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10

PE properties Benefits

Impact-resistant and tough Unbreakable at temperatures > 5 °C

Elastic  Suitable for underground pipes
to accommodate local ground
movement, available in coils

Application possible between
-40°C and 100°C

Application in open air unrestricted
in black pipe through
colouring with carbon black

Thermal resistant  

Smooth internal wall Low blockage risk due to 
low deposit/residue effects

Wear resistant Lower costs due to 
relatively long life

Weather-resistant/
UV resistant  

Chemical resistant Suitable for transport of 
polluted waste water

Insulating Non conductive

Non-toxic Environmental friendly

Poor heat conductivity No condensation during 
short periods of cooling

Highly suitable for welding Easy installation using 
buttwelding and 
electrofusion techniques

Homogeneous welded joints Pull tight and leak proof

Prefabrication Fast and cost-saving installation

Light in weight Cost-saving in transport 
and handling

Trenchless technology                    Installation methods: Directional drilling,
rehabilitation techniques                 Mole ploughing, Impact moling,
                                                  Narrow trenching

Properties and benefits of PE

E

Properties and Benefits of PE Market Area and Product Guide

House Connections	 Marley Blue/Black	 1200 series

Agriculture	 Marley Ag Pipe	 300 series 

	 Marley Enduroflex	 900 series

Territorial	 Marley Pressure	 1200 series Blue PE80B 

Water Mains		  1210 series Royal Blue PE100 

		  310 series Black PE100

Territorial	 Marley Pressure	 1200 series Blue PE80B 

Rider Mains		  1210 series Royal Blue PE100

Sewer Main	 Marley J Pipe	 SBW series

DWV Drains 	 Marley Akavent	 SBW series 

in Building	 J Pipe

Compressed Air	 Marley Pressure	 1200 series Blue PE80B

Underground Power	 Marley Subduct	 300 series PE80B 

and 	 Marley Comduct	 COMD. series PE80B 

Communication Duct		   

Market	 Product	 Product Code
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PE80B: SDR 33 - SDR 17
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PE80B: SDR 13.6 - SDR 9
DimensionsDimensions
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Polyethylene Pressure Pipe - SDR 33 (PE80: PN4)

Use Marley Pressure Pipe Calculator for specific analysis
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Polyethylene Pressure Pipe - SDR 26 (PE 100: PN6.3)

Use Marley Pressure Pipe Calculator for specific analysis
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Polyethylene Pressure Pipe - SDR 13.6 (PE 80: PN10 & PE100: PN12.5)

Use Marley Pressure Pipe Calculator for specific analysis
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Polyethylene Pressure Pipe - SDR 11 (PE80: PN 12.5 & PE100: PN16)

Use Marley Pressure Pipe Calculator for specific analysis
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According to this technique, a typical exponentially 
decaying surge regime is equivalent to two primary 
cycles. Thus for design purposes, the primary cycle 
amplitude only is considered, with the frequency doubled.

WATER HAMMER
Water hammer is a temporary change in pressure in a 
pipeline due to a change in the velocity of flow in a 
pipe with respect to time, e.g. a valve opens or closes 
or a pump starts or stops. Accidental events such as 
a pipe blockage can also be a cause. The effects are 
exacerbated by:
•	� Fast closing/stopping valves/pumps
•	� High water velocities
•	� Air in the line
•	� Poor layout of the pipe network, positioning of    

pumps
•	� Pump start method
Note that water hammer pressure may be positive or 
negative. Both can be detrimental to pipe systems; not 
only pipes, but pumps, valves and thrust supports can 
be damaged. Negative pressures can cause “separation” 
(vacuum formation), with very high positive pressures on 
“rejoinder” (collapse of the vacuum). For these reasons, 
water hammer should be eliminated as far as possible.
Water hammer pressures can be reduced by:
•	 Controlling and slowing valve and pump operations
•	 Reducing velocities by using larger diameter pipes
•	 Using pipe material with lower elastic modulus
•	 Astute layout of network, valves, pumps & air valves
•	 Fast-acting pressure relief valves.

It is beyond the scope of this manual to give a complete 
description of water hammer analysis and mitigation. 

DESIGN HINTS
To reduce the effect of dynamic fatigue in an installation, 
the designer can:

1. �Limit the number of cycles by:
	� (a)	 Increasing well capacity for a pumping station. 

(b)	 Matching pump performance to tank size to 
eliminate short demand cycles for an automatic 
pressure unit.

	 (c)	 Using double-acting float valves or limiting 
starts on the pump by the use of a time clock when 
filling a reservoir.

2.	 Reduce the dynamic range by:
	 (a) Eliminating excessive water hammer.
	� (b) Using a larger bore pipe to reduce friction loss.

EFFECT OF TEMPERATURE
Temperature rating principles must be applied in pressure 
rating selection for static pressures, (ductile burst), no 
adjustment need be applied for dynamic design. 

SAFETY FACTORS
For fatigue loading situations, the maximum pressure 
reached in the repetitive cycle shall not exceed the 
pressure rating of the pipe and fittings. Fatigue re-rating 
factors for PE 80B and PE 100 pipes and fittings shall be 
as shown in the table.
To select the appropriate pipe and fittings class for 
fatigue loading, the following procedure shall be 
adopted:
(a)	Estimate the likely pressure cycle amplitude, i.e. the 
maximum pressure minus the minimum pressure.
(b)	Estimate the frequency or number of cycles per day 
that are expected to occur.
(c)	Determine the required life and calculate the total 
number of cycles that will occur in the design lifetime.
(d)	From the Table determine the fatigue load factor for 
the number of cycles.
(e)	Divide the pressure amplitude by the fatigue load 
factor to obtain the equivalent operating pressure.
(f)	 Use the equivalent operating pressure to select the 
class of pipe and fitting required.

FATIGUE RE-RATING FACTORS FOR PE 80B 
AND PE 100 PIPES AND FUSION FITTINGS
	 Total Cycles	  	 Factors Load Factors
	 		  Pipes	 Fusion fittings
			   PE 80B & PE 100	 PE 80B & PE 100

	 36,500	 1	 1.00	 1.00

	 100,000	 3	 1.00	 1.00

	 300,000	 8	 1.00	 1.00

	 500,000	 14	 0.95	 0.95

	 1,000,000	 27	 0.88	 0.88

	 5,000,000	 137	 0.74	 0.74

	10,000,000	 274	 0.68	 -

	 50,000,000	 1,370	 0.57	 -

Approximate
No. of cycles 
per day for 

100 year life

CELERITY
The velocity of the pressure wave, referred to as celerity 
(C), depends on the pipe material, pipe dimensions and 
the liquid properties in accordance with the following 
relationship

  C= W  1 + SDR    
-0.5

 x 103 m/sec
          K     E

where
W	 = liquid density (1000 kg/m3 for water)
SDR	 = Standard Dimension Ratio of the pipe
K	 = liquid bulk modulus (2150 MPa)
E	 = pipe material short term modulus (MPa)

Wave speeds for water in various pipes of diameter (D) and wall thickness (e)

[ ]( )

change by the Joukowski formula:
 
            �p = W.a. �V
 
where
	
	 �p 	= pressure change (N/m2)
	 W 	 = fluid density (1000kg/m3)
	 a 	 = wave speed (m/s)
	 �V 	= velocity change (m/s)
 
Therefore for a given density and change in velocity, 
the surge pressure is approximately proportional to wave 
speed. This illustrates how, for a given surge ‘event’, 
the surge pressures generated in Marley P6 pipes will be 
considerably less than the magnitude of surge developed 
in other pipe materials.
For external dynamic loading conditions the use of PE 
pressure mains under major carriageways is dependent 
on the type of trench bedding conditions used, and 
the depth. 
PE 80 and PE 100 pressure mains should be laid under 
major roads with the correct installation techniques.

