
	
	②
	Area 
	
	
	
	0.50
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	3.4666667
	m
	
	
	

	
	
	③
	Area 
	
	
	
	2
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	2.400
	m
	
	
	

	
	
	④
	Area 
	
	
	
	0.7
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	0.9333333
	m
	
	
	

	
	
	⑤
	Area 
	
	
	
	
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	
	m
	
	
	

	
	
	⑥
	Area 
	
	
	
	
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	
	
	
	
	

	
	
	⑦
	Area 
	
	
	
	
	㎡
	
	
	

	
	
	
	C.G 
	
	
	
	
	
	
	
	

	
	
	⑧
	Area 
	
	
	
	
	
	
	
	

	
	
	
	C.G 
	
	
	
	
	
	
	
	

	△
	
	Total area
	
	
	
	Aw
	5.4
	㎡
	
	
	

	
	
	
	Centre of gravity for weir section from toe
	
	
	Cwv
	2.23
	m
	
	

	△
	
	Weight per m
	     W = Wc x 1 x Aw =
	
	
	129.6
	kn
	
	

	
	
	
	
	
	
	
	
	
	
	

	④
	  :Uplift pressure
	
	
	
	
	
	
	
	

	
	
	U1= E3 x 1 x b
	
	
	
	0.00
	KN
	
	

	
	:  Point acting force
	
	
	
	
	1.70
	m
	
	

	
	
	U2=1/2x(E1- E3)x 1xb
	
	
	
	1.25
	KN
	
	

	
	:  Point acting force
	
	
	
	
	1.13
	m
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	2)
	Structural stability of weir
	
	
	
	
	
	
	
	

	(1)
	
	Over-Turning about the toe.
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Load & Moment about Toe
	
	
	
	
	

	
	Name of Load
	V  (kn)
	H  (kn)
	Arm  (L)
	M  (KN.m)
	
	
	
	
	

	
	Ph
	 
	-5
	0.33
	-1.65
	
	
	
	
	

	
	Psh
	 
	-1.8
	0.13
	-0.234
	
	
	
	
	

	
	Pv
	0.000
	 
	0.33
	0
	
	
	
	
	

	
	Psv
	4.6
	 
	0.13
	0.598
	
	
	
	
	

	
	Pw
	129.6
	 
	2.23
	289.008
	
	
	
	
	

	
	U1
	0.00
	 
	1.70
	0
	
	
	
	
	

	
	U2
	-1.25
	 
	1.13
	-1.4125
	
	
	
	
	

	
	 
	 
	 
	 
	 
	
	
	
	
	

	
	Total
	132.950
	-6.8
	 
	286.31
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Ft =
	Ms / Mt
	supporting
	Ms=
	289.606
	
	
	
	
	
	

	
	
	
	overtuening
	Mt =
	3.2965
	
	
	
	
	
	

	
	
	Ft =87.85>Fs=2
	
	87.85
	
	 SAFETY 
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	(2)
	
	Sliding
	
	
	
	
	
	
	
	
	

	
	The friction developed between two suface is equal to μΣv,
	
	
	
	
	
	

	
	where Σv is the algebraic sum of all the vertical forces whether upward or downward, 
	
	
	
	

	
	and μ is the coefficient of friction between the two surfaces. In order that no sliding takes place, 
	
	

	
	the external horizontal forces (ΣH)  must be less than the shear resistance μ x ΣV.
	
	
	
	

	
	
	From above Table
	
	
	
	μ ∑ V
∑  H

	



	
	
	
	

	
	Hence,
	      ΣH<μΣv.
	
	F.S.S(factor of safety against sliding)=
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	The value of μ generally varies from 0.65 to 0.75 .
	say , μ=
	0.7
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Fs.s=2.0
	14
	
	F.s.s.=2.0<14
	
	SAFETY
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	(3)
	Stress on the foundation
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	①
	Distance from toe to Point acting   Moment
	
	
	
	
	
	
	

	
	E=Σ286.31/Σ 132.95
	
	=
	2.15
	m
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	②
	Distance of eccentricity
	
	
	
	
	
	
	
	
	

	
	E0 = E - B/2 =2.15- 3.4/2
	=
	0.45
	m
	 
	
	
	
	

	
	
	B=Total Length of Weir
	=
	3.40
	m
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	③
	Maximum Stress on the foundation    (At toe)
	
	
	
	
	
	
	

	
	Smax =ΣV/B(1 + 6xE0/B)
	     =
	70.2
	KN/m2
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	④
	Minimum Stress of Foundation        (at  heel)
	
	
	
	
	
	
	

	
	Smin =ΣV/B(1 - 6xE0/B)
	=
	8.1
	KN/m2
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	⑤
	Cefficienc of Unbalanced Sttlement
	
	
	
	
	
	
	
	

	
	fu = Smax / Smin 
	
	=
	8.67
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	⑥
	fu=8.67 < f= 〔 3 〕
	
	=
	CHECK
	
	
	
	
	
	

	
	For 
	Very Soft
	compressive  strength
	250
	 kn/m2  ( See table )
	
	
	
	

	
	Thus , 
	Smax = 70.2< 250
	
	SAFETY
	
	
	
	
	
	




	Maximum Flood Water Level

	Calculation of the force acting on the weir



[image: ] 
	(1 )
	Horizintal forces
	 
	 
	 
	 
	 
	 
	 
	 

	①
	:  Water pressure
	Ph=γw x(h2-(h- h1)2) x1 x 0.5
	=
	31.5
	KN
	 
	 

	 
	 
	γw= 
	10
	KN/m3
	 
	 
	 
	 
	 
	 

	 
	:  Point acting force
	Lh1=1/3 x h1(((h+2(h-h1))/((h +(h-h1)))
	 
	0.47
	m
	 
	 

	②
	:  Water pressure
	Ph2=γw x h22 x 1 x 0.5
	 
	=
	2.98
	KN
	 
	 

	 
	:  Point acting force
	Lh1=1/3 x h2=
	   
	 
	0.26
	m
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	③
	:  Silt pressure
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Silt gets depositted against the upstream face of weir.
	 
	 
	 
	 
	 

	 
	 
	Psh=1/2 x 3.6 x( 1 x (Hcw - Hu))2 x 1=
	 
	1.80
	KN
	 
	 

	 
	:  Point acting force
	Lh2=(2/5x (Hcw - Hu)) x 1/3=
	 
	0.13
	m
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	④
	  : Hydrodynamic pressure   Pm
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Pm=K x γw x Q /g x v
	 
	 
	 
	 
	 
	 
	 

	 
	 
	k is coefficienc as
	0.035
	 
	 
	 
	 
	 
	 

	 
	 
	Q is discharge 
	155.00
	m3/s
	 
	 
	 
	 
	 

	 
	 
	v is velocity when water is flowing over weir
	 
	 
	 
	 
	 

	 
	 
	v=q/Dc
	=
	4.132948
	m/s
	 
	 
	 
	 
	 

	 
	 
	Thus 
	Pm=
	 
	 
	 
	22.86
	KN
	 
	 

	 
	:  Point acting force
	Lm=(h - h1)/3 +h1
	 
	 
	1.88
	m
	 
	 

	( 2 )
	Vertical forces
	 
	 
	 
	 
	 
	 
	 
	 

	①
	:  Water pressure
	Pv1=γw x((h+(h-h1))/2)xh1xm1x Lw =
	 
	31.5
	KN
	 
	 

	 
	:  Point acting force
	Lv1=(2.5/3) x ((h+ 2x(h-h1)/(h+(h-h1))
	 
	3.57
	m
	 
	 

	②
	:  Water pressure
	Pv=γw x(h-h1)x0.5x 1 =
	13.25
	KN
	 
	 

	 
	:  Point acting force
	Lv=3.8 -h1xm1-1.1
	 
	 
	3.25
	m
	 
	 

	③
	:  Water pressure
	Pv2=γw xh22m2x0.5x 1 =
	 
	2.98
	KN
	 
	 

	 
	:  Point acting force
	Lv2=h2xm2/3
	 
	 
	0.26
	m
	 
	 

	④
	:  Silt pressure
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Psv=1/2 x 9.2 x (1 x (Hcw - Hu) )2 x 1=
	 
	4.6
	KN
	 
	 

	 
	:  Point acting force
	LV2=3.8-(2/5 x m1 x (Hcw - Hu)) x 1/3 =
	0.33
	m
	 
	 

	⑤
	: Weight of weir 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	To calculate this one,body of weir should be divided as part of five.
	 
	 
	 
	 

	△
	Area and centre of parts
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 ①
	Area 
	((Dup+(Dup+0.5 / m1))/2) x 0.5 =
	2.2
	㎡
	 
	 

	 
	 
	 
	C.G 
	(0.5/3) x ((Dup+2x(Dup+0.5/m1))/(Dup+(Dup+0.5/m1))
	2.2
	m
	 
	 

	 
	 
	②
	Area 
	 
	 
	 
	0.5
	㎡
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	3.4666667
	m
	 
	 

	 
	 
	③
	Area 
	 
	 
	 
	2
	㎡
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	2.400
	m
	 
	 

	 
	 
	④
	Area 
	 
	 
	 
	0.7
	㎡
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	0.9333333
	m
	 
	 

	 
	 
	⑤
	Area 
	 
	 
	 
	0
	㎡
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	0
	m
	 
	 

	 
	 
	⑥
	Area 
	 
	 
	 
	0
	 
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	0
	 
	 
	 

	 
	 
	⑦
	Area 
	 
	 
	 
	0
	 
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	0
	 
	 
	 

	 
	 
	⑧
	Area 
	 
	 
	 
	0
	 
	 
	 

	 
	 
	 
	C.G 
	 
	 
	 
	0
	 
	 
	 

	△
	 
	Total area
	 
	 
	 
	Aw
	5.4
	㎡
	 
	 

	 
	 
	Centre of gravity for weir section from toe
	Cwv
	2.23
	m
	 
	 

	△
	 
	Weight
	 
	     W = Wc x 1x Aw =
	 
	 
	129.6
	kn
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	④
	  :Uplift pressure
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	U1= E3 x 1x (m1x(Hcw- Hu)+0.5 m2 x(Hcw-Hd)
	 
	2.34
	KN
	 
	 

	 
	:  Point acting force
	 
	 
	 
