






























































































































RAJARAJESHWARI COLLEGE OF ENGINEERING 

Department of Civil engineering 

EXTENSIVE SURVEY CAMP (2018) 

6
th

 semester 

  

 Extensive survey camp is a part of the curriculum for the students of sixth semester .The camp 

was conducted for duration of 10 days at Janapadaloka, Ramanagaram District 8
th

 January 2018 

to 17th January 2018.The students camped at Government premises adjoining Janapadaloka. 

Separate accommodation was provided for girls and boys. 

 

The following projects were done by the students by rotation in the following sites.  

1. New Tank Project near Government Engineering College, Ramanagaram 

2. Old Tank Project close to Government Engineering College, Ramanagaram. 

3. Village Project /Water Supply /Sanitation Project at the village Rajiv Gandhi Pura, 

Ramanagaram     District. 

4. Highway Project from Janapada Loka to village Rajiv Gandhi Pura, Ramanagaram 

District. 

 

After doing the field work the students completed the required office work and prepared corresponding 

drawings .On final day they prepared the project report. 



 

Students conducting survey for highway project and new tank project 

 

               

 

 Students conducting survey for old tank project 



 

 

Students conducting survey for old tank project 

 

Highway project survey 

 



 

 New tank project site 
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CHAPTER-01 
 

NEW TANK PROJECT 

 

1.0 INTRODUCTION 

 

It is the process of artificial supply of water to the soil for raising crops with an 

economic, low-cost and efficient system to fit natural conditions. It is controlling and 

harnessing of various natural resources. 
 

Irrigation is necessary in India as agriculture is main resources, which totally depends 

on water. The non-uniform distribution of rainfall and its variation with time makes it essential 

for irrigation. Also, ill times and insufficient rainfall demands the irrigation. 

 

1.1 PURPOSE OF IRRIGATION 

 

• Irrigation water supplies moisture, which is essential for chemical action within the 

plant. 
 

• The irrigation water supply moisture, it is essential for the life of bacterial beneficial 

for the plant growth. 
 

• It acts as a solvent for nutrients. 
 

• It softens the tillage pans. 
 

• Irrigation water cools the atmosphere and makes favourable environment for healthy 

plant growth. 

 

1.2 NECESSITY OF IRRIGATION 

 

• Less rainfall 
 

• Non-uniform rainfall 
 

• Additional water requirement for cash crops 
 

• Controlled water supply  
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1.3 ADVANTAGES OF IRRIGATION 

 

• Increased food production 
 

• Cultivation cash crops 
 

• Addition to the wealth of the country 
 

• Increases in prosperity of people 
 

• Inland navigation 
 

• Canal plantations 
 

• Domestic and industrial water supply 
 

• Improvement in ground water storage 
 

 

DISADVANTAGES OF IRRIGATION 

 

• May contribute problems of water pollution. 
 

• Over irrigation leads to water logging. 
 

• May result in colder and damper climate. 
 

• Irrigation is complex expensive in itself. 
 

 

1.4 TYPES OF IRRIGATION 
 

➢ Major Irrigation
 

 

➢ Minor Irrigation 
 

➢ Tank Irrigation 
 

 

➢ Major irrigation scheme are those scheme which have culturable command areas of 

more than 10,000 hectares. These are designed to serve various purposes combined 

such as flood control, irrigation, water supply, power generation.
 

➢ Minor irrigation scheme are those scheme which have culturable command areas of
 

 

2000 hectares. These serve for supply of water and irrigation. 
 

Tank bund is a small storage tank used for the irrigation and domestic water supply for a 

small population; it is an earthen bund of maximum height 12m-14m. Tank bund is also called 

tank bank. The tank stores the rain water during monsoon and releases the stored water as and 

when required through pipe sluice. The system of irrigation carried out through tank bund is 

known as tank irrigation. The distribution of water to the field is done through proper 
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intake structure, pipe sluice and canal network. The capacity of tank is computed based on the 

area of irrigation, crop season, crops grown in the area and climatic condition. In addition, the 

hydrological characteristics also govern the selection of tank capacity. Further, the material of 

construction of tank bund is selected based on the nearby borrow pits, soil properties and 

construction machinery. 

 

1.5TANK IRRIGATION 

 

INTRODUCTION 

 

Tank irrigation may be defined as the storage irrigation scheme, which utilizes the water 

stored on the upstream side of a smaller earth dam, called a bund. These earthen bund reservoirs 

are thus, in fact, called as tank, specifically in South India, where such works are very common. 

This terminology is, therefore, limited to India only. There is, thus, no technical difference 

between a reservoir and a “TANK” except that a large sized tank will be termed as a reservoir. 

Moreover a reservoir will generally be formed by dams of any material: whereas, a tank is 

generally said to be formed by earth dams only. These earthen bunds, spanning across the 

streams, are called tank bunds or tank banks. 
 

Most of the existing tanks of south India possess a maximum depth of 4.5 m, while a 

few are as deep as 7.5 to 9m, only a few exceptional ones exceed 11m in depth. When the depth 

of the tank exceeds 12m or so, the tank is generally referred to as a reservoir. Like all earth 

dams, tank bunds are generally provided with sluices or outlets for discharging water from the 

tank for irrigation or other purposes. These tank sluices may be pipes or rectangular or arched 

openings passing near the base of the bund and through the body of the bund and carrying the 

water into the downstream channel below the bund or transporting at distances where required, 

through pipes or canals. Sometimes, the supply sluices may not be passed through the body of 

the bund, and may be carried adjacent to it through some hillside at one end of the bund. 

Similarly, as in the case of all dam reservoir projects, tanks are provided with arrangements for 

spilling away the excess surplus water that may enter into the tank, so as to avoid over-topping 

of the tank bund. These surplus escape arrangements may be in the form of surplus escape weir 

with its top that is crest level at equal to full tank level. When tank is full up to full tank level, 

and extra water comes in, it is discharged over the surplus escape weir. The length or capacity 

of this surplus escape weir will be so designed that water level in the tank does never exceed 

the maximum water level. The top of the tank bund will be kept at a level, so as to provide a 

suitable freeboard above this maximum water level 
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1.6EARTHEN DAMS 

 

Earthen dams are used for the storage of water for irrigation, daily uses such as drinking and 

other domestic purposes. These dams have been built since earliest times. These dams are 

however for limited heights. For the design of earthen dams the foundation conditions & 

materials of construction are thoroughly investigated. 

 

A purely homogeneous type earth dam is composed of single kind of material. In these dams 

internal drainage system is provided in the form of horizontal filter drain. 
 

Existing bund is inadequate to store water for irrigation and water supply for near- by 

villages. Hence it is planned to propose new bund to fulfill the present and future requirement 

of water. Moreover, the site chosen for the new bund has greater capacity of storing water 

compared to the existing bund. 

 

1.6.1 Types of Earthen Dam 
 

➢ Rolled fill dam
 

 

• Homogeneous type 
 

• Zone type 
 

• Diaphragm type 
➢ Hydraulic fill dam.

 

 

Design of Tank Bund includes 
 

• Fixing of center line 
 

• Profile of the canal 
 

• Canal alignment 
 

• Reservoir capacity 
 

• Design of sluice 
 

• Design of weir 
 

• Computation of earthwork 
 

• Stability analysis 

 

• 1.7SELECTION OF SITE FOR BUND 

 

• Water storage should be largest for minimum possible height and length. 
 

• Good foundation should be available at the site.  
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• Materials of construction should be available at the site or near to it. 
 

• It should be accessible in all seasons. 
 

• The overall cost of construction and maintenance should be taken into consideration. 

 

1.8DESIGN CRITERIA FOR EARTH DAMS 

 

A fill of sufficient low permeability should be developed out of available materials, so as 

to best serve the intended purpose with minimum cost. Borrow pits should be as close to the 

dam site as possible, so as to reduce the leads. 
 

• Sufficient spillway and outlets capacities should be provided so as to avoid the 

possibility of overtopping during design flood. 
 

• Sufficient freeboard must be provided for wind setup, wave action, frost action and 

earthquake motions. 
 

• The seepage line (i.e. phreatic line) should remain well within the downstream face of 

the dam, so that no sloughing off the face occurs. 
 

• There is little harm in seepage through a flood control dam. If the stability of foundation 

and embankment is not impaired, by piping, sloughing, etc. but conservation dam must 

be as water tight as possible. 
 

• There should be no possibility of free flow of water from the upstream to the 

downstream face. 
 

• The portion of the dam, downstream of the impervious core, should be properly drained 

by providing suitable horizontal filter drain, or toe drain, or chimney drain, etc. 
 

• The u/s and d/s slope should be flat enough, as to provide sufficient base width at the 

foundation level, such that the maximum shear stress developed remains well below the 

corresponding maximum shear strength of the soil, so as to provide a suitable factor of 

safety 
 

• The stability of the embankment and foundation is very critical during construction or 

even after construction (i.e. during the period of consolidation ),due to the development 

of excessive pore pressures and consequent reduction in shear strength of soil, the 

embankment slopes must remain safe under this critical condition also. 
 

All the above criteria must be satisfied and accounted for, in order to obtain a safe 

design and construction of an earth dam. 
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1.8.1 Selection of Suitable Preliminary Dimension of Earth Dam 

 

Table No.1 Standard Recommendations 
 

 

Maximum Freeboard 

Top Width 

U/S Slope D/S Slope 
Height Of Dam (In Meters) In 

(In Meter) (H:V) (H:V)  
(Meters)     

     

Up to 4.5 1.2 to 1.5 1.85 2:1 1.5:1 
     

4.5 to 7.5 1.5 to 1.8 1.85 2.5:1 1.75:1 
     

7.5 to 15 1.85 2.5 3:1 2:1 
     

15 to 22.5 2.1 3.0 3:1 2:1 
     

 
 

 

1.9SALIENT FEATURES OF BUND 

 

The proposed project includes the selection of reservoir site, bund, weir, tank sluice and 

canal alignment work. The site has been chosen for the reservoir is ideal one and most 

beneficial for surrounding area. The area surrounding is the best suited for the irrigation, also 

being main occupation of the locality. Reservoir provided is more than sufficient to provide 

supply water to the fields during times of requirements. 

 

It is the type of storage reservoir, which is primarily used for water supply and 

irrigation. It is constructed to store the excess water during the period of large supply and 

release it gradually as and when needed. The engineering, geological and hydrological 

investigation show that the catchment area has less or minimum percolation losses. Catchment 

area has adequate capacity without submerging excessive land and other properties. The water 

stored is suitable for the project undertaken. The soil and rock mass at the reservoir site do not 

contain any objectionable minerals and salts. 

 

1.10 CONTOUR 

 

• A contour is an imaginary line on the ground joining points of equal elevation. 
 

• The vertical distance between any two consecutive contours is called contour interval.  
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• The contour interval is kept constant for a contour plan, otherwise the general 

appearance of the map will be misleading. 
 

• The points are surveyed and represented on the map in the form of contours. 
 

1.11 CALCULATION OF RESERVOIR CAPACITY 

 

The contour plan can be used to calculate the capacity of reservoir. 
 

If A1, A2, A3…., An are the areas enclosed by various contours and h is contour 
 

interval, the reservoir capacity is given by: 

 
                       Trapezoidal method 
 
  
 
                       Prismoidal method 

 
 
 

1.11.1 Types of Storages in Reservoir 
➢ Useful Storage

 

 

The quantity of water available between FRL and DSL is known as useful 

storage. It is the actual quantity of water which can be drawn from reservoir for 

the purpose for which water is stored. 

➢ Dead Storage
 

 

The quantity of water available below DSL is known as dead storage. It is 

provided in reservoirs to accommodate sediments. 

➢ Surcharge Storage
 

 

Excess of water available above FRL up to the gate is known as 

surcharge storage. 
 

1.12TYPES OF LEVELS 
➢ Maximum water level

 
 

➢ Maximum water level is the one at which water level is measured during highest 
floods.

  

➢ Full reservoir level ( F.R.L)
 

 

➢ Full reservoir level refers to the max water level in reservoir up to crest of the 
spillway in normal operating condition of the reservoir.

  

➢ Dead storage level (D.S.L)
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➢ Dead storage level refers to the minimum water level to be maintained in the 
reservoir in normal operating conditions of the reservoir.

 

 
 
 

1.13 SURPLUS WEIR 

 

Weir is an overflow section from which water is discharged. Protective works in the 

form of aprons, etc. are required to keep the bed from erosion. Where the foundation is hard 

rock no protective works are necessary. 
 

Diversion weirs are usually 3 to 10 meters high and their primary function is to raise 

the river level for diverting the water into the canal. 
 

A weir is generally placed at right angles to the direction of flow of the river. The 

required height of weir must be determined from the consideration of the stream flow during 

low flow period. 

 

1.13.1 Conditions for Stability of Weir 
 

➢ There must be no tension in the masonry or in the contact plane between the weir and 
the foundation.

  

➢ There must be no overturning.
 

 

➢ There must be no tendency to slide on the joint with the foundation or any horizontal 
plane above the base.

 
 

➢ The maximum toe and heel pressures on foundations should not exceed the prescribed 
safe values.

 

 

1.13.2 Design of Weir 
➢ The top width of the weir is calculated using the formula.

 

 
Top width = a = 0.55 

 

Where, H = Difference between full tank level and RL of bottom. 
 

h = Difference between max water level and full tank level. 
 Bottom width =b=1.45  

➢ Discharge is calculated using the formula. 
By using Ryve‟s formula,

 
 

Q = CA
2/3  

Where, A = Catchment area in Km
2
. 

C = Ryve‟s coefficient. 
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➢ The length of the weir crest is calculated using
 

  Cd   [L-(0.1x n x h)] √h3/2 
  

Where, Cd = co-efficient of discharge 
 

n = no. of end contractions & h = head of water 
 

1.14 STABILITY ANALYSIS 
 

Resisting moment (MR), Overturning moment (Mo), Horizontal forces (∑H), 

Vertical force (∑V) are calculated using pressure diagram. 
 

Factor of safety (FOS) against overturning is calculated by 

FOS = MR/Mo 
 

Factor of safety against sliding (FOS) is calculated by 

FOS = (µ*∑V)/∑H 

 

1.14.1 Stability of Slopes 
 

1.14.1. a Types of Slopes 

➢ Infinite Slopes
 

 

They have dimensions that extend over great distances and the soil mass is 

inclined to the horizontal. 

➢ Finite Slopes
 

 

A finite slope is one with a base and top surface, the height being limited. 

The inclined faces of earth dams, embankments and excavation and the like 

are all finite slopes. 
 

1.14.1. b Importance of Slope stability analysis 
 

When the ground surface is not horizontal a component of gravity will try to 

move the sloping soil mass downwards. Failure of natural slopes (landslides) and man-

made slopes has resulted in much death and destruction. Some failures are sudden and 

catastrophic; others are widespread; some are localized. Civil Engineers are expected 

to check the safety of natural and slopes of excavation. Slope stability analysis consists 

of determining and comparing the shear stress developed along the potential rupture 

surface with the shear strength of the soil. 

 

1.14.2 Causes of Slope Failure 
 

➢ Erosion: The wind and flowing water causes erosion of top surface of slope and 
makes the slope steep and thereby increase the tangential component of driving force.
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➢ Steady Seepage: Seepage forces in the sloping direction add to gravity forces and make 

the slope susceptible to instability. The pore water pressure decreases the shear strength. 

This condition is critical for the downstream slope.
 

 

➢ Sudden Drawdown: in this case there is reversal in the direction flow and results in 

instability of side slope. Due to sudden drawdown the shear stresses are more due to 

saturated unit weight while the shearing resistance decreases due to pore water pressure 

that does not dissipate quickly.
 

 

➢ Rainfall: Long periods of rainfall saturate, soften, and erode soils. Water enters into 

existing cracks and may weaken underlying soil layers, leading to failure, for example, 

mud slides.
 

 

➢ Earthquakes: They induce dynamic shear forces. In addition there is sudden buildup 
of pore water pressure that reduces available shear strength.

 
 

➢ External Loading: Additional loads placed on top of the slope increases the 
gravitational forces that may cause the slope to fail.

 
 

➢ Construction Activities at the Toe of the Slope: Excavation at the bottom of the 

sloping surface will make the slopes steep and thereby increase the gravitational forces 

which may result in slope failure.
 

 

1.14.3Types of Failure 
 

Broadly slope failures are classified into 3 types as 
➢ Face (Slope) failure

 
 

➢ Toe failure 
 

➢ Base failure 
 

 

➢ Face (Slope) Failure: This type of failure occurs when the slope 

angle (β) is large and when the soil at the toe portion is strong.
 

 

 

➢ Toe Failure: In this case the failure surface passes through the 
toe. This occurs when the slope is steep and homogeneous.