FITTINGS
Complex stress patterns in fittings can “amplify” the 
stress cycling in the fitting. This factor is particularly 
prevalent in branch fittings such as tees, where 
amplification factors of up to four times have been 
observed. The condition can be aggravated by the 
existence of stress cycling from other sources. For 
example, bending stresses induced by flexing under 
hydraulic thrust when improperly supported, or vibration 
induced fatigue caused by direct connection of pipe 
work to pumps, e.g. flanged connections. Isolation from 
vibration should always be provided in the design.

WAVE SPEED TRANSMISSION
 
In applications where surge pressures may occur, the 
relatively low shock wave transmission speed in polymer 
pipes (compared with that of a pipe of a more rigid 
material), can be particularly beneficial.
The range of wave transmissions speeds in water for 
various pipe materials and wall thicknesses as shown 
below. Wave speed is approximately related to pressure 
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[ ]

[ ]( )

Complex Cycle Patterns

In general, a similar technique may be applied to any 
situation where smaller cycles exist in addition to the 
primary cycle. Empirically, crack growth is related to 
stress cycle amplitude according to (∆S)3.2. Thus n 
secondary cycles of magnitude ∆P1, may be deemed 
equivalent in effect to one primary cycle, ∆P0.

     where n =  � P1  3.2

                       � P0

For example a secondary cycle of half the magnitude of 
the primary cycle is expressed as:

                
      n =  2  3.2

 = 9.2
           1

so it would require nine secondary cycles to produce the 
same effect as one primary cycle. If these are occurring 
at the same frequency, the effective frequency of 
primary cycling is increased by 1.1 for the purpose of 
design.

(    )

( )

HYDRAULIC FLOW
 
The velocity of flow in PE pipes should not normally 
exceed 1-2 metres per second in distribution mains. 
Where higher velocities are expected, consideration 
should be given to the effects of surge.
The hydraulically smooth bore of a PE pipe gives excellent 
flow characteristics which are usually retained through 
its operational life. The hydraulic frictional coefficients 
normally used in the design of continuous straight PE 
pipes working under pressure are:
 
•	 Colebrook-White 	 Ks 	 =  0.003mm
•	 Hazen Williams	 C	 =  144
 
The metric Colebrook- White formula for the velocity of 
water in a smooth bore pipe under laminar conditions 
takes the form:
 
 
  V = -2 2gDi. • log.  Ks    +  2.51v

                           3.7D     D 2gDi

 
Depending on the nature of the surface of a pipe and 
the velocity of fluid that it is carrying, the flow in a 
pipe will either be rough turbulent, smooth turbulent 
or most probably somewhere in between.
The Colebrook-White transition equation incorporates 
the smooth turbulent and rough turbulent conditions. 
For smooth pipe the first term in the brackets tends to 
zero and the second term predominates. For a rough 
pipe the first term in the brackets predominates, 
particularly at flows with a high Reynolds Number. This 
equation is therefore an almost universal application 
to virtually any surface roughness, pipe size, fluid or 
velocity of flow in the turbulent range.

The time taken for the pressure wave to travel the 
length of the pipeline and return is

    t = 2L

         C

where
t	 = time in seconds
L	 = length of pipeline in metres

If the valve closure time tc is less than t, the pressure 
rise due to the valve closure is given by:

     P1  = C.V

where
P1 	= pressure rise in kPa
V	 = liquid velocity in m/sec

If the valve closure time tc is greater than t, then the 
pressure rise is approximated by:

     P2 =  t    P1

             
tc

SURGE CELERITY
The surge celerity in a pipeline filled with liquid can 
be determined by:

  
  C =   W   1 + SDR    

-0.5

 x 103 m/sec
             K     E

where
W	 =  liquid density (1000 kg/m3 for water)
SDR	 =  Standard Dimension Ratio of the pipe
K	 =  liquid bulk modulus (2150 MPa)
E	 =  �pipe material ‘instantaneous’ modulus 		

(taken as 1000 MPa for PE80B, 1200MPa for 

PE80C, 1500 MPa for PE100)

Dimension Ratio (SDR) and Celerity (C)
For buried pipes increase the wave celerity (Ca) by 7%.

			  Celerity m/s  (C)
	 SDR	 MDPE (PE 80B) 		 HDPE (PE 100)

	 41	 160		  190
	 33	 170		  210
	 26	 190		  240
	 21	 220		  260
	 17	 240		  290
	 13.6	 270		  320
	 11	 300		  360
	 9	 330		  390
	 7.4	 360		  430

[      [      

Water Temperature
The viscosity of water decreases with increasing 
temperature. As the temperature increases the friction 
head will decrease.

An approximate allowance for the effect of the variation 
in water temperature is as follows:

1. 	 Pipe diameter < 150mm
	� Increase the chart value of the hydraulic gradient 	

by 1% for each 2°C below 20°C.
	� Decrease the chart value of the hydraulic gradient 	

by 1% for each 2°C above 20°C.

2. 	 Pipe diameter> 150mm
	� Increase the chart value of the hydraulic gradient 	

by 1% for each 3°C below 20°C.
	� Decrease the chart value of the hydraulic gradient 	

by 1% for each 3°C above 20°C.

Manufacturing Diameter Tolerance
PE pressure pipe is manufactured in accordance with 
AS/NZS4130 which permits specific manufacturing 
tolerance on both its mean outside diameter and wall 
thickness. Hence the mean bore of a pipe is given by:

	 Mean bore = De - (2 • te)
	 De =  mean OD    te = mean wall thickness

The Nominal Size lines on the flow chart correspond to 
the mean bore of that size and class of pipe.
However, it is conceivable that a pipe could be 
manufactured with a maximum OD and a minimum 
wall thickness within approved tolerances. In this 
case the discharge will be more than that indicated by 
the charts. Similarly a pipe with a minimum OD and a 
maximum wall thickness will have a lower discharge 
than indicated.
For a given discharge the variation in friction head loss 
or hydraulic gradient due to this effect can be of the 
order of 2% to 10% depending on the pipe size and 
class. For pipe sizes greater than 100mm, this variation 
is usually limited to 6% for a PN18 pipe.

Roughness Considerations
The value of k, the roughness coefficient, has been 
chosen as 0.003mm for new, clean, concentrically 
jointed PE pressure pipe. This figure for k agrees with 
recommended values given in AS2200 (Design Charts 
for Water Supply and Sewage). It also is in line with 
work by Housen at the University of Texas which 
confirms that results for PE pipe compare favourably 
with accepted values for smooth pipes for flows with 
Reynolds’ Number exceeding 104.
Roughness may vary within a pipeline for a variety of 
reasons. However, in water supply pipelines using clean 
PE pressure pipe these effects are minimised if not 
eliminated and k can be reliably taken as being equal 
to 0.003 mm.