	 
	1.70
	m
	 
	 

	 
	 
	U2=1/2x(E1- E3)x 1x(m1x(Hcw- Hu)+0.5 m2 x(Hcw-Hd)
	 
	2
	KN
	 
	 

	 
	:  Point acting force
	 
	 
	 
	 
	1.13
	m
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2)
	Structural stability of weir
	 
	 
	 
	 
	 
	 
	 

	(1)
	 
	Over-Turning about the toe.
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Load & Moment about Toe
	 
	 
	 
	 

	 
	Name of Load
	V  (kn)
	H  (kn)
	Arm  (L)
	M  (KN.m)
	 
	 
	 
	 

	 
	Ph
	 
	-31.5
	0.47
	-14.81
	 
	 
	 
	 

	 
	Psh
	 
	-1.8
	0.13
	-0.23
	 
	 
	 
	 

	 
	Ph2
	 
	2.98
	0.26
	0.7748
	 
	 
	 
	 

	 
	Pm
	 
	-22.86
	1.88
	-42.9768
	 
	 
	 
	 

	 
	Pv
	13.25
	 
	3.25
	43.0625
	 
	 
	 
	 

	 
	Pv1
	31.5
	 
	3.57
	112.455
	 
	 
	 
	 

	 
	Pv2
	2.98
	 
	0.26
	0.7748
	 
	 
	 
	 

	 
	Psv
	4.6
	 
	0.33
	1.518
	 
	 
	 
	 

	 
	Pw
	129.6
	 
	2.23
	289.01
	 
	 
	 
	 

	 
	U1
	-2.34
	 
	1.7
	-3.98171231
	 
	 
	 
	 

	 
	U2
	-2
	 
	1.13
	-2.26
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Total
	177.59
	-53.18
	 
	383.34
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Ft =
	Ms / Mt
	supporting
	Ms=
	447.5931
	 
	 
	 
	 
	 

	 
	 
	 
	overtuening
	Mt =
	64.25751231
	 
	 
	 
	 
	 

	 
	 
	Ft =6.97>Fs=2
	 
	6.97
	 
	 SAFETY 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(2)
	 
	Sliding
	 
	 
	 
	 
	 
	 
	 
	 

	 
	The friction developed between two suface is equal to μΣv,
	 
	 
	 
	 
	 

	 
	where Σv is the algebraic sum of all the vertical forces whether upward or downward, 
	 
	 
	 

	 
	and μ is the coefficient of friction between the two surfaces. In order that no sliding takes place, 
	 

	 
	the external horizontal forces (ΣH)  must be less than the shear resistance μ x ΣV.
	 
	 
	 

	 
	 
	From above Table
	 
	 
	 
	μ ∑ V
∑  H

	 



	 
	 
	 

	 
	Hence,
	      ΣH<μΣv.
	 
	F.S.S(factor of safety against sliding)=
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	The value of μ generally varies from 0.65 to 0.75 .
	say , μ=
	0.7
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	[Fs.s]=2.0
	F.s.s=
	2.34
	 
	F.s.s.=2.0<2.34
	SAFE
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(3)
	Stress on the foundation
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	①
	Distance from toe to Point acting   Moment
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	E=Σ383.34/Σ177.59
	 
	=
	2.16
	m
	 
	 
	 
	 

	②
	Distance of eccentricity
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	E0 = E - B/2 =2.16 - 3.4/2  
	=
	0.46
	m
	 
	 
	 
	 

	 
	 
	B=Total Length of Weir
	=
	3.40
	m
	 
	 
	 
	 

	③
	Maximum Stress on the foundation    (At toe)
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Smax =ΣV/B(1 + 6xE0/B)
	     =
	94.6
	KN/m2
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	④
	Minimum Stress of Foundation        (at  heel)
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Smin =ΣV/B(1 - 6xE0/B)
	=
	9.8
	KN/m2
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	⑤
	Cefficienc of Unbalanced Sttlement
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	fu = Smax / Smin 
	 
	=
	9.65
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	fu=9.65< f= 〔 3 〕
	 
	=
	CHECK
	 
	 
	 
	 
	 

	⑥
	For 
	Very Soft
	compressive  strength
	250
	 kn/m2  ( See table )
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Thus , 
	Smax = 94.6< Sf =250
	 
	SAFE
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	Uplift Pressure Calculation for  weir :
	 
	 
	 
	 
	 
	 
	 

	Let us assume floor thickness at u/s cut-off 
	 
	 
	 =
	0.6
	m
	 
	 

	 and d/s cut-off 
	 
	 
	 
	 =
	0.6
	m
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	U/S Pile
	D/S Pile

	b
	 
	 = 
	5.00
	m
	b
	 
	 = 
	5.00
	m

	d
	 
	 = 
	2.00
	 
	d
	 
	 = 
	1.90
	 

	
	 =b/d
	 = 
	2.5
	 
	
	 =b/d
	 = 
	2.63
	 

	
	 =(1+(1+*)^.5)/2
	 = 
	1.85
	 
	
	 =(1+(1+*)^.5)/2
	 = 
	1.91
	 

	ΦE
	 =1/cos-1((-2)/)
	 = 
	52.58
	%
	ΦE
	 =1/cos-1((-2)/)
	 = 
	51.5
	%

	ΦE1
	 
	 = 
	100
	%
	ΦE2
	 = ΦE
	 = 
	51.5
	%

	ΦC1
	= 100-ΦE
	 = 
	47.42
	%
	ΦC
	0
	 = 
	0
	%

	ΦD
	 =1/cos-1((-1)/)
	 = 
	34.8
	%
	ΦD
	 =1/cos-1((-1)/)
	 = 
	34.19
	%

	ΦD1
	=100 - ΦD
	 = 
	65.2
	%
	ΦD2
	 = ΦD
	 = 
	34.19
	%

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Corrections:
	 
	 
	 
	 
	 
	
	 
	 
	 

	Correction for effect of d/s sheet pile on u/s sheet pile of depth (d) 
	 
	 
	 
	 
	 

	correction
	=19*(D/b' )^.5* ((d+D)/b)
	 
	=
	4.40
	%(+ve)
	 
	 
	 

	where,
	 
	 
	 
	 
	 
	 
	 
	 
	 

	D=depth of d/s pile below the point C1 
	=
	1.92
	=
	 
	 
	 
	 
	 

	d= depth of u/s pile
	=
	-0.25
	=
	 
	 
	 
	 
	 

	b' =distance between two piles
	=
	4.00
	=
	 
	 
	 
	 
	 

	b = total floor length
	=
	5.00
	=
	 
	 
	 
	 
	 

	Correction due to thickness of floor
	 
	 
	=
	-21.34
	%(+ve)
	 
	 
	 

	ΦC1corrected
	 
	 
	 
	=
	30.48
	%
	 
	 
	 

	Correction for effect of u/s sheet pile on d/s sheet pile of depth (d) 
	 
	 
	 
	 
	 

	Correction due to thickness of floor
	 
	 
	=
	2.70
	%(-ve)
	 
	 
	 

	ΦEcorrected
	 
	 
	 
	=
	48.80
	%
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Condition of flow
	u/s water level in mtr
	d/s water level in mtr
	Heads in mtr
	Height/Elevation of subsoil H.G Line above Datum

	
	
	
	
	Upstream pile line
	Down stream pile line

	
	
	
	
	ΦE1
	ΦD1
	ΦC1
	ΦE
	ΦD
	ΦC

	High flood with concentration and retrogression
	2041.70
	2040.10
	1.60
	1.60
	1.04
	0.49
	0.78
	0.55
	0.00

	
	 
	 
	 
	2041.70
	2041.14
	2040.59
	2040.88
	2040.65
	2040.10

	No Flow,Maximum Static Head
	2039.05
	2038.05
	1.00
	1.00
	0.34
	0.30
	0.49
	0.34
	0.00

	
	 
	 
	 
	2039.05
	2038.39
	2038.35
	2038.54
	2038.39
	2038.05

	 
	 
	 
	 
	y1=
	0.77
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	Conclusion
	 
	 
	 
	 
	 
	 
	 
	 
	 

	As the result of  above calculations, The  maximum static head will occur on the upstream toe 

	when there is no flood flow.             
	 
	 
	 
	 
	 
	 
	 
	 

	 The subsoil hydrauric gradient line is below the water level i.e. all the unbalanced head acting
	 
	 
	 
	 

	 on the weir is counterbalanced by the self weight of the water.
	 
	 
	 
	 
	 
	 

	However,
	 
	 
	 
	 
	 
	 
	 
	 
	 

	· Thickness of the weir should be worked out  by dividing the maximum static head by 1.24 which is
	· 
	· 
	· 

	the submerged density of concrete (2.24 - 1).
	· 
	· 
	· 
	· 
	· 
	· 
	· 

	· The value should be cheked  by the condition of the minium thickness prescribed (see the table-2)
	· 
	· 
	· 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Maximum static head 
	1.00
	m
	 
	 
	 
	 
	 
	 

	submerged density of concrete
	1.24
	t/m3
	 
	 
	 
	 
	 
	 

	Thickness 
	 
	0.8
	m
	 
	 
	 
	 
	 
	 

	            Thus thickness of the weir is  0.8 m .
 