 
 

 

➢ Base Failure: In this case the failure surface passes below the 

toe. This generally occurs when the soil below the toe is 

relatively weak and soft.
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1.15.4 Types of Analysis of Slope Stability 
 

For a finite slope whose base and top surface, the height being limited. The inclined 

faces of earth dams, embankments, excavation and the like are all finite slopes. Investigation 

of the stability of finite slopes involves the following steps: 
 

• Assuming a possible slip surface, 
 

• Studying the equilibrium of the forces acting on this surface, and 
 

• Repeating the process until the worst slip surface, that is, the one with minimum 

margin of safety is found. 

 

1.14.5 Methods of Analysis of Slope Stability 
 

➢ Cullman‟s method
 

 

➢ Swedish slip circle method 
 

• Purely cohesive soil 
 

• C- analysis 
➢ Friction circle method

 
 

➢ Bishop‟s method 

 

 

1.14.6 The Swedish Method of Slices fora Cohesive –Frictional (C-) Soil 
 

O  

 

θ 
 

 

r 

 
 
 
 
 

B 
 

b R2 

 

 

   Z 

   R1 

   N 

A 
  W  
  
  

T 
  

   

 Slip circle divided into slices FBD on a typical slice 
  

 

Fig No. 01: Method of slices in c- soils 

 

For a c- soils the undrained strength envelope shows both c and values. The total stress 

analysis can be adopted. 
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The procedure is follows 
➢ Draw the slope to scale.

 
 

➢ A trail slip circle such as AB with radius ‘r’ is drawn from the center of rotation ‘O’. 
 

➢ Divide the soil mass above the slip surface into convenient number of slices (more than 
5 is preferred)

  

➢ Determine the area of each slice A1, A2, ……, An
 

 

A = width of the slice X mid height 
 

A = b X Z 
➢ Determine the total weight W including external load if any as

 
 

W =  b Z =  A 
 

Where, = unit weight 
 

b = width of slice 
 

Z = height of slice. 
 

The forces on a typical slice are given in Fig 1.  

The reactions R1 and R2 on the sides of the slice are assumed equal and therefore do 

not have any effect on stability. 

 

➢ The weight W of the slice is set –off at the base of the slice. The directions of its normal 

component „N‟ and the tangential component „T‟ are drawn to complete the vector 

triangle.
 

 

N = W Cos, T= W Sin 
➢ The values of N and T are sealed off for each of the slices.

 
 

➢ The values of „N‟ and ‘T’ are tabulated and summed up as shown in the following table. 
 

➢ The factor of safety is calculated as follows. Note: The tangential components of a 
few slices at the base may cause restoring moments.

 

 

➢ 

 

Sliding moment = r∑T (reckoned positive if clockwise) 
 

Restoring moment = r (crθ+∑N tanø) (reckoned positive if counter clockwise) 
  

 

Note: The tangential components of a few slices at the base may cause restoring moments.  
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1.15 DESIGN OF SLUICE 
 

The sluice barrel is buried under the tank bund. The barrel will have masonry side walls. 

The roof can be either of R.C slab laid in situ or precast R.C slab with a leveling course 

of concrete laid over it. 

 

1.15.1 Vent Way 
 

The area of Vent way of the sluice must be such that it can draw normal supplies of 

water when the tank is at the low water level or a level at which the tank supply will be always 

available (DSL).However, the sluice opening is designed to draw the normal requirements with 

a driving head of 0.25m, & when the tank water level is high, the vent way is throttled by means 

of screw gearing shutters. Assuming a driving head of 0.25m above the center of the opening, 

we get the discharge by formula, 
 

Q = Cd A  
Where, Cd is the coefficient of discharge of a large orifice generally taken as 0.6, A is 

the area of vent-way and h is driving head in meters. Since the necessary discharge required is 

0.0638 m
3
/sec we have 

0.0638 = Cd A 
 

= 0.6  A√ (2x 9.81x0.25) 
 

= 0.0638/ 1.328 
 

A = 0.048sq meters. 
 

But the min vent-way to be adopted for sluice barrel is about 75cms x 60 cms, so as to 

allow room for repairs, etc. so, insert a diaphragm stone with 30cms diameter opening in it. 

This will be placed at the entrance to the sluice barrel with regulating arrangements. 

 

1.15.2 R.C.Slab 
 

The R.C.slab of the sluice barrel is designed for the clear span of 60cmssupporting the 

overburden. So, designing for the maximum possible load, i.e., considering the section of the 

barrel, at the center of the bank, the height of the earth supported by slab is calculated. 
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1.16 CANAL 

 

A canal is an artificial channel, generally trapezoidal in shape constructed on the 

ground to carry water to the Fields either from the river or from the reservoir. Classification 

based on the function of canal 

➢ Irrigation canal. 
 

➢ Carrier canal. 
 

➢ Feeder canal. 
 

➢ Navigation canal. 
 

➢ Power canal. 
 

Based on the capacity of the water in the reservoir the canal is designed as an irrigation 

canal. An irrigation canal carries water to the agricultural fields. 

 

1.16.1 Canal Alignment 

 

A canal has to be aligned in such a way that it covers the entire area proposed to be 

irrigated with shortest 
 

• Possible length and at the same time its cost including drainage work is minimum. 

A shorter length of canal 
 

• Insures less losses of head due to friction, smaller loss of discharge due to seepage 

and evaporation so that addition 
 

• Area can be brought under cultivation. 
 

According to alignment the channels maybe, 
➢ Ridge canal

 
 

➢ Counter canal. 
 

➢ Side slope canal. 
 

Based on capacity of the water in the reservoir the canal is designed as an Irrigation 

canal. Based on canal alignment the canal is designed as a Contour canal. 
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Empirical Formulae 
➢ Dickens Formula: The formula is generally useful for the catchments of North India.

 

 

Q=CA
¾ 

 

Where, Q = peak discharge in cumecs 
 

A = catchment area in km
2
. 

 

C = constant depending upon nature of Catchment. 
 

➢ Ryve’sFormula
 

 

Q=CA
2/3 

 

Where, Q, C&A have the same meaning as Dickens‟s formula. 
 

➢ Ingle’s Formula`
 

 

Q =124A/√A+10.4  
 

 

Where, A= Catchment area in km
2
. 

 

Q= Peak flood discharge in cumecs 
 

1.17 PROPOSALS 

 

It was proposed to replace too weak soil along the tank bund alignment. Due to the 

construction of tank bund Area of land will be under submergence, which includes cultivated 

land and road so compensation has to be provided to the farmers and alternate road for 

communication is proposed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Department of Civil Engineering, RRCE BANGLORE Page 22 



 

 

Extensive Survey Project 2020-2021  
 

 

1.18 DRAWINGS PRODUCED 
 

➢ Key map
 

 

➢ Plan of bund 
 

➢ Longitudinal section of tank bund 
 

➢ Typical section for tank bund 
 

➢ Cross sections of tank bund 
 

➢ Capacity contour 
 

➢ Block levelling at waste weir 
 

➢ Block levelling at sluice 
 

➢ Drainage plan of tank bund 
 

➢ Longitudinal section of canal 
 

➢ Typical section for canal in cutting 
 

➢ Cross sections of canal 
 

➢ Plan of waste weir 
 

1.19 DESIGN AND CALCULATION 

 

1.20 DESIGN OF SURFULS WEIR 
 
 
 

 

T.B.L = 110.045M 
 

M.W.L = 109.045M 
 

F.T.L = 108.545M 
 

Deepest Bed level = 105.035m 
 

Low Water level = 105.035m 
 

Maximum depth of water storage ( H ) = MWL - Deepest bed level 
 

= 109.045 – 105.035 
 

= 4.01 M. 
 

Free board required for the earth dam = 1.00 M 
 

Top Bund level ( TBL) = MWL + Free Board 
 

= 109.045 + 1.00 
 

= 110.045 M.  
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Therefore Top width of bund ( A ) = h/5 + 3 for every low dams 
 

= 0.55 H ^1/2 + 0.2 H for dams lower than 30 Mt 
 

= 1065 ( H + 1.5 ) 1/3 for dams higher than 30 Mt 
 

H = Height of dam 
 

A = 0.55 H^1/2 + 0.2 H 
 

H = 4.01 
 

A= 2.0 M 
 

Design of waste weir 
 

Estimation of flood discharge entering the tank generally the flood discharge can be calculated 
using Ryve’s formula as, 

 

Q = C X M^2/3 
 

M = Catchment area of the tank = 2.85 sq-km. 
 

C = Ryve’s constant = 9 
 

Q = Flood discharge in m^3/sec 
 
 

 

Then, Q = 9 X 2.8^2/3 
 

= 17.87 M^3/sec. 

 

Water is to be stored upto a level of 108.545 i.e FTL of tank is 98.53 and so the crest level of 
the surplus weir has to be kept at 108.545 M. 

 

Submersion of for shoe lands is limited to 99.03 Mt I.e MWL of tank is to be kept at 109.045. 

Since temporary regulating arrangements are to be made on top of weir to store water at the 

times of necessity, grooved dam stones 15cms x 15cms projecting 75cm above the crest will be 

fixed in the centre of crest at 1mt intervals with top at MWL is given by, 
 

Q = 2/3 x Cd x L x 2g x H^3/2 
 

Where, Q = Discharge in cumec = 17.87 
 

H = Head over weir = ( MWL – FTL ) = 109.045 – 108.545 
 

= 0.500 Mt. 
 

Cd = Co-efficient of discharge = 0.6 
 

g= Acceleration due to gravity = 9.81 M/sec. 
 

L = Clear length of weir in metres.  
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Calculation of total length 
 

17.87 = 2/3 x 0.6 x L x 2x9.81 x ( 0.5 ) ^3/2 
 

L = 28.25 M 
 

L = 29 M. 

 

Since water is stored temporary upto MWL we have to provide Dam stone size 20cm x 20cm at 1m 
c/c on the top of weir 

 

Ht of dam stone = Head over weir 
 

Lt = L + Num of Dam stones x width of each dam stone 

 

= 29 + 28 x 0.2 
 

= 34.6 Mt 
 
 

 

Design of weir ( Top width, bottom width, height of weir )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Crest level ( FTL ) = 108.545 
 

Top of dam stone ( MWL ) = 109.045 
 

AVG Ground level for 10m u/s side = 107.545m 
 

Bottom level foundation = 106.545m 
 

Taking 0.6 m below the soil  
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RL of bottom foundation = 106.545 
 

TFL = 106.545 + 0.6 = 107.545M 
 

Height of weir = FTL – TFL 
 

= 108.545 – 107.545 
 

= 1Mt. 
 

Top width of weir (a) = 0.55 ( H + h ) 
 

= 0.55 ( 1 + 0.5 ) =0.825 say 1mt 
 

= 1 Mt. 
 

Bottom width of weir (b) = H + h / 2.3 
 

= 1 + 0.5 /2.3 = 1.21m 
 

=1.5mt. 
 
 

 

Calculate the length of the apron using seepage theory 
 

Mathematically the seepage length = Max uplift pressure x hydraulic gradient 
 

= (MWL – D/S BL) X HG 
 

= (109.545 – 107.545) X 5 
 

= 15 Mt.------------- Eqn - 1 
 

Actual seepage length = AB+BC+CD+DE+EF 
 

=1.5+0.6+2.1+DE+EF 

 

= 4.23DE ------------- Eqn- 2 

Equating Eqn-1 and Eqn-2, 

 
8.15 = 4.23 DE 

 

DE = 3.92 = 4 Mt. 
 

Length of the 1st apron = 3 Mt 
 

Length of the 2nd apron = 1 Mt 
 

To find the thickness of the apron t1 and t2 using seepage theory, 

t= Residual uplift pressure of water/ (Sc – 1) 

 
= Max uplift pressure – uplift pressure lost/ (Sc – 1)  
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= [ (Max uplift pressure) – (seepage length up to the point)/HG)]/(Sc – 1) 
 

= [ MWL – (D/S BL) – (Seepage from A B to D )/HG] / (Sc – 1) 
 

= [ 109.045 – (107.545) – (3/5)] / ( 2.4 – 1 ) 
 

= 0.66 or 0.7 Mt. 
 

T1 = 0.7 Mt 
 

T2 = 50% of t1, = 0.4 Mt. 
 
 

 

Design of protection wall 
 
 

 

Design of abutment  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Design of U/s wing wall 
 

The wing walls slopes from 110.045 at B 109.045 at C and a then using wall becomes leveled CDE 
 
 

 

Design of D/S wing wall (AF) 
 

The wing walls slopes from 110.045 at A 107.545 at F and then using wall becomes leveled.  
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CHAPTER 2 

 

WATER SUPPLY AND SANITARY PROJECT 

 

2.0 INRODUCTION 

 

One of the major essential requirement for human existence is Water; with other 

elements such as Air, Food, Heat and Light. The use of water by man, plants and animals is 

Universal. Without it there can be no life. The availability and quality of water plays an 

important role in determining the quality of Life of the people. 

 

For proper control and use of water it is essential to have an idea of availability of water 

resources of the world. World oceans cover about three fourth of earth‟s surface. Of these 

global water resources, about 97.3% is in oceans as saline water and only about 2.7%is 

available as fresh water. About 77.2% is present as ground water and soil moisture. The rest is 

available in lakes, rivers, atmosphere and vegetation. 

 

Distribution of Water on Earth 

 

1. Saline Water (Oceans & Sea ) – 97.3% 

2. Fresh Water - 2.7% 

 Fresh Water Resources:-   

➢
 Polar Ice Caps 77.2% 
➢

 Ground Water & Soil Moisture 22.4% 
➢

 Lakes & Reservoirs 0.35% 
➢

 Atmosphere 0.04% 

➢
 Rivers & Streams 0.01% 

 

The planning, designing, financing and operations of water systems are complex 

understandings and they require high degree of skills and judgment. The work of construction 

and maintenance of water supply is generally undertaken by Government agencies mostly 

consisting of Civil Engineers and Environmental Engineers. 

 

A water supply scheme for Mukthinaga temple village is planned and designed for 

the project. 
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2.1 EXTENSIVE SURVEY PROJECT SITE 

 

In our extensive survey project work, it is proposed to conduct the survey project camp 

at mukthinaga temple is a village in Kengeri, in the Banglore district, Karnataka. It is situated 

about 20kms from the city Kengeri.cordinates 14.588
o
N, 75.854

o
E the elevation of 530m a 

lake runs through the center of the village & the village is surrounded by minor hills. 
 
 
 

 

 

Fig No.01: Map of Mukthinaga temple Village 

 

2.1.1 Main Objective 

 

The Main objective of this project is to provide pure and safe drinking water supply 

with proper sewerage system to the proposed village. 

 

2.1.2 Selection of Survey Project Site 

 

Before commencement of the survey work we have made reconnaissance survey to 

locate the site for intake works, water treatment plant, overhead tank, rising main, gravity main 

and distribution system for the proposed village. 

 

Detailed survey work is made for the entire project work and is given below 
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➢ Block levels for the proposed Intake works (Reservoir Intake works).
 

 

➢ Compass survey work is made from intake works to the Proposed Water 
Treatment plant (L/S).

  

➢ Block levels for the proposed Water Treatment Plant.
 

 

➢ Rising main (L/S) to Overhead Tank using compass. 
 

➢ Block leveling for proposed Overhead Tank on the hill station.
 

 

➢ Gravity main (L/S) using compass up to the proposed village.
 

 

➢ Block leveling for Water Distribution system to the proposed village.
 

 

2.2 WATER SUPPLY PROJECT 

 

Intake works, Water Treatment Plant, Rising Main, Over Head Tank, Distribution 

system. All the drawings connected to the above two stages are given in detail, in a separate 

bounded report after the selection of site for the proposed village, detailed survey work has 

been carried out. 

 

Using survey data, we have made the following designs. Based on the prepared Layout 

for the proposed village and the no. of occupants in 

 

2.3 NECESSITY 

 

The use of water is increasing rapidly with our growing population. Already there are acute 

shortage of both surface and underground water in many parts of the country. In order to ensure 

the availability of sufficient quantity of good quality water, it becomes almost imperative in a 

modern society, to plan and build suitable water supply scheme, which may provide potable 

water to the various sections of the community in accordance with their demands and 

requirements. 

 

Mukthinaga temple village is not provided with proper and sustained water supply system 

to convey water to the houses. Water is obtained in these villages mainly through open wells, 

bore-wells and a small reservoir tank constructed mainly for the purpose of irrigation of nearby 

farm lands. 

 

The ground water resource is fast depleting due to the continuous usage of water and it may 

cause shortage of available water in the case of draught and if monsoon fails. And the 
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existing water supply is inefficient to meet the basic needs of people and for the development 

of these villages. This inconvenience can be avoided by constructing an efficient water supply 

scheme for the above village. 

 
 
 
 
 
 

 

2.4 WATER DEMAND 

 

It is essential to determine the quantity of water that is required daily before designing 

a proper water works project. The demand can be meet, only if there is sufficient source for 

supply otherwise a compromise has to be made in either the water demand or the source of 

supply of water. 

