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1. Scope

This Technical Manual gives information on the use of Wavin PE 100 pipelines, including Wavin TSDOQ®,  

for underground pressurized applications, intended for:

		potable and raw water supply

		gas supply

		drainage & sewerage under pressure

		 industrial effluent discharge

It provides information and guidance on:

		 product characteristics

		 quality assurance

		 pipeline design

		handling & installation

		applicable international standards

Note:  This Technical Manual does not cover Wavin Compact Pipe®, the close-fit PE pipeline system  

for renovation of existing pipelines. Detailed information on this system in the form of dedicated  

Design Manuals is available on request.
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2.  PE material and  
characteristics of pipe and fittings

2.1.	General

Polyethylene (PE) is the most widely known mass-produced 

plastic material. It is the classical member of the polyolefin 

family, an environmentally compatible hydro-carbon product. 

PE pipe systems are especially suitable for pressure applica-

tions due to the high flexibility level. PE also guarantees 

impact resistance even at low temperatures.

Further benefits are low weight, excellent flexibility, low pipe 

friction losses, ductile fracture properties, toughness (even at 

very low temperatures), good chemical resistance, fuse-able 

and low price. PE has predominantly good resistance against 

acids and caustic substances. It is insoluble in all organic 

and inorganic solvents at 20˚C. PE is destroyed by highly 

oxidized acids over the course of time. The PE types used by 

Wavin are approved for drinking water and other substances 

for human consumption. The fittings are odourless, tasteless 

and physiologically safe. Therefore, they can be used in all 

relevant applications. 

2.2.	Manufacture

PE material for the manufacture of pipes and fittings is sup-

plied in the form of small uniform 

granules. The material is proces-

sed as a melt. This melt proces-

sing involves applying heat to 

the material, forcing it through a 

die or into a mould and stabili-

sing the dimensions of the com-

ponent by controlled cooling.

Pipes are produced by continuous single screw extrusion, 

consisting of feeding the PE granules into a heated barrel 

which incorporates a rotating screw. The rotation of the screw 

transports the granules along the barrel of the extruder, com-

pacting and plasticising the material to form a homogeneous 

melt. The melt is then forced through a die, with a central 

mandrel which together, control the nominal outside diameter 

and wall thickness of the pipe. 

On leaving the die, the still pliable pipe is taken through a 

calibration and cooling stage where its final dimensions are 

formed and fixed. 

Figure 1:  Diagrammatic representation of a  

PE extrusion line.
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Downline from the extruder is the multi-track haul-off unit, 

plus the marking, cutting and bundling or coiling equipment 

necessary to complete the final product. The addition of stabi-

lizers (mostly aromatic amines and phenolic compounds) and, 

in some cases carbon black, protects polyethylene against 

ageing and alterations caused by UV rays. 

Wavin offers a comprehensive range of PE pressure pipe 

systems, all manufactured from high-density polyethylene 

and designed for transport of potable water, gas and indus-

trial effluents as well as for use as rising mains. Wavin PE 

pressure pipes are mainly manufactured from high-density 

polyethylene, PE 100.

Wavin PE pipe systems are especially suitable for pressure 

applications due to the high flexibility level. PE also guaran-

tees impact resistance even at low temperatures.

Further benefits are low weight, excellent flexibility, low pipe 

friction losses, ductile fracture properties, toughness even at 

very low temperatures, good chemical resistance, fuse-able 

and low price. PE has predominantly good resistance against 

acids and caustic substances. It is insoluble in all organic and 

inorganic solvents at 20˚C. PE is destroyed by highly oxidized 

acids over the course of time. 

The PE types used by Wavin are approved for drinking water 

and other substances for human consumption. The fittings 

are odourless, tasteless and physiologically safe. They can 

therefore be used in all relevant applications. PE is a cova-

lent material. The material can neither swell nor dissolve. 

Therefore, PE pipes cannot be joined with fittings by means 

of solvent cement. 

The preferred way of jointing the material is fusion join-

ting, either with butt-fusion or electrofusion. These jointing 

methods are particularly favoured for pipelines carrying gas, 

water, compressed air or other sensitive media. Next, mecha-

nical joints with compression couplers, can be used.

In buried pressure pipe applications, a high quality material is 

generally required. In the past, material types were classified 

according to their density: e.g. medium density and high den-

sity polyethylene, MDPE and HDPE respectively. Nowadays 

the materials are classified according to their strength pro-

perty, e.g. PE 100.

 Old name New Name

 MDPE PE 80

 HDPE PE 80, PE 100

density  0,96 kg/dm3

poisson ratio 0,45  

coeff. of linear expansion 15 mm/100m/ºC

Young’s modulus (of elasticity) 1.100 MPa

tensile strength 21 MPa

MRS  10 MPa

allowable approx. 1hr. stress 12,5 MPa

melt flow index group 003/005  

strainability 5%

The development of plastics used in gas and water distri-

bution is continuous. In recent years outstanding progress 

has been achieved. The creation of new material types with 

increased strength, higher property consistency and at the 

same time good or better process-ability are paramount  

(EN 1555, EN 12201).

From a physical point of view following characteristics apply 

for PE 100 pipes (CEN/TS/ 15223):

2.3.	Classification

The polyethylene material types are classified according to 

their minimum strength, their minimum resistance to stress, at 

20°C over a time period of 50 years. 

This strength is classified in MRS: minimum required strength 

(MPa). MRS represents the long-term circumferential stress 

in the pipe where the break may occur after 50 years at the 

earliest.

The MRS value, multiplied by 10 is the “classification” of the 

material. As an example, the now generally applied high perfor-

mance PE pipes, made from materials with an MRS of 10 MPa 

and are therefore classified as PE 100 pipes.

Table 2: PE characteristics.

Table 1: PE types.
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In form of pipe, the allowable tangential wall stress () of the 

material is applied for dimensioning of the piping network. This 

is calculated from: 

    = MRS / C       (1)

where: 

C = design coefficient  

The design coefficient replaces the classical “safety coef-

ficient” and considers the facts of application, the installation 

conditions etc.

Within the course of harmonisation of national standards in 

Europe, uniform guidelines were also created by defining the 

“minimum overall design coefficient’, C. For PE materials the 

minimum values for C are as follows:

2.4.	PE	100	material

The relation between the geometric characteristic SDR and 

p, the maximum allowable internal pressure in the pipes, is 

expressed by Barlow’s formula (or kettle formula):

   p = 20 *  / (SDR-1)      (3)

or:

   SDR = 20 *  / p  +1      (3a)

 Combining equations (1), (2) and (3) leads to following table for 

the regular Wavin PE 100 pipes:

The PE 100 materials that are applied to manufacture Wavin 

pipes, all comply to the stringent requirements set in the 

European standards: EN 12201 for water supply and for draina-

ge and sewerage under pressure and EN 1555 for gas supply. 

Within PE 100 materials nowadays a further quality distinction 

is made: so-called PE 100+ materials. 

PE 100+ materials have extra high performance characteris-

tics regarding strength, slow crack resistance and rapid crack 

propagation. 

Generally, the PE 100 materials used to manufacture Wavin PE 

100 pipes, such as Basell Hostalen CRP 100 and Ineos Eltex 

TUB 124, all comply with the PE 100+ requirements.

The responsibility of selecting the appropriate value for C lies 

with the planning engineer, who may/should also use higher 

values after taking into consideration all relevant operating and 

ambient conditions. 

In the relevant regulations for plastic pipes for distribution,  

specific pipe dimensions have been fixed based on the pipe 

outer diameter and the pipe wall thickness in accordance with 

the respective pipe series.

At the same time, each pipe series is geometrically defined by 

the SDR = Standard Dimension Ratio, whereby: 

  SDR = dn / en        (2)

where:

 dn = nominal outside diameter 

 en = nominal minimum wall thickness

The essential pipe series used for gas and water distribution are 

described by dn and en.

 Material Application C

 PE 100 Water / Pr.Sewer 1,25

 PE 100 Gas 2

Pipe characteristics Max. operating pressure (bar)

PE type SDR gas water/pr. sewer

  C=2,0 *) C=1,25 *)

PE 100 26 4 6,4

PE 100 17 6,25 10

PE 100 11 10 16

PE 100 7,6 - 24

*) min. values in international standards

Note:  The max.operating pressures for PE 80 pipes are 

80% of the ones listed for PE 100 pipes.

Table 3: Minimum overall design coefficient.

Table 4: Maximum operating pressures.
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2.5.	PE	100-RC	material

Regarding material characteristics quite some developments 

took place with PE pipes. Of course, over the years the impro-

vement in material strength was achieved by moving from PE 

63 to PE 80 and then to PE 100 (high performance quality). 

Next, a need was felt to rely less on a traditionally prescribed, 

nicely graded bedding and compacted backfill. It was increa-

singly realised that in actual installations with open cut trench-

work, reality is often quite different from what is prescribed in 

tender specifications and installation manuals.  

For this reason, Wavin Germany, in conjunction with the raw 

materials industry, was the front runner to study and develop 

a superior PE pipe capable of resisting this rough treatment.

Dedicated investigations took place, coming to the conclusion 

that a dent on the outside caused by a point load can ultimately 

lead to craze initiation on the inside, which then can develop 

into a through-wall crack. 

This was reason to develop special PE pipes which: 

		are not sensitive to outside damages

		offer protection against point loads

		 are as easy to install and maintain as regular PE pipes

		are still economical in use

Today, the employed raw materials are known as PE 100-RC 

(not to be mixed up with PE 100+). The requirements for PE 100 

as laid down in the respective European standards of course 

continue to apply. Additionally, the new materials (specifically 

with respect to crack propagation resistance) ensure an antici-

pated lifecycle in excess of 100 years. 

The resistance to crack offered by PE 100-RC materials is 

approximately ten times the resistance of conventional PE 100 

materials. Additional structural measures such as PP jacketing 

or other modifications such as cross-linking are therefore not 

required. 

The additional requirements for the necessary quality levels 

are described in PAS 1075 (Publicly Available Specification), 

published in 2009 by the German standardization institute DIN. 

Amongst others, because it was demonstrated that there is 

strong correlation between the long term performance of point 

loaded pressure pipes and the resistance against slow crack 

growth as determined in Full Notch Creep (FNCT) tests (ISO 

16770). PE 100-RC pipes shall comply to the FNCT test with 

certain requirements also. 

In Wavin, the testing according to PAS 1075 is even taken a 

step further: not only the material but also the pipe manufac-

tured from this material is tested: ‘supplementary documented 

quality’ for Wavin TSDOQ®.

Figure 2:  Rough installation practice.

Wavin
TSDOQ®

 
 
 

 

aanvullende, gedocumenteerde 

kwaliteitsborging door geaccrediteerd 

keuringsinstituut 

FNCT-waarde       ≥ 8.760 uur 

per buis voor elke partij 

grondstoffen (voorgeschreven 

waarde PAS 1075 

≥ 3.300 uur)

Furthermore, PE pipes, with their high flexibility, impact and 

abrasion resistance, became over the years increasingly popu-

lar to be applied in all kinds of trenchless applications, applying 

new developed installation techniques, as shown in figure 3.

However, both the less careful open cut installations and the 

trenchless techniques, expose the pipelines to additional short 

and long-term loads. Such as those resulting from adjacent 

stones or the sharp broken pieces of the old pipeline. Practical 

experience demonstrated that regular PE 100 pipes, when 

meeting such tough circumstances, risk pipe cracks/leakage 

and struggle to meet their design life. 
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Figure 3:  Directional drilling, narrow trenching, ploughing and pipe splitting/bursting.
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3. Wavin product ranges

3.1.	 General

The Wavin PE pressure pipe range consists of a wide assort-

ment of pipes; all made of PE 100, in many diameters, dif-

ferent pressure classes and a variety of colours. Wavin PE 

pipe systems are available in sizes 16 mm up to 800 mm. The 

small sizes are available on coils. Larger sizes are available in 

pipe lengths. 

For a quick overview, the most current pipe types in PE 100 

are presented in the following table.

With the modern installation techniques scoring during instal-

lation and point loads during operation cannot be avoided. 

To accommodate this, a special high tech polyethylene pipe 

was developed to satisfactorily meet these challenges and to 

safeguard a trouble-free service life: Wavin TSDOQ®.

Wavin TSDOQ® is a co-extruded three-layer pipe completely 

made from PE 100-RC materials. The inner and outer layers 

have superior performance characteristics against abrasion 

and point load effects and are made of the innovative, extre-

mely robust plastic XSC 50 (= special PE 100-RC material). 

Application Dimensions (OD) in mm

  PN 6 PN 10 PN 16 PN 25

Water/Industrial  ø32 - 800 ø20 - 800 ø16 - 450

Gas  ø16 - 630 ø20 - 500 

Pressure sewer  ø90 - 800 ø50 - 630

The three layers are integrated and cannot be separated 

mechanically. The small Wavin TSDOQ® sizes 25 mm – 75 mm 

are completely made out of XSC 50. Due to the material cha-

racteristics of XSC 50 (inner and outer layers amount to 25% 

of total wall thickness each), Wavin TSDOQ® offers increased 

security and a longer service life compared to traditional PE 

pipes. Even when it comes to extreme loads as a result of 

notches, grooves and point loads. 

Wavin TSDOQ® is available for water and pressure sewer appli-

cations in PN 10 and PN 16 and for gas applications in PN 6 

and PN 10.     

                      

Jointing of PE pressure pipes generally goes by means of 

butt-fusion of electrofusion, both described in detail in this 

Manual (see chapter 6.2). 

For electrofusion, Wavin offers a very complete range of fit-

tings. The PE pressure pipe fittings from Wavin consist of a 

wide range of PE electrofusion fittings, which can be used to 

complete pipe systems for gas, potable water and industrial 

applications.

In addition an extensive range of compression fittings & clamp 

saddles are available for water applications. Detailed descrip-

tions of the fittings are given in chapter 3.5.

Table 5: Product ranges pipes.



11  PE Pressure Pipe Systems Technical Manual 

  Dimensions (OD) in mm

Fitting type Electrofusion Butt fusion   

  SDR 11  SDR 11 SDR 17 

Couplers  ø20 - 9001) ø20 - 315 ø90 - 315

Tees, Elbows, ø20 - 250  ø20 - 400 ø90 - 630
Reducers, Caps

Branches  ø110 - 630  

Stub ends    ø20 - 630 ø90 - 630

Saddles  ø40 - 400 

1) SDR 17: ø160 - 1200  

From a jointing point of view Wavin TSDOQ® has the same 

characteristics as PE pipes. The pipes and fittings can be 

connected by butt-fusion or electrofusion as well as other 

standard jointing techniques applicable for PE pipes. Wavin 

TSDOQ® pipes are compatible with Wavin PE 100 fittings and 

those from all major fitting manufacturers. 