 



	STABILITY OF WING WALL

	1
	SYMBOLS  USED
	
	
	
	
	
	

	
	SN
	Description
	Symbol
	

	
	1
	Angle made by the wall with the vertical
	
	
	 
	

	
	2
	Angle of surcharge
	
	
	
	
	 
	

	
	3
	Angle of repose
	
	
	
	
	 
	

	
	4
	Angle made by line of action of pressure with the normal to the batter
	 
	

	
	5
	Height of backfill on bank side
	
	
	
	h
	

	
	6
	Active earth pressure  
	
	
	
	
	Pa
	

	
	7
	Co-efficient of active earth pressure
	
	
	Ka
	

	
	8
	Horizontal component of active earth pressure
	
	
	Pah
	

	
	9
	Vertical component of active earth pressure
	
	
	Pav
	

	
	11
	Passive earth pressure
	
	
	
	
	Pp
	

	
	10
	Co-efficient of passive earth pressure
	
	
	Kp
	

	
	12
	Horizontal component of passive earth pressure  
	
	Pph
	

	
	13
	Vertical component of passive earth pressure  
	
	
	Ppv
	

	
	14
	Dead load
	
	
	
	
	
	DL
	

	
	15
	Water load
	
	
	
	
	WL
	

	
	16
	Lever arm of resultant
	
	
	
	
	Z
	

	
	17
	Net stabilizing moment
	
	
	
	
	M
	

	
	18
	Net vertical force
	
	
	
	
	V
	

	
	19
	Net vertical force per meter width
	
	
	
	Po
	

	
	20
	Eccentricity
	
	
	
	
	e
	

	
	21
	Bottom width of abutment/ wing wall
	 
	 
	b
	

	
	
	
	
	
	
	
	
	
	

	2
	ASSUMPTIONS
	
	
	
	
	
	
	

	
	[1]
	Stability is checked at rest condition wing wall being stiff
	
	
	

	
	[2]
	Passive earth pressure is considered as applicable
	
	
	

	
	[3]
	Stability of wing wall is checked at River Bed, Footing Top and at Foundation  Level
	

	
	[4]
	Permissible Stress for Masonry in CM 1:3
	
	
	
	

	
	
	(i) For compression =
	70.00
	t/m2  
	
	
	
	

	
	
	(ii) For tension =
	10.00
	t/m2  
	
	
	
	

	
	
	Safe Bearing Capacity at Foundation Level
	20
	t/m2  
	
	

	
	
	In Eathquke Condition limit of Permissible Stresses is increased by 33%
	
	

	
	[5]
	Batters for Wing wall
	
	
	
	
	
	

	
	
	Canal side
	(A) Canal Side
	
	=
	0.00
	

	
	
	
	
	(B) Bank Side
	
	=
	0.60
	

	
	[6]
	Top width of Wing wall
	
	
	
	=
	0.50
	m

	
	[7}
	Angle of repose of soil,  
	
	
	=
	30
	degrees

	
	[8}
	The horizontal seismic coefficient "a" is taken as
	
	0.100
	

	
	[9}
	Importance factor
	
	
	
	
	1.000
	

	
	[10}
	Concrete
	
	
	
	
	
	2.40
	t/m3

	
	[11}
	Stone Masonry
	
	
	
	
	2.30
	t/m3

	
	[12}
	Dry soil  
	
	
	
	
	
	1.80
	t/m3

	
	[13}
	Saturated soil
	
	
	
	
	2.10
	t/m3

	
	[14}
	Water density
	
	
	
	
	1.00
	m

	
	[15}
	Fn Concrete Thick
	
	
	
	
	1.00
	m

	
	[16}
	foundation depth
	
	
	
	
	0.00
	m

	
	[17}
	CBL
	
	
	
	
	
	2038.05
	m

	
	[18}
	FSL
	
	
	
	
	
	2041.70
	m

	
	[19}
	Free bord
	
	
	
	
	
	0.50
	m

	
	[20}
	Wall Top Height
	
	
	
	
	0.00
	m

	
	[21}
	Front surplus
	
	
	
	
	0.50
	m

	
	[22}
	Back surplus
	
	
	
	
	0.50
	m

	
	
	
	
	
	
	
	
	
	

	
	
















	
	
	
	
	
	
	
	

	3
	COMPUTATION OF FORCES ACTING ON WING WALL AT SECTION A-A
	

	 
	considering moments about toe (Left Side)
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	3.1
	
	CASE-1: Canal empty, saturated backfill and earthquake forces acting adversely




	
	Computation of Active Earth Pressure Coefficient, Ka :- 
	
	
	
	

	
	(i)
	Height considered for calculating earth pressure, h
	=
	4.150m

	
	(ii)
	Angle made by wall with vertical,  
	
	=
	30.9640

	
	(iii)
	Angle of surcharge,   
	
	
	
	=
	0.0000

	
	(iv)
	Angle of repose of soil,  
	
	
	=
	30.000

	
	(v)
	Angle made by line of action of center of pressure
	
	

	
	
	with the normal to the batter,  
	(Assume  = 3/4 x )
	=
	22.50

	
	
	
	
	
	
	
	
	
	
	

	
	Active earth pressure,Pa = Ka x  x h2/2
	
	
	
	
	
	

	
	Active earth pressure coefficient, Ka is evaluated by Coulomb's formula
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	Ka=tan2(45-φ/2)
	
	
	
	=
	0.33292485
	

	
	Ka at rest condition = 1.25 x Ka                                                                  =0.4162
	

	
	This structure is designed for seismic zone - II
	
	
	
	
	

	
	
	The horizontal seismic coefficient "a" is taken as
	=
	0.100
	
	

	
	
	Importance factor
	
	
	
	=
	1.000
	
	

	
	
	Horizontal seismic coefficient considered for design
	=
	0.100
	
	










	DESIGN CONSTANTS
	
	
	
	
	
	

	Material
	 
	Densityt/m3
	Item
	 
	Value
	Item
	 
	Value

	Concrete
	 
	2.40
	Angle-internal friction
	 
	0
	Ka
	 
	0.4162

	Stone Masonry
	2.30
	Surcharge=Kah
	 
	0.00
	Kp
	 
	0.00

	Dry soil  
	
	1.80
	Base width, b (m)
	 
	2.990
	Slope (H:V)
	 
	0.70

	Saturated soil
	2.10
	Height of Wall (m)
	 
	4.150
	 (Radians)
	 
	0.6107

	Water density
	1.00
	Height of surcharge (m)
	 
	0.00
	 (Degrees)
	 
	34.991




	Earthquake co-efficient (For zone II)
	v =
	0.05
	h =
	0.100
	

	
	
	
	
	
	
	
	
	

	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	7.526
	t/m

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	W1
	0.500 x 0.000 x 2.30
	 
	0.000
	 
	0.250
	0.000
	 

	W2
	0.500 x 4.150 x 2.30
	 
	4.772
	 
	0.250
	1.193
	 

	W3
	1/2 x 2.490 x 4.150 x 2.30
	11.884
	 
	1.330
	15.806
	 

	Pah
	Pa x Cos( + )
	 
	
	7.526
	1.383
	
	10.408

	W7
	1/2 x 2.490 x 4.150 x 1.80
	 
	 
	9.300
	
	2.160
	20.088
	 

	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	 
	 
	 
	 
	25.956
	7.526
	 
	37.087
	10.408

	
	
	
	
	
	
	
	
	

	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	∑V2
	∑V1 x v
	= 25.956 x 0.05
	-1.298
	 
	 
	 
	0.520

	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	4.150
	
	0.000

	H2
	W2 x h
	= 4.772 x 0.1
	 
	0.477
	2.075
	
	0.990

	H3
	W3 x h
	= 11.884 x 0.1
	 
	1.188
	1.383
	
	1.643

	H4
	Pah x h
	= 7.526 x 0.1
	 
	0.753
	1.383
	
	1.041

	H5
	W7 x h
	= 9.3 x 0.1
	 
	 
	0.930
	2.767
	
	2.573

	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	SM2(-)

	 
	 
	 
	 
	-1.298
	3.348
	 
	0.000
	6.767

	
	
	
	
	
	
	
	
	

	



CASE-2
	Canal full, dry backfill and earthquake forces acting adversely
	

	
	
	
	
	
	
	
	
	

	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	6.451
	t/m

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	W1
	0.500 x 0.000 x 2.30
	 
	0.000
	 
	0.250
	0.000
	 

	W2
	0.500 x 4.150 x 2.30
	 
	4.772
	 
	0.250
	1.193
	 

	W3
	1/2 x 2.490 x 4.150 x 2.30
	11.884
	 
	1.330
	15.806
	 

	Pah
	Pa x Cos( + )
	 
	
	6.451
	1.743
	
	11.244

	W7
	1/2 x 2.490 x 4.150 x 1.80
	9.300
	
	2.160
	20.088
	 

	Pw
	1/2 x 1.00 x 3.650 ^ 2
	 
	 
	-6.661
	1.217
	8.106
	 

	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	 
	 
	 
	 
	25.956
	-0.210
	 
	45.193
	11.244

	
	
	
	
	
	
	
	
	

	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	∑V2
	∑V1 x v
	= 25.956 x 0.05
	-1.298
	 
	 
	
	0.562

	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	4.150
	
	0.000

	H2
	W2 x h
	= 4.772 x 0.1
	 
	0.477
	2.075
	
	0.990

	H3
	W3 x h
	= 11.884 x 0.1
	 
	1.188
	1.383
	
	1.643

	H4
	Pah x h
	= 6.451 x 0.1
	 
	0.645
	1.743
	
	1.124

	H5
	W7 x h
	= 9.3 x 0.1
	 
	 
	0.930
	1.743
	
	1.621

	H6
	Pw x h
	= 6.661 x 0.1
	 
	 
	0.666
	1.217
	
	0.811

	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	∑M2(-)

	 
	 
	 
	 
	-1.298
	3.906
	 
	0.000
	6.751

	
	
	
	
	
	
	
	
	

	
	




	
	
	
	
	
	
	

	STABILITY CALCULATIONS AT SECTION A-A
	
	
	

	
	
	
	
	
	
	
	
	

	SN
	PARTICULARS
	CASE 1
	CASE 2
	Unit

	
	
	Without EQ
	With EQ
	Without EQ
	With EQ
	

	1
	∑V = ∑V1 + ∑V2
	 
	25.956
	24.658
	25.956
	24.658
	t/m

	 
	 
	
	
	 
	 
	 
	 
	 

	2
	∑H = ∑H1 + ∑H2
	
	7.526
	10.874
	0.210
	3.696
	t/m

	 
	 
	
	
	 
	 
	 
	 
	 

	3
	∑M = ∑M(+) - ∑M(-)
	
	26.679
	19.912
	33.949
	27.198
	t.m/m

	 
	 
	
	
	 
	 
	 
	 
	 

	4
	Eccentricity (e)
	
	 
	 
	 
	 
	 

	 
	Z   = ∑ M  /  ∑V   
	
	1.028
	0.808
	1.308
	1.103
	 

	 
	e  =  b / 2 - Z
	
	0.467
	0.687
	0.187
	0.392
	 

	 
	b / 6
	
	
	0.498
	0.498
	0.498
	0.498
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	5
	Pmax = ( ∑V / b) ( 1 + ( 6 x e / b))
	16.816
	19.616
	11.938
	14.734
	t/m2