 

2.4.1 Types of water demand 

 

The various type of water demand, which a city may have, maybe broken down in to 

following categories; 

 

a) Residential or Domestic use: This includes the water required for various activities 

such as drinking, cooking, bathing, washing of clothes, utensils, and flushing of water 

closets. According to the manual on water supply and treatment prepared by „Ministry 

of Urban Development, New Delhi‟; recommends 70 lpcd (liters per capita per day) 

for communities with population up to 20,000. 
 

b) Institutional use: The requirement of water for various institutions such as hospitals, 

hotels, schools and colleges, offices, railway stations, etc. should be assessed and 

provided in addition to other demands. Currently there are no such large scale institutes, 

except 3 primary schools. 
 

c) Industrial use: The quantity of water required for industrial use depends upon the type 

and number of industries present and are likely to be built in near future is considered 

in water supply project planning. The 3 villages considered for this project has no 

industries that can be accounted for and there is less likelihood for scope of future 

industries in these areas. 
 

d) Public use: This includes the water required for public utility purposes such as road 

washing, sanitation and public parks. A nominal amount of 5% of the total consumption 

may be added to meet this demand on an arbitrary basis. 
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e) Fire demand: In a densely populated and industrial area, fire generally breaks out and 

may lead to serious problem. The villages considered are not so densely populated and 

the chance of breaking out large fire is rare. The fire can be extinguished using the 

available stored water. 
 

f) Water system loss: This includes the water lost in leakage due to bad plumbing or 

damaged meters, stolen water due to unauthorized water connection, and other losses 

and wastes. 

 

2.5 SOURCES OF WATER 
 

The following are common sources of water 
 

1. Surface Sources:-the sources of water in which the water flows over the earth‟s 

surface are called surface sources 
 

a) River or Streams 
 

b) Natural pond and lake 
 

c) Impounding reservoirs 
 

d) Sea water 
 

2. Subsurface Sources or Underground Sources: -Springs Wells, Infiltration Galleries 

and Infiltration wells. Surface water Sources are generally contaminated and cannot 

be used without proper treatment and purification system, Compared to Ground water 

source. 
 

a) Infiltration gallery 
 

b) Infiltration well 
 

c) Springs 
 

d) Wells 

 

2.6 QUALITY OF WATER 
 

In order to ascertain the quality of water, it is subjected to various tests. These tests 

can be divided into following 3 categories:- 

➢ Physical tests.
 

 

➢ Chemical tests. 
 

➢ Bacteriological tests.
 

 

Drinking Water Quality Recommendations by Bureau of Indian Standards as Per IS 

10500-2012: - 
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▪ Color < 10 and not exceed 20 on cobalt scale 

▪ Taste and odor not exceed 3 

▪ Temperature: 10 degrees Celsius 

▪ Turbidity: 5 to 10 ppm 

▪ Chlorides: Should not exceed 250 mg/l 

▪ Dissolved gases: 5 to 10 ppm 

▪ Hardness: 14.25 ppm 

▪ P
H

 Value: between 6.5-8 

▪ Ammonia: 0.15 ppm 

▪ Nitrites: NILL 

▪ Nitrates: should not exceed 45 mg/l 

 

2.7 FACTORS AFFECTING PER CAPITA SUPPLY 

 

The design per capita supply shall be minimum of 70 lpcd for rural areas. Water demand 

shall be calculated for the projected population for the design period of the project which is30 

years. 

 

1) Size of the City: The per capita demand for big cities is generally large as compared to that 

for smaller towns. This is because of the fact that in big cities, huge quantities of water are 

required for maintaining clean and healthy environments. For example, big cities are generally 

sewered, and as such required large quantities of water. 

 
2) Climatic Conditions: At hotter and dry places, the consumption of water is generally more, 

because more of bathing, cleaning, air-cooling, sprinkling in lawns, gardens, roofs etc., are 

involved .Similarly, in extremely cold countries, more water may be consumed, because the 

people may keep their taps open to avoid freezing of pipes, and there may be more leakage 

from pipe joins, since metals with cold. 

 
3) Types of Gentry and Habits of People: Rich and upper class communities‟ generally 

 

consume more water due to their affluent living standards. Middle class communities consume 

average amounts, while the poor slum dwellers consume very low amounts. The amount of 

water consumption is thus directly dependent upon the economic status of the consumers. 

 

4) Industrial and Commercial Activities: The pressure of industrial and commercial 

activities at a particular place increases the water consumption by large amounts. Many 
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industries require really huge amounts of water (much more than the domestic demand),and 

as such , increase the water demand considerably. 

 

5) Quality of Water Supplies: The quality and taste of the supplied water is good, it will be 

consumed more, because in that case, people will not use other sources such as private wells, 

hand pumps, etc. Similarly, certain industries such as boiler feeds, etc. which require standard 

quality waters will not develop their own supplies and will use public supplies, provides the 

supplied water is up to their required standards. 

 
6) Pressure in the Distribution System: If the pressure in the distribution pipes is high and 

 

sufficient to make the water reach at 3
rd

 or even 4
th

storey, water consumption shall definitely 

be more. This water consumption increases of two reasons: 

 

➢ People living in upper storeys will use water freely as compared to the case 
when water is available scarcely to them.

 
 

➢ The losses and water due to leakage are considerably increased if this pressure 

is high .For example, if the pressure increase from 20 m head of water, to 30 m 

head of water, the losses may go up by 20 to 30 per cent.
 

 

7) Development of Sewerage Facilities: As pointed out earlier, the water consumption will 
 

be more, if the city is provided with „flush system‟ and shall be less if the old „conservation 

system‟ of latrines is adopted. 

 

8) System of Supply: The water may be supplied continuously for all the 24 hours of the day, 

or may be supplied only for peak periods during the morning and evening. The second system 

i.e. the intermittent supplies, may lead to some saving in water consumption due to the losses 

occurring for lesser time and a more vigilant use of water by the consumers. But at many places, 

the intermittent supplies may not give much saving over the continuous supplies, because of 

the following reasons: 

 

➢ In Intermittent supply system, water is generally stored by consumers in tanks, 

drums, utensils, etc. for non-supply periods. This water is thrown away by them 

even if unutilised as soon as the fresh supply is restored. This increases the 

wastage and losses considerably.
 

 

➢ People have a general tendency to keep the taps open during non-supply hours, 
so that they may come to know of it as soon as the fresh supply is
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restored. Many a times, water goes on flowing unattended even after the 

supply is restored, thus resulting in wastage of water. 

 

9) Cost of Water: If the water rates are high, lesser quantity may be consumed by the people. 

This may not lead to large savings as the affluent and rich people are little affected by such 

policies. 

 
10) Policy of Metering and Method of Charging: Water tax is generally charged in two 

different ways: 
 

➢ On the basis of meter reading (meters fitted at the head of the individual 
house connections and recording the volume of water consumed).

  

➢ On the basis of certain fixed monthly flat rates.
 

 

2.8 DESIGN PERIOD 
 

The water supply project includes construction of dams, reservoirs, intake structures, 

water treatment works and distribution networks. These all works cannot be replaced easily or 

capacities increased conveniently for future expansions. While designing and constructing 

these works, they should have sufficient capacity to meet the future demand of the town for 

number of years. The number of years for which the designs of water works have been done is 

known as design period. The water works are designed for design period of 20-30years as per 

“Central Public Health and Environmental Engineering Organization” (CPHEEO) 

manual. For water supply project the design period is taken as 30years. 

 

A water supply scheme includes huge and costly structures (such as dams, reservoirs, 

treatment works, penstock pipes, etc.) which can‟t be replaced or increased in their capabilities, 

easily and conveniently. In order to avoid these future complications of expansions, the various 

components of water supply schemes are purposely made larger; so as to satisfy the community 

needs for a reasonable number of years to come. This future period or the number of years for 

which a provision is made in designing the capacities of the various components of water 

supply schemes is known as design period. 

 

Water supply project under normal circumstances may be designed for a design period of 30 

years. This 30 years period is to be counted after the completion of the project. Hence, a 

completion time of about 2 years may also be added to this design period. The design period 

recommended by the GOI Manual on water supply, for designing the various components of 

water supply project, are given in table. Manual stipulate design period, For some 
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components it may be modified depending on its useful life, facility for carrying out extensions 

when required and interest rate so that expenditure far ahead of utility is avoided. Land for 

future extension should be acquired in beginning itself. Project components may be designed 

to meet the requirements of the following design period. 

 

The water supply project is designed to cater the needs of the community up to the end 

of the designed period. Generally water supply projects are designed for 2 to 4 decades. This 

project is designed for a period of 3 decades. 

 

Table No.01The design period for various project components are given below:   

 Components Design period (years) 
   

1. Infiltration works 

30 
2. Pump sets 

30 
3. Raw water and clear water conveying 

30  
mains  

15 
4. Water treatment units 

15 
5. Balancing reservoir and storage tanks 

30 
6. Distribution system  

   

 

2.8.1 Factors Affecting Design Period 
 

1. Useful life of component structures and the chances of their becoming old and 

obsolete. Design period should not exceed those respective values. 
 

2. Ease and difficulty that is likely to be faced in expansions, if undertaken at future dates. 

For example, more difficult expansions mean choosing a higher value of design period. 
 

3. Amount and availability of additional investment likely to be incurred for additional 

provisions. For example, if the funds are not available, one has to keep a smaller design 

period. 
 

4. The rate of interest on the borrowings and the additional money invested. For example, 

if the interest rate is small, a higher value of the design period may be economically 

justified and, therefore, adopted. 
 

5. Anticipated rate of population growth, including possible shifts in communities, 

industries and commercial establishments. For example, if the rate of increase of 

population is less, a higher figure for the design period may be chosen. 
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2.9 POPULATION FORECASTING 

 

Estimating the future population depending upon the known populations of previous 

decades is known as population forecasting. 

 

There are many methods which are used in population forecasting namely, Arithmetic 

Increase Method(AIM),Geometric Increase Method(GIM), Incremental Increase 

Method(IIM),Master plan method, Simple graphical method, Decreasing rate of growth 

method, Comparative graphical method, Logistic curve method. 

 

1. Arithmetical Increase Method: 
 

• It is the simplest method of population forecast, though it gives lower results. In this 

method, the increase in population from decade to decade is assumed to be constant. 

Pn = PO + n x 

 

Where, Pn = Future population at the end of n decades, 

x = Average increment per decade. 
 

2. Geometrical Increase Method: 
 

• In this method, it is assumed that the percentage increase in population from decade to 

decade is constant. This method gives higher results since the percentage increase never 

remains constant. The manual water supply and treatment recommends using this 

method. 
 

Pn = PO(1 + (r / 100)) n 
 

Where, Pn = Future population at the end of n decades,  

PO = Present population, 
 

r = √ (1/n& (r1.r2..rn)) 
 

3. Incremental Increase Method: 
 

• This method combines both arithmetical average method and geometrical average 

method. In this method growth rate is not assumed to be constant. 
 

P(n )= P(0 )+n x^'+(n(n+1))/2*y’ 
 

Where, Pn = future population at the end of n decades, 
 

PO = present population, 
 

〖 x〗^'=  average increment per decade. 
 

n = number of decades 
 

y'= Average of incremental increase of known decade  
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4. Simple Graphical Method: 
 

• A graph is plotted between time and population. 
 

• The curve is then smoothly extended up to the desired year. 
 

• Population of a particular year can be known referring to the graph. 
 

• But simple graphical method gives very approximate results as the extension of 

the curve is done by the intelligence of the designer. 
 

5. Master Plan Method: 
 

• Only those expansions are allowed which are permitted or proposed in master 

plan. 
 

• In master plan method a city is divided into various zones like residence, 

commerce and industry and the population density is also fixed. 
 

• For example, there may be 5 persons living in a residential plot and there may be 

10000 plots in a zone. Then total population of this zone, when fully developed, can 

be easily worked out as 5*10000=50000. 
 

6. Comparative Graphical Method: 
 

• In this method the cities having conditions and characteristics similar to the city 

whose future population is to be estimated are, first of all selected. It is then assumed 

that the city under consideration will develop, as the selected similar cities have 

developed the past. 
 

• This method has a logical background, and if statistics of development of similar 

cities are available, quite precise and reliable results can be obtained. 
 

7. The Ratio Method or the Apportionment Method: 
 

• In this method the forecasting future population of a city or a town, the city‟s census 

population record is expressed as the percentage of the population of the whole 

country. 
 

• In order to do so, the local population and the country‟s population for the last four 

to five decades is obtained from the census records. The ratios of the population to 

national population are worked out for these decades. 
 

• A graph is then plotted between time and these ratios, and extended up to the design 

period, so as to extrapolate the ratio corresponding to the future design year. 
 

8. The Logistic Curve Method:  
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• It was explained earlier that under normal conditions, the population of a city shall 

grow as per the logistic curve. 
 

• P.F. Verhulst has put forward a mathematical solution for this logistic curve. 

According to him, the entire curve AD can be represented by an autocatalytic first 

order equation. 
 

• Since, the design period is fixed the next step is to determine the population of town, 

the population of town depends upon the factor like birth, death, migration, and 

annexation. 

 

 (Design) Calculation of quantity of water 
 

 

According to population censes data at the year 2001 = 2500 

 

According to population data calculated for 3 decades by AIM & GIM = 3250 

Assuming 70 liters per capita per day as the rate of water supply, 

 
But as it is the pilgrimage center there will be more visitors we have assume the population as 12000 
(3250+10200) 

 

Average daily demand Q = Population*water demand 
 

=(3250*70)/1000 = 227.5 m3/day. 
 

Max. Daily demand Qmax = 1.50* Average daily demand 
 

= 1.50*227.5= 341.2 m3/day. 
 
 
 
 
 

 

 Design of Pumps 
 

 

Pumping hours =12 hours/day. 
 

Discharge required from pump = (341.2) /(12*60*60) 
 

Q = 7.8*10-3 m3/s. 
 
 

 

 Economical Diameter:- 
 

From the lea formula  
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D = 1.2√Q 
 

= 1.2√7.8*10-3= 108mm~110mm. 
 
 

 

 Source and pumping distance 
 
 

 

Water Source = Surface source.  

Average reduced level of ground level at SOURCE = 840.10m. 
 

Average reduced level of ground level at Treatment plant = 920.00m 
 

Distance from Source to Treatment plant = 900m 
 

Hs = Static head 
 

Hs = (920.00-840.10) = 80m 
 

Hf = Head loss due to friction=Major Loss 
 

Hf = flV2/2gD 
 

Hf = 0.09*900*0.8202/2*9.81*0.110 = 25.23m. 
 
 

 

Minor Los ,Hm=10% of Major Loss =2.52m. 
 
 

 

Total Head = H = Residual Head+Height of Water in Tank+Free Board+Hs + Hf +Hm+Water 

Table. 
 
 

 

H = 10+3+1+80+25.23+2.52+60 
 

H= 180m. 
 
 

 

Efficiency of Pump = 60% 
 

BHP =  (γw*Q*H)/(0.75η) 
 

= (1000*7.8*10-3*180)/(0.75*0.6)) = 32HP.  
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 Sewer Design 
 
 

 

Population: 3250 
 

Assume rate of supply: 70lpd 
 

Assume 70% of water supply is converted into waste water 
 

Quantity of waste water = ((3250x70x80)/(1000x100)) 
 

= 182m3/day 
 
 

 

Peak discharge = 2.5x average discharge 
 

= 2.5x182 
 

= 455 m3/day 
 
 

 

Because rain 
 

Water also is entering the sewer line = 455/(24x60x60) 
 

= 5.26 x 10-3m3/sec 
 
 

 

Dia of sewer line: 
 
 

 

Assume sewer flow = ½full 
 

Q = AxV 
 

Q = (πd2/4)x((1/4)xR2/3xS1/2) 
 

S = (900-

800)/600 =0.1 

 
R = A/P = d/2  
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Assume N=0.012 
 

d=0.053m d=53mm. 
 
 
 

 

2.10 DESIGN OF WATER SUPPLY SYSTEM 

 
Find out water demands 

 
 

Population forecasting methods
 

 

Water Demands 
 

It is very difficult to precisely assess the quantity of water demanded by the public, 

since there are many variable factors affecting the consumption. Certain thumb rules and 

empirical formulas are, therefore, generally used to assess this quantity, which may give fairly 

acute results. The use of a particular method or a formula for a particular case has, therefore, 

to be decided by the intelligence and foresightedness of the various types of water demands, 

which a city may have, may be broken down into the following classes: 
❖ Domestic water demand 

 

❖ Industrial water demand 
 

❖ Institution and commercial water demand 
 

❖ Demand for public use 
 

❖ Fire demand 
 

 

i. Domestic Water Demand 

 

Minimum domestic water consumption for communities with population up to 
 

20,000 and without flushing system at water supply through stand post is 70 to 80lpcd (as 

per IS-1172-1993) Let us consider the demand as 75 lpcd .It includes all types of uses like 

drinking, cooking, bathing etc. 

