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Hardy Cross Method

• The earliest systematic 

method of network 

analysis (Hardy-Cross 

Method) is known as 

the head balance or 

closed loop method. 

• This method is 

applicable to system in 

which pipes form 

closed loops.
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Hardy Cross Method

• The outflows from the system are generally assumed 

to occur at the nodes junction.

• For a given pipe system with known outflows, the 

Hardy-Cross method is an iterative procedure based 

on initially iterated flows in the pipes. 

• At each junction, these flows must satisfy the 

continuity criterion, i.e. the algebraic sum of the flow

rates in the pipe meeting at a junction, together with 

any external flows is zero.
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Hardy Cross Method - is based on 

Continuity Equation:

Inflow = outflow at nodes
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Hardy Cross Method - is based on 

Energy Equation: 

Summation of head loss in closed loop is zero
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Assumptions/ Steps in Hardy Cross Method

• Assume that the water is withdrawn from nodes only; 

not directly from pipes.

• The discharge, Q , entering the system will have (+) 

value, and the discharge, Q , leaving the system will 

have (-) value. 

• Usually neglect minor losses since these will be small 

with respect to those in long pipes, i.e.; or could be 

included as equivalent lengths in each pipe.
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Assumptions/ Steps in Hardy Cross Method

• Assume flows for each individual pipe in the network.

• At any junction (node), as done for pipes in parallel,

• Around any loop in the grid, the sum of head losses 

must equal to zero:  
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Assumptions/ Steps in Hardy Cross Method

• Conventionally, clockwise flows in a loop are 

considered (+ve) and produce positive head losses; 

counterclockwise flows are then (-ve) and produce 

negative head losses. 

• This fact is called the head balance of each loop, and 

this can be valid only if the assumed Q for each pipe, 

within the loop, is correct. 
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Assumptions/ Steps in Hardy Cross Method

• The probability of initially guessing all flow rates 

correctly is virtually null. 

• Therefore, to balance the head around each loop, a 

flow rate correction (   )  for each loop in the network 

should be computed, and hence some iteration 

scheme is needed. 
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Assumptions/ Steps in Hardy Cross Method

• After finding the discharge correction,      (one for 

each loop), the assumed discharges Q0 are adjusted 

and another iteration is carried out until all corrections 

(values of     ) become zero or negligible. 

• At this point the condition of :

is satisfied.
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Assumptions/ Steps in Hardy Cross Method

Notes:

• The flows in pipes common to two loops are positive 

in one loop and negative in the other.

• When calculated corrections are applied, with careful 

attention to sign, pipes common to two loops receive 

both corrections.
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Steps in Hardy Cross Method

• The relationship between head loss and discharge 

must be maintained for each pipe. 

 Darcy-Weisbach Equation

 Exponential friction formula of Hazen-Williams
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How to find the correction value (   )

Since for each loop in the grid:

Therefore, we have (for each loop in the network) 
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How to find the correction value (   )

• If Hazen Williams (which is generally used in this  

method) is used to find the head losses, then

• If Darcy -Wiesbach is used to find the head losses, 

then 
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Problem 1: Simple Looped Network

A single looped network as shown in the Fig. 1 has to be 

analyzed by Hardy Cross method for given pipe diameter, 

length, inflow and outflow discharges. 

Pipe Network Analysis – Hardy Cross Method

Use Darcy –

Weisbach 

head loss –

discharge 

relationship 

assuming a 

constant 

friction factor, 

f=0.02.

Figure 1



Solution:

• Step 1: The pipes, nodes, and loop are numbered as 

shown in given Fig (1).

• Step 2: Adopt the following sign conventions:
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Solution:

 A positive pipe discharge flows from a lower node 

to a higher node.

 Inflow into a node is positive, whereas withdrawal 

is negative.
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Solution:

 In the summation process of the equation, 

a positive sign is used if the discharge in the pipe is out of 

the node under consideration. Otherwise, a negative sign 

will be used.
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Solution:

• For example in the given network (Fig 1), at node 2, 

the flow in pipe 1 is towards node 2, thus the Q1 at 

node 2 will be negative while applying Eq. 1.
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Step 3: Apply continuity equation to obtain pipe 

discharges. 

• The nodal inflow q1 is 0.6 m3/s and nodal outflow q3 is 

0.6 m3/s. The q2 and q3 are zero.

• Assume an arbitrary flow of 0.1 m3/s in pipe 1 (Q1=0.1 

m3/s), meaning thereby that the flow in pipe 1 is from 

node 1 to node 2. 
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• The discharge in pipe Q4 can be calculated by 

applying continuity equation at node 1 as –

• The discharge in pipe 4 is positive, hence the flow will 

be from node 1 to node 4 (toward higher numbering 

node). 
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• Also applying continuity equation at node 2:

• Similarly, at node 3, flow in pipe Q3 = 0.5 m3/s

• The pipe flow directions for the initial flows are shown 

in the figure.
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Step 4: For assumed pipe friction factors fi =0.02, the 

calculated K values as for all the pipes are given in Fig.1.

here, from Darcy – Weisbach head loss equation, 

Step 5: Adopted clockwise flows in pipes positive and 

counterclockwise flows negative.
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Simple Looped Network Analysis – Hardy Cross Method

Figure 1
Step 6: The discharge 

correction for the 

initially assumed pipe 

discharges are 

calculated.



Figure 1
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Iteration 1

Discharge correction, ΔQ 

is quite large, hence more 

iteration is required.



Figure 1

Simple Looped Network Analysis – Hardy Cross Method

Step 7: Repeat the 

process again for the 

revised pipe 

discharges.

Iteration 2

hf 2hf /Q 

Here, discharge 

correction, 

ΔQ Is zero.



Figure 1

The final discharges are:
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Problem 2: Simple Looped Network

The pipe network of two loops as shown in Fig. 2 has to be 

analyzed by the Hardy Cross method for pipe flows for given 

pipe lengths L and pipe diameters D. The nodal inflow at node 

1 and nodal outflow at node 3 are shown in the figure. 

Assume a constant friction factor, f=0.02.

Pipe Network Analysis – Hardy Cross Method
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Solution:

Applying steps 1 – 7 (as mentioned in Problem 1), the looped 

network analysis can be conducted as illustrated in this 

example. The K values for Darcy – Weisbach head loss –

discharge relationship are also given in Fig. 2 above.
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Solution:

To apply continuity 

equation for initial pipe 

discharges, the 

discharges in pipes

1and 5 equal to 0.1 

m3/s are assumed. 
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Solution:

The discharge correction ΔQ is applied in one loop at a time 

until the ΔQ is very small in all the loops. ΔQ in Loop 1 (loop 

pipes 3, 4, and 5) and corrected pipe discharges are given 

in the following table:

Pipe Network Analysis – Hardy Cross Method
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Solution:

Pipe Network Analysis – Hardy Cross Method

Figure 2
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Pipe 5 is 

common to 

Loop 1 and 

loop 2, hence it 

will take 
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from both 

loops. Figure 2
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Solution:
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Pipe 5 is 

common to 

Loop 1 and 

loop 2, hence it 

will take 

correction 

from both 

loops. Figure 2
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Solution:

The discharge corrections 

in the loops are very small 

after five iterations, thus 

the final pipe discharges in 

the looped pipe network in 

Fig. 2 are -

Pipe Network Analysis – Hardy Cross Method
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