	 
	It should be less than 70 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	6
	Pmin = ( ∑V / b) ( 1 - ( 6 x e / b)) 
	0.546
	-3.122
	5.423
	1.760
	t/m2

	 
	It should be greater than -10 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	7
	Factor of Safety Against Sliding
	 
	 
	 
	 
	 

	 
	F.S.S. =  tan  x ∑V / ∑H
	2.587
	1.701
	92.700
	5.004
	 

	 
	It should be greater than 1.50
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	8
	Check For Overturning
	
	 
	 
	 
	 
	 

	 
	C.F.O. = ∑M(+) / ∑M(-) 
	3.563
	2.159
	4.019
	2.511
	 

	 
	It should be greater than 2.0
	SAFE
	SAFE
	SAFE
	SAFE
	 

	
	
	
	
	
	
	
	
	

	Note:-
	Coefficient of Friction,tan  = 0.75 for Masonry - Masonry
	
	
	

	
	
	
	
	
	
	
	
	

	










OMPUTATION OF FORCES ACTING ON WING WALL AT SECTION B-B
	

	Considering moments about toe 
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	CASE-1
	Canal empty, saturated backfill, uplift & earthquake forces acting adversely

	
	
	
	
	
	
	
	
	

	DESIGN CONSTANTS
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Material
	 
	Densityt/m3
	Item
	 
	Value
	Item
	 
	Value

	Concrete
	 
	2.40
	Angle-internal friction
	 
	0
	Ka
	 
	0.4162

	Stone Masonry
	2.30
	Surcharge = Kah
	 
	0
	Kp
	 
	3.000

	Dry soil  
	 
	1.80
	Base width, bw (m)
	 
	2.990
	Slope (H:V)
	 
	0.60

	Saturated soil
	2.10
	Height of Wall (m)
	 
	4.150
	q (Radians)
	 
	0.6107

	Water density
	1.00
	Height of surcharge (m)
	 
	0.00
	q (Degrees)
	 
	34.991

	
	
	
	
	
	
	
	
	

	Earthquake co-efficient (For zone II- BIS)
	av =
	0.05
	ah =
	0.100
	

	
	
	
	
	
	
	
	
	

	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	7.526
	t/m

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	W1
	0.500 x 0.000 x 2.30
	 
	0.000
	 
	0.250
	0.000
	 

	W2
	0.500 x 4.150 x 2.30
	 
	4.772
	 
	0.250
	1.193
	 

	W3
	1/2 x 2.490 x 4.150 x 2.30
	11.884
	 
	1.330
	15.806
	 

	W4
	1/2 x 0.000 x 0.00 x 2.30
	0.000
	 
	2.990
	0.000
	 

	W5
	2.990 x 0.000 x 2.30
	 
	0.000
	 
	1.495
	0.000
	 

	Pa
	 
	
	 
	
	7.526
	1.369
	
	10.303

	W7
	1/2 x 2.990 x 4.15 x 1.80
	11.168
	
	2.493
	27.842
	 

	Pp
	1/2 x 0.000 x 0.00
	 
	 
	0.000
	0.000
	0.000
	 

	Ue
	1/2 x 2.990 x 2.075 x 1.00
	 
	 
	-3.102
	 
	1.993
	 
	6.182

	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	 
	 
	 
	 
	24.722
	7.526
	 
	44.841
	16.485

	
	
	
	
	
	
	
	
	

	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	∑V2
	∑V1 x v
	= 24.722 x 0.05
	-1.236
	 
	 
	
	0.824

	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	4.150
	
	0.000

	H2
	W2 x h
	= 4.772 x 0.1
	 
	0.477
	2.075
	
	0.990

	H3
	W3 x h
	= 11.884 x 0.1
	 
	1.188
	1.383
	
	1.643

	H4
	W4 x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	
	0.000

	H5
	W5 x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	
	0.000

	H6
	Pa x h
	= 7.526 x 0.1
	 
	0.753
	1.743
	
	1.312

	H7
	W7x h
	= 11.168 x 0.1
	 
	1.117
	2.767
	 
	3.091

	H8
	Pp x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	 
	0.000

	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	SM2(-)

	 
	 
	 
	 
	-1.236
	3.535
	 
	0.000
	7.860

	
	
	
	
	
	
	
	
	

	CASE-2
	Canal full, dry backfill, uplift and earthquake forces acting adversely

	
	
	
	
	
	
	
	
	

	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	6.451
	t/m

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	W1
	0.500 x 0.000 x 2.30
	 
	0.000
	 
	0.250
	0.000
	 

	W2
	0.500 x 4.150 x 2.30
	 
	4.772
	 
	0.250
	1.193
	 

	W3
	1/2 x 2.490 x 4.150 x 2.30
	11.884
	 
	1.330
	15.806
	 

	W4
	1/2 x 0.000 x 0.00 x 2.30
	0.000
	 
	2.990
	0.000
	 

	W5
	2.990 x 0.000 x 2.30
	 
	0.000
	 
	1.495
	0.000
	 

	Pa
	Pa x Cos( + )
	 
	
	6.451
	1.369
	
	8.831

	W7
	1/2 x 2.990 x 4.15 x 1.80
	11.168
	
	2.767
	30.902
	 

	Pw
	1/2 x 1.00 x 3.650 ^ 2
	 
	 
	-6.661
	1.217
	8.106
	 

	Pp
	0.5 x (0.000 + 3.650) x 0.00
	 
	0.000
	0.000
	0.000
	 

	Uf
	1/2 x 2.990 x 3.650 x 1.00
	 
	 
	-5.457
	 
	0.997
	 
	5.441

	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	 
	 
	 
	 
	22.367
	-0.210
	 
	56.007
	14.272

	
	
	
	
	
	
	
	
	

	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	∑V2
	∑V1 x v
	= 22.367 x 0.05
	-1.118
	 
	 
	
	0.714

	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	4.150
	
	0.000

	H2
	W2 x h
	= 4.772 x 0.1
	 
	0.477
	2.075
	
	0.990

	H3
	W3 x h
	= 11.884 x 0.1
	 
	1.188
	1.383
	
	1.643

	H4
	W4 x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	
	0.000

	H5
	W5 x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	
	0.000

	H6
	Pa x h
	= 6.451 x 0.1
	 
	0.645
	1.743
	
	1.124

	H7
	W7 x h
	= 11.168 x 0.1
	 
	1.117
	2.767
	
	3.091

	H8
	Pw x h
	= 6.661 x 0.1
	 
	0.666
	1.217
	
	0.811

	H9
	Pp x h
	= 0 x 0.1
	 
	 
	0.000
	0.000
	 
	0.000

	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	SM2(-)

	 
	 
	 
	 
	-1.118
	4.093
	 
	0.000
	8.373

	
	
	
	
	
	
	
	
	

	STABILITY CALCULATIONS AT SECTION B-B
	
	
	

	
	
	
	
	
	
	
	
	

	SN
	PARTICULARS
	CASE 1
	CASE 2
	Unit

	
	
	Without EQ
	With EQ
	Without EQ
	With EQ
	

	1
	∑V = ∑V1 + ∑V2
	 
	24.722
	23.486
	22.367
	21.249
	t/m

	 
	 
	
	
	 
	 
	 
	 
	 

	2
	∑H = ∑H1 + ∑H2
	
	7.526
	11.061
	0.210
	3.883
	t/m

	 
	 
	
	
	 
	 
	 
	 
	 

	3
	∑M = ∑M(+) - ∑M(-)
	
	28.356
	20.496
	41.735
	33.362
	t.m/m

	 
	 
	
	
	 
	 
	 
	 
	 

	4
	Eccentricity (e)
	
	 
	 
	 
	 
	 

	 
	Z   = ∑ M  /  ∑V   
	
	1.147
	0.873
	1.866
	1.570
	 

	 
	e  =  b / 2 - Z
	
	0.348
	0.622
	0.371
	0.075
	 

	 
	b / 6
	
	
	0.498
	0.498
	0.498
	0.498
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	5
	Pmax = ( ∑V / b) ( 1 + ( 6 x e / b))
	14.042
	17.659
	13.05
	8.176
	t/m2

	 
	It should be less than 70 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	6
	Pmin = ( ∑V / b) ( 1 - ( 6 x e / b)) 
	2.494
	-1.949
	1.911
	6.037
	t/m2

	 
	It should be greater than -10 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	7
	Factor of Safety Against Sliding
	 
	 
	 
	 
	 

	 
	SF =  tan  x ∑V / ∑H
	
	2.464
	1.592
	79.882
	4.104
	 

	 
	It should be greater than 1.50
	SAFE
	SAFE
	SAFE
	SAFE
	 

	 
	 
	
	
	 
	 
	 
	 
	 

	8
	Check For Overturning
	
	 
	 
	 
	 
	 

	 
	C.F.O. = ∑M(+) / ∑M(-) 
	2.720
	1.842
	3.924
	2.473
	 

	 
	It should be greater than 1.5
	SAFE
	SAFE
	SAFE
	SAFE
	 

	
	
	
	
	
	
	
	
	

	Note:-
	Coefficient of Friction,tan  = 0.75 for Masonry - Masonry
	
	
	

	5
	COMPUTATION OF FORCES ACTING ON WING WALL AT SECTION C-C

	 
	Considering moments about toe (Left Side)
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	5.1
	CASE-1
	Canal empty, saturated backfill, uplift & earthquake forces acting adversely

	
	
	
	
	
	
	
	
	
	

	
	DESIGN CONSTANTS
	
	
	
	
	
	

	 
	Material
	 
	Densityt/m3
	Item
	 
	Value
	Item
	 
	Value

	 
	Concrete
	 
	2.40
	Angle-internal friction
	 
	30
	Ka
	 
	0.4162

	 
	Stone Masonry
	2.30
	Surcharge=Kagh
	 
	0
	Kp
	 
	3.000

	 
	Dry soil  
	 
	1.80
	Base width, b (m)
	 
	3.490
	Slope (H:V)
	 
	0.70

	 
	Saturated soil
	2.10
	Height of Wall (m)
	 
	5.150
	q (Radians)
	 
	0.6107

	 
	Water density
	1.00
	Height of surcharge (m)
	 