 

ii. Fire Demand 

 

In thickly populated and industrial areas fires generally breakout and may lead to 

serious damages, if not controlled effectively. Big cities, therefore, generally maintain full 

fire- fighting squads. Fire-fighting personnel require sufficient quantity of water, so as to 

through it public water supply schemes for fighting the fire. The quantity of water 
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required for extinguishing of fires should be easily available & kept always scored in 

storage reservoir Fire demand usually taken as 1 liter/head/day 
 

Total water demand = 75+1 = 76 LPCD 

 

Therefore total design population at end of 3 decades: 6183 
 

 

1. Average daily demand = water demand * population 
 

= 76 * 6183 
 

=4,69,908 lit/ day 
 

2. Maximum daily draft may be assumed as 180% of annual average of daily draft 
 

M.D.D = 

 

=180*4,69,908     
 

=8,45,82,900 

=0.845 MLD 
 

2. Maximum hourly draft of the maximum day, It may be assumed as 270% of annual 

average hourly draft 
 

Therefore, Maximum hourly demand of maximum day 

 

                                                                        = 270* 4, 69,908 

 

= 12, 68,74,350 M.D.D. = 1.26 MLD  
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Fig No.02: Flow Diagram of the Water Treatment Plant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.11 DESIGN OF INTAKE STRUCTURE 

 

The basic function of intake structure is to help in safely withdrawing of water from 

source over a predetermined range of pools levels and then to discharge this water into the 

withdrawal conduit. From conduit, it flows to the Jack well to pump the water to the treatment 

plant, in case the treatment plant is at higher elevation then the intake structure. 

 

The factors for selecting site for intake structure are: 
 

▪ The site should be near treatment plant.
 

 

▪ The structure must be located in the purer zone. 
 

▪ The site should permit greater withdrawal of water. 
 

▪ Intake must be located at a place from where it can draw water even during the driest 
periods of the year.
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2.12 DESIGN OF RISING MAIN 
 
 

For a given discharge, if smaller diameter of pipes is selected the velocity of flow 

increases. However the increased velocity results in higher frictional loss and hence increases 

total pumping head, which requires increased HP of the pump. This leads to higher pumping 

cost and may offset the reduction in initial cost due to the smaller diameter pipe. Normally, the 

combined effect is a net increase in cost. On the other hand if too large a diameter of the pipe 

is used the cost of pumping will be less, but the initial cost of the pipe will be more than 

resulting saving in pumping cost. This initial investment in cost of pipeline and pumps has an 

annuity, which depends on the rate of interest and period of repayment of loan taken for capital 

investment. The annual operating cost of the pumps will vary depending on HP/KW of pumps. 

For the most economical condition we must choose such a pipe size whose annuity due to 

initial cost together with the annual pumping cost will make the total annual expenditure 

minimum. The size of such a pipe is called „economical size of the pipe‟. The optimum 

velocity for most economical sizes of pipes is likely to be about 1m/sec. 

 

2.13 PUMPS 

 

In very few water supply schemes, the originate from mountainous areas such that the 

consumers get water supply entirely by gravity in majority of cases, pumping is required to lift 

the water from a river , lake or reservoir to the treatment plant. After the treatment, another lift 

mains or to the overhead storage tanks from where water may flow under gravity 

 

2.13.1 Design of Pump 
 

➢ Delivery head = 3.71 m
 

 

➢ F = 0.01m 

 

➢ Pumping hrs. = 8 hrs. 
 

➢ Distance b/w the source & intake& treatment plant L=125 m 

 

➢ Efficiency of pump = 70% 

 

➢ Assuming velocity through the pipe = V=1.5 m/s 

 

A=Q/V 

 

=0.0218/1.5  
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A=0.015 m
2 

 

π/4 d
2
 =0.015 

 

d = (4/π*0.015)
1/2 

 

d = 15 cm 
 

H = HS+Hd+h 

 

= 0.138 m = d = 0.15 m 

 

Head loss, h = f'l v
2
/2gd 

 

= 0.04*125*1.5
2
/2*9.81*0.15 

 

= 3.822 m 
 

H = Hs+Hd+h 

 

H = 10m+3.71m+3.82 =17.53 m 

 

Water Horse Power of Pump 
 

WHP = ϒW QH/0.735 

 

= 9.81*0.0218*17.53/0.735 

WHP = 3.75 HP  

BHP=WHP/η 

 

=3.75/ (70/100) 

 

BHP= 5.36 HP =6 HP 

 

Provide 3 pumps each of 3 HP 

 

Two Running, one backup in case of emergency  
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2.14 DESIGN OF TREATMENT PLANT UNITS 

 

2.14.1 Screens 

 

Screens are provided before the intake works, water when derived from the surface 

sources, may contain suspended matter which may range from floating debris such as sticks, 

branches, leaves etc. to fine particles such as sand, silt etc., Causing turbidity. Screens serve as 

a protective device for the remainder of the plant rather than as a treatment process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig No.04: Screens 

 

Design of Screens:- 

 

Peak flow = 1.26 MLD 
 

 

= *(24*60*60)  
 

 

=0.015 m
3
/sec 

 

Assuming the velocity (0.8 to 1m/sec) through screens = 0.8 m/sec 

 

The net area of screen openings required = Q/V 

 

= 0.015/0.8 

 

= 0.018 

 

A = 0.02 m
2 
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2.14.2Sedimentation Tank 

 

Sedimentation is the removal of suspended particles by gravitational settling. 

Sedimentation tanks are designed to reduce the velocity of flow of water so as to permit 

suspended solids to settle out the water by gravity 

 

Primary sedimentation of sewage also reduces the organic load on secondary treatment 

units. Primary sedimentation of domestic sewage may be accomplish 30 to 45 % removal of 

BOD and 45 to 60% removal of SS depending on concentration and characteristics of solids in 

suspension. 

 

Design of Sedimentation Tank 

 

MDD = 0.845 MLD 

 

Detention period = 4 hrs. 

 

Velocity of flow = 0.15 m/minute 

 

Quantity of water to be treated during = 0.845*10
6
*4/24 

 

D.P of 4 hrs. = 140833.3 
 

= 0.14MLD 
 

= 0.14*10
6
 liters 

 
= 140 cum 

 
The capacity of tank required = 140 cum 

 

Velocity = 0.15 m/min 

 

The length of tank required = velocity X DP of flow 

 

= 0.15 X 4 X 60 

 

= 36 m 

 

C/s area of the tank required = capacity of tank/ length of the tank 

 

= 140/36 

 

= 3.89 m
2
 

 

= 4 m
2
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Assuming the water depth in the tank as 2m 

 

Width of the tank required = Area/depth = 4/2 

 

=2 m 

 

Using a free board of 0.5m the overall depth=0.5+2=2.5 m 

 

Hence, a rectangular sedimentation tank with an overall size of 36 m X 2 m X 2.5 m can 

be used 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig No.05: Sedimentation Tank 

 

2.14.3 Filters 
 

Filtration is one of the most important operations in the water purification process. 

Though screening and sedimentation remove a large proportion of suspended matter, but they 

do not effectively remove fine floc particles, color, dissolved minerals and micro-organisms. 

In filtration, water is passed through a filter medium in order to remove the particulate matter 

not previously removed by sedimentation. During the turbidity and colloidal matter of non-

settle able type removed. 

 

Design of Filters 
 

Rapid Sand Gravity Filters 
 

MDD = 0.845 MLD 
 

Water demand / hrs. = 0.845*10
6
 /24  
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=35208.3 lit/hr. 
 

=35*10
6
 lit/hr. 

 

Assume rate of filtration=8000 lit/hr./m
2 

(3000 to 6000 lit/hr./m
2
 of filter area) 

 

Area of the filter bed=water demand/rate of 

filtration =35*10
3
/3000 

=11.67=12 m
2 

 

Since 2units are to be required 
 

Area of each units =12/2=6 m
2 

 

Assuming L=1.5B 
 

1.5B
2
=6 

 

B = (6/1.5)
1/2

=2.5 

m L=1.5*2.5=3.15 m 
 

=3.5 m 
 

Hence 2 units of size 3.5 m *2 m are required 

 

One additional unit as standby may also be provided for break down repairs or cleaning 

operations (The depth of the tank may vary from 2.5 to 3m In order to achieve uniform 

distribution of water, the area of the filter units should not be kept larger, and is generally 

limited to about 10 to 80m
2
 for each unit) 

Total = depth +free board 
 

=2.5 +0.5=3 m 
 

Sand layer =0.75 m 
 

Gravel layer =0.6 m 
 

(Water 0.6 to 15 m, sand 0.75, gravel 0.6)  
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Fig No.06:-Rapid Sand Gravity Filter 

 

2.14.4 Prechlorination 

 

Chlorination unit:-Disinfection of treatment plant effluent is done to further reduce the 

pathogens. Chemical oxidants such as chlorine, ozone and hydrogen peroxide are used for 

disinfection. In this design chlorine is used as disinfectant. 

 

a) Chlorine is very effective in destroying pathogenic bacteria on contact of low 

concentration and it remains effective for a long period. 
 

b) It is easily available and has low cost. 
 

Importance of Chlorination: 
 

a) Chlorination assists in the formation of floc in coagulation process together with 

other chemicals. 
 

b) Chlorination assists the process of treatment of some type of industrial waste. 
 

c) Chlorination controls foaming in sludge digestion tank and controls the odor by 

the prevention of formation of hydrogen sulphide. 
 

d) Chlorination controls possible fly nuisance due to sewage. 
 

e) Chlorination increases efficiency of sewage treatment units.  
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f) Chlorination reduces BOD. 
 

g) Chlorination removes oil, grease, etc. from the effluent. 
 

 

2.14.5 Disinfection (Chlorine demand) 

 

Design data:- 
 

➢ Population =6183
 

 

➢ Demand=76 lpcd 
 

➢
 M.D.D =0.845 MLD 

 

Assuming that the disinfection used in the BP having 30%of available chlorine and 0.3 mg/lit 

of chlorine is for disinfection 

Amount of chlorine required/day = 0.3*10
-6

*0.845*10
6
 kg 

/lit =0.2535 kg=255 gm. 

 

Since amount of chlorine contained in 100kg of bleaching powder is 30% 

Amount of bleaching powder required daily = 0.2535*100/30 =0.845 kg 
 

Annual consumption of BP =0.845 kg *365 =308.43       

=310kg 

 
 

 

2.14.6 Design of clear water reservoir 

 

Distribution reservoir or Storage tanks are used to store the water so that the water is 

supplied whenever it is required. The main function is to meet the fluctuating demand with a 

constant rate of supply from the treatment plant. 
 

Treated water stored in clear water reservoir =0.47Mld 

 

= 0.47*10
6
/10

3 

 

=470 m
3
/day 

 

Assume 1/3
rd

 of discharge as a thumb rule for volume of tank /day =157 m
3 

 

▪ Assume depth of tank =5 m
 

▪
 c/s area of tank =157/5 =31.4 m

2 

▪ Providing circular tank, diameter of tank 

 

πd
2
/4 =31.4  
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d= 6.32 =6.35 m 

 

Assume free board of =0.5 m 

 

Total depth of tank = 6.85 m 

 

2.14.7 Design of inlet pipe 

 

Assuming the average flow velocity of 0.9m/s and daily flow of 8hours 

 

Discharge=377.2 m
3
/ (8*60*60) 

 

Area of inlet pipe required=discharge/velocity 

 

= (377.2/ (8*60*60)
3
*(1/.9) 

m
3
/sec =.0145 m

2
 

 

=145 cm
2 

 

Diameter of the inlet pipe = (4*145)
1/2 

 

D=13.5=14 cm 

 

Diameter of the outlet pipe may be taken as1.5 time that of inlet =14+7=21 cm 

 

2.15 DISTRIBUTION SYSTEM 

 

Distribution system is meant to deliver the adequate amount of treated water to the 

consumers. In this system, proper networks of pipes are laid, to distribute the water with 

sufficient quantity and pressure, maintained in the system. 

 

Depending upon the local conditions and orientation of roads, generally there are four 

different types of pipe networks are laid. They are, 
 

a) Dead end system 
 

b) Grid iron system 
 

c) Ring system 
 

d) Radial system  
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Each one of these has its own merits and demerits. Depending on the present conditions, 

for this project, pipe networks of dead end system can be laid, considering the following points, 
 

a) Most of the area in the villages is covered under single main line. 
 

b) There are very few number of sub lanes. 
 

c) There is less number of planned networks of roads. 
 

d) The network can be easily expanded, if any future development occurs. 
 

e) Lesser number of cutoff valves can be provided. 
 

f) Construction is simple, easy and economical. 

 

The flow of water through the networks of pipe can be made possible by the following 

methods of distribution, 
 

a) Gravitational system 
 

b) Pumping system 
 

c) Combined gravitational and pumping system. 

 

The area under consideration is on the lower grounds, when compared to the source of 

supply and the treatment plant. The water treated from the treatment plant can be stored at a 

higher altitude to make the flow of watering the distribution networks, merely under the action 

of gravity. Also due to the large difference in altitude between the distribution reservoir and 

the supply points, sufficient head of water can be attained at various points 
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2.16 WASTE WATER TREATMENT 

 

INTRODUCTION 
 

Definitions: 
 

• Sewage: sewage indicates the liquid waste from the community. It includes sullage, 

discharge from latrines, and toilets. 
 

• Sullage: It is a term used to indicate waste water from kitchen, bathroom and wash 

basin. 
 

• Sanitary Sewage: It is wastewater generated from the domestic and industrial 

establishments. 
 

• Sewer: Sewer is an artificial underground closed conduit in which sewage is carried 

from the point of generation to discharge or disposal. 
 

Sewage: 
 

Sewage is the mixture of waste products and water that‟s carried away through the 

underground drainage systems of pipes knows as sewers. These waste products can consist of 

such organic and inorganic materials derived from domestic, commercial and industrial waste 

streams together with storm-water run-off, such as human waste, garbage, mineral salts, 

floating debris, inert solids, plastics, rags and other debris. 

 

Sanitation: 
 

Sanitation literally means measures necessary for improving and protecting health and 

well-being of the people. Sanitation is any system that promotes proper disposal of human and 

animal wastes, proper use of toilet, etc. Sanitation basically is a hygienic disposal or recycling 

of waste. It also considered as a practice that allows protecting health only with the help of 

hygienic measures. It is also commonly understood as term that is used for treatment of waste 

water. 

 

Sewage treatment is the process of removing contaminants from wastewater and 

household sewage, both runoff (effluents), domestic, commercial and institutional. It includes 

physical, chemical, and biological processes to remove physical, chemical and biological 

contaminants. Its objective is to produce an environmentally safe fluid waste stream (or eated 

effluent) and a solid waste (or treated sludge) suitable for disposal or reuse (usually as farm 

fertilizer) 
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Since treatment of sewage from even small towns along with solid waste management is 

necessary, the following systems are proposed: 
 

a) Oxidation pond or Aerobic lagoon for sewage treatment 
 

b) Sanitary landfill 
 

Domestic sewage: 
 

Domestic sewage carries used water from houses and apartments; it is also called 

sanitary sewage. Domestic sewage is in the range of 180-200L/head. This is based on normal 

per capita water consumption of 150L/head/day, plus some leakage and sewer infiltration. 

Frequently, the domestic flow is taken to include normal commercial discharges from premises 

such as public houses, restaurants and similar establishments and a total figure of order of 

225L/head per day may be appropriate based on major flow surveys. 

 

Basic Design Considerations: 
 

In designing wastewater collection, treatment and disposal systems, planning generally 

begins from the final disposal point going backwards to give an integrated and optimum design 

to suit the topography and the available hydraulic head, supplemented by pumping if essential. 

Once the disposal points are tentatively selected, further design is guided by the following basic 

design considerations: 
 

1. Engineering 
 

2. Environment 
 

3. Process 
 

4. Cost 
 

2.16.1 Design Period 
 

Sewage projects may be designed normally to meet the requirements over a thirty year 

period after their completion. The period between design and completion should also be taken 

into account which should be between three to six years depending on the type and size of 

project. This quantity should be worked out with due provision for the estimated requirements 

of the future. The future period for which a provision is made in the water supply scheme is 

known as the design period. It is suggested that the construction of sewage treatment plant may 

be carried out in phases with an initial design period ranging from 5 to 10 years excluding the 

construction period. 
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Design period is estimated based on the following: 
 

1. Useful life of the component, considering obsolescence, wear, tears, etc. 
 

2. Expandability aspect. 
 

3. Anticipated rate of growth of population, including industrial, commercial developments 

& migration-immigration. 
 

4. Available resources 
 

5. Performance of the system during initial period 
 
 

Table No.02.Design Periods for Components of Sewerage System and Sewage 

Treatment 

 

SI. 

COMPONENTS 

RECOMMENDED 

CLARIFICATION 
NO DESIGN PERIOD   

    

 Collection System  The system should be designed for the 

1 i.e. 30 prospective of 30 years as replacement 

 Sewer Network  is not possible during its use 
    

 
Pumping 

 Duplicating machinery within the 
  

pumping station would be easier/cost 
2 Stations(Civil 30 

of civil works will be economical for  
works) 

 

  
full design period.    