 	 H = f  Lv
2

	 D2g

Where 
f	 =	 Darcy friction factor
H	 =	 head loss due to friction (m)
D	 =	 pipe internal diameter (m)
L	 =	 pipe length (metres)
v	 =	 flow velocity (m/s)
g	 =	 gravitational acceleration (9.8 m/s2)
R	 =	 Reynolds Number

(  )

(  )

Substituting for f in the Darcy equation note that:

	 Q = flow velocity x pipe internal area.
Where 	 Q = discharge       (m3/s)

This leads to the following expression upon which the 
flow charts are based

	 Q =  D2
 
•  2gD H • log           D         2   

	        4           L        
10

     k + 2.51v
	 3.7  2gD H
                                                  L

Where
V	 =	 velocity in metres per second
g	 =	� gravitational acceleration (a value of 9.807 

m/s2 may be assumed)
i	 =	 hydraulic gradient
v	 =	� kinetic viscosity (a value of 1.141 x 10-6 may 

be assumed).
Ks	 =	 linear measure of roughness in mm = 0.003
D	 =	 mean internal diameter of pipe in metres
Q	 =	 discharge (litres/second)
H	 =	 loss of head (meters/100 metres of pipe)
 
Computer programs and flowcharts for pipe systems 
using this formula have been in operation in New 
Zealand for over 20 years for transmission of water.

Other Pipe Flow Formulas
a) The Manning formula

	 V = 	1 R
2/3	 H   1/2

	 n	 L
    
b) The Hazen-Williams formula

    V = 0.849 C R
0.63  H  0.54

                            L           

Where:	 n = Manning roughness coefficient
	 C = Hazen-Williams roughness coeffiecient
	 R = hydraulic radius (m)
	 (R = D/4 for a pipe flowing full)

	 H = hydraulic gradient (m/m)
      L

Though both formulas do not give the same accuracy 
as the Colebrook-White equation over a wide range of 
flows they are often used in hydraulics because of the 
comparative simplicity.

DesignDesign
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EQUIVALENT ROUGHNESS COEFFICIENTS

	 ID	 k	 v	 H/L	 n	 C
	(m)	 (m)	 (m2/s)	 (mm)

	0.20	 0.003 x 10-3	 1 x 10-6	 0.01	 0.0082	 154
		  0.015 x 10-3	 1 x 10-6	 0.01	 0.0084	 154
	0.45	 0.003 x 10-3	 1 x 10-6	 0.01	 0.0084	 156
		  0.015 x 10-3	 1 x 10-6	 0.01	 0.0086	 152

AIR VALVES
All water contains dissolved air. Normally this would 
be about 2% but it can vary largely depending on 
temperature and pressure. Air trapped in the line in 
pockets is continually moving in and out of solution.
Air in the line not only reduces the flow by causing a 
restriction but amplifies the effects of pressure surges. 
Air valves should be placed in the line at sufficient 
intervals so that air can be evacuated, or, if the line is 
drained, air can enter the line.
Air valves should be placed along the pipe line at 
all high points or significant changes in grade. On 
long rising grades or flat runs where there are no 
significant high points or grade changes, air valves 
should be placed at least every 500-1,000 metres at the 
engineer’s discretion.
Recommended Air Valve Size

	 Size	 Air Valve Size

	 Up to 100	 25 single
		  100-200	 50 double
		  200-450	 80 double

HEAD LOSS DUE TO FRICTION 
IN PIPE

This is valid for the laminar flow region. However, as 
most pipes are likely to operate in the transition zone 
between smooth and full turbulence, the transition 
function developed by Colebrook-White is necessary to 
establish the relationship between f and R.

        1  = -2 Log10      
K   + 2.51

	 f                    3.7D    R f 
 
Where
K	 =  Colebrook-White roughness coefficient (m)
 
For ease of reference, typical design flow charts in 
this manual based upon k = 0.003mm are reproduced.

Factors which may result in a higher k value include:
•	 Wear or roughness due to conveyed solids
•	� Growth of slime or other encrustations on the 	

inside
•	 Joint irregularities and deflections in line 
	 and grade
Note: Significant additional losses can be caused by 
design or operational faults such as air entrapment, 
sedimentation, partly closed valves or other artificial 
restrictions. Every effort should be made to eliminate 
such problems. It is not recommended that k values be 
adjusted to compensate, since this may lead to errors of 
judgement concerning the true hydraulic gradient.
Engineers who wish to adopt higher values of k should 
take into account some of the above effects in relation 
to their particular circumstances. The maximum suggested 
value is 0.015 mm. Table 6 lists the percentage increase 
in the hydraulic gradient for typical k values above 0.003 
mm for various flow velocities.

Percentage increase in Hydraulic Gradient 
for Values of k Higher than 0.003 mm.

	 SIZE	 FLOW VELOCITY	 k = 0.006	 k = 0.015
		  (m/s)	 (mm)	 (mm)

	 50	 0.5	 0.6%	 2.3%
		  1.0	 1.0%	 3.8%
		  2.0	 1.6%	 6.2%
		  4.0	 2.7%	 9.8%
	 100	 0.5	 0.5%	 2.0%
		  1.0	 0.9%	 3.3%
		  2.0	 1.5%	 5.5%
		  4.0	 2.4%	 8.8%
	 200	 0.5	 0.4%	 1.8%
		  1.0	 0.8%	 2.9%
		  2.0	 1.3%	 4.9%
		  4.0	 2.2%	 7.9%
	 300	 0.5	 0.4%	 1.6%
		  1.0	 0.7%	 2.8%
		  2.0	 1.2%	 4.6%
		  4.0	 2.0%	 7.4%
	 450	 0.5	 0.4%	 1.5%
		  1.0	 0.6%	 2.5%
		  2.0	 1.1%	 4.3%
		  4.0	 1.9%	 6.9%

Relating Roughness Coefficients
Knowing k the equivalent roughness coefficients n and C 
for the two formulas can be compared as follows:

                                              D
  1 = 5.04 D

-1/6
 √ 2g log

  n                            
10       k      2.51v

                                       3.7 
+
 2gD H

                                                     L

 C = 5.64 D-0.13   H-0.04                    D
		  L    √2g log 

    k      2.51v

	 3.7  
+
 2gD H

	 L

[     [     

 	 H = f  Lv2

	 D2g

Where 
f	 =	 Darcy friction factor
H	 =	 head loss due to friction (m)
D	 =	 pipe internal diameter (m)
L	 =	 pipe length (metres)
v	 =	 flow velocity (m/s)
g	 =	 gravitational acceleration (9.8 m/s2)
R	 =	 Reynolds Number

HEAD LOSS THROUGH FITTINGS
 
The frictional losses occasioned by flow through valves 
and fittings are approximately proportional to the 
square of the liquid velocity, 
 
       H = Kv2

             2g

where
H	 =	 loss of head  m
v	 =	 liquid velocity  m/s
g	 =	 acceleration due to gravity  m/s2

K	 =	 coefficient dependent on type of fitting

Perhaps a more convenient way of allowing for the 
frictional resistance of valves, fittings, obstruction, 
etc is to consider an equivalent straight length of pipe 
which would create the same frictional resistance. 

Actual headloss characteristics for a range of service 
pipe sizes and appropriate fittings to determine overall 
headloss for PE pipes service installations.
The effect of the frictional resistance created by the 
internal beads in butt welded joints is hardly significant 
in normal distribution installations in smaller diameters 
or where the joints are frequent (e.g. for a joint once 
every 2 metres, an increase in the frictional resistance 
of about 2% should be allowed).
 
For practical purposes, designers of water mains 
for normal housing layouts may consider alternative 
methods to take account of all secondary and minor 
losses for small and medium sized developments.