Table 6: Product ranges fittings.
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 nominal   minimum wall thickness en (mm)   pipe weight

 outside diameter  Wavin PE 100                         Wavin TS   (kg/m)

 dn(mm) PN 10 PN 16 PN 25 PN 10 PN 16 PN 10  PN 16 PN 25 
  SDR 17 SDR 11 SDR 7.6 SDR 17  SDR 11 SDR 17 SDR 11 SDR 7.6

 16 - - 2,3 - - - - 0,10
 20 - 2,0 3,0 - - - 0,11 0,16
 25 - 2,3 3,5 - - - 0,17 0,24
 32 2,0 3,0 4,4 - 3,0* 0,19 0,28 0,39
 
 40 2,4 3,7 5,5 - 3,7* 0,29 0,43 0,60
 50 3,0 4,6 6,9 - 4,6* 0,45 0,67 0,94
 63 3,8 5,8 8,6 - 5,8* 0,71 1,06 1,48
 75 4,5 6,8 10,3 - 6,8* 1,01 1,48 2,11

 90 5,4 8,2 12,3 - 8,2 1,47 2,14 3,03
 110 6,6 10,0 15,1 - 10,0 2,19 3,18 4,55
 125 7,4 11,4 17,1 - 11,4 2,79 4,12 5,85
 140 8,3 12,7 19,2 - 12,7 3,50 5,13 7,36

 160 9,5 14,6 21,9 - 14,6 4,57 6,74 9,60
 180 10,7 16,4 24,6 - 16,4 5,77 8,51 12,1
 200 11,9 18,2 27,4 - 18,2 7,12 10,5 15,0
 225 13,4 20,5 30,8 13,4 20,5 9,03 13,3 19,0

 250 14,8 22,7 34,2 14,8 22,7 11,1 16,3 23,4
 280 16,6 25,4 38,3 16,6 25,4 13,9 20,5 29,4
 315 18,7 28,6 43,1 18,7 28,6 17,6 25,9 37,2
 355 21,1 32,2 48,5 21,1 32,2 22,4 32,9 47,2
 
 400 23,7 36,3 54,7 23,7 36,3 28,3 41,7 59,9
 450 26,7 40,9 61,5 26,7 40,9 35,8 52,8 75,8
 500 29,7 45,4 - 29,7* - 44,3 65,2 -
 
 560 33,2 50,8 - 33,2* - 55,4 81,7 -
 630 37,4 57,2 - 37,4* - 70,2 103 -
 710 42,1 64,5 - - - 89,2 131 -
 800 47,4 72,6 - - - 113 166 -

* in single layer

		 Maximum wall thicknesses are in compliance with EN 12201-2

		 Standard pipe length (export): 11,8 m

		Diameters ≤ 63 mm available on coils of 100 m

		Other lengths available on request

		Other pressure ratings (PN 4, PN 5, PN 6, PN 8, PN 12.5, PN 20 and PN 32) available on request (depending on type and diameter) 

Table 7: Wavin PE pipes for water.

3.2.	 	Wavin	PE	pipes	for	water

Wavin PE pressure pipes for water applications fully comply 

with the latest European standard EN 12201. 

Wavin PE 100 pipes intended for the conveyance of water for 

human consumption are coloured either blue, black with blue 

identification stripes or double layer black with blue outside.

From a geometric point of view, PE 100 pipes with SDRs 

ranging from SDR 6 to SDR 41 can be supplied. In practice 

the selection is generally made from SDR 17, SDR 11 and 

(sometimes) SDR 7.4, respectively for water applications cor-

responding to PN 10, PN 16 and PN 25. Dimensions for these 

are presented in the following table. Dimensions for other 

SDRs are available on request.

Wavin TSDOQ® pipes, high-tec PE 100-RC pipes, are available 

in PN 10 and PN 16, particularly in dimensions where the spe-

cific resistance-to-crack properties are required. The pipes 

do not require special embedding material, which is the most 

economic advantage. The pipes are blue in- & outside with a 

black layer in the middle. (See table 7).
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 nominal  minimum wall thickness en (mm)                    pipe weight

 outside diameter                  Wavin PE 100                        Wavin TS                     (kg/m)

 dn(mm) PN 6.3 PN 10 PN 6.3 PN 10 PN 6.3  PN 10 
  SDR 17 SDR 11 SDR 17  SDR 11 SDR 17 SDR 11

 16 - - - - - -
 20 - 2,0 - - - 0,11
 25 - 2,3 - - - 0,17
 32 2,0 3,0 - 3,0 0,19 0,28
 
 40 2,4 3,7 - 3,7 0,29 0,43
 50 3,0 4,6 - 4,6* 0,45 0,67 

 63 3,8 5,8 - 5,8 0,71 1,06
 75 4,5 6,8 - 6,8 1,01 1,48

 90 5,4 8,2 - 8,2 1,47 2,14
 110 6,6 10,0 - 10,0 2,19 3,18
 125 7,4 11,4 - 11,4 2,79 4,12
 140 8,3 12,7 - - 3,50 5,13

 160 9,5 14,6 - 14,6 4,57 6,74
 180 10,7 16,4 - 16,4 5,77 8,51
 200 11,9 18,2 - - 7,12 10,5
 225* 13,4 20,5 13,4 20,5 9,03 13,3

 250* 14,8 22,7 - - 11,1 16,3
 280* 16,6 25,4 - - 13,9 20,5
 315* 18,7 28,6 - - 17,6 25,9
 355* 21,1 32,2 - - 22,4 32,9
 
 400* 23,7 36,3 - - 28,3 41,7
 450* 26,7 40,9 - - 35,8 52,8
 500* 29,7 45,4 - - 44,3 65,2
 
 560* 33,2 - - - 55,4 81,7
 630* 37,4* - - - 70,2 103

 

* larger diameters not regular, available on request

		Maximum wall thicknesses are in compliance with EN 1555-2

		 Standard pipe length (export): 11,8 m

		Diameters ≤ 63 mm available on coils of 100 m

		Other lengths available on request 

Table 8: Wavin PE pipes for gas.

3.3.	 Wavin	PE	pipes	for	gas

Wavin PE pressure pipes for gas applications fully comply 

with the latest European standard EN 1555.  Wavin PE 100 

pipes intended for the conveyance of gas are coloured yel-

low/orange or double-layer black with yellow/orange outside.

Note:  If required, Wavin supplies PE 80 gas pipes coloured 

yellow. Info available on request.

For the allowable pressure, in line with the recommendations 

a C-(design) factor of 2 can be selected. This leads to e.g. PN 

10 for PE 100 pipes with SDR 11. Some gas companies have 

adopted higher safety factors, by which the same pipe gets a 

lower allowable pressure. 

Wavin TSDOQ® pipes, high-tec PE 100-RC pipes, are  

available in PN 6 and PN 10, particularly in dimensions where 

the specific resistance-to-crack properties are required, and 

in single layer only. The pipes do not require special embed-

ding material, which is the most economic advantage. Colour 

yellow/orange. (See table 8).
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 nominal  minimum wall thickness en (mm)  pipe weight

 outside diameter                  Wavin PE 100                        Wavin TS  (kg/m)

 dn(mm) PN 10 PN 16 PN 10 PN 16 PN 10  PN 16    
  SDR 17 SDR 11 SDR 17  SDR 11 SDR 17 SDR 11

 25 - -   - 0,17
 32 - -   0,19 0,28
 
 40 - - - - 0,29 0,43
 50 - 4,6 - 4,6* 0,45 0,67
 63 - 5,8 - 5,8* 0,71 1,06
 75 - 6,8 - 6,8* 1,01 1,48

 90 5,4 8,2 - 8,2 1,47 2,14
 110 6,6 10,0 - 10,0 2,19 3,18
 125 7,4 11,4 - 11,4 2,79 4,12
 140 8,3 12,7 - 12,7 3,50 5,13

 160 9,5 14,6 - 14,6 4,57 6,74
 180 10,7 16,4 - 16,4 5,77 8,51
 200 11,9 18,2 - 18,2 7,12 10,5
 225 13,4 20,5 13,4 20,5 9,03 13,3

 250 14,8 22,7 14,8 22,7 11,1 16,3
 280 16,6 25,4 16,6 25,4 13,9 20,5
 315 18,7 28,6 18,7 28,6 17,6 25,9
 355 21,1 32,2 21,1 32,2 22,4 32,9
 
 400 23,7 36,3 23,7 36,3 28,3 41,7
 450 26,7 40,9 26,7 40,9* 35,8 52,8
 500 29,7 45,4 29,7* - 44,3 65,2
 
 560 33,2 50,8 33,2* - 55,4 81,7
 630 37,4 57,2 37,4* - 70,2 103
 710 42,1 -   89,2 131
 800 47,4 -   113 166

 
* in single layers only

		Maximum wall thicknesses are in compliance with EN 12201-2

		Standard pipe length (export): 11,8 m

		Diameters ≤ 63 mm available on coils of 100 m

		Other lengths available on request

		Other pressure ratings (PN 4, PN 5, PN 6, PN 8, PN 12.5, PN 20 and PN 32) available on request (depending on type and diameter)

Table 9:  Wavin PE pipes for drainage and  

sewerage under pressure.

3.4.	 Wavin	PE	pipes	for	pressurised	sewer

Wavin PE pressure pipes for pressurised sewer (rising main) 

applications fully comply with the latest European standard 

EN 12201. 

Wavin PE 100 pipes intended for the conveyance of water for 

human consumption are coloured black with brown identifi-

cation stripes, or double layer black with green outside. From 

a geometric point of view, PE 100 pipes with SDRs ranging 

from SDR 6 to SDR 41 can be supplied. In practice the selec-

tion is generally made from SDR 26, SDR 17 and SDR 11, 

respectively for pressure applications corresponding to PN 

6.3, PN 10 and PN 16. Dimensions for these are presented in 

the following table. Dimensions for other SDRs are available 

on request.

Wavin TSDOQ® pipes, high-tec PE 100-RC pipes, are available 

in PN 10 and PN 16, particularly in dimensions where the spe-

cific resistance-to-crack properties are required. The pipes 

do not require special embedding material, which is the most 

economic advantage. The pipes are green in- & outside with 

a black layer in the middle. (See table 9).
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3.5.	 	GF	Wavin	PE	fittings

Wavin PE pipes can be joined by means of butt-fusion, 

involving the fusion together of two pipe ends in a specialist 

machine. The machine prepares the pipe ends, heat them and 

brings them together under pressure to form a homogeneous 

joint. The joint is fully end-load resistant and is at least as 

strong as the parent pipe. 

Next to butt-fusion of individual pipes, Wavin offers a whole 

range of fittings: GF Wavin PE fittings. GF Wavin is a joint ven-

ture of Georg Fischer and Wavin, based in Switzerland. The 

GF Wavin fittings comply with the stringent requirements set 

in EN 12201-3 and EN 1555-3 for water and gas applications 

respectively. 

Jointing takes place either via electrofusion or butt-fusion. 

Electrofusion fittings incorporate an electrical heating element 

which is energised via an electrofusion control box to heat 

the elements. When the fitting is energised, the material next 

to it becomes molten and in turn causes the pipe surface to 

meld, resulting in a molten pool of material fusing the mate-

rials of fitting and pipe. Butt-fusion fittings, also called spigot 

fittings, obviously use the butt-fusion process. Both types of 

PE pressure pipe fittings, once cooled, produce a fully fused 

and leak free joint.

The GF Wavin PE fittings cover a wide range and can be 

used to complete pipe systems for gas, potable water and 

industrial applications. 

The fittings are individually packed in PE bags and require no 

additional mechanical processing prior to fusion. All fabrica-

ted fittings contain a fusion barcode containing all relevant 

fusion parameters for the fitting.

The fittings, generally manufactured by injection moulding, 

have a local externally increased wall thickness to achieve 

equal pressure rating to the respective pipes. The internal 

diameter of the fittings are the same as the pipes to which 

they are jointed.

Note:   Segmented (mitred) bends may have a different pres-

sure rating than the pipes they are constructed from. 

Recommendations are provided by EN 12201-3. 

All fittings are made from PE 100 and generally applicable for 

use in PE 80 and PE 100 pipeline systems, with the exception 

of butt-fusion fittings used with PE 80 pipes. In such cases 

special precautions are to be taken. Recommendations avai-

lable on request.
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Elbows	90°,	all	SDR	11

Elbows	45°,	
all SDR 11

d 20 – 63 mm
with integral pipe fixation  

d 20 – 63 mm
with integral pipe fixation  

d 75 – 180 mm

d 75 – 180 mm

d 200 – 250mm

d 200 – 250 mm

Couplers

SDR 11:   d 20 – 63 mm
SDR 17:          -

d 75 – 400  mm
d 160 – 450  mm

d 450 – 900 mm
d 560 – 1200 mm

3.5.1.	GF	Wavin	electrofusion	fittings
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Reducers,	
all SDR 11

End	caps,	
all SDR 11

Tees	90°,	
all SDR 11

d 20 – 63 mm
with integral pipe fixation 

d 20 – 63 mm
with integral pipe fixation  

d 20 – 63 mm
with integral pipe fixation  

d 75 – 180 mm

d 75 – 180 mm

d 75 – 180 mm

d 200 – 250 mm

d 75 – 180 mm

d 200 – 250 mm 160/63 – 250/160 mm

d 200 – 250 mm
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Transition	couplers	and	adaptors		PE	100/brass,	
all SDR 11

male thread 
20 mm / ½” – 63 mm / 2”

female thread 
32 mm / 1” – 63 mm / 2”  

male thread
20 mm / ½” – 63 mm / 2”

female thread
32 mm / 1” – 63 mm / 2”  

Transition	 elbow	 	 PE	 100/brass,	 all 
SDR 11

Branch	fittings,			
all SDR 11

male thread 
20 mm / ½” – 63 mm / 2”

110/90 – 250/125 mmfemale thread 
32 mm / 1” – 63 mm / 2”  

top load  
280/90 – 630/125 mm 

Tapping	saddles,	
all SDR 11

‘Ayers Rock’
40/20 – 50/32 mm  

‘MonoBloc’
63/20 – 160/63 mm
with integrated cutter to tap 
live mains under pressure

180/32 – 400/63 mm
with 360° rotatable outlet

3.5.1.	GF	Wavin	electrofusion	fittings	(continued)
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Pressure	tapping	valves
with 360° rotatable outlet, with integrated  
cutter to tap live mains under pressure

63/32 – 250/63 mm
SDR 11

250/32 – 400/63 mm
SDR 17

Spigot	&	Stop	off	saddles,	
all SDR 11

Extension	spindles	

63/32 – 200/63 mm

rigid 0.75 - 1.50 m

63 mm / 2½” –  
400 mm / 2½”

telescopic 0.75 - 2.70 m

Elbows

90°
SDR 11  d 20 - 315 mm   

45°
SDR 11  d 20 - 315 mm   

30°
SDR 11  d 32 - 315 mm   

15°
SDR 11 d 32 - 315   

3.5.2.	GF	Wavin	butt-fusion	(spigot)	fittings
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Reducers	

Bends

Flange	adaptors	(Stub	
ends)					

End	caps

Backing	flanges

Tees

90°, equal
SDR 11 d 20 - 630 mm
SDR 17 d 90 - 630 mm    

45°, equal
SDR 11 d 20 - 315 mm
SDR 17 d 90 - 315 mm

90°, reduced
SDR 11  25/20 - 400/355
SDR 17  90/50 - 400/355         

60°, reduced
SDR 11  25/20 - 400/355
SDR 17  90/50 - 400/355 

SDR 11  25/20 - 630/560
SDR 17  90/63 - 630/560

universal PE100-RC bends d 90 - 225 mm
11°, 22°, 30°, 45° and 90°
SDR 11 and SDR 17 Bending radius 1.5 x d

SDR 11  25/20 - 630/560
SDR 17  90/63 - 630/560

SDR 11 d 20 - 630 mm
SDR 17 d 50 - 630 mm

available in PP (glass, glass/steel/iron reinforced)
or full galvanized steel
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3.6.	 	Wavin	PP	compression	fittings

Compression fittings are applied as a mechanical connection 

element in PE piping systems. They are distinguished by their 

low installation costs owing to simple and quick assembly. 