    

3 
Pumping 

15 
Life of pumping machinery is generally 

machinery 15 years   
    

   The construction may be in a faced 

 

Sewage Treatment 

 manner as initially the flows may not 

4 30 reach the design levels, and it will be 
Plant   

uneconomical to build the full capacity    

   plant initially. 
    

5 
Effluent disposal 

30 
Provisions of design capacities in the 

and utilization initial stages itself is economical.   
     

 

2.16.2 Existing condition of sanitation in India 

 

India has population of almost 1.2 billion people. 55% of this population (nearly 600 

million people) has no access to toilets. Most of these numbers are made up by people who live 

in urban slums and rural areas. A large populace in rural areas still defecates in the open. 
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Slum dwellers in major metropolitan cities, reside along railway tracks and have no access to 

toilets or a running supply of water. The situation in urban areas in terms of scale is not as 

serious as rural areas. However what escalate problems in urban areas is poor sewerage systems 

and highly congested living. 
 

Sewerage system if present at all, suffer from poor maintenance which offer leads to 

overflow of raw sewage. Today, cities are highly populated. Over 20 cities have over a million 

residents, including metropolises of Mumbai, New Delhi and Kolkata. In these places the 

existing sewerage systems, built to serve population of around 3 million people, can‟t handle 

the wastewater produced by an average of 12-14 million residents. 
 

Wastewater treatment facilities are inadequate-India does not have enough water to 

flush out cities effluents, nor have enough sewage treatment plants. A report suggests that only 

30% of water used is treated in India. The rest of water makes its own way into streams and 

rivers inducing major problem-water pollution. According to the country‟s tenth 5 year plan, 

75% of India‟s surface water resources are polluted and 80% of this is due to sewage alone. 
 

Needless to say this has a severe impact on human health. The water pollution aids the 

transmission of disease like diarrhea and other intestinal infections such as round worm and 

hook worm. Diarrhea alone accounts for over 5, 35,000 deaths in children under 5 years of age. 

Polluted water is breeding ground for mosquitoes. Mosquitoes, carriers of disease like Malaria 

and Dengue fever are responsible for another 3, 00,000 deaths in our country annually. 

 

In addition to health issues, poor sanitary measures set India back by billions of dollars 

every year. Illnesses are costly to families and to the economy as a whole in terms of 

productivity losses and expenditures on medicines and health care. The economic 

repercussions are also evident in other areas like fisheries and tourism which are also hit by 

water related problems. As per World Bank statistics India‟s nominal GDP stands at 1.3 trillion 

dollars and we are currently ranked 11
th

 in the world on basis of nominal GDP. If we could cut 

down expenses incurred due to illnesses and lack of productivity due to illness, our economy 

would get the impetus it needs to flourish even more. This in turn would enable governmental 

agencies to improve sanitation standards and medical infrastructure which would in turn help 

improve living standards of people. Overcoming the demons of poor sanitation and addressing 

health issues arising out of the same will surely help us become a global superpower in a 

holistic sense 
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Reconnaissance Survey 
 

Following information was collected in reconnaissance survey: 
 

1. Topographical survey: from topo sheets, Google maps. 
 

2. Soil conditions: Red soil, hard rock. 
 

3. Present utility services like house connections for water supply and sewerage, electric and 

telephone poles, Cisterns. 
 

4. Location of streets and adjoining residential area. 
 

Field procedure: 
 

Leveling along the proposed main center line of the sewer line: 
 

Centre line for the sewer is marked from the treatment plant to the pumping station. 

Using ranging rod, leveling staff and dumpy level point along the center line at every 10m are 

marked and staff reading are taken by holding the staff at the points and the levels of each 

points are reduced by applying Height of instrument method (collimation method) or Rise & 

Fall method. The survey is carried out by dumpy level. There are two methods of booking and 

reducing levels of the points from the observed staff reading. 
 

1. Height of instrument method (collimation method) 
 

2. Rise & Fall method 
 

The first method that is Height of instrument is been used for booking and reducing the 

elevation of points. In this method Height of instrument is calculated for each setting of the 

instrument station by adding the back sight reading to the elevation of the bench mark (BM) or 

the change point. The reduced level of the turning point is then calculated by subtracting from 

the Height of instrument. The beginning point is back sighted at the distribution tank and the 

intermediate sights are sighted at a chainage of 10m. 

 

2.16.3.a Grit chamber (aerated) 

 

Grit removal basins, such as grit chambers or grit channels or detritus tanks are the 

sedimentation basin placed in front of the waste water treatment plant to remove the in organic 

particles such as sand, gravel, grit, egg shells, bones and other non-putrescible material that 

may clog channels or damage pumps due to abrasion and to prevent their accumulation in 

sludge digesters Many a times, the grit chambers are aerated by providing outside air through 

compressors. The diffused air creates spiral current within the grit, as to help in its settlement. 
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Fig No.07: Grit Chamber 

 

Grit Chamber Design 

 

MHD = 1268752 lit/day 80 % will be waste water 

 

MHD = 1015002 lit/day 

 

Velocity of flow = 0.9 

 

Peak flow = 1015002 lit/day 

 

=1015005/ (24*60*60*10
3
) 

 

= 0.012 m
2
/sec 

 

Assume the peak flow rate as 3 times the average =0.012*3=0.036 m
3
/sec 

 

2.17 MUNICIPAL SOLID WASTE 

 

Composition and Quantity of the Generated Municipal Solid Waste or Refuse: 

 

The municipal solid waste is a heterogeneous mixture of various kinds of solid waste 

which are not transported with water as sewage, and may include biodegradable food waste 

called garbage, and the non-putrescible solid waste like paper, glass, rags, metal items etc. 

called rubbish. 

 

The quantity of municipal solid waste produced by a society depends upon the living 

standards and its residents. 

 

2.17.1 Solid Waste Management:  
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Solid waste management is the discipline associated with the control of waste 

generation, its storage, collection, transfer, and transport, processing and disposal in a manner 

that in accordance with best principles of public health, economics, engineering, conservation 

aesthetics, public attitude and environmental considerations. 

 

2.17.2 Functional Elements of Solid Waste Management: 

 

The activities associated with management of solid waste from point of generation to 

final disposal have been grouped into 6 functional elements. : 

➢ Waste generation:  

➢ On-site handling, storage, and processing: 
 

➢ Collection: 
 

➢ Transfer and transport: 
 

➢ Processing and recovery: and Disposal. 

 

Interrelationship of Functional Elements Comprising a Solid Waste Management 

System:- 
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Table No.03: Description of the Functional Elements of Solid Waste Management. 

 

Functional element Description 
  

 Those activities in which materials are identified as no 

Waste generation longer being of value and are either thrown away or 

 gathered together for disposal 
  

On- site handling, Those activities associated with the handling, storage, and 

Storage, and processing processing of solid wastes at or near the point of generation 
  

 Those activities associated with the gathering of solid 

Collection wastes and the hauling of wastes after collection to the 

 Location where the collection vehicle is emptied. 
  

 Those activates associated with (1) the transfer of wastes 

Transfer and transport 
from the smaller collection vehicle to the larger transport 

equipment and (2) the subsequent transport of the wastes,  

 Usually over long distance to the disposal site. 
  

 Those techniques equipment and facilities used both to 

Processing and recovery improve the efficiency of the other functional elements and 

 to recover usable materials, conversion products, or energy 

 From solid wastes. 
  

 Those activities associated with ultimate disposal of solid 

 wastes including those wastes collected and transported 

Disposal 
directly to a landfill site, semisolid wastes (sludge) from 

wastewater treatment plants incinerator residue compost, or  

 other substances from the wires solid waste processing 

 Plants that are of no further use. 
  

 
 

For the onsite storage of solid waste generated in selected area, stationary receptacles such 

as open masonry enclosures, concrete pipe sections are used. For collection of solid waste, curb 

side collection method is used. The system of collection used is stationary container system is 

used. For transportation motor vehicle transportation is used and finally the collected waste is 

1disposed of by ordinary open dumping in low lying areas situated near by the village. 
 

Disposal 
 

After water is collected and treated it is disposed to nearby water source  
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Solid Waste Management 

 

Solid waste: 
 

The term solid waste includes 

discarded by a community. The solid 

activities is classified as municipal solid 

 

all those solid and semi-solid materials that are waste 

generated through domestic and commercial waste 

and is also called „REFUSE‟. 

 

In general the solid wastes are usually divided into following two categories;  

➢ Municipal solid waste
 

 

➢ Industrial solid waste 
 

The safe disposal of solid wastes of a society was not a serious problem, as long as 

the population was small and the land available for assimilation of waste was large. 
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CHAPTER-3 
 
 

HIGHWAY PROJECT 

 

3.0INTRODUCTION 
 

Transportation contributes to economic, industrial, social & cultural development of 

any country. Transportation is a vital infrastructure for the speedy economic growth of a 

developing country, since every commodity produced needs transport at all stages from 

production to distribution. Highways have been rightly compared to the arteries of a human 

being and their importance in the social and economic up lift of a nation cannot be over 

emphasized. 
 

In the present era planning is considered as a pre-requisite and basic need for any new 

project or an expansion program. Thus highway planning is also a basic need for highway 

development. 

 

 

3.1 NECESSITY OF HIGHWAY PLANNING 

 

In the present era, planning is considered as a pre-requisite before attempting any 

development program me. This is particularly true for any engineering work, as planning is the 

basic requirement for any new project. Thus highway planning is a basic need for highway 

development. Planning plays an important role when the funds available are limited whereas 

the total requirement is much higher. By proper planning we can execute the work for available 

funds or we can decide whether to take up project or not. This is the problem in developing 

country like India as the best utilization of available funds has to be made in a systematic and 

planned way. 

 

3.2 OBJECTIVES 

 

The objectives of highway planning are as follows, 
 

1. To plan a road network for efficient and safe traffic operation, but at minimum cost. 
 

2. Attainment of maximum utility. 
 

3. Construction with locally available resources to minimize the cost of project. 
 

4. Future requirements and improvements in view of anticipated developments.  
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5. Incorporation of technical recommendations framed by Indian Roads Congress (IRC) 

for various aspect of Highway construction. 
 

6. Availability of funds and economic considerations. 
 

 

3.3 PROPOSAL 

 

Highway project deals with the design of road and can be executed in following manner, 
 

1. An alignment is selected and detailed surveys including cross section and 

longitudinal sections are carried out. 
 

2. Plan of road alignment –longitudinal section are drawn to scale and final alignment is 

fixed, as per IRC specifications, confirming to class of roads. 
 

3. Block leveling for the culvert. 
 

 

3.4 HIGHWAY ALIGNMENT 

 

The position or the layout of the central line of the highway on the ground is called the 

alignment. Horizontal alignment includes straight and curved paths. Vertical alignment 

includes level and gradients. 

 

A new road should aligned very carefully as improper alignment would result in 

following disadvantages, 
 

• Increase in construction cost 
 

• Increase in maintenance cost 
 

• Increase in vehicle operating cost 
 

• Increase in accident rate. 

 

Once an alignment is fixed and constructed, it is not easy to change it due to increase in 

cost of adjoining land and construction of costly structures by the roadside. 

 

3.4.1Requirements of Ideal Alignment 
 

The basic requirements of an ideal alignment between two terminal stations are that it 

should be: 
 

1. The alignment should be short as possible. 
 

2. The road should be easy for construction & maintenance. 
 

3. The road should be safe. 
 

4. The road should be economical.  
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3.4.2 Factors Controlling Alignment: 
 

The various factors which control the highway alignment in general may be listed as follows; 
 

(a) Obligatory points 
 

(b) Traffic 
 

(c) Geometric design 
 

(d) Economics 
 

(e) Drainage 
 

(f) Other considerations 
 

a) Obligatory Points 
 

(i) Obligatory points through which the road alignment should pass. These will cause the 

alignment to often deviate from the shortest or easiest path. 
 

(ii) Points through which the alignment should not pass. These make it necessary to 

deviate from the proposed shortest alignment. 
 

b) Traffic 
 

The proposed alignment should suit the traffic requirements. Origin and destination 

study should be carried out in the area and desire lines be drawn showing the trend of traffic 

flow. The new road to be aligned should keep in view the traffic flow patterns and future trends. 
 

c) Geometric Design 
 

Geometric design factors such as gradients, radius of curve and sight distance also would 

govern final alignment of highway. If straight alignment is aimed at, often it may be necessary to 

provide very steep gradients. As far as possible while aligning a new road, the gradient should be flat 

and less than the ruling or design gradient. Thus it may be necessary to change the alignment in view 

of design speed, maximum allowable super elevation and coefficient of lateral friction. It may be 

necessary to make the adjustment in the horizontal alignment of roads keeping view the minimum radius 

of the curve and the transition curves. 
 

These are the control points governing the alignment of the highways. These control 

points are divided into two categories, namely 
 

d) Economy 
 

The alignment should be economical. The initial cost, maintenance cost & vehicle 

operation cost should be minimum, high embankment or deep cuttings are avoided & choose 

the balance cutting & filling. These factors also control the alignments of road. 
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3.5 ENGINEERING SURVEYS FOR HIGHWAY LOCATION 

 

Before a highway alignment is finalized in highway project, the engineering surveys 

are to be carried out. The stages of engineering surveys are, 
 

3.5.1 Map Study 
 

Map study gives a rough guidance of routes to be surveyed in the field. The main 

features like river, hills and valleys, etc. are known by map study. By careful study of maps, 

the idea of aligning a new highway can be obtained. 
 

3.5.2 Reconnaissance Survey 
 

In this survey, the land along the various proposed highway routes are inspected. All 

the relevant details not available in the map study are collected and noted down. 
 

3.5.3 Preliminary Survey 
 

This is carried out to collect all the physical information‟s, which is necessary in 

connection with the proposed highway alignment. The quantity of earth work and cost of 

construction are worked out. The best proposal is selected after preliminary survey. 
 

3.5.4 Detailed Survey 
 

After preliminary survey, a detailed survey is carried out. Here Temporary Bench 

Marks are fixed and leveling works are performed. Here an elaborate and complete data are 

collected for preparing detailed plan and estimates of the project. 

 
 

3.6 SURVEYING DETAILS 
 

In road survey, the first step is leveling. This is carried out using, instruments such as 

dumpy level, cross staff and leveling staff. Other instruments used are prismatic compass to 

note the bearings, arrows and ranging rods which are used to mark the points on the field. The 

leveling operation starts from the benchmark. A benchmark is a point of known elevation. The 

road is aligned by two operations, namely 
 

1. Longitudinal Sectioning. 
 

2. Cross Sectioning 
 

3. If there is a necessity of providing a culvert, block leveling is carried out. 

 

3.6.1 Longitudinal Sectioning or Profile Leveling 
 

Profile leveling is a process of determining the elevation of points at fixed intervals 

along the chain line. Here the line along which the section to be taken is marked by ranging 

rods, and the fore bearing of the line is taken with the help of a prismatic compass. The level 
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is then setup at a point. The telescope is then directed to a staff, held on the temporary 

benchmark of 
 

RL 100.00m and the reading is taken. This reading is called as the back sight. Height 

of collimation is determined. All these readings are noted down in a level book. Then the 

intermediate sight is taken on the starting point of the line by holding the staff. For each setup, 

intermediate sights should be taken after the fore sight on the next turning station has been 

taken. To find the R.L. the intermediate sights are subtracted from the height of collimation. 

When the instrument is removed, a change point is selected and a staff is held on the same 

point and read it, which is fore sight. 
 

It is then subtracted from the height of instrument to find the R.L. of the change point. 

The instrument is then transferred to the second position. Having adjusted the instrument, a 

back sight is taken on the change point just established. This reading when added to the change 

point gives the R.L. of the new line of collimation. Then successive intermediate sights are 

taken. 
 

The horizontal distances are plotted along the horizontal axis to some convenient scale 

and the distances are also marked. The elevations are plotted along the vertical axis. The 

various points obtained are joined by straight lines 

 
 

3.6.2 Checking the Levels 
 

For checking the levels, we use the technique called Fly Leveling. In this, we start from 

the last point and go to the first point, taking back sights and fore sights only, At the end, the 

last point should be in the vicinity of the bench mark. 

 
 

3.6.3 Cross Sectioning 
 

Cross sections arc run at right angles to the horizontal profile and at either side of it for 

the purpose of lateral outline of the, round surface. It provides data for estimating quantities of 

earth work and other purposes. The cross sections are plotted in the same manner as the 

longitudinal sections. 

 
 

3.6.4 Contouring 
 

On a plan, the relative altitudes of the points can be represented by contour lines as they 

indicate the elevators directly. The area to be surveyed is divided into a number of squares. 