Average Headloss in Fittings and Components

 	 Table	 Fitting/Component	 Size 	    	 Headloss (m) at flow rates of:
			   mm/”
				    L/m 10 	 25 	 35 	 100 	 160
				    L/s 0.16 	 0.42 	 0.58 	 1.66 	 2.66
	 1 	 Ferrule connection 	 20 	 0.1 	 0.9 	 2.0
			   25 	 0.1 	 0.7 	 1.5
			   32 		  0.2 	 0.4
			   63 				    0.5 	 1.5
	 2 	 Stop valves 	 20 	 0.6 	 3.7 	 9.5
			   25 	 0.2 	 1.2 	 1.9
			   32 		  0.4 	 0.7
			   50 		  0.1 	 0.2 	 0.9 	 2.2
			   63 			   0.1 	 0.4 	 0.8
	 3 	 Boundary boxes 	 20 	 0.8	 4.5	 10.0
		  (with meter)	 25 	 0.7 	 3.2 	 6.1
		  Boundary boxes 	 25 	 0.5 	 1.9 	 3.4
		  (without meter)
	 4 	 Double check valves 	 20 	 1.8 	 4.0 	 6.0
			   25 	 1.2 	 2.0 	 2.7
			   32 		  1.3 	 1.8
			   50 				    2.5
			   63 				    0.4 	 0.9
	 5 	 Adaptors 	 20 	 0.4 	 0.5
			   25 		  0.1 	 0.1
			   32 			   0.1
	 6 	 Elbows 	 20 	 0.3 	 1.3 	 2.4
			   25 	 0.1 	 0.2 	 0.4
			   32 		  0.1 	 0.2
			   50 				    0.2
			   63 					     0.1
	 7 	 Tees (on branch) 	 20 	 0.2 	 1.0
			   25 		  0.3 	 0.6
			   32 		  0.1 	 0.2
			   50 				    0.3
			   63 					     0.2
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LOADS ON PIPES
Soil and Traffic Loads
Loads are exerted on buried pipe due to:
•	 Soil pressures
•	 Superimposed loads
•	 Traffic loads
For normal water supply systems, the minimum depths 
of burial (cover) stipulated in AS/NZ 2033 should be 
observed. Under these conditions and up to a maximum 
of 3 metres cover, soil and traffic loadings are of little 
significance and design calculations are not necessary. 
This applies to all classes of pipe.
For depths shallower than those recommended, traffic 
loading may be of significance.
At greater depths, soil loadings may control selection of 
pipe class. In these instances, lighter pipe classes may 
not be suitable and specific design calculations and/or 
special construction techniques may be required. Wet 
trench conditions may also require further investigation.
For design purposes, AS/NZS 2566 Plastics Pipelaying 
Design sets out procedures to be adopted.
Special construction techniques can involve backfill 
stabilisation, load bearing overlay or slab protection.
It should be noted that cover of less than 1.5 diameters 
may result in flotation of empty pipes under wet 
conditions. Low covers may also result in pipe “jacking” 
(lifting at vertically deflected joints) when pressurised. 

Bending Loads
Under bending stress PE Pressure pipes will bend rather 
than break. However, the following precautions are very 
important.

1.	� In below ground installations, the pipes must have 
uniform, stable support.

2.	� In above ground installations, proper, correctly 
spaced supports must be provided.

3.	� In above ground installations, pumps, valves 
and other heavy appendages must be supported 
independently.

External Pressure
All flexible pipe materials can be subject to buckling 
due to external pressure and PE pipes behave in a 
similar fashion to PVC and steel pipes.

For a uniform section pipe the critical buckling pressure 
Pc can be calculated as follows:	  

		  Pc  =  2380 E
(SDR - 1)3

Where
E	 = 	 modulus of elasticity (Gpa)

Where pipes are buried and supported by backfill soil 
the additional support may be calculated from: 

     	      P b = 1.15(PcE`)
0.5

Where
E` 	 = 	 soil modulus from AS2566-Plastic 		
		  Pipelaying Design.

TRENCHLESS  
INSTALLATION
 

Rehabilitation

Sliplining
In slip lining a replacement PE pipe string of a smaller 
size is inserted into an existing decommissioned 
pipeline. Pressure grouting can enable the existing 
pipe to be rehabilitated structurally while reinforcing 
the pressure rating of the new line.
Some reduction of flow capacity is inevitable. This can 
be minimised with careful preparation and cleaning of 
the old pipeline. The average annular clearance can 
be approximately 5%. In pressure the reduction in 
capacity can often be overcome with increased pressure 
in the new line, or in gravity the exclusion of ground 
water entering the line if a significant reduction in 
flow is required.

Pipe Bursting
Size for size replacement, or upsizing of existing 
cast iron pipelines can be achieved with significant 
savings by the pipe bursting method. With this 
method an existing main is burst and the bore hole 
is simultaneously expanded by a mole. Modern pipe 
bursting mole with hydraulic expanders can crack open 
unserviceable pipelines even with repair collars or 
concrete surrounds.

Impact Moling
Moling is suitable where a pit can be dug at both the 
beginning and the end of the pipe line to accommodate 
the drilling equipment. A bore hole is launched between 
the two pits, leaving the ground undisturbed. A 
sacrificial liner is attached to the mole and the PE pipe 
is inserted in the liner.

4) 	Earth Loads
 
	 Trench
 
	 a) Embankment
	 b) W = CewD2
 
	 1) Imposed Loads
 
	 Uniformly distributed load
 

2) Trench
W = CuBU

 
3) Embankment

	� The load U is expressed as an equivalent height of 
fill and added to the embankment height.

	    h = U

	 w

	 4) Traffic Loads

  W = Cp M Ω

                   I

of soil types and compactions are contained in  
AS/NZS2566. 
The development of any restraint from the surrounding 
soil is governed by the depth of installation and for 
installations less than 3 pipe diameters deep, the effect 
should be disregarded.
The value of Pc calculated requires a factor of safety to 
be applied and a factor of 1.5 may be applied for those 
conditions where the negative pressure conditions can 
be accurately assessed.
Where soil support is taken into account then a factor 
of 3 is more appropriate. 
In general terms PN9 pipe should be used as a 
minimum for pump suction lines or when negative 
pressure will be generated due to the gradient the pipe  
is laid to. 
Where the individual installation conditions result in 
negative pressure conditions that are not present in 
operation, then regard must be paid to construction 
techniques. For example pipes may need to be filled 
with water during concrete encasement when being 
used as vertical or horizontal ducting.
In operation, fluid may be removed from the pipeline 
faster than it is supplied from the source. This can arise 
from valve operation, draining of the line or rupture of 
the line in service. Air valves must be provided at high 
points in the line and downstream from control valves 
to allow the entry of air into the line and prevent 
the creation of vacuum conditions. Generally, in long 
pipelines air valves should be provided each 250 metres 
along the line.