Base material is polypropylene (PP) and diameters range from 

16 to 110 mm.

Compression jointing can be loaded immediately after assem-

bly. It is sealed with elastomeric elements. Typical applications 

are domestic lines in drinking water supply, irrigation systems, 

telecommunication applications, water supply at construction 

sites and sprinkler systems. The PP compression fittings 

offered by Wavin provide exceptional joint security for metric 

PE pipes. Full product range information available on request.

3.7.	 	Wavin	ancillary	components

Ancillary components, like valves or water meters, can either 

be connected via fused flange adaptors or via mechanical, 

compression fittings. 

Wavin offers a complete range of compression fittings. These 

have an elastomeric ring seal which is compressed between 

pipe an fitting. Some fittings require the use of pipe bore 

inserts to provide sufficient rigidity for the compression of the 

seal to be effective. Full product range information available 

on request. 
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4. Pipeline design

4.1.	 General

When a pipeline has to be constructed, the following steps 

(bottom -> top) should be taken:

1.  Set the requirements for desired performance

2.  Select a suitable PE pipe type

3.  Choose on cost-effectiveness

These steps will be followed also in the next sub clauses of 

this chapter.

For the new pipeline the desired performance requirements 

have to be set, generally for a required life time of at least 50 

years. Main distinction can be made into:

A.  Hydraulic performance

B.  Structural performance 

C.  Chemical resistance

D.  Environmental issues

4.2.	 Hydraulic	design	aspects

4.2.1.	Flow	formulae

The following formulae apply for calculating the flow in  

pipe lines. The general flow relationship is expressed by:

1.
Set requirements for the  

new pipeline system

2.
Select suitable
PE pipe type

3.
Costs

the Continuity equation:

   Q = v · π/4 · Di
 2 (4)

where:

Q  = flow capacity or discharge (m3/s)

v  = flow velocity (m/s)

Di  = internal pipe diameter (m)

The fluid characteristics are expressed by:

Reynold’s Number:

   Re = v · Di / μ (5)

where:

μ  = kinematic viscosity of the fluid (m2/s)

The relative pressure drop (head loss) is given by:

Darcy / Weisbach:

   Δp = * v 2 / (2g · Di) (6) 

 

where:

Δp  = pressure drop per metre (m/m), or: x 100 (bar/km)

  = friction coefficient (-)

 g  = gravitational constant (m2/s)

The total pressure drop of a pipeline is then simply

   ΔP = Lpipe * Δp (7) 

  

where:

ΔP  = pressure drop of the pipeline (m), or: x 0,1 (bar)

Lpipe  = length of the pipeline (m)

The friction coefficient is determined by:

Colebrook / White:

   1/ √  = -2 log [ (2.51 / Re√ ) + ((k / Di ) / 3.71) ]   (8)

where:

k  = pipe wall roughness (m)

k / Di = relative roughness (-)

Note:   this theory has also been adopted by international 

standards  (EN 805)

Figure 4: Design steps.
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Polyethylene pipe has an extremely smooth bore giving 

exceptionally good flow characteristics and classified as 

hydraulically smooth. As polyethylene is non-corrosive and 

maintains its smooth bore throughout its lifetime there is no 

deterioration in its hydraulic performance. 

The material-dependent k-values for plastics water pipes are 

presented in table 10 (source KIWA):

4.2.2.	Flow	graphs

The curves are designated by nominal pipe diameter, but 

calculated according to the internal pipe diameter. Making 

it possible to read the capacity of the pipes direct without 

having to interpolate between the curves.

See grapical representations on pages 24 and 25.

4.2.3.	Fittings

In the pipeline system, generally also fittings and ancillary 

components are present. These cause additional pressure 

drops that have to be added to the pressure drop of the 

pipeline string. 

Basically this can be incorporated by adding extra length to 

the total pipeline, depending on the fittings applied. This extra 

length, the equivalent length of a fitting, can be derived from:

   Lequiv = K * D  (9)

where:

Lequiv  =  equivalent pipe length of the fitting (m) 

to be added to the length Lpipe in equation 9.

K  = fitting roughness coefficient  (-)

D  = nominal diameter of the pipe (m)

Note:  For most water supply projects the different individual 

resistances will normally not be calculated. In such a 

case 2 - 5% is added to the frictional loss of the  

pipeline.

The formulae give the possibility to derive (per nominal diame-

ter Wavin PE pipe, for a certain desired flow quantity) what will 

be the flow velocity and the frictional loss. This is expressed in 

the following flow graphs for the regular Wavin PE pipe sizes.

Pipe type k [mm]

plastics (polyethylene) pipe  
- diameters   ≤ 40 mm 0,005
- diameters  50 – 110 mm 0,01
- diameters 125 – 225 mm 0,02
- diameters   ≥ 250 mm 0,05

asbestos-cement pipe, new zinc coated steel  0,10

slightly corroded steel pipe 0,20

corroded steel pipe, cement  0,50
coated pipe, new iron pipe 

 considerably corroded steel pipe,  1,00 
iron pipes with small blares 

heavily corroded steel pipe,  2,00
heavily corroded iron pipe

extremely corroded steel pipe, 
iron pipe with extreme blares 5,00

Table 10: Pipe wall roughness of pipelines.

Table 11: Fitting roughness coefficient.

  Fitting K 

 90˚  Elbow  0.030 

 45˚  Elbow  0.015 

 90˚  Tee (straight through)  0.020 

 90˚  Tee (side branch)  0.075 

 90˚  Long Radius bend  0.020 

 45˚  Long Radius bend  0.010 
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Flow	graph	for	PE	100	pipes	PN	10	(SDR	17)

Pressure loss: (m/km)
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Flow	graph	for	PE	100	pipes	PN	16	(SDR	11)

Pressure loss: (m/km)
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4.2.4.	Flow	velocity

The flow velocities in pipelines impact not only the economics 

of a supply networks; they also have a big influence on the 

operational performance.

		 High velocities lead to substantial pressure losses

		Significant changes lead to high dynamic pressure change 

effects

		 Low velocities lead to long periods of time in the pipeline, 

which possibly affects hygienics

		 In combination with relatively flat gradients, low velocities 

affect de-aeriation

In particular in long pressure pipelines, the flow velocity  

is often a dominant design parameter. Selection should  

be based on technical and financial reasons. It is generally 

desirable to avoid too high or too low flow velocities. 

In water mains, velocities in the range 0,5 m/s to 2,0 m/s are 

generally considered as appropriate, although up to 3,5 m/s 

may be acceptable in some circumstances. 

Rising mains (sewer pumping mains) are generally best laid 

out at even a more narrow band of flow velocities: 0,8 to  

1,4 m/s. With these levels of flow velocities generally both 

capital cost and operational cost are on the most economic 

level.

4.2.5.	Flow	quantity

Regarding the required flow quantity, obviously the local 

circumstances are dominant. If available, records of flow 

measurements should be used. If not, the daily consumption 

per person can be taken between 150 and 250 l per person, 

depending of course on the social conditions. Multiply this 

amount with the number of persons to be supplied (taking into 

account any changes that are expected) and add to this other 

premises like schools and hospitals and industrial demands. 

Where no better information is available, the multiplying factor 

for the peak day can be assumed to vary from 1,5 x the aver-

age day demand for populations above 10,000 to over two 

times the average day demand for populations below 2,000. 

Materials used for Wavin PE pipe have been thoroughly tested 

and are approved for use in combination with potable water.

Microbiological or microbial growth (biofilm) on the surface  

of components in a water supply system is likely to occur 

irrespective of the material used. 

Treatment of water with chlorine or other substances may 

contribute to a significant decrease. However, it is generally 

accepted that biofilms have no influence to water quality at 

the tap. 

4.3.	 	Structural	design	aspects	

From a structural point of view, distinction has to be made 

with pressure pipes between:

1.  resistance to internal loads

2.  resistance to external loads

Regarding 1, resistance to internal loads, the following issues 

are recognised:

		hydrostatic internal pressure 

		dynamic internal pressure (water hammer/surge)

		chemical resistance

		thermal loading

		abrasion resistance

Regarding 2, resistance to external loads, the following issues 

have to be dealt with:

		soil & traffic loading

		buckling (groundwater pressure)

		ground movements

		thermal loading

		abrasion resistance

		point loads

4.3.1.	Resistance	to	internal	loads

4.3.1.1.	Hydrostatic	internal	pressure	

For pressure pipes the choice of the material and the SDR 

class depend on the operational pressure, as set out earlier in 

chapter 2 of this manual, leading to following table:
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Pipe characteristics Max. operating pressure (bar)

PE type SDR gas water/pr. sewer

  C=2,0 *) C=1,25 *)

PE 100 26 4 6,4

PE 100 17 6,25 10

PE 100 11 10 16

PE 100 7,6 - 24

*) min. values in international standards

Note:   For PE 80 pipes the maximum pressures are to be 

multiplied with a factor 0,8.

4.3.1.2.	Dynamic	internal	pressure

In pump systems, changes in the rate of flow can occur in the 

case of starting and stopping of pumps, opening and closing 

of valves, a power cut, etc., causing so-called water hammer. 

In principle, water hammer arises by anything in the system 

which will change fluid velocity abruptly, such as a pump 

stopping suddenly or a valve being closed too quickly. Each 

time, by changing the velocity abruptly, the kinetic energy is 

converted into pressure. 

The occurrence of pressure waves influences the perfor-

mance of all types of pipelines to a greater or lesser degree: 

fatigue. The effect of this is that the service life of the pipes will 

be reduced depending on the pipe type and the magnitude 

and the frequency of the pressure waves. It is therefore impor-

tant to recognise possible occurrence and to control properly.

Pressure peaks due to water hammer can be calculated with:  

Joukowski’s formula:

   Δp = c * Δv / g (10)

where:

Δp  = pressure peak (MPa) 

Δv  = velocity drop to 0 (m/s) 

g   = gravitational constant (m2/s)

c   = pressure wave speed (m/s) 

 

  c = 1/ (√ { * (1/K + Sp) } ) (11)

where:

  = density of water = 1000 (kg/m3)

K  = stiffness of water = 2000 (MPa)

Sp  = pipe stiffness characteristic

   Sp = (1-μ2) / {E * (Di  / e) } (12)

where: μ  

= Poisson’s ratio (-)

E  = mod.of elasticity of pipe (MPa)

Di  = internal pipe diameter (mm)

e   = pipe wall thickness (mm)

These equations lead to pressure wave speeds of e.g. with 

PE pipes to ~300 m/s and with steel to ~1200 m/s. The  

linear relationship between wave speed and pressure peak 

then leads for flow velocities of 1 m/s for PE pipes to approx. 

3 bar extra pressure and for steel pipe to approx. 12 bar extra 

pressure.

Using appropriate input values, these equations can be sim-

plified (Ref. Janson) for PE 80 and PE 100 pipes to:

   ΔpPE80 = 80 √ PN  (13a)

and 

   ΔpPE100 = 90 √ PN  (13b)

where: ΔpPE80 = pressure peak (bar)

PN  = pipe pressure class (bar) 

With these simplified equations the following graphical  

representation can be made now (see figure 5):

Table 12: Pressure rating PE 100 pipes.
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The following permissible pressure rises apply for PE pres-

sure pipes used in water supply systems: 

		When the instantaneous pressure rises occur  

infrequently, e.g. pressure testing, power failure etc.,  

the permissible maximum pressure may exceed the nomi-

nal pressure by 50%. (marked in graph: ).

		 When the instantaneous pressure rises occur frequently 

(>100 instances in a 50-year period), the permissible 

maximum pressure should not exceed the nominal  

pressure by 25%.

Clearly, next to the pipe type, the possible velocity drop to 0 

(Δv) has a significant effect on the pressure peaks. Keeping 

the flow velocity in the range of 0,5 – 2,0 m/s (see 4.2.4) is 

re-confirmed with this.

The risk of water hammer may necessitate the installation of 

devices to minimize the effect of the pressure waves and will 

often require special operating instructions.

Rapid filling of a pressure pipe line and variations between 

trapped air masses may also cause sharp rises in pressure. 

Pipe lines should therefore be designed to allow bleeding 

wherever required and filling speeds should be kept low. 

The negative pressure, surge, following the pressure peak 

attempts to create deformation to the pipe and when possible 

to have the pipe collapsed. The negative pressure that fol-

lows the pressure wave is to be set at – 0.08 MPa =  -0.8 bar. 

However, collapse becomes only an issue with thin walled PE 

pipes (e.g. thin-wall linings).

Collapse because of instantaneous, collapses due to negative 

pressures do nót occur with Wavin PE 100 pipes of SDR 17 

or thicker. 

4.3.1.3.	Chemical	resistance

Plastic pipe systems are ideal for transporting a wide  

variety of chemicals and are widely used in industries where 

con veyance of highly corrosive liquids and gases require  

products with excellent corrosion resistance. 

The exceptional resistance of PE to chemical attack is well 

known and generally there are no naturally occurring ground 

conditions which affect the material. Polyethylene generally 

does not corrode, rot, pit or lose its mechanical strength pro-

perties through electrical or chemical reactions with backfill 

soils.

Note:   When considering re-development of old industrial 

brownfield sites, care must be taken as PE pipes are 

be affected by certain chemicals, which may even  

diffuse through the wall and then affect the drinking 

water quality. In particular attention should be paid 

to soil and groundwater polluted with aromatics and 

hydrocarbons. Where soil conditions are unknown or 

known to be harmful, a soil analysis should be carried 

out to determine any likely contaminants. 

At room temperature, PE is insoluble at 20˚C in any  

organic and inorganic solvent and only destroyed, as time 

goes by, from strongly oxidizer substances (conc. HNO3, 

conc. H2SO4 and so on). Only at temperatures above 90˚C it 

dissolves in aliphatic and aromatic hydrocarbons and in their 

halogenated compounds.

Polyethylene is in chemical terms a non-polar high-molecular-

weight paraffin of the hydrocarbon family. Hence it is very 

resistant to (non-oxidising) strong acids, strong bases and 

salts. 

It is mildly affected by aliphatic solvents although aromatic 

and chlorinated solvents will cause some swelling. 

Figure 5: Pressure peak due to water hammer.
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However, with the following substances special attention is 

required:

		Oxidisers, e.g. very strong acids such as halogens and 

concentrated inorganic acids (e.g. nitric, sulphuric and 

perchloric acids).