The levels on the comer of these squares are determined by direct leveling. The contour 

interpolation is done by graphical methods or by arithmetic calculation method. 
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3.7 GEOMETRIC DESIGN 

 

The geometric design of a highway deals with the dimensions & layout of visible 

features of highway such as alignment, sight distance, curves, super elevation & intersections 

etc. The geometrics of highway should be designed to provide optimum efficiency in traffic 

operation with maximum safety at reasonable cost. The designer may be exposed to planning 

of new highway network to meet the requirements of the anticipated traffic. The design also 

includes the sizes of drainage, aggregates, cross slopes, super elevation etc 

 
 

3.7.1 Terrain Classification 
 

Topography and physical features play an important role in the location and design of 

a highway. The various design elements should be related to topographical features if an 

economical and sound design is to emerge. The classification of the terrain is normally done 

by means of the cross slope of the country. Terrain Classification is done according to Road 

User Cost Study. 

 
 

Table No. 3.1 Terrain Classification 
 

Sl. No. Terrain Classification 
Rise and Fall 

(m / km)   
   

1 Plain 0-15 
   

2 Rolling 16 – 30 
   

3 Hilly Over 31 
   

 
 
 

 

3.7.2 Design Speed 
 

“Design speed” is a speed determined for design and correlation of the physical features 

of a highway that influence vehicle operation. It is the speed to which a road is designed. It is 

the maximum safe speed that can be maintained over a specific section of a highway when 

conditions are favorable that the design features of the highway govern. 
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Table No. 3.2 Design speeds on Rural highways 
 

    Design speed in Kmph for various terrains   
            

Road 
Plain   Rolling Mountainous  Steep 

           

            

Classification 
Rolling 

 
Min 

 Rollin 
Min 

Rollin 
Min Rolling 

 
Min    

g g 
 

          
            

National and            

State 
100 

 
80 

 
80 65 50 40 40 

 
30 

Highway 
   

           
            

MDR 80  65  65 50 40 30 30  20 
            

ODR 65  50  50 40 30 25 25  20 
            

VR 50  40  40 35 25 20 25  20 
            

 
 

3.7.3 Camber: 
 

Cross slope or camber is the slope provided to the road surface in the transverse 

direction to drain off the rainwater from the road pavement surface. It usually maximum at 

center of the road & at edge camber value is zero in a stretch. 
 

Table No. 3.3 IRC recommended values of camber 
 

SL. No. Types of road Range of cambers in areas of rainfall 

 Surfaces  range 
     

  Heavy  Light 

     

1. Cement concrete and    

 high type bituminous 1 in 50 (2%)  1 in 60 (1.7%) 

 surface    
     

2. Thin bituminous    

 surfaces 1 in 40 (2.5%)  1 in 50 (2%) 

     

3. WBM and gravel    

 pavement 1 in 33(3%)  1 in 40 (2.5%) 
     

4. Earth 1 in 25(4%)  1 in 33(3%) 
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3.7.4 Width of Roadway or Formation 
 

It is the sum of widths of pavements or carriageway including separators if any and 

shoulders. Formation width is the top width of the highway embankment or the bottom width 

of the highway cutting excluding the side drains. 
 

Table No. 3.4 Width of roadway recommended by IRC 
 

Sl.   Width of roadway 

No. Road Classification 
  

Plain and Rolling Mountainous and 

   terrain Steep terrain 
     

1. NH & SH (a) Single 
12.0 6.25  

lane 
 

  
12.0 8.80   

(b) Two lane     
     

2. M D R (a) Single 
9.0 4.75  

lane 
 

  
9.0 --   

(b) Two lane     
     

3. O D R (a) Single 
7.5 4.75  

lane 
 

  
9.0 --   

(b) Two lane     
    

4. V R – single lane 7.5 4.0 
     

 
 

3.7.5 Width of Pavement 
 

The pavement or carriageway width depends on the width of traffic lane and number 

of lanes. The carriageway intended for one line of traffic movement is called a traffic lane. The 

lane width is determined on the basis of the width of the vehicle and the minimum side 

clearance which may be provided for the safety. Fig (3.5). 
 

• When the side clearance is increased there is an increase in operating speed of 

vehicles and hence increase in capacity of the traffic lane. 
 

• By considering these in view, a width of 3.75 m is considered durable for a road 

having single lane for vehicles of maximum width 2.44 m. 
 

• For pavements having two or more lanes, width of 3.5 m per lane is considered 

sufficient. 
 

3.7.6 Right of Way 
 

Right of way is the area of land acquired for the road, along its alignment. The width 

of this acquired land is known as land width and it depends on the importance of the road 
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and possible future development. A minimum land width has been prescribed for each 

category of road. A desirable range of land width has also been suggested for each category. 

While acquiring land for a highway it is desirable to acquire more width of land as the cost of 

adjoining land invariably increases very much, soon after the new highway is constructed. 

 
 

Table No. 3.5 Recommended land width for different classes of roads (m). 
 

Sl. 
Road 

Plain & Rolling terrain Mountainous and Steep terrain 

No 
    

Classification Open areas 
Built – up 

Open areas Built – up areas 
. areas     

      

1. NH & SH 45 30 24 20 
      

2. M D R 25 20 18 15 
      

3. O D R 15 15 15 12 
      

4. V R 12 10 9 9 
      

 
 

3.7.7 Kerb 
 

Kerbs are provided at the edge of road between the road & shoulders. It prevents the 

direct entry of road vehicles in to the shoulders. 
 

3.7.8 Shoulders 
 

It is the thin strip of land provided along the road edge for the emergency lane for 

parking or to repair the damaged vehicles. The minimum shoulder width recommended by IRC 

is 2.5m. 
 

3.7.9 Sight Distance 
 

The safe and efficient operation of vehicles on the road depends very much on the 

visibility of the road ahead of the driver. Thus the geometric design of the road should be done 

such that any obstruction on the road length could be visible to the driver from some distance 

ahead. This distance is said to be the sight distance. 
 

Sight distance available from a point is the actual distance along the road surface, over 

which a driver from a specified height above the carriage way has visibility of stationary or 

moving objects. 
 

Three sight distance situations are considered for design: 
 

• Stopping sight distance (SSD) or absolute minimum sight distance. 
 

• Safe overtaking or passing sight distance, and 
 

• Safe sight distance for entering into uncontrolled intersections.  
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3.7.9.1 Stopping Sight Distance (SSD) 
 

Stopping sight distance (SSD) is the minimum sight distance available on a highway at 

any spot having sufficient length to stop a vehicle traveling at design speed, safely without 

collision with any other obstruction. 
 

For the purpose of measuring the SSD, IRC has suggested the height of eye level of 

driver as 1.2 m and the height of the object as 0.15 m above the road surface. 
 

3.7.9.1 Overtaking Sight Distance 
 

The overtaking sight distance is the minimum distance open to the vision of the driver 

of a vehicle intending to overtake the slow vehicle ahead safely against the traffic in the 

opposite direction. 
 

The overtaking sight distance or passing sight distance is measured along the center 

line of the road over which a driver with his eye level 1.2m above the road surface can see the 

top of an object 1.2 m above the road surface. 

 
 

3.7.10 Design of Horizontal Alignment 
 

3.7.10.1 Horizontal Curves 
 

When the centerline of the road changes the direction along the horizontal plane, 

horizontal curves are provided & the same are designed as follows: 
 

3.7.10.2 Super Elevation 
 

To counteract the effect of centrifugal force and to reduce the tendency of vehicle to 

overturn or skid the, outer edge of pavement is raised with respect to inner edge. Such provision 

of transverse slope is provided on horizontal curves. 
 

3.7.10.3 Extra Widening: 
 

Extra widening is provided to provide extra space required for mechanical and 

psychological reasons along the horizontal curve, which is provided as per the table below. 
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 Table No. 3.6 Extra Widening  

    

SL. No. Radius of curve (m) Extra width for two lane road (m)  

    

1 Up to 20m 1.5  
   

3.7. 
2 20-40m 1.5  

   

10. 
3 41-60m 1.2  

   

4 
4 61-100m 0.9  

   

Ho 
5 101-300m 0.6 

riz 
   

6 Above 300m Nil 
ont    

 

al Transition Curve 
 

A transition curve is introduced between the straight and a circular curve. It has a radius, 

which decreases from infinity at the tangent point to a designed radius of circular curve. The 

rate of change of radius of transition curve will depend on the equation of the curve or its shape. 
 

3.7.10.5 Set Back Distance 
 

Requisite sight distance should be available across the inner side of the horizontal 

curve. Lack of the horizontal curve. Lack of visibility in the lateral direction may arise due to 

obstruction, like wall hill cut, wooded area, high slope etc. the sight distance is measured along 

the middle of the inner lane. However, on single lane road, sight distance is measured along 

the center of the carriageway. 

 

The setback distance depends on following factors: 

 

i) Required sight distance. 

 

ii) Radius of horizontal curve, R. 
 

iii) Length of curve, L c which is greater or lesser than S. 
 

I) When L c> S 
 

For narrow roads, such as single lane, m= R – R cos  
 

Where,  =  degress  
   

For wide roads, such as two or more lanes, m= R – (R- d) cos 
 

 
 

  

Where, 
 

= 
 

degress 
 

 (    )  
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II) When Lc< S 

 
m= R – (R- d) cos  

 

3.7.11 Design of vertical alignment 
 

3.7.11.1 Gradient 
 

It is the rate of rise or fall along the length of the road with respect to the horizontal. I 

while aligning a highway, the gradient is decided for designing the vertical curve. Very steep 

gradients are avoided as it is not only difficult to climb the grade, but also the vehicle operation 

cost is increased. Gradients are divided into four types. 
 

a) Ruling gradient: It is the maximum gradient within which the designer attempts to 

design the vertical profile of the road. 
 

b) Limiting gradient: It is the gradient steeper than the ruling gradient. 
 

c) Exceptional gradient: It is the unavoidable steeper gradient provided for a smaller 

road stretch of the road. 
 

d) Minimum gradient: It is the minimum gradient provided in the roads for the drainage 

of rain water as quick as possible. It will depends on the soil property, rainfall, runoff, 

etc. 

 

Table No. 3.7 Gradient according to IRC 

 

Terrain Ruling Gradient Limiting Gradient Exceptional 

   gradient 

    

Plain and rolling 3.3% (1 in 30) 5% (1 in 20) 6.7%(1 in 15) 

    

Mountainous    

having elevation 

5%( 1in 20) 6%(1 in 16.7) 7%(1 in 14.3) 
>3000m above MSL    

    

Steep terrain up to 6%(1 in 16.7) 7%(1 in 14.3) 8%( 1 in 12.5) 

3000m above MSL    
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3.7.11.2 Vertical Curve 
 

Due to changes in grade in the vertical alignment of highway, it is necessary to 

introduce vertical curve at the intersections of different grades to smoothen out the vertical 

profile and thus ease off the changes in gradients for the fast moving vehicles. The vertical 

curves used in highway may be classified in to two categories. 

 

1. Summit curve or crest curves 
 

2. Valley curve or sag curves 

 

1) Summit curve 
 

A curve with convexity up wards is called a summit curve. This occurs when an ascending 

intersect a descending gradient or when an ascending meets on other ascending gradient or an 

ascending gradient meeting a horizontal a summit curve is provided here as there is change in 

gradient matching the requirements of a summit curve. 
 

2) Valley Curve 
 

A vertical curve, concave upwards is called as valley curve. This is formed when a descending 

gradient intersect an ascending gradient or when a descending gradient meets another 

descending gradient or when a descending gradient gains a horizontal path, they should be 

designed for: 
 

1. Comfort condition 
 

2. Head light sight distance condition. 
 

 

3.7.12 Pavement Design (IRC: SP 20-2002) 
 

For the safety and comfort ability of fast vehicles road surface should be even along the 

longitudinal profile. The surface should also so be stable and unyielding in different conditions 

and it should allow the heavy load of traffic to move with least possible resistance. In order to 

provide a stable and even surface for traffic the road way is provided with a suitably designed 

and constructed pavement structure. Pavement is designed and to distribute wheel load in larger 

area and elastic deformation caused by the load to fall within the permissible limit. 
 

The thickness of pavement is designed on the basis of projected number of commercial vehicles 

for the design life using the current commercial vehicles per day and its growth rate. Further, 

it requires the subgrade strength value in terms of CBR. It is expected that rural road will not 

have more than 450 CVPD in any case. The design chart may be referred to obtain the total 

pavement crust thickness required over the subgrade for the design life of pavement. 
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Based on strength of granular materials that are used, the total design thickness is divided into 

base and subbase thickness. 

 

3.8 DIFFERENT DESIGN ASPECTS 

 

3.8.1Terrain classification according to road user study 

Average rise and fall (RF) of is given by; 
 

RF = h1+h2+h3...... + hm + hn / distance AB (km) 
 

RF = 17.24m 
 

The terrain obtained is a rolling terrain 
 

3.8.2Design speed 
 

Design speed is selected according to class of road and type of terrain 
 

There is an existing village road present with construction of both earthen pavement and 

flexible pavement throughout the alignment. We are proposing to widen the existing 

pavement and change the village road to other district road (ODR). The design speed is 50 

kmph 
 

3.8.3 Stopping Sight Distance; 
 

SSD = (0.278Vt) + (V² /254f) 
 

Where, V = design speed in kmph =50kmph. 
 

S.S.D= Stopping Sight Distance. 
 

t = reaction time of the driver in seconds = 2.5sec 
 

f= longitudinal frictional coefficient = 0.148 for 50kmph. 
 

Then, 
 

SSD = (0.278Vt) + (V² /254f) 
 

= (0.278*50*2.5) + (50
2
/254*0.148) 

 
= 101.25  102 m 

 

SSD= 102 m 
 

3.8.4 Over taking sight distance (OSD)  

Speed of overtaking vehicle Va=50 kmph 
 

Speed of overtaken vehicle Vb= 40kmph 
 

Therefore, Va= 50/3.6 = 13.89 m/sec 
 

Vb= 40/3.6 = 11.11 m/sec 
 

Avg. acceleration during overtaking vehicle 
 

a = 1.11 m/sec
2 
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Over taking sight distance (OSD) for two way traffic 

OSD = d1+d2+d3 = vbt+vbT+2S+vaT 
 

d1 = Vbt = 11.11*2.5 
 

d1=27.775 m 
 

d2=Vb*T+ 2S 
 

S= 0.7Vb+6 
 

= 0.7*11.11+6 
 

= 13.78 m 
 

T= √ (4S/a) = √ (4*13.78/1.11) 
 

= 7.047 
 

d2= (11.11*7.047) + (2*13.78) 
 

d2= 105.85 m 
 

d3= Va*T = 13.89*7.047 
 

= 97.88m  

Therefore OSD = d1+d2+d3 
 

= 27.775+105.85+97.88 
 

OSD= 231.505 m 232m . 
 

Minimum length of overtaking zone 
 

= 3*OSD 
 

= 3*232 
 

OSD (min) = 696 m 
 

Desirable length of overtaking zone 

 

= 5*OSD 

 

= 5*232 

 

OSD (Max) =1160 m 

 

3.8.5 Radius Horizontal Curve Design 
 

Road design speed = 50 kmph 
 

Ruling minimum radius of the curve of ruling speed of 50kmph is given by 

R-ruling = V
2
 / 127(e+f) 

Where, 
 

e= Rate of super elevation 
 

f= Design value for lateral friction coefficient = 0.15  
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v= Speed of vehicle m/sec 
 

R= Radius of horizontal curve 
 

g= acceleration due to gravity= 9.81 m/sec
2 

 

e=According to IRC recommendations, maximum limit of super elevation 'e' in 

plain and rolling terrain is 7% 
 

f= Maximum value of transverse skid resistance T force, for design purpose is 0.15 

Rruling= V
2
/ (127(e+f)) 

=50²/127(0.07+0.15) 
 

= 89.47 m ~ 90 m 
 

Rruling= 90 m 

 

3.8.6 Design of super elevation 
 

The super elevation for 75% of design speed is neglecting the 

friction e = V² /225R 

e = 50
2
/225*90 

e = 0.123 > 0.07 
 

As the value of 'e' is 0. 123, which is greater than maximum limit of 0.07 it is not safe 

for speed of 50km/hr. 
 

Check for transverse skidding developed 

 

f = (V²/ 127R)-e 

 

= (50
2
/127*90)-0.07 

 

= 0.148 

 

The value of f obtained is slightly less than the allowable limit, the provided super 

elevation is safe against sliding of vehicles moving with design speed. 

 

3.8.7 Extra Widening 
 

The extra widening required at the curve is given by, 
 

We = Wm + Wps 
 

We= (nl²/2R) + (V/9.5 R
0.5

) 
 

Where, n= number of traffic lanes. 
 

l= Length of wheel base of longest vehicle, 6m. 
 

V= design speed, kmph. 
 