EXTERNAL LOADING
AS/NZS2566 – Plastics Pipelaying Design provides a 
methodology of calculating these loads operating on 
buried pipes under various installation conditions. 
The basis of the AS/NZ2566.1 and 2566.2 is that 
developed by Marston in the USA and for each of the 
load sources listed in "Loads on Pipes" section 1,2 and 
3 is as follows:

The symbols expressed in these formulate for evaluating 
the loads acting on the pipes are contained in AS/
NZ2566 and are as follows:

W	 =	 load on pipe (kN/m)
C	 = 	 load coefficient
Ω 	 = 	 impact factor
l	 = 	 length of pipe over which concentrated 		
		  load acts (m)
M	 = 	 concentrated load (kN)
D	 = 	 mean pipe outside diameter (m)
B	 = 	 trench width (m)
U	 = 	 uniformity distributed load (kPa)
w	 = 	 density of fill (t/m3)
 

DEFLECTION
 
Flexible pipes resist external loading by a combination 
of ring stiffness of the pipe and the soil support 
developed as a result of deflection of the pipe under 
loading. 
This deflection invokes passive support and provides the 
major portion of the total installed pipe strength.
The amount of passive support is determined by the type 
of soil and the amount of compaction in the soil at the 
side of the pipe.
The determination of this support is contained in the 
various sections of AS/NZS2566 and is specific to each 
installation. 
For flexible pipes the maximum load bearing capacity 
is determined by the deflection of the pipe from the 
original diameter. 
Traditionally, in New Zealand the maximum allowable 
deflection has been 5% of the pipe outside the diameter 
and this value has been adopted AS/NZS2566. This 
value originally related to the limit applied to cement 
lined steel pipe as being the limit before the lining 
cracked and failed under loading. 
In the case of homogeneous flexible pipes this limit 
has no engineering basis and may be exceeded without 
structural damage. 
The actual maximum design value adopted may be 
selected by the designer taking into account the 
particular requirements of the installation, such as the 
need to pass mechanical cleaning equipment down the 
bore of the pipe. 
For the pipe deflected at 5% of the outside diameter the 
hydraulic capacity of the pipe is 99.9% of the capacity 
of the same pipe as a perfect circle. 
The calculation of the deflection of the pipe caused 
by the external loading is performed in AS/NZS2566 
using the approach developed by Spangler in the 
USA at Iowa State College. A computer program is 
available to accurately calculate maximum depth for 
pipe installations and soil loads on pipe.
The major support in the installed pipeline is derived 
from the supporting soil and the attention of the 
designer is drawn to modifying the type of standard 
compaction as the preferred method of increasing the 
load resistance of the pipeline. 

InstallationInstallation
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The standard levels of compaction contained in AS/
NZS2566 and the intended usage areas are as follows:

a)	� Type 1
	� The highest level of compaction as used in highway 

and road pavements and requires mechanical 
compaction techniques.

b)	 Type 2
	� The level of compaction attained by thorough 

hand tamping methods normally used in trench 
and embankment conditions for sewer and drain 
applications.

c)	 Type 3
	� The level of compaction attained where the 

sidefill is not compacted and side support arises 
from natural soil consolidation. Normally used in 
stormwater and pressure pipe applications where no 
additional external loads are encountered.

The maximum trench width should be as restricted 
as possible depending on the soil conditions. This 
is necessary for both economics and to develop side 
support. 
Where wide trenches or embankments are encountered 
then the pipe should be installed on a 75mm layer of 
tamped or compacted bedding material as shown on 
the cross section diagrams. Where possible a sub trench 
should be constructed at the base of the main trench 
to reduce the soil loads developed. 
AS/NZS2566 provides full details for evaluating the 
loads developed under wide trench conditions.

TRENCH INSTALLATION 
Preparing the Trench
PE pipe can be damaged or deformed if the bed support 
is not made as uniform as possible. The trench bottom 
should be compacted and examined for irregularities 
and any hard projections removed.
The minimum trench width should allow for adequate 
tamping of side support material and should be not 
less than 150mm greater than the diameter of the pipe. 
In very small diameter pipes this may be reduced to a 
trench width of twice the pipe diameter. 

Recommended Trench Widths

	 SIZE	 MINIMUM	 MAXIMUM
	 DN	 (mm)	 (mm)
	 100	 320	 800
	 125	 340	 825
	 150	 360	 825
	 175	 400	 875
	 200	 425	 900
	 225	 450	 925
	 300	 515	 1000
	 375	 600	 1200

The width of trenches used with PE pipe may be 
reduced by jointing above ground in the case of butt 
or electrofusion welding and then feeding the jointed 
pipe into the trench.Similarly, small diameter pipe in 
coil form can be welded or mechanically jointed above 
ground and then fed into the trench. 

Trench Depths
The recommended minimum trench depth is determined 
by the loads imposed on the pipe such as the mass of 
backfill material, the anticipated traffic loads and any 
other superimposed loads. The depth of the trench 
should be sufficient to prevent damage to the pipe 
when the anticipated loads are imposed upon it.

Minimum Cover for Trenches
Trenches should be excavated to allow for the specified 
depth of bedding, the pipe diameter and the minimum 
recommend cover and overlay plus backfill above 
the pipes. Table below provides recommendations for 

minimum cover to pipe crown.

Minimum Cover
	Loading	 Cover (mm)
	Roads and streets	 750
	Driveways and similar areas 	 600
	subject to traffic
	Footpaths, gardens	 500
	Construction traffic	 750

The above cover requirements will provide adequate 
protection for all pipes. Where it is necessary to use 
lower covers, several options are available.

TRENCHED PIPELINES ON STEEP 
SLOPES
When pipes are trenched on steep slopes, i.e. slopes 
steeper than 20% (1:5), trenched backfill around the 
pipe may be scoured out by water movement. Clay 
stops or sandbags should be placed at appropriate 
intervals above and below the pipe to stop erosion of 
the backfill.
Directional drilling is recommended on steep slopes to 
maintain environment.

PIPELINE BUOYANCY
Pipe under wet conditions can become buoyant in the 
trench. Marley pipes should be covered with sufficient 
overlay and backfill material to prevent inadvertent 
flotation and movement. A depth of cover over the pipe 
of 1.5 times the diameter is usually adequate.

Pipelines on steep slopes

THRUST SUPPORT 
A major advantage of PE is that the length of pipe can 
be butt or electrofusion jointed to form a continuous 
string of pipe and there is normally no need for thrust 
blocks.
It is advisable to ensure that soil support or bracketing 
will sustain pipe movement due to thrust loads.
Valves and pumping equipment should be appropriately 
mounted to sustain thrust loads. This, together with 
the material’s inherent flexibility, makes polyethylene 
suited to a wide range of pressure and nonpressure 
application and innovative installation techniques.

Backfill
Unless otherwise specified, excavated material from the 
site should constitute the back fill.
Gravel and sand can be compacted by vibratory 
methods and clays by tamping. This is best achieved 
when the soils are wet. 
When flooding the trench, care should be taken not to 
float the pipe. 
All ground should be compacted back to 91-95%.The 
loads arise from two sources; the static or pressure 
force and the kinetic or velocity force.

Bedding Material
Preferred bedding materials are listed in AS/NZ2655.1 
and are as follows: 

a)	� Suitable sand, free from rock or other hard or sharp 
objects that would be retained on a 13.2 mm sieve.

b)	� Crushed rock or gravel evenly graded up to a 
maximum size of 20 mm.

c)	� The excavated material may provide a suitable pipe 
underlay if it is free from rock or hard matter and 
broken up so that it contains no soil lumps having 
any dimension greater than 40 mm which would 
prevent adequate compaction of the bedding.

The suitability of a material depends on its 
compactability. Granular materials (gravel or sand) 
containing little or no fines, or specification graded 
materials, requiring little or no compaction, are 
preferred.

Clays and sands containing fines are difficult to compact 
and should only be used where it can be demonstrated 
that appropriate compaction can be achieved.