		Cracking agents, e.g. detergents 

		Solvents, e.g. hydrocarbons (petrol, oil) 

The effects may be detrimental to the pipes strength or 

permeate the pipe wall causing tainting of the potable water 

supplies. The resistance to a wide variety of chemicals in dif-

ferent concentrations are presented in international standards 

(ISO/TR 10358) and summarized in Annex A. In case of any 

doubt, or specific questions, Wavin will be pleased to assist 

over the suitability. In that case information is required on five 

key elements:

1. medium composition

2. concentration of individual elements

3. operating temperature

4. operating pressure

5. desired life time

4.3.1.4.	Abrasion

Abrasion depends obviously on the fluid/slurry transported, 

but also on the pipe material. Research has shown that 

plastic pipes, and in particular PE pipes, show remarkable 

good results in comparison with pipes of traditional materials.

The next table (containing average results from several tests) 

shows the differences in resistance to abrasion/wear per pipe 

material.

This material characteristic, coupled with the very low coef-

ficient of friction, the pipe’s flexibility, light weight and ease 

of installation, offers significant advantages over other pipe 

materials for the transportation of abrasive slurries and in its 

resistance to abrasion. 

This is the reason why Wavin polyethylene pipe has been 

used extensively for pumped slurry applications over many 

years and has been used for transportation of e.g. fly ash, 

china clay slurry and sand slurry. 

There where the pipe is subject to harsh conditions with rough 

abrasive material, it is strongly recommendable to select 

Wavin TSDOQ® pipe. This pipe’s very tough inside pipe wall is 

superior as regards to fighting abrasion. 

4.3.1.5.	Thermal	loading

For operation of systems at temperatures between 20°C and 

40°C, the nominal pressure is reduced by applying the pres-

sure reduction factor derived from the graph in figure 6 the 

nominal pressure for 20°C operation. Multiply this nominal 

pressure by this pressure reduction factor in order to obtain 

the nominal operating pressure at the required operating 

temperature.

 Pipe material Specific Abrasion
  abrasion relative to PE

 asbestos-cement 17,28 102 x

 concrete 15,90 94 x

 cast-iron 2,09 12 x

 steel  1,72 10 x

 PVC  0,75 4,4 x

 PE  0,17 1 x

 

Table 13: Abrasion per pipe material.

Figure 6: Pressure reduction factor.

Note:   When temperatures are lower than 20°C, up-rating of 

the allowable pressures would be applicable, but this 

is usually not done, implying that then an even higher 

factor of safety on the allowable pressure is present.
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4.3.2.	Resistance	to	external	loads

4.3.2.1.	Soil	&	traffic	loading

With freely buried PE pipes, when considering resistance to 

external loads, generally design shall deal with a combination 

of deflection and stability. 

TEPPFA (The European Plastic Pipes and Fittings Association) 

initiated extensive field research into the structural perfor-

mance of plastics pipes. From this it was reconfirmed that the 

major factor influencing the pipe’s deformation is the type of 

installation. Regarding the pipe ring stiffness, it was recom-

mended to go for SN 4 or stiffer to reduce any negative effects 

of a perhaps not optimal installation.

4.3.2.2.	Buckling

The risk of buckling (collapse) generally has to be considered 

in case of non-pressure pipes, subjected to a (long term) high 

ground water table in combination with an annular gap (loose 

fit). For pipes subjected to this load case it shall be checked 

whether the external pressure is lower than the permissible 

pressure or not.

For PE pipe used in pressure applications this is hardly ever 

an issue. When in operation, the internal pressure in the pipe-

line gives more than sufficient resistance against the pressure 

from ground water. 

For the short periods in time that the pipe is empty (e.g. for 

routine maintenance), the Wavin PE pipe SDR 17, 11 and 7.3 

have far more than sufficient strength to handle such pres-

sures. 

Note:   Even in continuous non-pressure applications, calcula-

ting with a long-term (creep) E-modulus, the pipes can 

handle high ground water tables. 

4.3.2.3.	Ground	movements

Ground movements may arise from e.g. differential settlement 

and frost action. Plastics pipes accommodate such move-

ments with their flexibility, without loss of integrity. Rigid pipes 

on the contrary, are likely to crack under excessive loading, 

and may finally collapse. 

Among the plastics pipes, those made from thermoplastic 

materials like polyethylene have on their turn clear benefits 

over those made from thermosetting materials. Polyethylene 

is strainable to a large extent without destroying the pipe wall 

structure. There are always exceptional cases, but generally 

PE pipelines perform very well in response to ground move-

ments as encountered in e.g. earth quakes. 

For the Wavin PE pressure pipes, a SDR 17 pipe already has 

a stiffness value of at least SN 16. Evidently, from a structural 

point of view, these PE pipes are very sound. 

When the existing pipeline is surrounded with a stable,  

consolidated surround, where the depth of cover is less than 

5 m, and where the ground water table is less than 4 m over 

the pipe, a durable, long term (> 50 years) solution is already 

provided with a pipe of SDR 26. Using a thicker PE pipe with 

SDR 17 (PN 10), ground water tables up to 10 m over the pipe 

are not a problem at all.

Figure 7: TEPPFA results.
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4.3.2.4.	Thermal	loading

Like many construction materials, pipes can get longer or 

shorter with temperature changes. PE pipes are quite sensi-

tive to changes in temperature, which should amongst others 

be taken into account when laying plastic pipes. 

   ΔL = ΔT x L x  (14)

where 

ΔL  = longitudinal expansion/contraction (m) 

ΔT  =  difference in temperature (°C) 

(e.g. between pipe temp.during installation  

and regular soil temp.)

L  = length of section (m)

  = coefficient of linear thermal expansion (-)

The coefficient of linear thermal expansion is quite high with 

PE pipes:

  

PE 100 :  = 1,5 * 10-4 /°C 

 or:  

15 cm / 100 m pipe length / 10°C

4.3.2.5.	Abrasion	resistance

Abrasion may be an issue to pay attention to during hand-

ling on site and during installation, in particular when using a 

trenchless installation technique such as sliplining, horizontal 

directional drilling (HDD) and pipe bursting/splitting. Even 

although PE is very much resistant to abrasion (see 4.3.1.4), 

notches in the pipe wall can lead to problems, even on the 

long term.

Many materials may be extremely strong in laboratory tests 

but when they are notched or scored in handling they can 

become very brittle. The classic material in this category is 

glass, which is brittle enough to snap along a defined line 

when it is lightly scored. 

When laying pipelines it is quite common for the pipe surface 

to become lightly scored.

In some cases however, treatment on site (even with open-

cut installations) is so rough that the pipe really suffers from 

excessive scoring. 

Scoring can also not be prevented with most of the trenchless 

installations, e.g. when the pipe is used in pipe bursting. 

In order to ensure that brittle failure will not develop in the 

short or long term from these surface notches, it is usual to 

carry out hydrostatic pressure type tests at elevated tempe-

rature on notched pipe samples. With these tests, defined, 

sharp notches are created to a depth of 20% of the wall 

thickness.

In practice, during installation, PE pipe with notches up to a 

maximum of 10% of the wall thickness can safely be used. 

When dealing with harsh conditions, as mentioned above, it 

is strongly recommendable to apply a PE 100 pipe with extre-

mely good abrasion resistance properties: Wavin TSDOQ®. 

4.3.2.6.	Point	loads

Polyethylene is known to be extremely durable in normal use.

Scratches on the outside surface, arising from handling/trans-

port and installation, will have no adverse long-term effect on 

the pipe provided the damage does not exceed 10% pipe wall 

thickness. If the damage is greater than 10% the pipe should 

not be used. 

Should there be reason to suspect continuous point loads 

acting on the buried PE pipe, because:

		  it is desirable to use excavated material, that might contain 

big boulders, or: 

		the pipe is to be installed with a trenchless installation 

technique (horizontal directional drilling or pipe bursting)

it is strongly recommendable to use Wavin TSDOQ® pipe. 

4.4.	 Environmental	aspects

Wavin’s pressure pipes and fittings are tested and approved 

according to The Environmental Agency’s demands and 

found suitable for conducting potable water in water supply 

systems. 



33  PE Pressure Pipe Systems Technical Manual 

Under normal operating conditions, PE does not support the 

microbiological growth of algae, bacteria or fungi, nor is it 

affected by these conditions. 

Site practices do not generally allow pipe laying to continue 

below 0˚C. However, there may be instances during instal-

lation or pipeline operation where temperatures below 0˚C 

are encountered. The mechanical properties of PE, operating 

pressure and impact resistance are maintained at temperatu-

res as low as -60˚C. Therefore moderate winter temperatures 

do not pose any particular problems to the performance of 

PE pipe. 

Polyethylene is a particularly low thermal conductor and will 

delay the freezing of water within the pipe. Where the water 

does become frozen, the flexibility of PE and its ability to 

expand without rupture ensures the security of the pipeline. 

Since PE is a poor conductor of electricity, it does not suffer 

from electrolytic corrosion when in contact with metal com-

ponents (valves etc.) or when connected into existing metal 

pipelines. 

As a non-conducting material PE should not be used for 

the earthling of electrical equipment nor can it be used as a  

conductor for frost protection systems. Similarly PE should 

not be used where there are high levels of static electricity, 

e.g. in mines.

With buried applications, new pipelines should be allowed 

to stabilise to ambient temperatures before making the final 

tie-in connections. Partial backfilling of the pipe will assist in 

minimising the effects of direct sunlight. 

Note: In above-ground installations, expansion is an important 

factor which should be considered in the design of pipelines 

where a significant variation in temperature is expected. 

Careful consideration should be given to the positioning of 

support brackets and anchor points and the use of fully end 

load bearing joints. Where possible expansion and contrac-

tion may be accommodated at changes of direction. Where 

non-end load bearing fittings are used, it is important that 

such fittings are securely anchored to prevent pipe pull-out. 

PE pipework for potable water can be laid in close proximity 

to PE gas mains. The presence of naturally occurring gas, 

such as is found in landfill sites, similarly has no effect on PE 

pipework. 

Polyethylene is resistant to most naturally occurring ground 

contaminants. However, the greater use of previously deve-

loped land (brownfield sites) is resulting in a greater potential 

exposure to harmful contaminants. 

The main concern for potable water pipework is the risk 

of long term mechanical damage to the material and of 

more importance, the contamination may cause water qua-

lity problems, taste and odour, due to permeation through  

the pipe wall. Former industrial sites pose the greatest  

problem. Development of the following sites should be care-

fully assessed: 

		Coal workings, including coking and town gas production 

		  Chemical works 

		Gas works 

		Paint and varnish works 

		  Wood plants (preservatives) 

		Landfill sites 

		Garages/petrol stations 

Where there is a known risk of contamination, professional 

guidance should be sought on soils analysis to identify the 

range and degree of contaminants. The analysis can then 

be used to determine the suitability for polyethylene potable 

mains and services and whether suitable protection can be 

provided. Further guidance is available from Wavin. 
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5. Transport, handling & storage

5.1.	Transport

If pipes arrive in containers, leave them preferably in the con-

tainer, until reaching of the final destination, either the stock 

yard or the installation site. 

When transporting loose pipes, flat-bed vehicles shall be 

used. The bed shall be free from nails and other metallic 

protuberances, which may damage the pipes. Secure the 

pipes effectively before transporting them. Ensure that all 

side supports, if required, are flat and free from sharp edges.

Pipes should preferably not overhang the vehicle, and in any 

case not by more than five times the diameter or 2 meters, 

whichever is lesser. 

Chains and ropes are not permitted at any time. Fabric slings 

shall be used to lift the pipe, preferably supported at two 

points along its length. Metal bars, slings, hooks or chains 

shall not be applied. 

If loading or unloading pipes using forklifts, ensure that only 

fork lift trucks with smooth forks should be used. Care should 

be taken to ensure that forks do not strike the pipe when lif-

ting. It is strongly recommended to use protective wrapping 

over the forks to prevent any sharp edges coming into contact 

with the insides of the pipes. 

If pipes are supplied in pallets, ensure that the slings are to be 

mounted centrally on the pallet at a distance of 3.5 m. Pallets 

shall not be moved or lifted with crowbars or poles. When 

unloading pallets with forklift trucks, ensure that the pallets 

are put across the forks. It is important to ensure as large a 

space between the forks as possible for stability of the pallets.

The impact resistance of plastics products is lowered at 

very low temperatures and under such conditions, extra care 

during handling is recommended to avoid any sharp impacts 

at the time of handling or loading and unloading.

5.2.	 	Handling

When handling the pipes and fittings, damage shall be pre-

vented. Plastics products can be damaged when in contact 

with sharp objects or if dropped, thrown or dragged along the 

ground. In all circumstances, do not drop or throw products 

and pallets. In case of unloading pipes from the trucks with 

backhoe and crane, lifting belts (e.g. textile belts, etc.) shall 

be used. 
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5.3.	 	Storage

Although Wavin PE pipes are extremely light, durable and 

resilient, the contractor shall take adequate precautions 

during storage. 

Loose pipes and/or pallets shall be stored in a manner so 

that a proper and stable stack is ensured and on sufficiently 

solid, level ground. Stack the pipes on surfaces free from 

sharp objects, stones or projections. If the pipes are stacked 

on pallets these shall be secured against lateral movements. 

The smaller diameters can be stored nested (telescoped) in 

the larger ones, as long as the pipes are supported along 

their entire length. The stack height of the pipes should not 

exceed 1,5 m. When spacing the pipes, the bearing width of 

the supports and timbers respectively must be at least 7.5 cm. 

The distance between the supports and timbers respectively 

should be 1-2 m. The outer supports and timbers respectively 

are to be arranged 0.5-1.0 m from the stack end. 

PE pipes have to be stored standing on an even, solid 

ground. Storage times are limited to 24 months, with sun  

exposures of 3.5 GJ/m2 per year (Middle European conditi-

ons); 7 GJ/m2 in total. 

The influence of weather on stored pipe components should 

be kept to a minimum, i.e. the pipe components should be 

kept in a warehouse. If the pipes are stored in the open (con-

struction sites), the pipes have to be protected to prevent pro-

blems of ageing, in particular in climates with extreme sun and 

UV exposure. In such conditions PE pipes shall be stocked in 

the shade. This can be accomplished by stocking them under 

a roof, preferably white coloured, thus preventing direct sun 

exposure, but allowing the wind to freshen the air (to avoid an 

oven-effect). One-sided heat exposure caused by sunshine 

can lead to deformations in the pipes.

The area where pipe components are stored should provide 

as much protection as possible. Pipes should be completely 

protected from the effects of benzene-containing materials, 

fuels, solvents, oils, greases, paints and other chemical sub-

stances or heat sources, during the storage period. 

When pipes are stored on racks, these racks shall provide 

sufficient side and bottom support to the pipes to prevent 

permanent deformation.

Packaged pipe pallets can be stacked one above the other. 

The stack height must not exceed 2 pallets.

If pipes are supplied in a bundle or other packaging, the res-

traints and/or packaging should be removed as late as pos-

sible prior to installation.

Wavin PE fittings and valves are packed in PE plastic bags to 

protect them from ultraviolet radiation and dust. Also here it is 

recommended removing the products from the packing only 

shortly before installation. 
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6. Installation with open cut trenching

Traditionally pipes have always been installed with open cut 

trenching. However, landfill taxes are becoming a significant 

cost and environmental factors are forcing engineers to look 

at new installation methods to minimise the disruption and 

amount of waste spoil generated. These minimum or low-dig 

techniques, also known as trenchless installation techniques 

are dealt with chapter 7. 