R=radius of horizontal curve.  
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= ((1*6
2
)/ (2*90)) + (50/ 

(9.5*90
0.5

) We= 0.754m 

 

3.8.8 Design of Transition Curve 
 

1) Length of transition curve by considering the rate of change of 

acceleration. Length of transition curve is given by, Ls = V³ / (46.5CR) 
 

Rate of change of centrifugal acceleration(C) is given 

by, C = 80 / (75+V) 
 

= 80/ (75+50) 
 

= 0.64 m/sec³ 
 

Therefore, Ls = V³ / (46.5CR) 
 

Ls =50
3
/ (4605*0.64*90) 

 

Ls = 46.67 m 
 

 

2) Length of transition curve by considering the rate of introduction of super 

elevation. Considering that the road rotates with respect to inner edge. 
 

Ls = eN 

(W+We) Where, e =0.07 
 

N= rate of change of super elevation is 75. (Which is b/n 150 and 60, as per IRC 73-1980 

page no. 25) 

 

W= width of carriage way = 7m. 

 

I = length of wheel base = 6m. 

 

The extra widening required at the curve is given by, 
 

We = Wm + Wps 
 

We= (nl²/2R) + (V/9.5 R
0.5

) 
 

= ((1*6
2
)/ (2*90)) + (50/ 

(9.5*90
0.5

) =0.754m 
 

Then, 
 

Ls = eN (W+We) 
 

Ls = 0.07x 75(7+0.754) = 40.70m 
 

3) Length of transition curve according to IRC. 

Length of horizontal transition curve is given by, 

Ls = (2.7V² /R)  
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= (2.7*50
2
)/90 

=75m 
 

The length of transition curve is highest of the above three values, therefore Ls= 75m 

 

3.8.9 Set Back Distance  

1) When L c> S 
 

When length of curve Lc is greater than the sight 

distance S = sight distance 
 

R = radius of horizontal curve.  

Lc= length of the curve. 
 

D=distance b/w the center line of the road and the center line of the inside lane in (m) 

Given 
 

S=102m (SSD)  

Lc=105m 
 

R=90m 

 

The sight distance is measured along the middle of the inner side lane and the setback 

distance in m is given by 

 

ἃ/2 = 180S/ (2π(R-d) degree 

 

ἃ/2 =180*102/(2π (90-1.90)) 

 

ἃ/2=33.16 degree 

 

m
1
=R-(R-d) cos ἃ/2 

 

= 90-(90-1.9) cos (33.16) 

m
1
=16.24m ~17m 

 

Therefore a setback distance of 17m on the inner side of the horizontal curve 
 

2) When Lc<S 
 

If the length of the curve Lc is less than the required right distance (S) the angle is 

subtended at the center 
 

ἃ/2=180Lc/(2π(R-d)) degree 
 

=34.14degree 
 

M
1
 =R-(R-d) cos ἃ/2 + (S-Lc)/2*sin ἃ/2  
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=90-(90-1.9) cos 34.14) + (102-105/2) sin (34.14) 
 

M1=16.24 
 

Therefore obstruction to vision should be kept clear on the inner side of the horizontal curve 

to that adequate right distance is available. 

 
 

3.8.10 Design of Vertical Curve 

 

1) Length of Summit Curve 
 

Two cases are to be considered in deciding the length. 
 

• When length of the curve is greater the sight distance [ L>SSD] 
 

• When length of the curve is less than sight distance 

[L<SSD] Assuming L<SSD 

L= 2S- [(√2H+√2h)
2
 /N] 

Where, 
 

L= length of summit curve, 

m S=stopping sight distance 

N=deviation angle 
 

H= height of eye level of driver above road way surface m 

=1.2m h=height of the object above pavement surface m=0.125m 

L=2S-4.4/N 
 

= 2*102-4.4/0.0267 
 

= 39.2 m 
 

L<SSD is Assumption correct 
 

2) Length of Valley Curves 

Assumption L>SSD 
 

L=NS
2
/ (1.5+0.0355) 

 

Where 
 

N= (-n1)-(n2) 

 

S=SSD m 

 

L= 0.0267*102
2
(1.5+0.035*102) 

 

L=54.79 

 

L> SSD assumption is wrong.  
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  ASSUMPTION : L<SSD 
 
  L=2S –[(√2H-√2h)^2/N] 

 
 
     L = 3.43M 
 

 L<SS assumption is correct. 
 

 

3.8.11 Curve Setting 
 

Chainage (PI) = 1125m 
 

Deflection angle =60
0 

 

Radius of curve = 40m 
 

Peg interval = 10m 
 

Tangent length (T) = R tan (Deflection angle/2) 
 

= 40 tan (60/2) 

T = 23.1m 
 

Length of the (T1) = chainage of PI –T 
 

= 1125-23.1 
 

= 1101.9m  

Chainage of PI (T2) =chainage of T1+L 
 

= 1101.9+42 
 

=1143.9m 
 

Length of 1
st

subchord = C= 1110-1101.9 
 

= 8.1m 
 

Length of last chord = C
1
 = 1143.9-1140 

 

= 3.9 M 
 

Number of normal chord = (1140-1110)/10 
 

= 3number  

Total number of chords = 1+3+1 =5  

1 = 1718.9C/R = (1718.9*8.1/40)/60  

= 5  48
' 

4.64
" 

 

2 to  4 = 1718.9*10/40 = 7  9 43.5"  
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5 = 1718.9 *3.9/40 = 2 47' 35.57" 
 

n = 30 4' 50.71" 
 

Table No. 3.8 Curve Setting Details 
 

Point 
Chainage Chord Tangential Deflection Theodolite 

(M) length (M) angle(  ) angle (  ) reading  
            

T1 1101.9 - -   -  -  
          

A 1110 8.1 5 48
'
 4.64

" 
5  48

'
 4.64

" 
5 40' 

            

B 1120 10 7 9 43.5" 12 57'48.14" 13  
            

C 1130 10 7 9 43.5" 20 7'31.64" 20  
            

D 1140 10 7 9 43.5" 27 17'15.14" 27 20' 
           

T2 1143.9 3.9 2 47'35.57" 30 4'50.71" 30  
            

CHECK:  
 
 = 60/2 = 30 

        
         

 
 
 

3.8.12 Design of Culvert 
 

The pipes, which are to be provided, are non-pressure (IS-458) of MP3 

grades. The mean amount of rain fall = 700mm =70cm 
 

The rain fall of a bad year is always taken 2/3 of mean amount of rain fall 

Therefore bad year rain fall is 2/3 *70 = 46.66cm 
 

Run off co efficient usually assumed as 15% to 30% 

Annual yield = (30/100) *46.66 
 

= 13.998 ~ 14cm 
 

Yield from catchment =9*10
6
*14/100 

=1.26*10
6
cumecs/year 

 

Therefore yield @ site = 1.26*10
6
cumecs/year 

 

Q= 1.26cumec. 
 

Assumed Velocity of flow, V= 2.0m/s 
 

Width of the road= 18 m. 

 

We know that Q=AV, where A is area of the pipe 

 

A = Q/v =1.26/2 = 0.63m² 

 

We know that,  
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A = (3.14d²)/4 
 

0.63 = (3.14d ²)/4 
 

Therefore, 
 

d = 0.89m 
 

From IS 458-1971, adopt an internal diameter 0.90m (d) with external diameter 1.1m (D). 
 

 

Table No. 3.9 Soil Investigation Report 
 

Sl. No. Type of test Result Code of refers 

    

1 Liquid limit 37.28 1920 (part 5) 
    

2 Plastic limit 23.49 1920 (part 5) 
    

3 Specific gravity of soil 2.36 1920 (part 3) 
    

4 Grain size analysis 
Cu = 5.25 

1920 (part 4) 
Cc =2.09    

    

5 Light compaction 
MDD=1.89 

1920 (part 7) 
OMC =11%    

    

6 Heavy compaction 
MDD=1.95 

1920 (part 8) 
OMC =13%    

    

7 CBR Test 10 % 1920 (part 16) 
    

 
 

 

3.8.14 Pavement thickness Design (IRC: SP 20-2002) 
 

For the thickness design, CBR and traffic datas are needed. These are obtained and thickness 
 

is designed according to IRC: SP 20-2002. 
 

CBR = 10%. 
 

Traffic Volume= 100 CVPD (assumed). 
 

Computation of Design Traffic: 
 

A= P (1+r) 
n+x 

 

A=Number of commercial vehicles per day for design P= 

Number of commercial vehicles per day at last count r= 

annual growth rate of commercial traffic (7.5%) 
 

n= number of years between last count and year of completion of 

construction x= design life in years 

 

A= 100(1+0.075)
2+15 
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A= 341 CVPD 
 

The below design chart may be referred to obtain the total pavement crust thickness  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Total Pavement Thickness= 275 mm(from graph) 
 

The total design thickness is divided into base and sub base thicknesses. 
 

Sub Base = 125mm. 
 

Base = 150 mm. 
 

Surfacing= PMC or MSS can be provided if necessary for smooth riding surface  
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3.8.14 The Summary of our Project is as Follows 

 

1. Road length : 3000.00m 

2. Design speed : 50kmph 

3. Camber : 1 in 5 

4. Width of pavement : 3.8.0m 

5. Width of roadway : 7.5.0m 

6. Width of the shoulder : 1.85m 

7. Right of way : 18m 

8. Culvert : 01 

 

3.8.15 Details of Curves 

 

Table No 3.10 Details of curves 
 
 

Sl. No. Chainage Type of curve 

   

1 50.00 Vertical curve 

   

2 500.00 Horizontal curve 

   

3 1500.00 Horizontal curve 

   

4 2050.00 Vertical curve 

   

5 2600.00 Vertical curve 

   
 

3.9 CONCLUSION 
 

The highway is designed to serve the people and helps in connecting the nearby existing 

roads. The village people therefore can easily access the city. Transportation will be much 

easier than before. The people travelling through this road will have a healthy atmosphere and 

it gives good aesthetic appearance. Hence there are chances of development of villages in the 

future. 
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CHAPTER-04 

 

OLD TANK PROJECT 

 

4.0 INTRODUCTION 

 

Tanks are important for conserve precious water resources in semi-arid areas. It is well 

known that tanks traditionally performed a useful role in providing irrigation, water for 

domestic use, including livestock and for supporting livelihoods of the poor, protecting local 

environment and sustainable water resources. Tanks are small storage reservoir (ponds) created 

on the upstream of a small earthen dam constructed across a stream. The depth of water in a 

tank is usually less than 4.5 m. However in exceptional cases it may be more than 4.5 m but 

not greater than 12 m. If the depth of water is exceeds 12 m the tank is termed as reservoir. 

 

The tanks may be having independent catchment drawing their supplies from the run- off 

from the catchment areas. These tanks fully depend upon the rainfall in the catchment area. 

 

An old tank generally consists of the following. 
 

➢ An earthen bund across the valley creating storage.
 

 

➢ A surplus weir to dispose of flood discharge. 
 

➢ Sluice to feed the channel. 
 

➢ Channel from the sluices to feed the command area. 
 

Every rainy season surface run-off brings large amount of the silt in to reservoir. The 

deposited silt reduces storage capacity of the reservoir every year. Hence, old tank or irrigation 

tank generally faces the fallowing problems are. 

 

1. Reduction in the gross capacity of the tank, due to silting. 
 

2. Reduction in the safety of the bund, due to bad maintenance and wearing out of the 

standard dimensions of the bund. 
 

The above two problems can be overcome by restoring the tank. Restoration of the tank 

is done by raising the height of the existing bund, thereby allowing for increased storage and 

improved safely. This operation is called restoration of an old tank. 
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4.1 REASONS FOR INCREASING THE HEIGHT OF THE EXIXTING 

BUND 

 

The primary reasons for increasing the height of an existing bund are 

 

I. Increased storage capacity 
 

The storage available at the upper bunds of a reservoir for a given increase in bund height 

can be significant depending upon the topography of the reservoir. In many cases, significant 

increased storage can be obtained with only a small increase in the height of the dam. This is 

because the surface area of an existing reservoir at the spillway level is large and adding a few 

meters to the reservoir depth can effectively increase the reservoir storage capacity by several 

thousands of hectare- meters. 

 

II. Spill-way adequacy 
 

Inadequacy spillway capacity and the potential for the catastrophic overtopping of the crest 

of the bund under design flood conditions is the most prevalent dam safety issue faced today. 

In some cases the original bund and spillway design criteria was less strengthen than criteria 

imposed by current regulation. In other cases the hazard classifications of the dam increases 

after the original bund construction because of changes in downstream flood plain. By 

increasing the height of the bund, additional free board is provided resulting in increased 

reservoir surcharge storage capacity and a greater discharge capacity for the spillway. 

 
 

III. Strengthening 
 

Quite frequently the most feasible means of strengthening an existing bund to with stand 

the various loading combinations acting on the bund and possible an increase in the height of 

the dam. An obvious by- product of rising a bund for strengthening purposes is increased 

storage capacity. 

 

 

4.2 FACTORS TO BE CONSIDERED IN DESIGNING RAISES FOR 

EXISTING BUND 

 

The issues associated with the design of raise for an existing bund is that a special attention 

must be paid for developing a full understanding of the configuration and physical properties 

of existing bund so that the raised portion is compatible with the existing portion. 
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However there are a number of general factors that need to be considered and these are outlined 

briefly below. 

 
 

i. Environmental Permitting 
 

The raising of an existing bund or dam result in higher reservoir water levels and 

corresponding greater areas of land in undated by which may have serious environmental 

implications other signified environmental permitting issues that could impact the design 

related to borrow sources, in stream flow releases, wet lands, archaeological sites and stream 

modification. 

 
 

ii. Spill Way 
 

Depending on the size of the raise and the resulting increase in reservoir level, a major 

modification of the existing spillway or perhaps even a completely new spillway is required. 

This can have a significant influence on the cost of the raise and careful planning of this aspect 

will be required to minimize costs. 

 
 

iii. Outlet Works 
 

Modifications to the outlet works of dams or bunds are often required as a part of the raise. 

Typically, this involves extending the outlet conduit to the new embankment toe location and 

possibly relocating the intake structure or sitting basin control towers located at the centre line 

of bunds or dams also need to be raised. 

 
 

iv. Reservoir Operation 
 

Whether or not the reservoir can be lowered or emptied during construction will have 

significant influence on both feasibility and the design of the raise. If the reservoir can be 

lowered, the raised portion can be constructed partially upstream of the existing dam and thus 

could significantly facilitate the toe into the existing core of the dam. Moreover depending on 

the materials availability and or environmental constraints on the location of borrow areas, 

borrow areas may be confined to the inundated portions of the reservoir. Has the added 

advantage of the increasing reservoir storage by an amount equal to the borrow volume. The 

benefits of an upstream or a partial upstream raise are offset by a need to improve extend the 

outlet works upstream. If the reservoir cannot be lowered during construction. Materials for 

construction on the raise may have to be imported from the outside. 
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v. Central Core 
 

For a very small increase in height compared to the original height of the dam or bund it is 

typically most economical to the core of the addition to the core of the existing dam or bund. 

For significantly greater raises, a completely new core, may be have to be constructed such that 

existing dam or bund may not be feasible for use. 

 
 

vi. Drainage System 
 

Embankment drains are frequently included in the design of raises to be existing dams or 

bunds. Even if the original dam/bund did not include a drain system the designer carefully 

evaluate whether drainage needs to be incorporated into the raised embankment section. The 

design considerations outlined above apply in the general sense to any proposed dam or bund 

raise. Yet, each dam or bund is unique and has its own site of design issues that need to be 

addressed. 

 

 

4.3 STUDY AREA 

 

The study area is located approximately 4.5 km North-East of Rajivgandhi pura, 

Ramanagar district, Karnataka. It is covered by the Survey Of India Toposheet. The purpose 

of the project is to provide water stored for irrigation and for public water supply for the 

surrounding villages. However because of silting up of the reservoir, the usable storage has 

been severely curtailed. Also it is evident from inspection that the original dimensions of the 

bund are worn out and the dam safety may be deficient. Corrective measures are now being 

designed to restore the usable storage and increase safety. 

 

I. Project Configuration 
 

The bund impounds about 4.8 ha-m of water at FTL 563.705 m. The present work 

involves the restoration of the bund by raising the bund height by 1m with a corresponding 

increase in storage of 9.1 ha-m. The tank has a catchment area of 5.47 km². The bund under 

study is a zoned embankment dam approximately 4 m high measured from the d/s toe to the 

crest of the bund. The crest of the bund is approximately 325 m long and 5 m wide. The u/s 

slope is 1:1 and d/s slope is 1.5:1. The u/s slope is protected by a layer of rip-rap whereas the 

d/s slope is turfed. The embankment materials including the details of the u/s impervious 

blanket and foundation details can be obtained by conducting a borehole test. 
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The bund has a stepped apron type surplus weir of length 27.00 m to dispose the surplus water 

during floods. It has no temporary storage arrangements for storing surplus water up to MWL. 

The bund is provided with a plug sluice, which takes off from the tank to irrigate the area on 

the d/s side of the tank. The sluice barrel is buried under the tank bund and has a masonry side 

walls and the roof is of R.C.C. slab. The size of the barrel is 75cmx60cm. The head wall 

platform of the sluice is provided at an R.L. of 561.640 m. The cistern is located at a distance 

of 6.40m from the toe of the bund. 