Pipe Side Support
Material selected for pipe side support should be 
adequately tamped in layers of not more than 75mm 
for pipes up to 250mm diameter and 150mm for pipes 
of diameters 300mm and above. Care should be taken 
not to damage the exposed pipe. Tamp evenly on either 
side of the pipe to prevent pipe distortion and not to 
disturb the line or grade.
Side support and pipe overlay material used should be 
identical with the pipe bedding material.

•	� Provide additional structural load bearing bridging 
over the trench. Temporary steel plates may be  
used in the case of construction loads.

•	� Use a high quality granular backfill e.g. crushed 
gravel or road base.

•	� Use a higher class of pipe than required for normal 
pressure or other considerations.

150
mm

75
mm
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Electrofusion Coupling Section

11. Check that there is sufficient fuel in the generator 
to complete the joint. Start the generator and check for 
correct operation. Fumes from the generator should be 
well clean of the pipe and couplers.

12. Operate the ECU according to the instructions, which 
should have been thoroughly read and understood prior 
to any welding operations. The ECU will either have 
some form of automatic operating system or require 
manual operation. Whichever system the ECU uses, all 
fittings are marked with both fusion and cool times in 
seconds plus the necessary input voltage.

13. If the fitting has melt indicators check that they 
have risen. The molten material should have risen to 
a point just above, or just below, the surface of the 
fitting. (Fittings size 63mm and below do not have 
melt indicators. Couplers 355mm and 400mm have heat 
sensitive labels to indicate that sufficient heat has 
been generated.)

14. The joint must be left in the clamps for the cooling 
time specified on the fitting, although the terminal 
leads may be removed carefully without disturbing the 
joint.
If the fusion cycle terminates before completion of 
the countdown, check for faults as indicated by the 
ECU display. Check that there is adequate fuel in the 
generator. Once the fault has been rectified the welding 
process can be recommenced, but the timer has to be 
reset to zero.

If using a transformed supply, make sure that the 
supply lead to the ECU is not of excessive length. 
NEVER extend the length of the leads from the ECU to 
the fitting.
Do not pressurise the system until the joints have 
cooled to ambient temperatures.

15. Note fusion details on pipe after completing joint.

Electrofusion Jointing of Coiled Pipe
i) Up to 63 diameter.
Clamps must be used which align and restrain the pipes.
ii) Greater than 63mm diameter:
To electrofuse coiled pipe with a diameter greater than 
63mm, the pipe must be rerounded.
See the Ancillary Equipment section for details of 
rerounders.

Introduction Thermal Welding
 
All thermal welding joint systems require the PE 
materials to be heated and raised well above the 
crystalline melt temperature of nominally 130°C, 
creating a melt pool of the PE material, placing that 
melt pool under steady pressure, and then allowing the 
PE melt zones to cool down to ambient temperature.
After the heat source is removed, the temperature 
will drop and as the cooling continues, the crystalline 
structure of the MDPE will gradually develop. PE is a 
poor conductor of heat and the internal pipe sections 
will remain considerably hotter than the outer surfaces. 
Accelerated cooling of the melt zone must not be 
attempted in any type of thermally welded joint. This 
will lead to smaller crystalline structures and decrease 
impact strength of the joint.
 
Temperature Distribution Through Pipe 
Wall At Final Weld Stage

 
 

 

Introduction Butt Welding
Butt welding is normally only used in pipe size from 
90mm to 1000mm for jointing pipe and fittings. Butt 
fusion brings the molten surfaces together under 
precise temperature pressure and time to provide a 
homogeneous material which has the same properties 
as the original pipe. Butt Fusion is a precise operation 
and must be carried out with equipment which is well 
maintained and calibrated by qualified staff in an 
appropriate working environment. Clean, dry working 
conditions are imperative as is consistency in the 
procedure and process.

Butt Weld Detail Environment
The working environment is important that the pipe 
are correctly aligned and that the machinery can 
accommodate the pipe drag.
 The welding equipment needs to be suitably sited so 
dirt, dust ,water, rain, oil or drafts will not prevent 
proper weld strength developing.
 All welding must be performed under controlled 
environmental conditions. Field welding must be 
carried out in shelters to prevent dust and water 
contamination. Pipe ends must be blocked off to 
prevent wind chill and dirt contamination. 

BUTT WELDING

Temperature Distribution

 Hottest Material

Cooler Material

Boundary Layer

Skin Remnants

Surface Cooling

Butt Weld Detail Heater Plates
The heater plate surface temperature should be set at 
230°C with an evenly distributed tolerance of plus/
minus 10°C. 
Temperatures above this will lead to possible failure 
due to thermal degradation.
Temperatures below this may be adopted, as it may be 
necessary to adopt these values for thick wall pipes to 
prevent overheating, or for PE materials with a high Melt 
Flow Index.
Only plates in good order should be used and they need 
to be kept scrupulously clean. 
 

Butt Weld Detail Interface Pressure
The gauge pressure adopted must have drag pressures 
added to any calculated values.

Butt Weld Detail Pipe Alignment
Any misalignment between pipe outside diameter and 
the ends will reduce the strength of the completed 
weld. Pipe and fitting must be accurately aligned 
in the welding machine before the ends are faced. 
The alignment of the welding machine also needs to 
be checked after the trimming procedure has been 
completed.

Misalignment arises from:
•	 Ovality of pipes
•	� Eccentric wall thickness around the circumference 

of the pipe.
•	� Pipes not being properly aligned in support rollers 

on either side of the welding machine.
•	� Pipe spigot end diameter reduction due to in built 

stresses in the pipes.
•	 Bent, or misaligned, welding machine frames.

Pipes should be supported on free running rollers on 
either side of the welding machine and the height and 
alignment of these rollers should be adjusted to ensure 
that the pipe centrelines are level with the welding 
machine. 
The alignment should be checked after the pipe 
ends are trimmed and brought together. The outside 
diameters should be even around the circumference of 
the pipes and any offsets adjusted using the adjusting 
clamps in the welding machine (when fitted). 

The maximum offsets at the outside diameter between 
abutting pipe ends should not exceed 5 – 10% of the 
pipe wall thickness when measured at any cross-section.

Butt Welding Procedure
Precise adherence to the procedure, set-up and 
cleanliness is critical for consistent welding and long-
term pipe performance.
The current PIPA (Plastic Industry Pipe Association) 
procedures are aligned to ISO procedures. These 
procedures have been confirmed by long-term testing 
from in-field tests and the resin suppliers.
Welding procedures are detailed at www.pipa.com.au or 
www.pe100plus.net under ISO Standards.

Jointing SystemsJointing Systems
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Mechanical Jointing and Service 
Connections

Tapping Saddles
Only tapping saddles designed for use with PE pipe 
should be used. These saddles should:
•	� Be contoured to fit around the pipe and not have 

lugs or sharp edges that dig in.
•	� Have a positive stop to avoid overtightening of the 

saddle around the pipe.

The maximum hole size that should be drilled in a PE 
pipe for tapping purposes is 50mm, or 1/3 the pipe 
diameter, whichever is smaller.
This does not prevent the connection of larger branch 
lines via tapping saddles, provided the hydraulic loss 
through the restricted hole size is acceptable.
For larger branches a tee is preferred.

Holes should not be drilled into PE pipe:
• 	 Closer than 450 mm to another hole on a 
	 common parallel line.
•	� Where significant bending stress is applied to the 	

pipe.