	0.00
	q (Degrees)
	 
	34.991

	
	
	
	
	
	
	
	
	
	

	
	Earthquake co-efficient (For zone II)
	av =
	0.05
	ah =
	0.100
	

	
	
	
	
	
	
	
	
	
	

	
	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	9.934
	t/m

	
	
	
	
	
	
	
	
	
	

	
	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	
	W1
	0.000 x 0.000 x 2.40
	 
	0.000
	 
	0.500
	0.000
	 

	
	W2
	0.000 x 4.150 x 2.40
	 
	0.000
	 
	0.500
	0.000
	 

	
	W3
	1/2 x 2.490 x 4.150 x 2.30
	11.884
	 
	1.330
	15.806
	 

	
	W4
	1/2 x 0.000 x 0.000 x 2.30
	0.000
	 
	2.990
	0.000
	 

	
	W5
	2.490 x 0.000 x 2.30
	 
	0.000
	 
	1.745
	0.000
	 

	
	W6
	3.490 x 1.000 x 2.40
	 
	4.886
	 
	1.745
	8.526
	 

	
	W7
	1/2 x 4.150 x 2.490 x 1.80
	9.300
	 
	2.160
	20.088
	 

	
	Pa
	Pa
	
	 
	
	9.934
	1.699
	
	16.878

	
	Pp
	1/2 x 6.300 x 1.00
	 
	 
	-3.150
	0.333
	1.049
	 

	
	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	
	 
	 
	 
	 
	26.070
	6.784
	 
	45.469
	16.878

	
	
	
	
	
	
	
	
	
	

	
	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	
	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	
	∑V2
	∑V1 x v
	= 26.07 x 0.05
	-1.304
	 
	 
	
	0.844

	
	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	
	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	5.150
	
	0.000

	
	H2
	W2 x h
	= 0 x 0.1
	 
	 
	0.000
	3.075
	
	0.000

	
	H3
	W3 x h
	= 11.884 x 0.1
	 
	1.188
	2.383
	
	2.831

	
	H4
	W4 x h
	= 0 x 0.1
	 
	 
	0.000
	1.000
	
	0.000

	
	H5
	W5 x h
	= 0 x 0.1
	 
	 
	0.000
	1.000
	
	0.000

	
	H6
	W6 x h
	= 4.886 x 0.1
	 
	0.489
	0.500
	
	0.245

	
	H7
	Pah x h
	= 9.934 x 0.1
	 
	0.993
	2.163
	
	2.148

	
	H8
	W7 x h
	= 9.3 x 0.1
	 
	 
	0.930
	4.433
	 
	4.123

	
	H9 
	Pp x h
	= 3.15 x 0.1
	 
	 
	-0.315
	0.333
	 
	-0.105

	
	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	SM2(-)

	
	 
	 
	 
	 
	-1.304
	3.285
	 
	0.000
	10.086

	
	
	
	
	
	
	
	
	
	

	5.2
	CASE-2
	Canal full, dry backfill, uplift and earthquake forces acting adversely
	

	
	
	
	
	
	
	
	
	
	

	
	FORCES DUE TO WEIGHT
	
	
	:. Active earth pressure, Pa
	=
	6.071
	t/m

	
	
	
	
	
	
	
	
	
	

	
	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	
	W1
	0.000 x 0.000 x 1.40
	 
	0.000
	 
	0.500
	0.000
	 

	
	W2
	0.000 x 4.150 x 1.30
	 
	0.000
	 
	0.500
	0.000
	 

	
	W3
	1/2 x 2.490 x 4.150 x 1.30
	6.717
	 
	1.330
	8.934
	 

	
	W4
	1/2 x 0.000 x 0.000 x 1.30
	0.000
	 
	2.990
	0.000
	 

	
	W5
	2.490 x 0.000 x 1.30
	 
	0.000
	 
	1.745
	0.000
	 

	
	W6
	3.490 x 1.000 x 1.40
	 
	4.886
	 
	1.745
	8.526
	 

	
	Pa
	Pa 
	
	 
	
	6.071
	1.699
	
	10.315

	
	W7
	1/2 x 4.150 x 2.490 x 1.80
	5.683
	
	2.160
	12.275
	 

	
	Pp
	0.5 x 3.300 x 1.00
	 
	 
	-1.650
	0.333
	3.564
	 

	
	 
	 
	 
	 
	∑V1
	∑H1
	 
	∑M1(+)
	∑M1(-)

	
	 
	 
	 
	 
	17.286
	4.421
	 
	33.299
	10.315

	
	
	
	
	
	
	
	
	
	

	
	EARTHQUAKE FORCES
	
	
	
	
	
	

	
	Item
	Calculations
	Force (tonnes)
	Lever arm
	Moments (t-m)

	
	
	
	Vertical
	Horizontal
	(m)
	(+ ive)
	(- ive)

	
	VERTICAL
	 
	 
	 
	 
	 
	 
	 
	 

	
	∑V2
	∑V1 x v
	= 17.286 x 0.05
	-0.864
	 
	 
	
	0.516

	
	HORIZONTAL
	 
	
	 
	 
	 
	 
	 
	 

	
	H1
	W1 x h
	= 0 x 0.1
	 
	 
	0.000
	5.150
	
	0.000

	
	H2
	W2 x h
	= 0 x 0.1
	 
	 
	0.000
	3.075
	
	0.000

	
	H3
	W3 x h
	= 6.717 x 0.1
	 
	0.672
	2.383
	
	1.601

	
	H4
	W4 x h
	= 0 x 0.1
	 
	 
	0.000
	1.000
	
	0.000

	
	H5
	W5 x h
	= 0 x 0.1
	 
	 
	0.000
	1.000
	
	0.000

	
	H6
	W6 x h
	= 4.886 x 0.1
	 
	0.489
	0.500
	
	0.245

	
	H7
	Pah x h
	= 6.071 x 0.1
	 
	0.607
	2.163
	
	1.313

	
	H8
	W7 x ah
	= 5.683 x 0.1
	 
	0.568
	2.163
	
	1.229

	
	H10
	Pp x h
	= 1.65 x 0.1
	 
	 
	-0.165
	0.333
	 
	-0.055

	
	 
	 
	 
	 
	∑V2
	∑H2
	 
	∑M2(+)
	SM2(-)

	
	 
	 
	 
	 
	-0.864
	2.171
	 
	0.000
	4.849

	
	
	
	
	
	
	
	
	
	

	5.3
	STABILITY CALCULATIONS AT SECTION C-C
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	SN
	PARTICULARS
	CASE 1
	CASE 2
	Unit

	
	
	
	Without EQ
	With EQ
	Without EQ
	With EQ
	

	
	1
	∑V = ∑V1 + ∑V2
	 
	26.070
	24.766
	17.286
	16.422
	t/m

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	2
	∑H = ∑H1 + ∑H2
	
	6.784
	10.069
	4.421
	6.592
	t/m

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	3
	∑M = ∑M(+) - ∑M(-)
	
	28.591
	18.505
	22.984
	18.135
	t.m/m

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	4
	Eccentricity (e)
	
	 
	 
	 
	 
	 

	
	 
	Z   = ∑ M  /  ∑V   
	
	1.097
	0.747
	1.330
	1.104
	 

	
	 
	e  =  b / 2 - Z
	
	0.648
	0.998
	0.415
	0.641
	 

	
	 
	b / 6
	
	
	0.582
	0.582
	0.582
	0.582
	 

	
	 
	e <= b / 6
	
	
	UNSAFE
	SAFE
	SAFE
	SAFE
	 

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	5
	Pmax = ( ∑V / b) ( 1 + ( 6 x e / b))
	15.792
	19.272
	8.487
	9.891
	t/m2

	
	 
	It should be less than 70 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	6
	Pmin = ( ∑V / b) ( 1 - ( 6 x e / b)) 
	-0.852
	-5.079
	1.419
	-0.480
	t/m2

	
	 
	It should be greater than10 t/m2
	SAFE
	SAFE
	SAFE
	SAFE
	 

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	7
	Factor of Safety Against Sliding
	 
	 
	 
	 
	 

	
	 
	SF =  tan  x ∑V / ∑H
	
	2.219
	1.420
	2.257
	1.437
	 

	
	 
	It should be greater than 1.50
	SAFE
	SAFE
	SAFE
	SAFE
	 

	
	 
	 
	
	
	 
	 
	 
	 
	 

	
	8
	Check For Overturning
	
	 
	 
	 
	 
	 

	
	 
	C.F.O. = ∑M(+) / ∑M(-) 
	2.694
	1.686
	3.228
	2.196
	 

	
	 
	It should be greater than 2.0
	SAFE
	SAFE
	SAFE
	SAFE
	 



	Design of Intake
	
	
	
	
	
	
	

	Circular intake
	
	
	
	
	
	
	

	Intake capacity, Q(m3/s) = 
	0.04
	m3/sec
	
	
	
	

	Length of  PVC  pipe, L (m) = 
	54
	m
	
	
	
	

	Pipe Diameter, Ø (m) =
	0.30
	m
	
	
	
	

	Roughness Coefficient, n =
	0.011
	
	
	
	
	

	Intake lose, h = (v2/2g) (FT)  
	
	
	
	
	
	

	Where FT = Entry+Exit +Friction loses = 0.5+1.0+Fl
	
	
	

	And Fl = (fxL)/ Øp, Where f = 124.6n2 /Øp 1/3
	
	
	
	

	Hence, using a 100% full pipe of diameter, the intake loss, h is calculated.
	
	

	The size of the pipe is increased for ease of access during cleaning.
	
	

	f = 124.6(0.014)2/ (Øp )1/3 =
	0.023
	m   
	
	
	
	

	Fl = f*L/Øp  =
	
	4.05
	m
	
	
	
	

	FT= 0.5+1.0+F1 =
	
	5.55
	
	
	
	
	

	A = 3.14 *Øp^2/4 =
	0.07
	m2
	
	
	
	

	V = Q/A = 
	
	0.57
	m/s
	
	
	
	

	Therefore, h = (V2/2g)* (FT) =
	0.09
	m
	
	
	
	

	 
	
	Say=
	0.10
	m
	
	
	
	

	Level of river bed = 
	2038.05
	m
	
	
	
	
	

	Pond level=
	2039.05
	m
	
	
	
	
	

	Level of intake at the intake gate = 2039.05m

	Sill height, H = 
	
	0.30
	m
	
	
	
	

	Pipe invert level = river bed level + Sill height = 2039.35m

	Top level of intake pipe = river bed level + sill height + pipe diameter =2039.65m

	Water level of outlet =2038.95m

	Air influx condition check
	
	
	
	
	
	

	Height from pipe top to water surface d=
	-0.60
	m
	
	
	

	2 x Velocity head=
	0.03
	m <<
	d=-0.6m
	So  Ok
	
	
	

	Steel bar mesh is used at the in let of the pipe to protect debris and other foreign materials.