 

 

4.4 SURVEYS TO BE CONDUCTED 

 

I. Plan of the Existed Bund 
 

The tracing of plan of the bund is done by using compass. The compass is set up at the 

begin of bund and north direction is noted here and mark starting point (A) of bund. The point 

A is located by using basic principal of survey. 

 

Procedure 
 

➢ Plan of the existing bund is traced on a sheet with help of bearings that are with help of 

prismatic compass. Set the compass at zero chainage (from point A) and take the bearings at 

every 20 m interval. While taking the fore bearing noted own back bearing also.
 

 

➢ Repeat the same procedure up to the point B.
 

 
 

II. Longitudinal and Cross Section along the Center Line of the Existing Bund 
 

Survey is conducted from starting point of the bund the longitudinal and cross section 

is taken. Longitudinal section is taken at every 10 m interval and cross section is taken at every 

5 m interval on the both upstream and downstream side of bund. 

 

Equipment’s 
➢ Chain

 
 

➢ Tape  

➢ Arrows 
 

➢ Ranging Rod 
 

➢ Dumpy level with Stand (Theodolite) 
 

➢ Leveling staff 
 

➢ Plane table with accessories  
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Procedure 

 

1. The R.L of existing Top Bund Level (TBL) is determine by carrying fly levelling from 

permanent bench mark on to the top of the masonry abutment of surplus weir. 
 

The R.L of the top of the abutment = R.L of the existing Top Bund Level (TBL). 
 

Note: - The horizontal surface of the notch stone indicates the TBL. The notch stones are 

usually providing all along the length of the bund at regular intervals. Since the notch stones 

are missing on the bund, the top of abutment is taken as R.L of existing TBL. 

 
2. A point along the center line of the existing bund is located whose R.L is one meter greater 

than the R.L of Top Bund Level (TBL). i.e., the height of the existing bund is raised by 1m. 

R.L of proposed TBL = R.L of existing TBL + 1 m. 

 
3. On the extended center line of the existing bund, search for the R.L of proposed TBL at the 

ends of the bund, these points are the beginning and end points/ stations of the proposed bund. 

The location of these two points should be fixed with respect to three permanent objects. 
 

R.L of beginning and end points = R.L of proposed TBL. 

 

4. R.Ls of longitudinal section is taken at every 10 m interval on the centerline of the bund 

from the beginning point to the end point of the proposed bund. Cross sections are taken at 

every 20m intervals and where ever there is change in alignment of bund. 

 
5. Salient features such as sluice; Beginning and end of surplus weir and R.L of crest of 

surplus weir (FTL) should be noted at respective chainages. 
 

6. The cross section is taken at points L1, L2, L3----- and R1, R2, R3------ as shown in below 

figure(c/s @ 5m interval except point L1& R1). The horizontal distances of 15m are with 

reference to the centerline on either sides of bund. 
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Fig. 4.1 Cross Section of Bund. 
 
 

 

III. Block Levelling at the Surplus Weir Site 
 
 

Blocks of 5 m x 5 m are constructed for a width of 30m on the upstream side and 60m on 

the downstream side. Length along the center line of the bund is equal to the length of the 

existing surplus weir plus 10m. At the corners of all the blocks, levels are taken and reduced 

levels are calculated. Block leveling is a method of indirect contouring. The method is used 

when the area to be surveyed is small and the ground is not very much undulating. 

 

Procedure for Indirect Contouring 
➢ The area to be surveyed is divided into a number of squares.

 
 

➢ The size of the square may vary from 5-20m depending upon the nature of the contours 
and contour interval. Size of square is 5m x 5m.

 
 

➢ The elevations of the corners of the square are then determined by means of a level and a 
staff.
 

 

➢ The contour lines may then be drawn by interpolation. It is not necessary that the squares 
may be of same size sometimes, rectangles are also used, when there are appropriate
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breaks in the surface between corners, guide points in addition to these at corners may 

also be used. 

 
 

IV. Capacity Contours at the Existing and Proposed Full Tank Levels 
 

Center line of the bund along with the three well defined points is transformed from the 

plan on a new drawing sheet. Capacity contours are plotted by the method of direct contouring 

using tachometer for distance measurement. Scale 1cm = 10 m. 

 

Procedure 

 

1. Taking the sill of waste weir as bench mark point or any nearer permanent bench mark on 

the contour are located and determine the height of the instrument. 

 
2. The plane table is set up over a good commanding station and oriented. 

 

3. The plane table and leveling instrument are kept as close as possible each other, so that the 

distance of contour points are measured by tachometry and plotted on the plane table by 

method of radiation. 

 
4. Whenever the plane table and level are shifted choose a commanding position by 

conducting reconnaissance. 

 
5. The plane table and the level are shifted to the new commanding position and its position 

on the plane table sheet is marked. 

 

6. Three point problem shall be solved for every third plane table position in order to orient 

the table accurately. 

 
7. The contour work should be ended at the starting point on the waste weir. 
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CHAPTER- 5 

                             TOWN PLANNING 

 

5.0 INTRODUCTION  

       The art and science of ordering the use of land and sitting of building and communication routes so as to 

secure the maximum practicable degree of economy, convenience, and beauty, An attempt to formulate the 

principles that should guide us in creating a civilized physical background for human life whose main impetus  is 

thus…forecasting and guiding change. 

  WHAT IS TOWN PLANNING?  

• Physical, social  economical  planning of an urban environment  

• It encompasses many different disciplines and bring them all under a single umbrella.  

• The simplest definition of town planning’s that it is the organization of all elements of town 

environment  

5.1 AIMS & OBJECTIVES OF TOWN PLANNING  

• To preserve the individuality of the town   

• To create and promote healthy condition and environments for all the people   

• To make right use of the land for the right purpose by zoning  

• To ensure orderly development  

• To preserve the aesthetics in the design of all elements of town plan                                   

5.2 NEED OF TOWN PLANNING  

• Urbanization is increasing  

• Population is growing. Planning is needed to make better use of resources  Social inequality  

• Realizing a settlement’s economical potential by overcoming weakness such as:  

1. Lack of innovative urban development vision  

2. Lack of coordination between departments responsible for urban development   

3. Unsustainable development  

4. Environmental degradation  

• Facing new socio-economical and climatic challenge  

1. Urban security  

2. Public health and safety  

3. Global warming and climatic changes  

4. Social changes  

5.3 TOWN PLANNING  

        A survey we conducted to prepare an outline of village showing the dwelling houses, tanks, streets, 
electronic poles, water supply lines and other important details of the area. In additional to this, another sketch 
indicating our personal to modernize the village with particular reference to residential locality, business area, 
recreation spaces etc.  
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The following instruments were used for this work:  

1. Total station with tripod  

2. Plane table with stand and accessories  

3. Chain with arrows  

4. Tape  

5. Ranging rods                              

The field work may be arranged as fallows  

1. Rcconnoiter the area and prepare a rough sketch.  

2. Select the traverse station as suitable place.  

3. The starting station are fixed with reference to three permanent points and setup the plane table, add 

and mark the station on the sheet.  

4. Traverse the area using the plane table and all important features are filled up intersection.  

5. The plane tabling work is checked by taking 3 permanent object in the area as check points.  

6. And is plotted to the scale of 1:100.  

       Town planning involves both control of existing and new development. “strategic planning” is required to 
ensure our resources are carefully managed to match our future needs and expectations. In the present 
scenario, variety of technique have emerged for collection of data, assessment of existing conditions in a town, 
existing land use survey, etc. town planners use these techniques in survey, analysis, planning, implementation 
and  monitoring stages of the planning process.  

PLANNING SURVEYS The preparation of any for the development of an urban area, city or town requires reliable 
factual regarding physical and socio-economic conditions such as housing, transport, industries, employment and 
social services such as schools, hospitals and recreation facilities. The process of collecting such data is called a 
“planning survey”.  

The census provides valuable information, which could be used as the basis for a planning survey. It consist of 
three primary documents (1) House list, (2) Household schedule, and (3) Individual slip. The house list contains 
information about the use to which a census house was put, on the material of its walls and roof, whether, it was 
owned  or rented and the number of rooms, if it was used for dwelling, together with essential data concerning 
houses that were used as establishments, workshops or factories like name of establishment or proprietor, name 
of product produced, repaired or serviced, number of persons working and kind of fuel or power, if machinery 
was used, etc.  

In the household schedule information is given on the extent of land cultivated by the Household, either owned 
or on lease from the Government, or held from private persons, or institutions for payment in money, kind or 
share or partly held from government and party from private person for payment in money, kind, or share; the 
nature of household industry conducted by the household; the duration of the industry in a year, the number of 
family workers engaged in cultivation or household industry or both etc. In the individual-slip, essential 
demographic data, like relationship to head of household, age, marital status, birth place, social and cultural data 
like nationality, religion, literacy and mother tongue and economic data like, occupation, industry, class of 
worker and activity etc. are given.  

  

The preliminary planning survey may be considered to consist of the following components: preparation of base 
Map of the urban area.  

• Existing land use survey.  

• Utilities and land surveys.  

• Survey of community facilities like schools, Hospitals, Clinics, parks and playgrounds, etc.  

• Sample household survey for collecting essential data on housing, transport services and amenities.  
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5.4 PREPARATION OF BASE MAP  
             In the absence of an accurate base map, no planning exercise can be undertaken. The base map should 
show all streets, lane and open spaces and division of area by plots with survey members. The base map should 
show all physical features including contours. In most of the urban areas, this map may not be available readily 
and where available, it may be out dated. The first therefor, would be get any available map on a scale in which 
the individual plots with their survey numbers, are/can be shown and then proceed to check that map, from part 
to whole. While checking, omission and error and new sub- divisions should be entered on the map. For this 
survey, a team of experienced field staff working it up-to-date, The town planner supervising the work may 
undertaken other surveys which do not required a detailed base map. The amount of information to be 
represented on the map depends on scale, projection, conventional signs, draughting   skill, methods of map-
making purpose of map, etc. and hence would vary from map to map. uniformity of base map with regard to 
presentation of features, ale, size and notations would facilitate the readability of these maps and comparison of 
one map with another. Every base map must be provided with a key map, chosen to a suitable scale at the right 
hand upper corner. A map will not make sense unless a list comprising of various symbols, etc. used for various 
types of elements shown is provided in the form of legend which is usually shown in the right hand side of the 
map. It is essential to give map a title. In the practice, titles of the study/project are which in a horizontal line at 
the bottom of the map. For urban development plans the base maps are to be drawn on large scale and should 
show all or part of the physical, topography and cultural features and administrative and planning boundaries as 
per the details given in below:  

a) Physical (i) hills (ii) water bodies (iii) agricultural land and forest areas  

b) Topography (i) transport network (airport, railways, roads, street, lanes, etc.) (ii) utility and service lines (iii) 

built-up areas by plot and parcels preferably with survey numbers (iv) contours at an interval of less than  

5meters depending on physiography of town and scale of the map. 4  

c) Cultural features (i) parks and gardens (ii) public and semi-public buildings (important landmarks)           

(iii) important archacological and historical monuments   

d) Planning and administrative boundaries (i) municipal boundary (ii) census ward (iii) administrative subdivision 
limit (if any) (iv) planning area boundary (if identified) (v) gaothan area/abadi/settlement area (urban village or 
rural settlement within the municipal limits or on the fringe of the municipal town) (vi)cantonment area 
boundary  (if any) (vii) grids (artificial or latitude and longitudes)  

North point every base map must have a north point. Indication of north point is essential on the drawing and it 
could be located  immediately above the tittle block of the map. Wherever possible north point should be shown 
along with the wind rose diagram. The north point on a map should, as far as possible, point  upwards.  

5.5 Application of Innovative Techniques for preparation of base maps  

Aerial photography  

Now a days, aerial photography is used for preparation of base map. Large scale aerial photography is being used 
for generation of base maps and thematic maps for urban areas as it proves to be cost and time effective 
reliable. Wealth of information pertaining to land features, land use, built-up areas, city structure  and urban 
form, physical aspects of environment, etc. is available from the aerial photography. It is the skill of the 
interpreter who can extract the information useful for generation of various thematic map and graphic data 
required for preparation of urban development plan.  

Geographical Information System  

GIS is a compute based system, capable of input, storage, manipulation, analysis data useful for planning, 
decision-making and implementation. GIS is a powerful tool which helps planner to view different scenarios and 
their outcome so that an optimal strategy may be chosen for planning and development. It is basically a map 
processing technique and not for generation of base map. Once the spatial and attribute data is generated in 
GIS, its application areas are many and varied. These include resource inventory and management, planning and 
monitoring, land records for taxation and ownership controls, facilities and services management, environment 
impact assessment, etc. the PC-based GIS system is available in the market both in raster and vector modes and  
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data from remote sensing and other sources can be integrated. Planning agencies can acquire such system 
tohave quick analysis of geo-referenced data for planning and development.  

Satellite Remote Sensing  

Remote sensing data is used to study and monitor land features, natural resources and dynamic effects of human 
activities on urban areas. Today, with the resolution available, the application of remote sensing data for urban 
development plans could mainly be for assessment of natural resources, land use monitoring and planning and 
map-marketing. A broad base map of the city-region, indicating physical features including major road network, 
may be prepared quickly with the help of satellite imageries. Application of remote sensing data are numerous 
and it can be interpreted with the help of computer aided analysis. Both methods require certain amount of 
ground support information which should normally be collected by an interpreter to develop a key and is 
generally referred as ground truth. Using the ground truth or interpretation key, the remote sensing data is 
analyzed, interpreted and maps related to existing features, land use, broad settlement structure, resource 7 
analysis, etc. could be generated. Visual interpretation is an easy technique and personnel having elementary 
training can make use of remote sensing data for generation of maps  

5.6 EXISTING LAND USE SURVEY AND CLASSIFICATION OF LAND 

USES  

           The base map will complete the groundwork for conducting the existing land use survey. This is a basic 
survey carried out plot and is a pre-requisite for all planning work as well as plan enforcement. The accuracy of 
the existing land use map is very important as it will be used as the statutory requirement for giving or refusing 
planning permission and for compensation.  

  

  

5.7 Conditions for roads in layout  

The road width of different length of roads in layout shall be as per the table below:  

Sl no  Type of road (m)  Width of road (m)  Maximum length of road (in meter)  

plains  Hilly areas  

1  Cul-de-sac  6.0  Upto 50.0  Upto 75.0  

    7.5  Upto 75.0  Upto 100.0  

    9.0  Upto 100.0  Upto 150.0  

2  Residential roads  6.0  Upto 30.0  Upto 50.0  

    7.5  30.0 to 100.0  50.0 to 150.0  

    9.0  100.0 to 250.0  150.0 to 350.0  

    12.0  250.0 to 400.0  350.0 to 500.0  

    15.0  400.0 to 600.0  500.0 to 750.0  

3  Commercial roads  12.0  Upto 250.0  Upto 350.0  

    15.0  250.0 to 500.0  350.0 to 600.0  

    18.0  500.0 to 750.0  600.0 to 1000.0  

        A    24.0  750.0 to 1250.0  1000.0 to 1500.0  

         

B  

  30.0  Above 1250.0  Above 1500.0  

4  Industrial roads  15.0  Upto 300.0  Upto 500.0  

    18.0  300.0 to 500.0  500.0 to 750.0  

 

C 

  24.0  500.0 to 750.0  750.0 to 1000.0  

         

D  

  30.0  Above 750.0  Above 1000.0  
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1. Cul-de-sac shall be permitted only for residential roads.  

2. Turning radius preferably 9m, not less than 7.5m shall be provided.  

3. Roads having width greater than 18m and above are treated as commercial road, even in the residential 

layout.  

4. Vertical alignment of roads in plains shall not be steeper than 1 in 30 and in hilly area, not steeper than 1 

in 15.  

5.7.1 Conditions for storm water drains in layout  

1. Finalize the formed ground levels of entire layout including levels of roads.  

2. Locate the position of storm water drains, both for road side drains and main drains 3. Cross 

section of each segment drain shall be based on following criteria.  

a. The rainfall of the region  

b. Soil porosity  

c. The extent of catchment area of each segment of the drain.  

d. Quality of water flowing from upstream  

e. Longitudinal slope of drains.  

5.7.2 Condition for building sites in layout  

1. All building sites have to be of regular size and shape.  Exemption shall be provided in hilly areas due to 

undulating profile.  

2. Minimum size of residential building site shall be 54.00sq.m, except for EWS housing.  

3. Minimum size of non residential building site shall be 108sq.m.  

4. Minimum size of non commercial building site shall be 216sq.m.  

5.7.3 Conditions for space requirement for public utilities in layout  

1. Water supply system:  

a. OHT,GLSR and pump house  

b. Fresh water filtration plant  

c. Rain water harvesting system 2. Sewage system:  

a. STP, storage tank and pump 
house 3. Power supply system:  

a. Transformer yard and sub station  

b. Generator  
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