Live Tapping
Live tapping of a line using a specially designed range 
of tapping bands, or drilling machines can be used.
The tapping band should be fitted to the pipe and 
correctly tightened. A specially adapted main cock for 
live tapping should be fitted to the tapping saddle 
using PTFE tape and a drilling machine fitted with a 
“shell” cutter or hole saw only. The hole is drilled and 
the tapping flushed. The hole saw is then withdrawn 
and the main cock sealed. The tapping machine is 
removed along with the hole cut out and the main cock 
plunger or cap is then fitted.

Direct Tapping
Marley does not recommend direct tapping (threading 
of the pipe wall) for PE pressure lines.

Self Tapping Ferrule
Live mains may be tapped for service connections using 
the self tapping ferrule, available with 20mm male 
outlet.

Flexible service pipe (eg MDPE) may be 
radiused to acceptable limits

D
450 minimum centres

Rigid service pipe 
- straight or offset 
connection

Support to 
alternative  
configuration 
required

NOTE: Straight connections are considered the norm in 
most cases

•	General Principals

•	Coiled Pipes

•	Loading and Off-Loading

•	Storage

HANDLING AND STORAGE
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As PE pipes are subject to thermal expansion and  
contraction the testing should take place at ambient 
temperature and the water should be introduced and the 
pipeline kept full of water (but not under pressure) for 
12 hours where elevated temperatures are encountered. 
Where pipes are at ambient temperature testing may 
commence as soon as required. 
Pressure test gauges or recording devices should be 
placed at the lowest elevation point accessible in the 
pipeline.
The test water should be fed into the pipeline evenly 
and without pulsation up to the nominated test pressure 
value. The actual test pressures adopted may vary 
depending on the Local Authority requirements and these 
must be adhered to at all times. 
For small diameter PE80B PE pipelines (up to 110mm 
diameter) a test pressure of a maximum of 1.2 WP 
(working pressure) may be applied for a period of 15 
minutes or for sufficient time to allow the pipeline to be 
inspected for leakage at all joints. The same procedures 
may be adopted for small length additions to existing 
pipelines. The pressure gauge reading should not drop 
once the pressure has stabilised.
For PE pipe property service connections using PN16 class 
PE100 PE pipe, a standard test pressure of 1.5 MPa may 
be applied uniformly for all applications. 
For large diameter PE pipelines and for pipeline lengths 
up to 1000 metres, the volume change in the pipes under 
the action of the test pressure needs to be evaluated. 
Pipes should be brought up to test pressure and the 
pressure stabilised by introducing make up water. 
A test pressure of a maximum of 1.25 times WP (working 
pressure) may be applied for a period of up to 8 hours, or 
for sufficient time to inspect all joints and connections 
for signs of leakage. Pressure gauge readings should be 
taken at regular time intervals during the test period to 
ensure that leakage does not take place.

High pressure testing using air must not be carried 
out.

The following are identified as contributing factors to 
variations in the pressure test results:

•	length of the test section
•	diameter of the pipe
•	temperature changes
•	range of test pressure imposed
•	rate of pressure loading
•	presence of air in the pipeline
•	presence of air in the water
•	relative movement of ‘mechanical’ fittings
•	efficiency of the bedding and compacted 
	 surround to resist pipe movement.
•	accuracy and efficiency of testing apparatus.

Air Testing
All openings must be sealed prior to testing.
Air should be pumped slowly into the PE pipeline until a 
test pressure of 50 KPa is reached on a recording gauge 
fitted to the pipeline. The test pressure of 50 KPa must 
be maintained for a minimum time of 3 minutes and if 
no leaks are detected or pressure loss is observed on 
the gauge, then the air supply control valve should be 
turned off. 

The pressure should be held for a minimum time of 1 
minute and if the gauge pressure reading has not fallen 
below 35 KPa after this time then the test pressure should 
be released. 
When the test pressure drops below 35 KPa after 1 
minute, then the pressure should be returned to 50 
KPa and this pressure maintained until a full inspection 
of the PE pipeline has been completed. All joints and 
connections need to be individually inspected for leakage 
and a solution of water and detergent should be poured 
over any suspect joint. If a leak is present, it will cause 
the detergent solution to bubble and foam.
The test must be accepted by the relevant Local Authority 
representative before completing the testing.
 

Deflection Testing
PE drainage pipelines are designed to support external 
loading within the acceptable limits of diameter 
deflection (or ovality) for hydraulic or structural reasons. 
Where this is a critical feature of the installation, then 
the effectiveness of the backfill compaction may require 
testing.
In these cases a presized plug, or proving tool can be 
pulled through the pipeline between manholes or other 
entry points. 
For flanged, electrofusion or mechanically jointed PE 
pipelines without any protrusions into the pipe bore, the 
plug can be sized to the minimum diameter reduction 
allowed in the design. 
For butt welded PE pipes the size is based on if the 
internal beads are removed. 
In either case, the plug should be able to be pulled 
completely through the PE pipeline. 
 

GAS PIPE TESTING
 
For gas pipe installations, testing should not proceed 
until the last completed fusion joint has had adequate 
time to fully cool to ambient temperature. 
Hydrostatic pressure testing may be carried out using 
inert liquid (such as water), air or an inert gas approved 
by the utility.
Test pressure such as TP = 1.10 x WP may be applied 
for pipelines provided that the test pressure is not less 
than 100 KPa and does not exceed 1.5 times the design 
pressure of the pipeline system. 
For larger diameter or longer pipelines, progressive 
testing may be applied such that:
 
	 Test Device	 TestPressure	 Test Duration
 	 Dial gauge	 700 KPa	 Overnight
	  Differential	 700 KPa	 30 mins stability
 	 leak tester		  then 5 mins test

Final testing may be applied or required by the utility 
after progressive testing in the form of:
 
 Test Device	 Test Pressure	 Test Duration
 Dial gauge	 700 KPa	 24 hours, no drop 
 Recorder	 700 KPa	 24 hours, no drop
 

Testing and Commissioning

PRESSURE TEST	

Large Bore Commissioning
On reaching the test pressure and satisfying the condition 
for minimal air entrapment, the pipeline is isolated and 
the pressure allowed to decay. The pressure decay readings 
(tL) to achieve test pressure is used as a reference. The 
natural pressure decay readings at predetermined times 
are then recorded in minutes from the moment of valve 
closure.
The analysis will be more comprehensive with larger 
numbers of readings being taken throughout the test.
Since the pipeline begins to relax within the period of 
pressurisation, a correction factor has to be applied to 
allow for this. Experience suggests that this correction 
should be 0.4tL.
A typical sequence of readings is illustrated below.

PRESSURE TEST ANALYSIS 
- Three Point Analysis

To demonstrate that the PE pipeline is sound, an analysis 
of the pressure test is carried out as follows:

As the pressure decay is of exponential form, the use of 
logarithms is necessary when comparing readings taken 
during the test but the use of pocket calculator is all that 
is required for ‘on site’ calculations.

1.0
Take a first reading of pressure P1 at t1, where t1 is equal 
to the pressure loading time (tL).
 

2.0 
Take a second reading of Pressure P2, at a time 
approximately 7tL; Let this be t2.
 

To allow for the stress relaxation behavior of PE pipelines, 
calculate the corrected values of t1 and t2.

•	 calculate corrected t1

	 t1c = t1 + 0.4tL
•	 calculate corrected t2

	 t2c = t2 + 0.4tL
 

3.0
The measure of the slope of the pressure decay curve 
between t1 and t2 is then calculated as the ratio n1.
 
Calculate n1= 

log P1 - log P2

                 log t2c - log t1c

 
For a sound main, experience suggests that the ratio n1 
should be; 
 
a) 	0.08 – 0.10 for pipes without constraint 
	 (eg sliplined or not backfilled).
b) 	0.07 for pipes with compacted backfill.
 