	The design & drawings of intake gate is used that of IDD standard gate design and drawings.

	


[bookmark: _Toc391204126][bookmark: _Toc468754298]Silt Gate

The silt gate is located adjacent to the intake gate. It is 0.30m lower than the intake level i.e. 2039.35 and 0.50m wide each. Hence depth below crest level is 0.55m; this gate is to be operated (lifted) manually during the rainy season. The plate thickness shall be 5mm.

[bookmark: _Toc391204127][bookmark: _Toc468754299]Canal water escape

Excess flow has to spill out of the conveyance canal and hence canal water escape is located at 0+28m can serve this purpose making the escape opening to F.S.L of main conveyance canal and is 0.50m wide controlled by simple wooden log or steel shutter.







































[bookmark: _Toc468754300]DESIGN OF SUPPLY CANALS
[bookmark: _Toc468754301]Main Canal 
The design discharge of the main canal is 38.68 l/s however; the canal is designed for 40l/s by providing free board of 25cm for safety purpose and for farmers to use extra flows. General formula adopted for designing of the distribution canals including main canal is Manning's formula. General formula Adopted is Manning's.
Q = A/n R 3/2 s ½ 						n = 0.014 for lined section
Economical lined Rectangular section criteria;
B = 2y				B  = bed width of canal
R = y/2			y  = water depth	Side slope m=1.0 (inner and outer) for small Q
R = Hydraulic radius
[image: ]
	HYDRAULIC  OF CANAL

	CANAL NAME
	 
	 
	 MAIN CANAL (CH+0 - CH +2242.61)


	Chainage
	F.S.D
	F.B
	Slope
	Bed
width
	Side
slope
	Wetted
perimeter
	Hyd.
radius
	Flow
velocity
	Dis.
Des.

	 
	m
	m
	 
	m
	 
	m
	m
	m/s
	m3/s

	CH+0 -  CH+825
	0.30
	0.25
	450.00
	0.40
	0.00
	1.00
	0.12
	0.38
	0.05

	CH+825-  CH+1275
	0.15
	0.25
	57.00
	0.20
	1.00
	0.62
	0.08
	0.85
	0.04

	CH+1275-  CH+2242.61
	0.15
	0.25
	145.00
	0.35
	1.00
	0.77
	0.10
	0.58
	0.04


Table: Detail of supply canal
b) Design of Secondary and Tertiary canals

	Canal Name
	D
	B
	Top width
	RHtd rad
	n
	S
	FB
	Velocity 
	Qcal
	QSC(act)

	
	m
	m
	m
	m
	
	m/m
	m
	m/s
	m3/s
	m3/s

	SC-1-1
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0212

	TC-1-1-1
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0062

	TC-1-1-2
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0023

	TC-1-1-3
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0028

	TC-1-1-4
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0051

	TC-1-1-5
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0028

	TC-1-1-6
	0.20
	0.35
	0.75
	0.12
	0.025
	0.0015
	0.25
	0.38
	0.0275
	0.0015

	TC-1-0-1
	0.15
	0.30
	0.60
	0.09
	0.025
	0.0015
	0.25
	0.32
	0.0215
	0.0101

	TC-1-0-2
	0.15
	0.30
	0.60
	0.09
	0.025
	0.0015
	0.25
	0.32
	0.0215
	0.0101


[bookmark: _Toc381966665][bookmark: _Toc391204129]
[bookmark: _Toc468754302]Design of drainage canals

As stated under the hydrology report, the design storm resulted in drainage modulus of 2.8 l/s per ha. Thus based on area draining towards each drainage canal the discharge was calculated. Thus it was designed for this flow manning roughness co-efficient of 0.03 was adopted. And based General Manning’s formula stated below both irrigation and drainage canals are designed so as economic section of trapezoidal canal was take in to consideration. 
The design formula and design parameters are as follows:
Q = A/n R 2/3 S 1/2 (general Manning’s formula)
Manning’s roughness coefficient for channel with moderate weeds, n = 0.03  
Channel side slope to be adopted is 1V:1.5H         
[image: ]
[bookmark: _Toc456422220]Figure 4. Basic section of drainage canal
Majority of the area drain to natural drainage routes and thus it was not essential to consider flow hydraulics of these natural water courses, but it is obvious that the local community has to take care of these drainage courses not to develop gullies. Main drain along main canal is to be considered on the layout plan. Design parameters were summarized as follows. Field canals and field drains are to be prepared by the user community under the guidance of district irrigation technicians. Drop structures are provided on drainage canals to control the bed slope in the design range. 

[bookmark: _Toc468754303][bookmark: _Toc391204130]Design of Hydraulic Structures 

a) Design of Pipe Culverts

Pipe culverts are designed based on partial flow condition with velocity of flow in pipe greater than 1m/s which is non-silting and non-scouring velocity. The concrete pipe shall be filled with selected fill to depth greater than 0.60m over the crown. Culverts were designed to have 6m span for free passage of any vehicle in the field.
Water depth in pipe is preferred to be H= 0.8D for good flow hydraulics under economical condition and from table for H/D=0.80 or H/r = 1.60, 
	Hydraulic design of the box part 

	Canal
	Chainage(m)
	L(m)
	n
	v2(m/sec)
	d
	B(m)
	A(m2)
	P(m)
	R(m)
	b/d
	Fr

	MC-1
	1538
	8
	0.014
	0.5839
	0.1500
	0.35
	0.05
	0.7
	0.08
	2.33
	0.68

	SC-1-1
	28
	8
	0.014
	0.3143
	0.2000
	0.35
	0.07
	0.8
	0.09
	1.75
	0.32

	SC-1-1
	214
	8
	0.014
	0.2654
	0.1500
	0.30
	0.05
	0.6
	0.08
	2.00
	0.31



Downstream water level = u/s canal water level-hydraulic losses
Hydraulic loss=1.2 (V22-V12)/2g + friction loss
Friction loss for canal bed slope, I =IL

b) Design of Aqueducts

In design of aqueducts the pipe length is maximum 1.50m which is too short thus, total hydraulic loss is negligible. It was designed to pass, the maximum drainage based on the drainage module previously stated. Thus the orifices formula governs the flow through the pipe in aqueduct.
Q=C*A*(2gh) 
Where C=1.1+0.026L/ (D) 1.2 -0.50 for concrete pipe of beveled lip entrance, h is level difference between upstream and downstream water surface and A= D2/4 where, D is pipe inner diameter in meter.
	TABLE OF DIMENTION FOR CROSS DRAINAGES

	Structure Name
	Chanage
	d
	D1
	B1
	D2
	B2
	L1
	L2
	L3
	T

	
	m
	mm
	m
	m
	m
	m
	m
	m
	m
	m

	CD-1
	CH +410.67
	600
	0.45
	0.20
	1.00
	2.20
	2.50
	2.00
	2.50
	1.10

	CD-2
	CH +657.62
	600
	0.45
	0.20
	1.00
	2.20
	2.50
	2.00
	2.50
	1.10

	CD-4
	CH +1538.42
	500
	0.45
	0.20
	1.00
	2.20
	2.50
	2.00
	2.50
	1.10

	CD-5
	CH+2051.34
	500
	0.45
	0.20
	1.00
	2.20
	2.50
	2.00
	2.50
	1.10



c) Design of pipe flume
The flume is designed to convey 40l/s flow by 2 in number dia.200mm steel pipe. Under the current design condition 200mm pipe diameter is found to be enough to convey even more than 40l/s with head differential of 0.30m between upstream and downstream accounting for all losses.
[image: ]
d) Design of turnout and field off takes
The flow in turnouts and field off takes is again governed by the orifice formula. It basically depends on the pipe size and head creating flow.
Q=Cd A(2gh) where h=y-(D/2) and A=D2/4
[bookmark: _GoBack]Where Cd is the coefficient of discharge, 0.80 for submerged out flow and 0.62 for free out flow, A is the area of pipe, g= Acceleration due to gravity (9.81 m/s), and h is the head creating flow in meter.
Each field off take and turn out are to be controlled with simple shutters with chain to lift to required level.
Table 8-11: Typical canal off take and turnout
	TERTIARY CANAL OFFTAKE

	Parent Canal Name
	Canal Name
	Chainage(m)
	Parent canal FSL
	Offtake CBL
	Offtake FSL
	Offtake canal depth
	Qd(m3/s)
	Qcal in flow offtake
	Pipe intake Diameter.(D)
	Crosectional Area (A)
	Coeff. Q Cd
	Headloss(m)

	
	
	
	
	
	
	
	
	
	
	
	
	

	 MC
	TC-1-0-1
	994.94
	2033.97
	2033.79
	2033.94
	0.15
	0.0459
	0.0459
	0.36
	0.10383
	0.6
	0.03

	SC-1-1
	TC-1-1-1
	6.67
	2027.23
	2027.02
	2027.17
	0.15
	0.0275
	0.0275
	0.23
	0.04097
	0.6
	0.06

	SC-1-1
	TC-1-1-2
	18.95
	2026.39
	2026.2
	2026.35
	0.15
	0.0275
	0.0275
	0.25
	0.04809
	0.6
	0.05

	SC-1-1
	TC-1-1-3
	216.49
	2025.33
	2025.07
	2025.22
	0.15
	0.0275
	0.0275
	0.2
	0.03049
	0.6
	0.12

	SC-1-1
	TC-1-1-4
	295.67
	2023.36
	2023.08
	2023.23
	0.15
	0.0275
	0.0275
	0.19
	0.02872
	0.6
	0.13

	SC-1-1
	TC-1-1-5
	16.66
	2021.11
	2020.66
	2020.81
	0.15
	0.0275
	0.0275
	0.16
	0.01899
	0.6
	0.3

	SC-1-1
	TC-1-1-6
	212.33
	2019.94
	2019.25
	2019.4
	0.15
	0.0275
	0.0275
	0.13
	0.01403
	0.6
	0.54

	 MC
	TC-1-0-2
	2242.61
	2022.47
	2022.3
	2022.45
	0.15
	0.0445
	0.0445
	0.38
	0.11466
	0.6
	0.02





[bookmark: _Toc468754304]BILL OF QUANTITY
[bookmark: _Toc391204132][bookmark: _Toc456422197]Table 2. Bill of Quantity, specification and cost estimates