This chapter contains current guidelines and requirements for 

the installation of the PE pressure pipe systems using open 

cut trenching, to fulfill the quality requirements of the pipeline 

and to secure a constant quality of installation. It includes 

recommendations for the pipe surround and backfilling proce-

dures but not road base and road sub-base details. Attention 

is drawn to any national regulations which may cover these 

or other aspects of installation. It is intended to be used by 

authorities, design engineers and installers.

Much of the guidance is expressed as requirements, e.g. by 

use of "shall" or by instructions in the imperative. It is strongly 

recommended that these be followed whenever applicable. 

Other guidance is presented for consideration as a matter of 

judgment in each case, e.g. by use of "should".

To obtain a constant high-quality working standard, a regu-

lated and documented procedure shall be followed. Process 

and work instructions are integral components of a quality-

secured process execution and are to be followed and docu-

mented for all quality relevant jobs during the PE pipe instal-

lation process. During installation, the applicable accident 

prevention instructions of the unions and labour associations,

the traffic regulations and the guidelines for safeguarding 

work places at roads have to be followed.

The contracting companies carrying out the work shall have 

competent personnel possessing the qualification necessary 

for executing the work. A prerequisite for a high-quality and 

environmentally friendly execution of the installation is a set of

equipment, which is technically state-of-the-art and in line 

with current regulations concerning:

		Safety

		Noise protection, and

		Protection of air, ground and water

The scope of work encompasses following 5 main sequential 

actions (see following subchapters):

1. Trench work

2. Jointing

3. Pipeline assembly

4. Backfilling

5. Testing & Finishing off

Note 1:    Work shall be executed respecting the national 

standards, wherever possible using the European 

standard EN 1610, and obviously respecting the 

requirements of the water/gas company in charge. 

In all cases these requirements stated should take 

precedence. The installation recommendations pre-

sented here after are not intended to replace these 

requirements but should be considered as guidance.

Note 2:    Work in trenches is potentially dangerous. Where 

appropriate, slope the trench walls or use trench 

sheeting for protection of the operators. Make sure 

that, when operators are in the trench, any move-

ment of equipment does not cause the trench walls 

to collapse and that no objects can fall into the 

trench. Related to this, care should be taken not to 

place any excavated material to close to the trench.

  Attention is drawn to any local and/or national health 

and safety regulations, a.o. related to protective 

clothing (helmets), and preventive safety measures 

around the trenches.

6.1.	 Trench	work	

6.1.1.	Preparatory	work

A proper detailed route survey is essential to identify the type 

of soil, location and nature of existing underground utilities 

such as gas lines, water mains, sewers, telephone and elec-

trical cable conduits etc. These existing lines shall be clearly 

identified on the pipeline route drawings.

The pipeline route shall be identified and marked out by  

identification marker posts. 
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Obstacles, incl trees, bush and scrub along the identified  

& marked pipeline track are to be removed to permit for 

unhindered progress of excavation activity & easy movement 

of fusion machines etc. 

6.1.2.	Trench	configuration

Generally the trench configuration can be represented as  

follows:

The width of the trench shall provide sufficient space for  

jointing and compacting the side soil.

The depth of the trench as well as the gradient of the pipe is 

determined by the pipeline design. Generally the invert level 

(bottom-inside surface) of the pipe is prescribed. When deter-

mining the trench depth, allowance for a suitable bedding (see 

below) shall be incorporated.

The current practice is to lay service pipes at 750 mm cover 

and mains at 900 mm cover, measured from the pipe crown. 

Parallel piping systems laid within a common trench shall be 

spaced sufficiently far apart to allow proper compaction of 

the pipe zone backfill material between the pipes. A space 

between the pipes of at least 150 mm greater than the width 

of the compactor is recommended.

In the case of unstable ground, e.g. running sand, and high 

groundwater table, trench support may be required. Besides 

additional measures such as de-watering of the trench bottom 

may have to be taken. These measures and how they shall be 

realized, are the responsibility of the engineer on site.

6.2.	 Jointing	

PE pipe systems are relatively simple to joint and install. Two 

jointing methods are available to cater for the components 

that are used to build an operational system: 

		Fusion joints  

a) Butt-fusion joints 

b) Electrofusion joints 

		Mechanical joints  

a) Compression joints  

b) Flanged joints 

Both butt-fusion and electrofusion require the use of  

specialist equipment and certified operators to carry out field 

jointing. 

Fusion equipment can either be purchased or hired from 

manufacturers and detailed product literature is available 

together with familiarisation courses to ensure correct use of 

the machinery. Operators should have passed successfully a 

dedicated training course, which can be organised via Wavin 

either at its customer training facility or at the customer’s  

premises. For more information, please contact Wavin.

Recommended values for the width (in the middle of the pipe) 

are presented in following table:

Pipe zone

Bedding

 Pipe diameter Min. trench width

 (mm) at pipe zone (m)

 ≤ 315 0,80

 355 - 500 1,00

 560 - 630 1,20 *)

 710 - 800 1,40 **)

*:  with wide trenches (angle <60º) 1,00 m

**:  with wide trenches (angle ≤ 60º) 1,20 m

Table 15: Trench widths.

Figure 8: Trench construction.
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Modern machine developments now provide totally automatic 

jointing, eliminating the risk of operator error and providing a 

full record of joint history for Quality Assurance of site welding.

Which type of jointing is preferable fully depends on the  

particular pipeline type under consideration.

Generally, only the relatively small diameter pipes are elec-

trofused. Unless the amount of joints is small, in which case 

compression fittings are favoured. Relatively large diameter 

pipes are generally butt-fused, for cost-effectiveness rea-

sons, although gas companies in particular sometimes favour  

electrofusion joints. 

In general butt-fusion is carried out to the side of the trench 

and the complete pipeline string then lowered in. All “in 

trench” jointing will usually be carried out using electrofusion 

fittings. Flange connections are generally used when valves or 

other ancillary components are involved.

6.2.1.	Butt-fusion	joints

Butt-fusion jointing involves the fusing together of two pipe 

ends in a specialist machine which prepares the pipe ends, 

heats them and brings them together under pressure to form a 

homogeneous fusion joint. The joint is fully end-load resistant 

and is at least as strong as the parent pipe. 

With butt-fusion only pipes of the same SDR, i.e. the same 

wall thickness can be jointed. This contrary to electrofusion. 

The main body of the equipment is a clamping unit, with 

adjustable gripping collars, consisting of a static and a move-

able part. The pipe ends are gripped in the clamping collars 

and moved towards each other. The interconnected hydraulic 

pump takes care of the axial movement. A planning device 

and a heating element complete the basic parts of the butt-

fusion equipment. Both require electricity (in the field generally 

supplied by an electrical generator).

  

The axial movement of the unit should be such that the drag 

stress is as low as possible. This drag pressure has to be 

taken into account later in the process when submitting the 

appropriate fusion pressure. 

The heating element, or fusion mirror, is controllable and 

transfers the fusion energy required to the pipe. After remo-

val of the heating element the pipeline elements are pressed 

together with a specific pressure.

6.2.1.2.	Preparation

The pipes or fittings are axially aligned in the unit, so that 

the joint faces are in a fair degree of correspondence. The 

clamps will correct any unacceptable mismatch of pipe cross  

sections, arising out of temporary ovality.

6.2.1.1.	Butt-fusion	equipment

When dealing with pipes of different material (e.g. PE 80 and 

PE 100), this is only possible when the melt flow characteris-

tics of the pipe materials are similar. In case of doubt consult 

Wavin.

Figure 9: Butt-fusion and wall thicknesses.

Figure 10: Butt-fusion equipment.
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The clamped pipes or fittings are then planed/trimmed until a 

continuous shaving is from each pipe end, thus ensuring that 

the joint surfaces are parallel. The loose shavings are remo-

ved without touching the pipe ends and the remaining gap is 

checked. Only a small deviation as given in the table below is 

acceptable. The maximum permissible gap width between the 

planned surfaces as per DVS 2207-1 are as follows: 

The fusion operation is carried out in clearly defined stages 

as per the diagram given below. All the parameters must be 

recorded.

P1  = fusion (jointing) pressure (bar)

P2  = maximum heat soak pressure (bar)

t1  = alignment time, in seconds (nominal)

t2  = heat soak time (seconds)

t3  =  plate removal / changeover (maximum) time (seconds)

t4 =  jointing pressure build-up (ramp) time, in seconds 

(nominal)

P3 =  cooling pressure (equal/bigger to  

alignment/jointing pressure) (bar)

t5 = minimum cooling period, in minutes (minimum)

Figure 12: Stages in fusion process.

Now the fusion pressure P1 (e.g. 1,5 bar) is applied until  

the bead has reached a height as given in the fusion tables 

(usually 2-3 mm) is formed. Reduce the pressure in the system 

to P2, between 0 and drag pressure (e.g. 0,2 bar). Now the 

heat soak time t2 commences. Ensure the pipes maintain 

contact with the heater plate. Upon completion of the heat 

soak time t2, remove the heater plate and close the clamps 

immediately, (within 10 seconds, t3). Build up the pressure 

to the cooling pressure P3, equal or slightly bigger than the 

fusion (jointing) pressure and maintain this pressure for the 

specified minimum cooling period t5. 

6.2.1.4.	Fusion	parameters

It is recommendable to follow the parameters prescribed  

by the fusion equipment supplier. In absence of those, the 

following timing limits in accordance with DVS 2207-1 may be 

used as reference.

6.2.1.3.	Fusion	process

The fusion (jointing) pressure is obtained by adding the drag 

pressure to the hydraulic ram pressure given on the machine 

data plate.

Next, the heater plate is placed in the unit, checking it is clean 

and undamaged. The temperature of the heating plate during 

should be between 200°C to 220°C. Generally speaking, the 

upper temperature should be aimed at for thinner pipe walls 

and the lower temperature for thick pipe walls. The following 

graph gives the details about the wall thickness and the  

corresponding heating plate temperatures.

Figure 11: Fusion Temperature as function of Wall thickness.

 Outside diameter (mm) Gap width

 ≤ 355 0.5

 400 - 560 1.0

 630 - 800 1.3

Table 16: Permissible fusion gap width.
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 Nominal wall    Bead Heat soak time  Change time Ramp time  Cooling time

 thickness  height t2 (= 10 x wall thickn.)  t3 t4 t5

 (mm) (mm) (seconds)  (seconds) (seconds)   (minutes)

 ≤ 4.5 0.5 45 5 5 6

 4.5 … 7 1.0 45 …. 70 5 … 6 5 … 6 6 … 10

 7 … 12 1.5 70 … 120 6 … 8 6 … 8 10 … 16

 12 … 19 2.0 120 … 190 8 … 10 8 … 11 16 … 24

 19 … 26 2.5 190 … 260 10 … 12 11 … 14 24 … 32

 26 … 37 3.0 260 … 370 12 … 16 14 … 19 32 … 45

 37 … 50 3.5 370 … 500 16 … 20 19 … 25 45 … 60

 50 … 70 4.0 500 … 700 20 … 25 25 … 35 60 … 80

Table 17: Recommended timing limits for butt-fusion of PE pipes (DVS 2207-1).

6.2.1.5.	Finishing	off

A double bead should be present all the way around the pipe 

circumference. The bead shape gives a first indication as to 

the uniformity of the fusion joint. Different bead shapes may 

be caused by the different flow properties of the materials 

being joined. 

Remove the external bead and twist in several positions. If 

the bead splits at any position the joint should be cut out and 

re-made. The internal bead may be removed, to minimize flow 

disturbances once the pipeline is in operation.

Check the joint is free from any contamination. Clearly mark 

the joint and bead for identification with an indelible pen.

6.2.2.	Electrofusion	joints

This method of jointing makes use of special fittings. The 

surfaces to be connected (outer surface of the pipe and the 

inner surface of the fitting) are heated by means of electric 

resistance wires incorporated in  the fitting to the required 

temperature and then fused using a dedicated fusion unit.  

Fittings include couplers, bends, reducers, tees, and tapping 

saddles, as presented in chapter 3.5. The fittings are moulded 

products with a heating element in it. Through this a control-

led electrical energy is fed for fusing during jointing. 

6.2.2.1.	Electrofusion	unit

The fusion machine must provide the required fusion voltage 

for the fitting and switch off the fusion current automatically 

as soon as the fusion temperature has been reached inside 

the fitting.

Number of manufacturers produce electrofusion units, incl. 

the ancillary tooling required. The correct reliable joints and 

this may be purchased from the manufacturer. Wavin can 

facilitate in this.

6.2.2.2.	Electrofusion	fittings

The design of an electrofusion fitting is crucial to its perfor-

mance and is dependent on the position and pitch of the 

heating coil. The heat distribution should be consistent throu-

ghout the fusion cycle and over the full fusion area. The melt 

must be adequately controlled within the hot and cold zones 

to ensure a fully welded, homogeneous joint. The fittings are 

provided with melt indicators to show when the fusion is 

complete. The different zones of an electrofusion fitting are 

shown in Figure 13.

6.2.2.3.	Preparation

To guarantee perfect fused joints of PE pipes, the jointing 

surfaces must be absolutely clean.  Therefore it is essential to 

prepare the surfaces thoroughly before fusion. The pipes are 

to be cut square with suitable tools. The internal edge must 

be deburred and the outer edge rounded off. 
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Figure 14: Electrofusion.

The surface of the pipes must be scraped along the complete 

insertion depth before fusion in the fusion area with a scraper. 

This may be accomplished with a hand scraper, but preferably 

with a dedicated mechanical scraper tool.

Mechanical scrapers are preferred over hand scrapers as skill 

and practice is required with hand scraping and can be quite 

time consuming for larger diameter pipes. 

Note:   Do not use rasps/files or abrasive sheets to prepare 

pipe ends

The ovality of the pipes in fusion zone shall not exceed 1.5%. 

If necessary, clamps must be used to re-round the pipes. The 

surfaces of the pipes to be fused must be prepared immedia-

tely before the fusion work commences. The inside of the fit-

ting is to be cleaned with a cleaning agent (e.g. spirits) and an 

absorbent, non-fibrous paper. Where couplers are to be used 

for repair situations the existing main shall be completely dry 

with no running water.

6.2.2.4.	Fusion	process	

Remove the fitting from its bag, check if it is clean and  

undamaged, and assemble onto the pipe ends. Clearly mark 

the depth of entry with a marker pen, so that the insertion 

depth of the pipe may be checked. When slipping on the 

fitting, make sure that the parts are not crooked, are not 

rotated and that no force is used to avoid damage to the 

electrical winding. The contacts on the fittings must also be 

easily accessible. Securely clamp the joint assembly with 

the appropriate clamps. The fusion machine is connected 

to the fitting via the fusion leads. The contact surfaces shall 

be clean. Once the fusion machine is set up and the cycle  

started, the fusion process is automatic.   

The fitting will start to draw current, which will cause the hea-

ting element (and therefore the polymer in the fusion zone) to 

heat up until it melts. When the polymer melts, it expands and 

fills the gap between the pipe and the fitting. 