Bearing in mind the identified compaction , if the values 
are significantly less than the minimum identified, then 
there is too great a volume of air in the main. This air 
will have to be removed before a satisfactory test can be 
performed.
 

4.0
Take a further reading of pressure P3 at a decay time 
not less than 15tL. Let this be t3. Again to allow for the 
stress relaxation behavior of PE pipelines, calculate the 
correct value for t3.

T3c = t3 + 0.4tL 

5.0 
The measure of the slope of the pressure decay curve 
between t2 and t3 is then calculated as the ratio of n2.
 
Calculate n2 = log P2 - log P3

                            log t3c - log t2c

For a pipe system with no leakage and bearing in mind 
the identified compaction, then the ratio of n2 should be:
 
a) 0.08 – 0.10 for pipes without soil constraint,
 
b) 0.04 – 0.05 for pipes in compacted backfill.
 
The following figure shows the results of test (using 
graphical analysis with multiple results from a data 
logger) on mains without leaks in unconstrained and 
constrained situations respectively.
The sensitivity of the test can be increased by extending 
the value of t3 ie extending the test duration.
 

6.0 
The procedure detailed above identifies the principle. 
However it is strongly advised that the slopes n1 and n2 
are obtained from more than three points.
 

PRESSURE REGRESSION 

Test pressure reached.
Valve closed.
Recording starts.

P1
P2

P3

t
3

t
2t

1

tL 7tL
tL approx. 

Logarithmic decay curve

Time (not to scale)Reading 1

Reading 2

At least 15tL Reading 3

Pressure 
loading time

Peak test
pressure

Pressure
(bar)

Starting 
pressure
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- Unrestrained
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 - Compacted Backfill

 
 
 

PRESSURE TEST ANALYSIS 
- Predicted Pressures

To allow an early indication of problems such as leakage 
or air entrapment, a supplementary analysis can be 
carried out during the pressure test. This necessitates 
comparing the recorded pressure at any point in time 
with the predicted pressure since the logarithmic plot 
of pressure decay in an ideal PE pipeline system should 
be linear. Any deviation from linearity indicates the 
possibility of leakage or air entrapment.

  
The predicted pressure can be calculated from 
   

 	 P = PL [2.5( 
t
  )+1]-n

               tL
 
Where
P 	 = 	 predicted pressure at time t
PL	 = 	 test pressure (at start of test when the 		
		  test pressure is first reached)
t	 =	 time (from reaching the test pressure)
tL	 =	 loading time
 

From experience it has been shown that:
 
For pipes installed in compacted soil n = 0.04
For pipes installed without support   n = 0.10

  
If the actual pressure recorded was found to differ 
significantly from the predicted value, then a formal 
slope analysis using all the data collected so far could 
be conducted.
The data should be plotted on log paper or converted 
to logs prior to plotting on normal paper. If the graph 
shows an increasing slope with time (A – C) (ie the actual 
recorded pressures were less than the predicted values), 
this indicates leakage. If the graph shows a decreasing 
slope with time (A – B), ie the actual recorded pressure 
were greater than the predicted values), this indicates 
air entrapment. 
If the slope is linear but between the slopes identified (ie 
0.04 – 0.05 and 0.08 – 0.1) this probably indicates poor 
backfill compaction, but not a failed test.
 
Note: It is possible to predict leakage rates as a function 
of water volume added.

 
If at any stage during the pressure test an unacceptable 
leak is indicated, it is advisable to check all mechanical 
fittings before visually inspecting the fusion joints. Any 
defect in the installation revealed by the test should be 
rectified and the test repeated.
For smaller pipelines, <500m in length and/or >80mm 
diameter and <200 metres in length, the test pressure 
of 700 KPa may be reduced to a test time of 5 minutes 
duration after allowing the pipe pressure to act for 30 
minutes without any observed pressure drop on the 
guage.
In all instances, where bubble testing is carried out using 
a soft soap solution, no leakage shall be permitted at any 
tested point.

COMMISSIONING
PE pipelines should be commissioned following the 
standard practices adopted by the relevant Local 
Authority.
This applies for both pressure and non pressure 
applications.
In the case of potable water applications, the standard 
flushing and disinfection procedures must be followed. 
PE pipes made to AS/NZ 4130 do not impart additional 
water quality flushing or disinfection requirements 
due to corrosion products, heavy metal update, or pH 
change, and where these aspects have been included in 
standard commissioning procedures, then consideration 
should be given to the need for these elements.
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Testing and Commissioning

PIPELINE LOCATION, MARKING, 
RECORDING AND DETECTION

PE pipes are electrically non conductive and as such 
cannot be detected by magnetic detection devices.
However, where it is desired to detect buried pipelines, 
several techniques are available.

Metal Detector Tapes
Custom tapes may be located on top of the PE pipe 
cover material (150 – 300mm above the top of 
the pipe) and can be detected by metal detection 
equipment operating in the 4-20 MHz range at depths 
up to 600mm.
The tapes also offer colour coded identification and 
early warning of the presence of the pipeline during 
later excavations.

Trace Wires
Pipes deeper than 600mm may be detected by the use 
of tracer wires placed underneath the pipeline.
Application of a suppressed current allows the detection 
of pipes up to 3 metres depth. However, both ends of 
the wire must be accessible and a complete circuit 
must be available without breakage of the wire over the 
length of the pipeline.

Audio Detection
Several types of acoustic detectors are available using 
either the sound of turbulence from flow in the line or 
by the introduction of an outside sound source.

Testing and Commissioning 









For more information: 0800 MARLEY (0800 627539)

FOLLOW US @MARLEYNEWZEALAND

Sustainable Manufacturing
Marley is committed to creating environmentally sustainable processes and products and was the first plastics manufacturer 
in New Zealand to achieve ISO14001 registration. We are also Best Environmental Practice certified for our entire range of 
manufactured uPVC systems. This means we get our raw materials from sustainable and responsible sources, continuously 
work on our manufacturing processes to reduce our environmental footprint and accept our products back at the end of their 
useful life for recycling.
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DISCLAIMER
This technical catalogue has been compiled by Marley New Zealand Limited (“The Company”) to promote better understanding of the technical aspects of the Company’s products to assist users in obtaining 
from them the best possible performance. The technical catalogue is supplied subject to acknowledgment of the following conditions:
 
The technical catalogue is protected by Copyright and may not be copied or reproduced in any form or by any means in whole or in part without prior consent in writing by the Company. Product  
specifications, usage data and advisory information may change from time to time with advances in research and field experience. The Company reserves the right to make such changes at any time without 
notice. Correct usage of the Company’s products involve engineering judgements which cannot be properly made without full knowledge of all the conditions pertaining to each specific installation. The 
Company expressly disclaims all and any liability to any person whether supplied with this publication or not in respect of anything and of the consequences of anything done or omitted to be done by 
any such person in reliance whether whole or partial upon the whole or any part of the contents of this publication. No offer to trade, nor any conditions of trading, are expressed or implied by the issue 
or content of this manual. Nothing herein shall override the Company’s Conditions of Sale, which may be obtained from the Registered Office or any Sales Office of the Company. This technical catalogue 
is and shall remain the property of the Company, and shall be surrendered on demand to the Company. Actual colours may vary slightly from those shown. For a more accurate colour comparison, please 
request a product sample. 
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