	Bill No
	Item
	Unit
	Quantity
	Rate
	cost

	      1.00 
	 Accesses Road Construction 
	 km 
	           2.00 
	   120,000.00 
	        240,000.00 

	      2.00 
	 Demobilization 
	 L.S 
	           1.00 
	       5,000.00 
	            5,000.00 

	      3.00 
	 Camping 
	 
	 
	 
	                  -   

	 
	 A. Store 1(5mx5m) 
	 
	 
	 
	                       -   

	 
	 B. Guard house1 (2.5x 2m) 
	 
	 
	 
	                       -   

	 
	 C. Toilet (2X2m) 
	 
	 
	 
	                       -   

	 
	 D.Office1 (4x4m) 
	 
	 
	 
	                       -   

	 
	 E. Fencing 
	 
	 
	 
	 

	          3.10 
	 Site clearance 
	 m2 
	         50.00 
	            21.00 
	            1,050.00 

	          3.20 
	 Trench and other excavations 
	 m3 
	         27.00 
	          115.50 
	            5,775.00 

	          3.30 
	 Cart away surplus excavations 
	 m3 
	         65.85 
	            33.60 
	               907.20 

	          3.40 
	 Stone masonry bedded in 1:3 mortar 
	 m3 
	         24.00 
	          818.99 
	          53,930.56 

	          3.50 
	 20 cm hard core blinded with 1:3 mortar 
	 m3 
	         17.00 
	       1,253.65 
	          30,087.64 

	          3.60 
	 10 cm lean concrete 
	 m3 
	           5.80 
	          364.00 
	            6,188.00 

	          3.70 
	 CIS walling (G-32) 
	 m2 
	       150.00 
	          220.21 
	            1,277.20 

	          3.80 
	 CIS roofing (G-32) 
	 m2 
	       112.00 
	          220.21 
	          33,031.00 

	          3.90 
	 Fencing in barbed wire with wooden poles at 2m interval and wire at 0.20m interval to ht of 1.6m 
	 m 
	       100.00 
	          400.00 
	          44,800.00 

	 
	Subtotal
	 
	 
	 
	        177,046.59 

	      4.00 
	 Headwork 
	 
	 
	 
	     1,076,144.65 

	4.1
	 Weir Body and cut-off 
	 
	 
	 
	 

	4.1.1
	 Site Clearing 
	 m2 
	       100.00 
	            21.00 
	            2,100.00 

	4.1.2
	 excavation( rock) 
	 m3 
	       200.00 
	          315.00 
	          63,000.00 

	4.1.3
	 Cement mortar lining (1:3) 
	 m3 
	           1.08 
	            65.18 
	                 70.40 

	4.1.4
	 Concrete(C20) 
	 m3 
	       120.64 
	       2,223.90 
	        268,291.06 

	4.1.5
	  Reinforcing Bars Φ12 
	 Kgs 
	    1,354.50 
	            35.00 
	          47,407.36 

	4.1.6
	 concrete C-7 
	 m3 
	           6.03 
	       1,000.00 
	            6,032.00 

	 
	Sub-Total
	 
	 
	 
	        386,900.82 

	4.2
	 Divide wall and scour sluice 
	 
	 
	 
	 

	4.2.1
	 Concrete(C-20)  
	 m3 
	         12.04 
	       2,223.90 
	          26,775.73 

	4.2.2
	  Reinforcing Bars Φ12 for slab 
	 Kgs 
	       301.00 
	            35.00 
	          10,535.00 

	4.2.3
	 Concrete(C-7) 
	 m3 
	           0.19 
	       1,000.00 
	               190.00 

	 
	Sub-Total
	 
	 
	 
	          37,500.73 

	4.3
	 Abutment 
	 
	 
	 
	 

	4.3.1
	 Rock excavation 
	 m3 
	       438.88 
	          315.00 
	        138,247.20 

	4.3.2
	 Clay core filling 
	 m3 
	       174.08 
	            56.00 
	            9,748.48 

	4.3.3
	 Compacted fill 
	 m3 
	         75.00 
	          118.56 
	 

	4.3.4
	 Masonry 
	 m3 
	         50.60 
	       1,253.65 
	          63,434.77 

	4.3.5
	 Concrete(C7) 
	 m3 
	           2.63 
	       1,000.00 
	            2,625.00 

	4.3.6
	 Stone pitching 
	 m2 
	       400.20 
	          472.75 
	        189,192.75 

	 
	Sub-Total
	 
	 
	 
	        403,248.20 

	 
	 
	 
	 
	 
	 

	4.4
	 U/s,D/S protection 
	 
	 
	 
	 

	4.4.1
	 Rock excavation 
	 m3 
	         44.35 
	          315.00 
	          13,970.25 

	4.4.2
	 Riprap 
	 m3 
	       365.63 
	          132.00 
	          48,262.50 

	 
	 Sub-Total 
	 
	 
	 
	          62,232.75 

	4.5
	 intake  
	 
	 
	 
	 

	4.5.1
	 Excavation( rock) 
	 m3 
	       130.00 
	          315.00 
	          40,950.00 

	4.5.2
	 back fill 
	 m3 
	         91.00 
	          118.56 
	          10,788.73 

	4.5.3
	 Masonry 
	 m3 
	         12.86 
	       1,253.65 
	          16,116.95 

	4.5.4
	 Stone pitching 
	 m2 
	           4.00 
	          472.75 
	            1,890.98 

	4.5.5
	 PVC pipe 
	 m 
	         55.00 
	       1,100.00 
	          60,500.00 

	4.5.6
	 Gate  (0.3x0.40x0.003m)spindle Ǿ30mm 
	 No. 
	           1.00 
	       8,000.00 
	            8,000.00 

	4.5.7
	 Trash rack Φ12 @100c/c 
	 Kgs 
	         10.00 
	            35.00 
	               350.00 

	 
	Sub-Total
	 
	 
	 
	        138,596.66 

	4.6
	 Form work and plastering 
	 
	 
	 
	 

	4.6.1
	 Weir Body 
	 m2 
	         50.00 
	          111.89 
	            5,594.41 

	4.6.2
	 Cut off wall  
	 m2 
	       210.00 
	          111.89 
	          23,496.52 

	4.6.3
	 Retaining walls plastering 
	 m^2 
	       166.01 
	          111.89 
	          18,574.56 

	 
	Sub-Total
	 
	 
	 
	          47,665.49 

	      5.00 
	 Lined Conveyance Canal(MC)-2242m long 
	 
	 
	 
	 

	5.1
	 Excavations on weathered rock (easily chiseled) 
	 m3 
	       417.59 
	          315.00 
	        131,540.85 

	5.2
	 Excavation on ordinary soil 
	 m3 
	    1,622.30 
	          115.50 
	        187,375.65 

	5.3
	 Hard core well blinded with 1:3mortar 
	 m3 
	       360.00 
	          818.99 
	        294,836.76 

	5.4
	 Masonry bedded in 1:3 mortar 
	 m3 
	       792.00 
	       1,253.65 
	        992,892.11 

	5.5
	 Plastering in 1:3 mortar 
	 m2 
	    2,640.00 
	          111.89 
	        295,384.84 

	5.6
	 Lean concrete works(1:3:6 mix) 
	 m3 
	         23.20 
	       2,223.90 
	          51,594.43 

	5.7
	 Back fill and compactions  
	 m3 
	       407.96 
	            56.00 
	          22,845.76 

	 
	Sub-Total
	 
	 
	 
	     1,976,470.40 

	      6.00 
	 Canal Water Escape (1 in No) 
	 
	 
	 
	 

	6.1
	 Excavation weathered rock 
	 m3 
	           5.20 
	          260.00 
	            1,352.00 

	6.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	           0.90 
	          765.00 
	               688.50 

	6.3
	 Masonry bedded in 1:3 mortar 
	 m3 
	           3.08 
	       1,253.65 
	            3,861.25 

	6.4
	 Plastering in 1:3 mortar 
	 m2 
	           5.00 
	            84.00 
	               420.00 

	6.5
	 Stone Pitching 
	 m2 
	         12.04 
	          371.00 
	            4,466.84 

	6.6
	 wooden log of 0.70x0.30x0.05m 
	 pcs 
	           1.00 
	            50.00 
	                 50.00 

	6.7
	 Selected fill and compaction 
	 m3 
	           3.12 
	          118.56 
	               369.90 

	 
	Sub-Total
	 
	 
	 
	          11,208.49 

	      7.00 
	 Turnout (11 in No) 
	 
	 
	 
	 

	7.1
	 Excavation on ordinary soil 
	 m3 
	         36.00 
	          115.50 
	            4,158.00 

	7.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	         32.60 
	          765.00 
	          24,939.00 

	7.3
	 Masonry bedded in 1:3 mortar 
	 m3 
	         26.00 
	       1,253.65 
	          32,594.94 

	7.4
	 Plastering in 1:3 mortar 
	 m2 
	         96.00 
	            84.00 
	            8,064.00 

	7.5
	 Dia 25 cm concrete pipe supply and fix in position 
	 Pcs 
	         20.00 
	          350.00 
	            7,000.00 

	7.6
	 Gates of size 500x300x3mm in 50x50 mm angle iron slot(frame) as per drawing 
	 pcs 
	         12.00 
	       3,500.00 
	          42,000.00 

	7.7
	 Selected back fill and compaction 
	 m3 
	         21.00 
	          118.56 
	            2,489.71 

	 
	Sub-Total
	 
	 
	 
	        121,245.65 

	      8.00 
	 Aqueducts(4in No) 
	 
	 
	 