The rising pressure within the fusion zone also pushes the 

material sideways until it reaches the cold zones where it 

cools and solidifies. An indicator on the fusion machine shows 

that the correct current is flowing. This effectively seals the 

fusion zone which causes the full melt pressure to be genera-

ted and fusion to take place. 

6.2.2.5.	Finishing	off

Once the set fusion time has been reached, the current is 

automatically switched off and the fusion area cools down to 

form a strong and completely homogeneous joint. 

Check if the melt indicators have risen, proving that the fitting 

has been energised and has completed a fusion cycle. The 

joint must be left to cool for a sufficient period of time, which 

is also usually indicated for the type of fitting.  Detailed fusion 

instructions are available on request. 

Figure 13: Fusion zones.
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6.2.3.	Compression	joints

6.2.3.1.	Compression	fittings

Compression fittings are mechanical joints restricted to small 

size pipes:  Ø 16 – 110 mm, mainly used in water supply & 

cable ducting applications.  A compression coupler consists 

of a threaded spigot and a pair of threaded sockets. Base 

material is polypropylene (PP). The fittings are leak proof, can 

withstand tensile loads and are detachable. Compression 

coupler joints can also be used for repairing of existing pipe-

lines.

6.2.4.	Flange	connections

Flange connections are mechanical joints used in the  

following cases:

		Joining PE pipes to PE pipes

		Joining PE pipes to metal pipes

		For connecting valves/pumps/hydrants etc. in the system

		For blank ends for maintenance purposes

6.2.4.1.	Joints	with	PE	stub	ends

This type of joint consists of a pair of PE flange adaptors (stub 

ends) which are fused to the pipes and a pair of slip-on metal 

backing flanges, which are fastened with nuts and bolts. See 

chapter 3.5. In case PE pipes are to be connected to metal 

pipes, then only 1 stub end is required.

It is important to check that the drilling of the metal slip-on 

flange on the PE pipe and the flange on the metal pipe are 

matched. The stub ends should have the same end thickness 

as that of the pipe to which it is being fused.

To achieve a leak-proof joint a rubber gasket (Shore A  

hardness of 60) is placed between the stub ends. The nature 

of the rubber depends on the temperature and type of fluid 

to be conveyed. Generally, gaskets are made of natural,  

silicon, neoprene or EPDM rubber, depending upon the appli-

cation of the piping system.

As polyethylene pipe is sized on the O.D. and Ductile Iron,  

allowances must be made for differences in pipe bore and 

discrepancies in corresponding mating flanges. This occurs 

more with larger diameter pipes and a flange converter will be 

required in these instances to ensure compatibility of pipe bores

The thickness of the metal flanges shall be determined by the 

operating pressure of the pipeline. The flanges are generally 

supplied, either PU coated or hot dip galvanised for corrosion 

protection. 

The bolts and nuts are generally of GI, with a minimum gal-

vanisation thickness of 80 microns. Ensure that the length 

of the bolt is long enough to cover the total width of the PE 

stub ends as well as the gasket and metal flanges. Bolts may 

either be threaded upto a certain length or may be threaded 

throughout its entire length.

Figure 15: Assembly of compression fitting.
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Figure 17: Flange design.Figure 16: Flanged connection incl. stub ends.

DN                      D                     k                         d1                     Bolts                 Number of holes

  PN 10 PN 16 PN 10 PN 16 PN 10 PN 16 PN 10 PN 16 PN 10 PN 16

 25 115 - 85 - 14 - M12 - 4 -

 32 140 - 100 - 18 - M16 - 4 -

 40 150 - 110 - 18 - M16 - 4 -

 50 165 - 125 - 18 - M16 - 4 -

 65 185 - 145 - 18 - M16 - 4 -

 80 200 200 160 160 18 18 M16 M16 8 8

 100 220 220 180 180 18 18 M16 M16 8 8

 125 250 250 210 210 18 18 M16 M16 8 8

 150 285 285 240 285 22 22 M20 M20 8 8

 200 340 340 295 295 22 22 M20 M20 8 12

 250 395 400 350 355 22 26 M20 M24 12 12

 300 445 455 400 410 22 26 M20 M24 12 12

 400 565 580 515 525 26 30 M24 M27 16 16

 500 670 715 620 650 26 33 M24 M30 20 20

 600 780 840 725 770 30 36 M27 M33 20 20

Table 18:  Recommended timing limits for butt-fusion of PE pipes (DVS 2207-1).
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6.2.4.2.	Assembly	with	PE	stub	ends	

The general guidelines for making a flanged joint are as  

follows:

1.   Slip the metal flange onto the pipe section, far enough 

away from the end so as not to interfere with the opera-

tion of the butt-fusion / fusion machine.

2.   Butt fuse the stub end to the end of the pipe, using the 

standard fusion parameters as specified for the pipes.

3.   Bring the pipes into a position such that the stub end 

faces are brought parallel to each other and axially  

aligned. Ensure the mating flange faces are clean and 

free from damage. 

 

Insert the rubber gasket between the stub ends, and 

ensure it is aligned & centered. 

Trench depth in the vicinity of the flanged joint should  

be such that it makes an adequate berth for the  

wrenching operation without any hindrance.

 

4.   Insert the bolts after cleaning and lubricating the threads. 

Inspect to ensure that the sealing faces are clean and 

parallel to and in contact with each other all around the 

circumference. 

Assemble the joint and finger tighten all nuts/bolts and 

progressively tighten all bolts in a diagonally opposing 

sequence as follows, using a torque wrench: 

 		5% of the final torque force

	 		20% of the final torque force

	 		50% of the final torque force

 		75% of the final torque force

 		100% of the final torque force

For evenness of tightening, it is advisable to use two opera-

tors simultaneously for flanged joints of large diameter pipes.

5.   If practical, final torqueing up should be repeated after 

the joint has relaxed for 1 hour. After reaching the final 

torque value, use rotational tightening until all bolts are 

stable at the final torque value.

Note:   In case a leak occurs at the flange and the bolts on the 

leaking side have been properly torqued, they should 

not be tightened any further, otherwise permanent 

damage may occur to the sealing faces. Instead, the 

opposite side should be loosened by a quarter turn at 

a time and then the bolts on the leaking side should 

be tightened by the same amount. In case the leak  

persists, the bolts should be removed and the sealing 

faces examined for any damages or dents across the 

face. If a leakage occurs after the system has been 

cycled to diurnal temperature variations, the bolts 

should be tightened after the cool down period. No 

further tightening should be necessary.

Figure 18: Pipe/valve flange connection.
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6.2.4.3.	Joints	with	DI	flange	adaptor

As an alternative to butt-fusing stub ends (PE flange adap-

tors), also ductile iron (DI) flange adaptors can be applied. This 

is particularly advantageous in the case of a calamity on an 

operational pipeline. See chapter 3.5. 

The DI flange adaptors supplied by Wavin contain grippers 

with tempered steel rivets (preventing pipes to escape) to 

connect two pipes of different materials (e.g. PE, PVC, ductile 

iron, steel and asbest cement pipes) and each to a range of 

diameters. 

Detailed information on this type of adaptor, incl. the different 

types offered, is available on request.

6.3.	 	Pipeline	assembly	

 

For the transport of individual pipes and fittings up to DN 400 

to the pipeline trench, no special lifting equipment is required 

due to the low weight of the pipes. In those cases where a PE 

pipe string was prepared on top of the trench, the string now 

should be lowered down. Ground water swelling up in the 

trench should be prevented with suitable de-watering. 

 

6.3.1.	Flexibility	/	Bending	radii

One of the major benefits of PE is its flexibility and this can  

be utilized to full advantage for buried pipework. Gradual 

changes of direction up to 11.5˚ can normally be accommo-

dated by the pipe itself, without the need for additional fittings 

and the costs of jointing. 

Following rules of thumb apply for the allowable bending 

radius (depending on the ambient temperature) 

for Wavin PE pipe systems SDR 11 and SDR 17 respectively:

at 20°C: 15-20 x DN       

at 0°C:    35-40 x DN

As an example:  

a DN 200 SDR 17 pipe at 20°C can be bent with a radius of 

20 x 200 mm = 4 m.

Sections with mechanical fittings or electrofused joints should 

not be bent. In such cases it is recommendable to apply a 

bend to prevent too high stresses.

6.3.2.	Service	pipes

Regarding location and depth of the service pipe, the same 

requirements as for main lines apply. The service pipes 

should be planned as straight as possible and follow thus 

the shortest route from the main to the customer’s tap point. 

Preferably the service pipes should include a valve to enable 

shutting off. 

For the connection to the main, different types of electrofusion 

Wavin GF spigot, tapping and stop-off saddles are available. 

See chapter 3.5.

6.3.3.	Air	release	valves

The water/flow medium flowing through a pipeline carries air 

with it and when the pressure in the pipeline is reduced, the 

air tends to accumulate at the high points in a pipeline during 

normal operating conditions. As the air collects above the 

water column in the pipeline, it has the effect of reducing the 

effective pipe diameter and increasing the friction head. In 

some extreme conditions, the flow in the pipeline may also 

stop. Sometimes, due to unstable flow conditions, pressure 

surges of a high magnitude may also result.

In order to cope with encapsulated air when the pipeline 

is being filled, air release valves should be provided in the 

pipeline. These also permit the entry of air during draining, 

in particular at higher flow rates. For this purpose orifice air 

valves can be used. Obviously the inflow of groundwater shall 

be prevented.

Generally air and other gases released from the flow medium 

will accumulate at all peak points of the pipeline. Air valves are 

required at all peaks in the pipeline to allow the air to escape 

gradually, so as to avoid any reduction in flow capacity or 

unnecessary pressure surges.
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6.3.3.1.	Functioning

An automatic air release valve comprises of a buoyant ball in a 

chamber with a top orifice, which is open to the atmosphere, 

and is connected to the pipeline at the base. It is a normally 

open valve, which will vent air through the top orifice. 

When the water level in the chamber rises, the ball float will 

slowly rise and seal the orifice. When the accumulated air 

from the pipe below enters the chamber or when the pressure 

drops below the atmospheric pressure, the ball float will drop 

and open the venting orifice. It will remain open until the water 

refills the chamber and the air has been bled from the line. 

Manual air valves may suffice only on short pressure mains. 

The type of valve and the size shall be determined in the 

design phase. Wavin offers a range of products: see chapter 

3.7.

 

6.3.4.	Anchorage

In every pressurized water pipeline, the water inside has to 

be constrained by the pipeline. The resulting axial compres-

sive force in the system has to be accounted for. This is the 

reason why traditionally pressure pipe line systems are sup-

ported with concrete thrust blocks at changes of direction or 

branches; to withstand the loads arising from internal pres-

sure and flow. 

However, with PE pressure pipelines, this generally is not so. 

Particularly not when the pipeline is interconnected with fused 

joints. Fused joints create a fully end load resistant system. 

Anchorage is not required at the junctions, bends and end 

connections, as long as all fittings are end load bearing them-

selves. This provides significant time and cost benefits to the 

total installed cost of the system.

There are only two exceptions in which anchorage/support 

should be incorporated in the design of the pipeline:

		 where a connection to a non-end load bearing fitting is 

realized close to a change of direction (within 10 m)

		where heavy ancillary plant is installed on a PE pipe-

line, concrete support provides support both for the dead 

weight and resist any turning movements under operating 

conditions, e.g. valves and hydrants. 

6.4.	 Backfilling	

The placement of the correct side fill and initial backfill mate-

rials shall be carried out correctly with adequate compaction. 

A minimum 100 mm cover should be placed above the crown 

of the pipe, with heavy compaction equipment not being used 

with less than 300 mm cover. Backfilling can then proceed in 

300 mm layers. 

6.4.1.	Backfill	layers

With backfilling distinction can be made between sidefill, ini-

tial backfill and final backfill. The side fill goes up to approxi-

mately 2/3 of the pipe diameter. The initial backfill goes up to 

30 cm over the pipe crown.

For both the sidefill and the initial backfill, as with the pipe 

bedding, excavated material may be used provided that this 

material consists of fine-grained soils without sharp objects 

such as large stones. If not, proper granular material shall be 

imported from elsewhere. This material may be gravel, sand or 

crushed rock, with a maximum particle size of 20 mm.

Final backfill

Initial backfill

Side fill

Bedding

Haunch
zone

Figure 19: Trench construction.
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Note:   When using Wavin TSDOQ® pipes, excavated trench 

material can be used provided that the coarse parts of 

the backfill do not exceed 30 mm in size.

The sidefill material shall be placed in layers on each side of 

the pipe and compacted in accordance with the requirements 

of the project specification (e.g. to the minimum required 

Proctor density). Make sure that the material under the 

haunch zones of the pipe is also compacted.

The initial and final backfill material shall be placed by sprea-

ding in approximately uniform layers, and compacted in 

accordance with the requirements of the specification. It is 

recommended though that the initial backfill has a thickness 

of 300 mm. The initial backfill shall not be compacted over the 

pipe. For the final backfill, excavated material may be used, 

unless otherwise required by the project specification.

Where trench sheeting is used for trench construction, this 

shall be removed in such a manner that the compacted back 

fill is not disrupted. Typically this is done by lifting the sheets 

in stages, refilling the voids created and re-compacting the 

soil. 

In cases of parallel piping systems laid within a stepped 

trench (different inverts) the pipe zone fill material shall be 

granular and shall be well compacted.

Trench backfilling should commence as soon as possible 

after pipe laying to give the pipe protection from damage from 

objects possibly falling into the trench. To protect the pipe 

from potential future interference damage it is good practice 

to install a marker tape 300 mm above pipe crown. Marker 

tapes can also include a tracer wire to allow future identifica-

tion of the pipeline. 

6.4.2.	Pipe	detection

For future location of PE pipelines and in line with good pipe 

laying practice, the simplest and most economical method is 

to lay a marker tape/mesh which incorporates a tracer wire. 

This should be installed 300 mm above the pipe crown and 

also provides protection from any future third party damage.  

6.5.	 	Site	pressure	testing

Before a pressure pipeline is put into service (taken over by 

the client) the pipeline is generally pressure tested to check 

upon tightness of the system. 

The traditional testing procedures used for most pipeline 

materials are generally intended for linearly elastic materi-

als, e.g. ductile iron and steel. They do require prevention 

of trapped air. However, as a whole these procedures are 

not suitable without modification for visco elastic materials 

including PE. 

PE pipes exhibit creep and stress relaxation. With a PE pipe 

sealed under a test pressure, the pipe will expand, resulting 

in a drop of pressure. This pressure decay is non-linear in an 

unrestrained pipe and very much normal for PE pipes. Also 

typically for pressure testing of PE pipelines is the influence of 

temperature variations. It is therefore recommended to back-

fill the trench prior to testing. Critical joints may left open for 

visual inspection during the pressurization, as long as direct 

temperature influence (sunlight) is prevented. Backfilling prior 

to pressurization is recommendable for safety reasons too. 

