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Slide 2  Water Supply Networks
Urban water supply
Water treatment plants
Domestic pipe network
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Components of a water supply 
network

Pipes
Pumps
Reservoirs and tanks
Valves, bends, junctions etc.
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Slide 4  Water Supply System Analysis

Continuity equation 

Energy equation
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Slide 5  Roughness formulae
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Slide 6  Head Loss
x

L KQh =

Formula x value

Darcy-Weisbach 1.75-2.0

Hazen-William 1.85

Manning 2.0

Chezy 2.0
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Slide 7  Common methods to analyze pipe 
networks

Hardy-Cross method
Limitation: Pipe flows have to be assumed such that 
continuity requirement is met. Therefore suitable for 
small networks only.

Linear method
All the equations are solved simultaneously without 
requiring initial pipe flows. Therefore suitable for all types 
of networks.
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Slide 8  Pipe network  
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Neq= Number of equations 
required
Nj= number of junction 
nodes
Nl= number of loops
Nf= number of Fixed 
Grade Nodes (e.g. 
elevated tanks)
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Slide 9  Hardy Cross Method

∆+= aQQ =Q Actual flow rate

=aQ Assumed flow rate
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The algebraic sum of the pressure drops around any closed loop 
must be zero
The flow entering a junction must equal the flow leaving it.
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Slide 10  Linear Method
Continuity equations for all the nodes are written on the 
basis of assumed direction of flow
Loop equations are written in the linear form
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Q= unknown flow rate.
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Pump equation for the loops containing pumps
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Slide 11  Linear Method

All the equations can be expressed in the form of matrices as 
follows:

[ ][ ] [ ]CQA =

[A] is a coefficient matrix and [C] is a column matrix of 
constants. The unknown [Q] can be found as:  

[ ] [ ] [ ]CAQ 1−=
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Slide 12  Example
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Slide 13  Design of Water Supply System

Pressure (240 to 410 kPa, Maximum: 650 kPa)
Water demand (Based on population)
Demand pattern (Due to usage variation)
Fire demand (Based on type of construction)
Storage facilities (For emergencies)
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Slide 14  Common software to analyze pipe 
networks

Public domain
EPANET2 : www.epa.gov

Commercial
WaterCAD : www.bentley.com
MIKE-NET : www.dhi.dk
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Slide 15  EPANET 2
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Slide 16  Example :
Determine the discharge in each line 
and the pressure at each junction for 
the pipe network shown. All the 
pipes are made of Galvanized iron.

 

P-7

P-6

P-5

P-4
P-3 

P-2 

P-1 

A 

B

J-1 

J-2

J-3

J-4

C4C1 

C3

C2

Line Nodes Length
(m)

Diameter
(cm)

1 A-J1 300 30

2 J1-J2 250 20

3 J1-J3 200 20

4 J2-J3 220 15

5 J2-J4 180 20

6 J3-J4 250 20

7 J4-B 270 25

Node Elevation(m) Demand(L/s)

A 126 -

B 123 -
J1 96 56
J2 99 112
J3 93 28
J4 90 85
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Slide 17  Solution
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Slide 18  Solution
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Slide 19  Design project

Given:
Elevations of all the nodes
Pipe properties
Population and per capita water use
Required:
Pipe flows
Pressure at all the nodes
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Slide 20  Design project
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Questions
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