	                       -   

	8.1
	 Excavation on ordinary soil 
	 m3 
	         45.09 
	          115.50 
	            5,208.00 

	8.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	         21.33 
	          765.00 
	          16,320.93 

	8.3
	 Masonry bedded in 1:3 mortar 
	 m3 
	         24.00 
	       1,253.65 
	          30,087.64 

	8.4
	 Plastering in 1:3 mortar 
	 m2 
	         20.36 
	            84.00 
	            1,710.55 

	8.5
	 Concrete pipe of 50 cm and  diameter supply and install as per drawing 
	 Pcs 
	           7.27 
	          750.00 
	            5,454.55 

	8.6
	 Pointing in 1:3 mortar  
	 m2 
	         13.09 
	            65.18 
	               853.32 

	8.7
	 Selected fill and compaction 
	 m3 
	         19.08 
	          118.56 
	            2,261.65 

	 
	Sub-Total
	 
	 
	 
	          61,896.62 

	9
	 Box Culverts (3 in No) 
	 
	 
	 
	                       -   

	9.1
	 Excavation on ordinary soil 
	 m3 
	         15.95 
	          115.50 
	            1,842.23 

	9.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	         16.00 
	          765.00 
	          12,240.00 

	9.3
	 Lean concrete works(1:3:6 mix) 
	 m3 
	           0.89 
	       2,223.90 
	            1,979.27 

	9.4
	 Masonry bedded in 1:3 mortar 
	 m3 
	           6.49 
	       1,253.65 
	            8,136.20 

	9.5
	 Plastering in 1:3 mortar 
	 m2 
	         19.60 
	            84.00 
	            1,646.40 

	9.6
	 Concrete pipe of 40 cm diameter supply and install  
	 Pcs 
	         18.00 
	          550.00 
	            9,900.00 

	9.7
	 Selected fill and compaction  
	 m3 
	               -   
	          118.56 
	 

	 
	Sub-Total
	 
	 
	 
	          35,744.09 

	10
	 Flume structure (22m length pipe flume) 
	 
	 
	 
	 

	10.1
	 Excavation for foundations 
	 m3 
	         12.30 
	          115.50 
	            1,420.65 

	10.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	         11.80 
	          765.00 
	            9,027.00 

	10.3
	 Masonry bedded in 1:3 mortar 
	 m3 
	         16.80 
	       1,232.00 
	          20,697.60 

	10.4
	 Mass concrete works(1:3:6 mix) 
	 m3 
	           4.00 
	       2,735.00 
	          10,940.00 

	10.5
	 Plastering in 1:3 mortar 
	 m2 
	         18.00 
	            84.00 
	            1,512.00 

	10.6
	 Pointing in 1:3 mortar 
	 m2 
	         16.00 
	            65.18 
	            1,042.95 

	10.7
	 Dia 6 inch steel pipe supply and fix as per drawings 
	 pcs 
	           8.00 
	       3,500.00 
	          28,000.00 

	10.8
	 6 inch diameter steel pipe as supporting pillars cast on mass concrete foundation  supply and fix as per drawing 
	 pcs 
	           2.00 
	       3,500.00 
	            7,000.00 

	10.9
	 side supporting truss of 3 inch GI pipes supply and weld in position as per drawing 
	 pcs 
	           4.00 
	       1,400.00 
	            5,600.00 

	10.10
	 Form works for welding and fixing works 
	 m2 
	         60.00 
	          658.00 
	          39,480.00 

	10.11
	 Selected back fill and compaction 
	 m3 
	         38.00 
	          118.56 
	            4,505.19 

	 
	Sub-Total
	 
	 
	 
	        129,225.38 

	    11.00 
	 Chute structure (425m length) 
	 
	 
	 
	 

	11.1
	 Excavation for foundations 
	 m3 
	       347.73 
	          115.50 
	          40,162.50 

	11.2
	 Hard core well blinded with 1:3 mortar 
	 m3 
	       231.82 
	          765.00 
	        177,340.91 

	11.3
	 Masonry bedded in 1:3 mortar 
	 m3 
	       154.55 
	       1,232.00 
	        190,400.00 

	11.4
	 Mass concrete works(1:3:6 mix) 
	 m3 
	         11.59 
	       2,735.00 
	          31,701.14 

	11.5
	 Plastering in 1:3 mortar inner face 
	 m2 
	       772.73 
	            84.00 
	          64,909.09 

	11.6
	 Pointing in 1:3 mortar outer face 
	 m2 
	       386.36 
	            56.00 
	          21,636.36 

	11.7
	 Back fill and compactions  
	 m3 
	       173.86 
	          104.00 
	          18,081.82 

	 
	Sub-Total
	 
	 
	 
	        544,231.82 

	    12.00 
	 Secondary canal 
	 
	 
	 
	 

	12.1
	 Excavation    
	m3
	         80.10 
	          115.50 
	          13,639.96 

	12.2
	 Compact fill  
	m3
	       735.83 
	            56.00 
	        126,746.14 

	12.3
	 Site Clearing 
	m2
	    2,112.00 
	            21.00 
	          13,647.11 

	 
	Sub-Total
	 
	 
	 
	        154,033.21 

	    13.00 
	 Tertiary canal 
	 
	 
	 
	 

	13.1
	 Excavation    
	m3
	         51.83 
	          115.50 
	          22,702.68 

	13.2
	 Compact fill  
	m3
	    2,319.40 
	            56.00 
	        485,944.65 

	13.3
	 Site Clearing 
	m2
	    4,859.80 
	            21.00 
	        120,751.63 

	 
	Sub-Total
	 
	 
	 
	        629,398.96 

	    14.00 
	 Drop 
	 
	 
	 
	 

	14.1
	 Excavation    
	m3
	       323.93 
	          115.50 
	          49,519.23 

	14.2
	 Back Fill  
	m3
	       171.32 
	            56.00 
	          13,076.04 

	14.3
	 Cemented stone pitching         
	m3
	         21.46 
	          472.75 
	          19,061.15 

	14.4
	 plastering    
	m2
	         55.21 
	          111.89 
	            8,683.97 

	14.5
	Masonry
	m3
	         41.79 
	       1,253.65 
	          76,411.48 

	 
	Sub-Total
	 
	 
	 
	        166,751.87 

	 
	 Total Sum 
	 
	 
	 
	     5,328,397.74 

	 
	 15% VAT 
	 
	 
	 
	        799,259.66 

	 
	 Total project cost 
	 
	 
	 
	     6,127,657.40 





[bookmark: _Toc468754305]Summary cost of the project

	Summary of Costs

	No
	Work Items
	Cost (ETB)
	% Cost
	Community Share
	Community share %

	1
	Accesses Road Construction
	240000
	        4.50 
	 
	 

	2
	Demobilization
	5000
	        0.09 
	 
	 

	3
	Camping
	177046.595
	        3.32 
	 
	 

	4
	Headwork
	1076144.655
	      20.20 
	 
	 

	5
	Lined Conveyance Canal(MC)-2242m long
	1976470.401
	      37.09 
	 
	 

	6
	Canal Water Escape (1 in No)
	11208.48648
	         0.21 
	 
	                   -   

	7
	Turnout (11 in No)
	121245.6504
	        2.28 
	 
	 

	8
	Aqueducts(4in No)
	61896.62288
	          1.16 
	 
	 

	9
	Box Culverts (3 in No)
	35744.09348
	        0.67 
	 
	 

	10
	Flume structure (22m length pipe flume)
	129225.3806
	        2.43 
	 
	 

	11
	Chute structure (425m length)
	544231.8182
	       10.21 
	 
	 

	12
	Secondary canal
	154033.21
	        2.89 
	 
	 

	13
	Tertiary canal
	629398.96
	        11.81 
	 
	 

	14
	Drop
	166751.87
	         3.13 
	 
	 

	 
	TOTAL
	  5,328,397.74 
	  100.00 
	 
	 

	 
	VAT(15%)
	     799,259.66 
	 
	               -   
	 

	 
	GRAND TOTAL
	  6,127,657.40 
	 
	               -   
	 

	 
	Cost per hectare
	      161,254.14 
	 
	 
	 



COMMUNITY PARTICIPITION ON THE PROJECT

	
	

	Bill No
	Activity
	Unit
	Quantity
	Unit cost
	Total cost

	1
	Excavation on soft soil 
	m3
	   2,612.23 
	115.5
	        301,712.36 

	2
	Excavation of tertiary drains 4432m length   
	m3
	      570.00 
	115.5
	          65,835.00 

	 
	Total
	 
	 
	 
	         367,547.36 

	
	
	
	
	
	

	
	
	
	
	5.998170765







The community participation on the project is nearly covers 6% of the project cost.
[bookmark: _Toc391204133][bookmark: _Toc456422198][bookmark: _Toc468754306]Project Duration and Work Plan
The project is to be completed in 1 fiscal year under ideal conditions of financing, material availability and manpower allocation.
	Bill No
	Activity
	FISCAL YEAR

	
	
	QUARTER-1
	QUARTER-2
	QUARTER-3
	QUARTER-4

	1
	Access, Mob & Demob
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Camping
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Headwork
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Main canal 
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Canal water escape
	
	
	
	
	
	
	
	
	
	
	
	

	6
	Culverts
	
	
	
	
	
	
	
	
	
	
	
	

	8
	Drop structures
	
	
	
	
	
	
	
	
	
	
	
	

	9
	Turnouts
	
	
	
	
	
	
	
	
	
	
	
	

	10
	Crossing structures
	
	
	
	
	
	
	
	
	
	
	
	

	12
	Cutoff drain
	
	
	
	
	
	
	
	
	
	
	
	



[bookmark: _Toc391204134][bookmark: _Toc468754307]Conclusion and Recommendations

· The foundation and apron for weir may be modified under inspection of an engineer during construction if the weathered rock formation is not found sound or any fractures appear after excavation level of foundation.

· The soil of the locality is Vertisol with prolonged settlement period and adverse condition of swelling and shrinking  so as cresting difficult condition structure being constructed. Thus it is necessary to use selected fill material under inspection and approval of engineers and geologists for all structures.

· The headwork axis shall be carefully set and guide walls at upstream shall attain the highest design level to both sides of the bank and well anchored.

· Soil conservation works and good and managed farming practices are mandatory to avoid soil erosions.

· Wise use of water in the system is necessary for sustainability of the project.
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