In view of this characteristic pressure testing has to be carried 

out: accounting for the effects of creep and stress relaxation 

and temperature variations. The test procedure must include 

of a certain period of time, in which the pipe can come to a 

stable situation, and/or allow a certain pressure drop. If not, it 

is not possible to determine if real leaks are present (or if the 

drop is due to expansion).

Note:   A buried (backfilled) pipeline will be able to expand 

to a lesser extent than a pipeline without constraint 

from the surrounding. The same goes for pipes instal-

led with loose-fit sliplining. Free lying pipelines may 

expand twice as much and thus lead to twice as much 

pressure decrease due to expansion.

Any main which is to be pressure tested, should be physi-

cally isolated from any supply. A permanent record should 

be made of the tightness test. Test procedures and codes of 

practice covering testing may differ per country, but should at 

least take the creep characteristics of PE into account. The 

choice of procedure depends also on the application, e.g. 

there are differences between gas and water applications.
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6.5.1.	Pressure	testing	water	mains

For testing water mains, guidance in provided in EN 805. 

According to this European standard, the test pressure,  

related to the nominal pressure, PN, shall be:

1,5 x PN

    or :                   whichever is the least

PN + 5 bar

In most cases however, the test pressures are related to the 

Operational pressure, which is then multiplied with 1,5 or 1,3.

Next, as mentioned above, the tightness testing may be car-

ried out following national standards or codes of practice. 

Examples are: DVGW W400-2 (Germany), SFS 3115 (Finland) 

and the WRc’s guide to testing (UK).

Under normal circumstances, the installation point for the 

testing equipment shall be the lowest point of the test section. 

Tightness testing against closed valves should be avoided if 

possible, since minor leakages may occur at the valves.  

6.5.2.	Pressure	testing	gas	mains

With gas applications, generally operational pressures are 

relatively low. In particular with low pressure gas lines pres-

sure loss from creep is less important. Testing often is done 

using compressed air. Here, it is important to realize that the 

air fed in is often quite warm and will cool down, causing pres-

sure loss. A period of stabilization should be allowed before 

starting the test. Typically temperatures become stable within 

30 minutes for a section length of 500 m. 

Generally the test pressure for pneumatic tests is set  

as 1.5 x maximum operating design pressure, subject to a  

minimum pressure of 350mbar and a maximum test pressure of  

7 bar, but, as mentioned earlier, requirements differ per  

country.  In Germany for instance, DVGW G472 (Germany) 

prescribes the test pressure level as Operational pressure + 

2 bar. 

}
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7.  Trenchless  
installation  

Nowadays, when a new pipeline has to be constructed, the 

designer is faced with site problems. Unfortunately, by their 

nature, generally pipelines are either positioned under main 

roads with high traffic intensity or in densely populated areas, 

where many other services, pipes and cables, are present. 

Next, it is very well-known fact that our existing pipelines 

in many cases are in such a poor state that they urgently 

require rehabilitation. Again we have the problem here that 

the pipelines are located under main roads or in city centres, 

surrounded by many other services. In both cases it is very 

inconvenient to avoid using traditional open trench work.

Modern methods of installation that require no or only a 

minimum amount of excavation have become very popular. 

These minimum or no-dig methods are generally known as 

trenchless technologies. 

With trenchless technologies, either for new pipelines or to 

rehabilitate existing pipelines, it is strongly desirable to use 

pipes that allow ‘flexible’ operations. With small access points 

to the existing pipeline and narrow working conditions, PE 

pipes have demonstrated to be the ideal components to be 

applied, in particular for pressure pipe applications.

Some of the key strengths of PE pipe are its ability to be 

butt-fused into a continuous pipe string, its axial flexibility, its 

abrasion resistance and its memory ability. This is the reason 

that polyethylene lends itself to a number of minimum-dig and 

no-dig techniques, many of which were developed specifically 

around these characteristics of PE pipes.

With trenchless installation of new pipelines, the following 

techniques are recognized:

		Ploughing

		Narrow (chain) trenching

		Horizontal directional drilling (HDD)

		Moling

With trenchless replacement of existing pipelines,  

the following techniques are regularly applied:

		Dynamic pipe bursting

		Static pipe splitting

With trenchless renovation of existing pipelines, distinction 

can be made in the following techniques:

		Lining with continuous pipes - Sliplining

		Lining with site-reduced Close-fit pipes

		Lining with factory-reduced Close-fit pipes

These techniques will be dealt with briefly in the following 

subchapters, followed by some typical design aspects to take 

into account.

7.1.	 Trenchless	installation	of	new	pipelines

7.1.1.	Ploughing

Developed from agricultural machines laying land drainage, 

these machines are used for laying cross-country water and 

gas pipelines. 

Pipes are laid with little disruption to the land which is 

quickly reinstated to agriculture. Pipe is installed continuously 

through a hollow plough with bed & surround material plus 

marker tape installed simultaneously as required. Ploughing 

is typically suited for pipe installation in virgin, cross-country 

ground. 

In recent years ploughing has been applied frequently in 

installing protection pipes for cables. These cables are then 

introduced (shot) in the pipes at some stage after installation.

Figure 20: Ploughing.
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7.1.2.	Narrow	(chain)	trenching

A modification of traditional open cut trenching. Using chain 

trenchers, trenches 100 mm wider than the pipe being instal-

led are excavated. Coiled, drummed or pre-fused pipe strings 

can be quickly installed. Significant savings can be achieved 

through reductions in less excavated spoil, less imported fill 

materials and reduced labour. 

7.1.3.	Horizontal	directional	drilling	(HDD)

This technique has also become an established installation 

method for PE pipe and is used for road, rail and river cros-

sings where open cut work would be usually impracticable 

and prohibitively costly. 

The hole is bored by either high-pressure liquid jets or with 

drill bits, and fully steerable systems are available by monito-

ring transmitters in the cutting head. The operation involves 

drilling a small diameter ‘pilot’ hole beneath the obstacle and 

the final hole size is achieved by progressively back reaming 

up to the diameter required. The PE pipe (coil or pre-fused 

string) is finally pulled through on the last pass. Experienced 

contractors are necessary with this technique to ensure the 

PE string is not over stressed on the final pull through.

For all trenchless installations of new pipes it is strongly 

recommendable to use PE 100-RC pipes, preferably Wavin 

TSDOQ pipes in order to minimize any risk of failures in opera-

tional conditions particularly due to any point loading.

Fgure 21: Narrow trenching. Figure 22: Horizontal directional drilling (HDD).

Figure 23: HDD principle.
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7.1.4.	Moling

Moling has become an established no-dig method for the 

installation of small diameter service pipes and mains, and 

can give significant cost savings over open cut trenching. 

Excavation is limited to launch and reception pits and moling 

is ideally suited for road crossings and installations under 

expensive paved areas and gardens where open-cut trenches 

would be very disruptive. 

Note:   The presence of other services should be established 

prior to moling. 

 

The impact mole is an air driven percussion tool, which drives 

a borehole and usually pulls a new polyethylene pipe directly 

in behind it. 

7.2.	 	Trenchless	replacement	of		

existing	pipelines

When an existing pipeline requires rehabilitation and it is not 

possible to reduce the diameter or when it is even required 

to upsize the diameter, pipe bursting/splitting may offer the 

wright answer.

Rigid host pipes, like cast iron and reinforced concrete, are 

burst/cracked using a hammer head in front of the new pipe-

line: dynamic pipe bursting. Flexible host pipes, like steel and 

ductile iron, are split, using a conical device with splitting  

knives, in front of the new pipeline: static pipe bursting.

7.2.1.	Dynamic	pipe	bursting/cracking

This is an ever-increasing method of rehabilitating an  

existing pipeline consisting of rigid pipes. With pipe bursting 

the existing pipe is cracked open and the new PE pipe is 

drawn into the hole created, and provides either a size for 

size replacement pipe or by use of reamers the original main 

can be upsized. 

The present day pneumatic bursting tools are capable of 

cracking out both pipes and fittings in very demanding situ-

ations. The compressed air is used to power the hammer 

head in front of the new pipe. Generally a cable winch can be 

used. With this technique, damage to adjacent utilities plant 

is possible and therefore care is required in the planning and 

operation of bursting.

7.2.2.	Static	pipe	bursting/splitting

The same principle as with dynamic bursting, but with flexi-

ble host pipes that are not crackable, splitting is required. 

A cutting cone is pulled through the pipeline section, using 

generally a rod pulling device because of the forces involved.

Figure 24: Pipe bursting effect.

Figure 25: Pipe splitter.

For all trenchless replacement work, the use of Wavin TSDOQ 

pipes is strongly recommended to help preventing problems 

arising from severe abrasion and contacts with sharp edges 

(fragmented/split host pipe).

7.3.		Trenchless	renovation	of		

existing	pipelines

Different lining techniques, all using thermoplastic pipes, are 

available for renovation of the existing pipelines: improving 

the performance incorporating the original fabric. 
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7.3.1.	Lining	with	continuous	pipe	-	Sliplining

Sliplining, or as it is formally called in international standards, 

lining with continuous pipes, is the most commonly used and 

oldest technique, generally applying PE pipes.

Continuous strings of pipe, either coming from a coil or drum, 

or fused together from individual pipes, are inserted into the 

old pipeline. By its nature the technique inevitably results in a 

reduction in pipe bore. 

The annular space is usually filled up with a cementitious 

grout, to assure fixation inside the old pipeline and to create 

a better resistance to groundwater pressure. Consideration 

should be given to the resistance of the pipeline to grouting 

pressures and this will be dependent on pipe SDR and ovality 

(especially coiled or drummed pipe). The smaller bore is also 

compensated for by the greatly improved flow characteristics 

of polyethylene and in many cases the higher operating pres-

sure capability of the new pipe.

Sliplining does require a substantial insertion trench, generally 

with a length equal to 8x the depth of cover. Apart from requi-

ring skilled personnel regarding working with polyethylene, 

the technique is relatively easy to be carried out. The easiness 

and with this the attractiveness pricewise, made sliplining 

very popular, in particular when having to rehabilitate pres-

sure pipelines, where loss of cross-sectional area could often 

easily be compensated by increased operational pressure.  

However, this is not always the case. This is the reason why, 

some 30 years ago, the first close-fit lining techniques were 

developed.

7.3.2.		Lining	with	site-reduced	Close-fit	pipes

Lining with Close-fit pipes involves a continuous lining pipe of 

thermoplastic material reshaped or otherwise expanded after 

insertion to achieve a close fit to the existing pipeline. 

The somewhat reduced cross-section as a result of close-fit 

lining is easily compensated due to the new much smoother 

bore and of course the absence of obstructions such as incru-

stations, so that in most cases hydraulic behaviour and thus 

flow capacity even improves. 

The first generation of close-fit lining techniques was based 

on the reduction-on-site principle. With this the pipe is fed 

through reduction equipment and simultaneously inserted 

Figure 26: Sliplining. Figure 27: Site-reduced close-fit lining (Swagelining).
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in one continuous string. Once inserted the pipe is again  

increased in size. Techniques making use of on-site reduction 

are a.o.: Swagelining, Rolldown, Subline, CFL, Dyntec.

Most of these pull/push the pipe string through a conical die, 

thus reducing the diameter and increasing the length. During 

pulling in, the pipe is kept under longitudinal tension, thus 

keeping its reduced diameter. Once pulled in, the tension is 

released, making the pipe string to shrink again and increasing 

its diameter to form a close-fit with the host pipe's interior.

For large diameter pressure pipe lines, which are still struc-

turally sound, use can made of thin walled PE pipes (e.g. 

SDR 51), reduced on site by pushing the pipe string through 

a plough, thus forcing the pipe to adopt a C-shape. The then 

deformed pipe string, with its folded shape retained by plastic 

strips, can easily be pulled in. Once pulled in, the pipe string 

is pressurized allowing the pipe to form a close-fit with the 

host pipe's interior.

7.3.3.		Lining	with	factory-reduced		

Close-fit	pipes

The second generation of close-fit lining techniques is based 

on reducing the pipe shape already in the pipe manufacturing 

plant. With these, PE pipes are supplied in continuous lengths 

on a drum, with the pipes folded in a C-shape. 

On site, the pipes can be taken off the drum and easily inser-

ted because of their reduced shape. After insertion the pipes 

are reverted, making use of their memory, with the help of 

heat/steam and pressure, to come then to a close-fit inside 

the interior of the old pipe.

Leading technique making use of factory reduction is Wavin 

Compact Pipe®.

Extra benefits of factory-reduced techniques:

		joints have been eliminated

		lengths up to 700 m can be inserted in one go

		only a small footprint is required

		minimum sized access points

		bendy tracks can be accommodated 

Detailed information on Wavin Compact Pipe is available on 

request.

Figure 29: Factory-reduced close-fit lining (Compact Pipe).

Figure 28: Site-reduced close-fit lining (Subline).
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8. Maintenance & operation 

8.1.	Flow	stopping

Generally valves can be shut to isolate sections of the pipe-

line for e.g. cleaning or inspection. Valves are located at 

convenient or critical locations. In addition, PE pipes can be 

squeezed off by flattening the pipe between two parallel bars 

of a special squeeze-off tool. Squeezing-off a pipe is used 

particularly in emergency situations, when a short section of 

the pipeline has to be isolated. It is important that only tools, 

specifically designed for the purpose and capable of resisting 

the operating pressure are used.

 

The squeeze-off tools are set for the specific diameter and 

SDR of the pipe in order to prevent any damage. Although 

squeezing is standard practice with gas mains, also flow in 

water mains (higher pressure) may be stopped in this manner. 

The national regulations shall always be respected. 

A proper squeeze-off will not cause damage to the PE 

pipe. After releasing, the pipe will regain its circular shape. 

Squeezing-off multiple times at the same location shall be 

prevented by marking the squeeze-off section. 

Finally, flow can also be stopped using inflatable bags. For 

this, a saddle fitting is assembled to the pipe and the (empty) 

bags are inserted and once inserted, inflated. 

Attention:   When stopping flow in a gas main, do not have air 

mixed with the gas. 

8.2.	Inspection

Periodic inspection of PE pipe is not normally required, but 

may be desirable to fit in with a preventative maintenance 

programme of the network owner.

Unlike pipes of metallic composition, pipes made from PE 

material cannot corrode. 

Because of its smoothness of bore, PE pipe neither is likely 

to encourage deposition of material or become tuberculated. 

Should anyway any deposit or slime form within the main, it 

may be removed by one of the following cleaning methods, in 

order of effectiveness: 

		Flushing

		Swabbing

		Pressure jetting

Attention:   The use of drag scraping tools and wire brushes, 

as used to clean out metallic pipes, is prohibited 

with PE pipes in order to avoid damaging of the 

pipe’s interior. 

Flushing is the simplest and most commonly used cleaning 

method. In order to move any deposit, it is necessary to 

achieve a minimum velocity in the pipe dependent upon the 

size and specific gravity of the particles present. With a mix-

ture of air and water, a greater cleaning capacity is achieved. 

This is called air scouring. 

Swabbing makes uses of polyurethane, compressible (over-

sized) foam pigs which are pulled through the line or moved 

forward with water pressure. 

Pressure jetting is used as last option. The technique con-

verts a flow of water into a high velocity stream by passing 

it through high pressure hoses to a small orifice jetting head. 

The resulting high pressure water jet removes debris from the 

pipe line. It is recommended to have a high volume of water 

(with low pressure). A blockage where debris is sticking to the 

pipe, like in case of concrete pipes, does not occur in PE pipe. 

Pressures up to 120 bar will do the job easily. The pressure 

should not exceed 180 bar. 
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8.3.	 Damage	&	repair

As with all pipelines, damage generally is caused by some-

body working in the ground in the direct vicinity of the pipe-

line and accidentally hitting the pipeline with a pole or an 

excavator. In case of hard impact into a direct burial PE pipe, 

through-wall penetration may be caused, resulting in direct 

loss of fluid and forcing direct repair to be carried out.

Note:   In case of impact to metallic pipes generally only the 

external coating is damaged, and the failure may not 

become directly apparent. Locally, corrosion starts off 

and more complicated and costly repairs at a some-

what later stage will be the result, with little chance of 

identifying the third party offender and consequently 

the costs being borne by the network operator.

If damage/leakage has occurred by third party damage (by 

careless excavation or drilling operations), the repair will 

require somewhat different techniques and tools than for 

pipelines of e.g. steel and ductile iron. In this section, techni-

ques, fittings and tools suitable for repair are described.

Both butt-fusion and electrofusion can produce first class 

pressure tight joints which are at least as strong as the pipe 

itself. However, to ensure good quality joints it is essential to 

have skilled operators, good preparation, and dry and clean 

conditions. This may be achievable during original installation 

by a specialized contractor with skilled PE fusers. However, 

it is doubtful when facing sudden repair activities, particularly 

the risk of wet and dirty site conditions. For maintenance and 

repair work (as well as with retrofit branches) mechanical fit-

tings offer appropriate alternatives. They have the benefit that 

they do not require dry working conditions. 

When the damage to the pipe is limited to small punctures, 

<75 mm, the repair activities can be limited. Repair clamps 

are very much suitable for this. They basically consist of half 

shells with rubber sealing inside.     

       

After having exposed the line, the repair couplers are quick 

to assemble, which is very handy in emergency cases with 

severe time constraints. Various types of clamps are available 

on the market. 

When the damage is more serious, the section of pipe shall be 

cut out and replaced by new PE pipe. As mentioned above, it 

is recommendable to use mechanical fittings here too. 

A number of companies produce ductile cast iron mechanical 

fittings that are suitable for use with PE pipe. They are gene-

rally fully end restrained and work on the principle of a friction 

joint between the PE pipe and the coupler/fitting. Wavin is 

supplier of full tensile-resistant ductile cast iron (GGG50) 

mechanical couplers with a specially designed gripping 

system. In particular the double sockets are suitable for use 

here. Alternatively the flange connectors can be applied. Both 

can be fully pushed over the pipe ends. Detailed information 

available on request.
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9. Standards, regulations & guidelines

Wavin stands for products that are safe and reliable in the long term. In order to guarantee top quality, the entire range is subject 

to continuous internal and external monitoring. The Wavin quality management is certified in accordance with ISO 9001:2000 and 

ISO 14001:2004.

Besides, Wavin products meet the requirements of the respective European/international and national standards and regulations 

with regard to a.o. dimensions, identification, materials, mechanical & physical properties and fitness for purpose, and generally all 

have at least one independent, third party certification.

The adoption of European standards (ENs) is one of the key achievements of the common European market. Technical regulations 

and national standards are no longer allowed to restrict the free exchange of goods and services. Once approved the EN standard, 

automatically it becomes imperative for all members of the European Community and affiliated countries. The EN standard becomes 

in the UK a BS EN standard, in Germany a DIN EN standard, etc. All with the same content (incl. the characteristics to be conside-

red, the minimum requirements and the test method). 

AII EN standards have a uniform structure. 

They consist of 7 parts with the following structure: 

Part 1:  General 

Part 2:  Pipes 

Part 3:  Fittings 

Part 4:  Valves 

Part 5:  Fitness for purpose 

Part 6:  Recommended practice for installation 

Part 7:  Assessment of conformity 

Plastic products that are used for underground piping for  

gas and water distribution, are subject to the following standards: 

EN 805:  “Water supply – requirements for systems and components outside buildings”, 2000

EN 1555-2: “Plastics piping systems for gas supply – Polyethylene (PE) – Part 2: Pipes”, 2010

EN 12201-2: “Plastics piping systems for water supply – Polyethylene (PE) – Part 2: Pipes”, 2011

EN ISO 11295:  "Classification and information on design of plastics piping systems used for renovation", 2011

ENV 1046:  “Plastics piping and ducting systems – Systems outside building structures for the conveyance  

of water and sewage – Practices for installation above and below ground”, 2001

ISO TR 10358: “Plastics pipes and fittings – Combined chemical-resistance classification table”, 1993

PAS 1075:  “Pipes made from Polyethylene for alternative installation techniques –  

Dimensions, technical requirements and testing”, 2009
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Chemical resistance Concentration 20°C 40°C 60°C
    

ammonium sulphide SA + + +
amyl acetate TP + + o
amyl alcohol TP + + o
aniline  SA   
aniline  TP + +
oaniline chlorhydrate SA + + +
anisole  TP o – –
anthraquinone sulphonic acid, suspension SA   
antimony trichloride 90% + + +
apple juice T + + +        
aqua regia (HCl / HNO3) 03:01 – – –
arsenic acid SA + + +
barium salts SA + + +
beer  T + + +
benzaldehyde o.1%   
benzaldehyde TP + + o
benzene TP o o o
benzine (cleaning benzine) T + + o
benzine -super (gas fuel) T + + o
benzine-benzene mixture 80/20   
benzoic acid SA + + +
benzoyl chloride TP o o o
benzyl alcohol TP + + o
borax  D   
borax  SA + + +
boric acid SA + + +
brandy  T   
bromic acid 10%   
bromine vapour –   
bromine, fluid TP – – –
bromine, gaseous, dry TP – – –
butadiene TP o  –
butane, gaseous TP + + +
butanol  TP + + +
butyl acetate TP o  –
butyl glycol (butandiol) TP +  
butyl phenol SA   
butyl phenol TP   
butyl phthalate TP +  o
butyric acid 20%   
butyric acid TP + + o
calcium carbonate SA + + +
calcium chlorate SA + + +
calcium choride SA + + +
calcium hydroxide SA + + +
calcium hypochloride SA + + +
calcium nitrate 50%   
calcium nitrate SA + + +
calcium sulphate SA + + +
calcium sulphite SA o o o
camphor oil TP – – –
carbon dioxide 100% + + +
carbon dioxide, gaseous, wet/dry TP + + +
carbon disulphide TP o – –
carbon monoxide TP + + +
carbon tetrachloride TP o – –
carbonic acid SA   
castor oil TP + + +
caustic soda,   + + +
see sodium hydroxide solution
chlorethanol TP + + +
chlorinated lime,  slurry – + + +
chlorine, fluid TP – – –
chlorine, gaseous, dry TP o – –
chloroacetic acid 85% + + +
chloroacetic acid TP   
chloromethane TP o – –
chlorosulphuric acid D   
chlorosulphuric acid TP – – –

Annex 1
Chemical resistance list PE 100

The data in this list is intended only as a guide. Considerable 

devations can occur depending on type of exposure and 

contamination of the chemical medium.

Wavin cannot be held liable for any damages. No warranty 

can be derived concerning the data mentioned.

Legend
	

+ =   Resistant  

o =   Limited resistance  

– =   Not resistant  

SA =   Saturated, aqueous solutions  

TP =   Technically pure  

D =   Diluted  

C =   Commercial

No symbol means no testing, unkown.

Chemical resistance Concentration 20°C 40°C 60°C
   

acetaldehyde TP + o o
acetic acid 60%   
acetic acid 10% + + +
acetic acid 25%   
acetic acid 60–95%   
acetic anhydride TP +  o
acetone TP + + o
acetophenone TO +  –
acrylonitrile TO + + +
adipic acid SA + + +
air  – + + +
allyl alcohol 96% – + +
aluminium chloride SA + + +
aluminium fluoride SA + + +
aluminium sulphate SA + + +
alums  SA + + +
ammonia, aqueous SA + + +
ammonia, fluid TP + + +
ammonia, gaseous TP + + +
ammonium acetate SA   
ammonium carbonate, and bi SA   
ammonium chloride SA + + +
ammonium fluoride >10% + + +
ammonium fluoride 20%   
ammonium fluoride SA   
ammonium hydroxide SA   
ammonium nitrate SA + + +
ammonium phosphate, also meta SA + + +
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Chemical resistance Concentration 20°C 40°C 60°C
    

chrome alum SA + + +
chromic acid 1–50% + o o
citric acid D   
citric acid SA + + +
coconut oil TP   
copper chloride SA + + +
copper cyanide SA   
copper nitrate 30%   
copper nitrate SA + + +
copper sulphate SA + + +
coppper fluoride 2%   
corn germ oil TP   
cottonseed oil TP   
cresole  up to 90% + + +
cresole  > 90% + + o
cresylic acid SA   
crotonaldehyde TP +  o
cyclohexane TP   
cyclohexanol TP + + +
cyclohexanon TP +  o
decahydronaphtalene (decalin) TP +  o
developer T + + +
dextrin  D + + +
dibutyl phthalate TP + o o
dichloroacetic acid TP o o o
dichloroethylene TP   
dichloromethane (methylene chloride) TP o  –
diethanolamine TP +  
diethylether TP o  
diglycolic acid 30%   
diglycolic acid SA + + +
diisooctyl phthalate TP + + o
dimethylamine 30%   
dimethylamine TP   
dimethylformamide TP + + o
dioctyl phthalate TP +  o
dioxane TP + + +
disodium phosphate SA   
ethanediol TP + + +
ethanol  40% +  o
ethanol  TP + + +
ethanolamine TP   
ether, see diethyl ether  o  
ethyl acetate TP +  –
ethyl chloride, mono and di TP   
ethyl glycol, see ethanediol  + + +
flax oil  TP + + +
fluoric acid 40%   
fluoric acid 70% + + o
fluoride  TP – – –
fluorosilicic acid 40% + + +
formaldehyde (formalin) 40% + + +
formic acid 1–50% + + +
formic acid TP + + +
fructose T + + +
fruit juices T + + +
furfuryl alcohol TP + + o
gelatin  D + + +
glacial acetic acid TP +  o
glucose 20%   
glucose SA + + +
glucose D + + +
glycerine TP + + +
glycolic acid 30%   
glycolic acid SA + + +
heptane TP + o –
hexadecanol TP   
hexane  TP + o o
hydrobromic acid SA +  
hydrobromic acid 10%   

Chemical resistance Concentration 20°C 40°C 60°C
   

hydrochloric acid SA   
hydrocyanic acid 10% + + +
hydrogen TP + + +
hydrogen bromide 50% + + +
hydrogen bromide TP + + +
hydrogen chloride, damp TP + + +
hydrogen chloride, dry TP   
hydrogen peroxide 30% + + +
hydrogen peroxide 90% + 0 –
hydrogen sulphide 100% + + +
hydrogen sulphide SA   
hydrogen sulphide TP + + +
iodine tincture T +  o
i-propanol, see isopropanol  + + +
iron II chloride SA + + +
iron II sulphate SA + + +
iron III chloride SA + + +
iron III nitrate D + + +
iron III sulphate SA + + +
isopropanol TP   
isopropylether TP   
lactic acid 10%   
lactic acid TP + + +
lanolin (wool lipids) T + o o
lead acetate SA + + +
lead tetraethyl TP +  
magnesium carbonate SA + + +
magnesium chloride SA + + +
magnesium hydroxide SA + + +
magnesium nitrate SA + + +
magnesium sulphate SA   
maleic acid SA + + +
malic acid SA   
mercury TP + + +
mercury chloride SA + + +
mercury cyanide SA + + +
mercury nitrate D + + +
methanol (methyl alcohol) TP + + o
methyl acetate TP + + 
methyl bromide TP o  –
methyl ethyl ketone TP +  o
methyl methacrylate TP   
methylamine up to 32% +  
methylene chloride, see dichloromethane  o – –
milk  T + + +
mineral oils T + + o
mineral water T + + +
molasses T + + +
muriatic acid up to 35% + + +
muriatic acid  20%   
muriatic acid, dilute conc. + + +
naphtha T + – –
naphthalene TP   
nickel salts SA + + +
nicotinic acid D + + 
nitric acid 10%   
nitric acid 25% + + +
nitric acid up to 40% o o –
nitric acid 10–50% o o –
nitric acid more than 50%  
nitric acid 75% – – –
nitric acid 98%   
nitrobenzene TP + o o
n-propanol TP + + +
oils and fats (vegetable/animal) – + o o
oleic acid TP + + +
olive oil TP + + o
oxalic acid SA + + +
oxygen  TP + + o
ozone  TP o – –
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Chemical resistance Concentration 20°C 40°C 60°C
   

paraffin oil TP + o o
peanut oil TP +  
peppermint oil TP +  
perchloric acid 10%   
perchloric acid 20% + + +
perchloric acid 70%   
perhydrol, see hydrogen peroxide 30%  + + +
petrol ether TP + o o
phenol   D + + +
phenol, dilute 90%   
phenylhydrazine TP   
phenylhydrazine chlorohydrate TP   
phosphine TP   
phosphoric acid 50% + + +
phosphoric acid up to 85% + + o
phosphorus trichloride TP + + o
phosphoryl chloride TP + + o
picric acid SA + + 
potable water, chlorinated TP + + +
potash, see potassium nitrate  + + +
potassium bichromate 40%   
potassium bichromate SA + + +
potassium borate SA   
potassium bromate SA + + +
potassium bromate 10%   
potassium bromide SA + + +
potassium carbonate and bi SA + + +
potassium chlorate SA + + +
potassium chloride SA + + +
potassium chromate 40% + + +
potassium cyanide >10% + + +
potassium cyanide SA   
potassium fluoride SA + + +
potassium hexacyanoferrate (II+III) SA +  +
potassium hydroxide 60% + + +
potassium hydroxide   up to 50% + + +
potassium hydroxide solution, 
see potassium hydroxide   
potassium hypochloride D +  o
potassium iodide SA + + +
potassium nitrate (potash) SA + + +
potassium orothophosphate SA + + +
potassium perchlorate 1%   
potassium perchlorate 10%   
potassium perchlorate SA + + +
potassium permanganate SA   
potassium permanganate 20% + + +
potassium persulphate SA + + +
potassium sulphate SA + + +
potassium sulphide D + + +
propane, gaseous TR + + 
proprionic acid 50% + + +
proprionic acid TP + o o
pyridine TP + o o
saccharic acid SA   
salicylic acid SA + + +
sea water T + + +
sea water, see ocean water  + + 
silicone oil TP + + +
siliconic acid D + + +
silver acetate SA + + +
silver cyanide SA + + +
silver nitrate SA + + +
soap  D  
soda, see sodium carbonate  + + +
sodium acetate SA + + +
sodium benzoate SA + + +
sodium bicarbonate SA + + +
sodium biphosphate SA + + +
sodium borate SA   

Chemical resistance Concentration 20°C 40°C 60°C
   

sodium bromide SA + + +
sodium carbonate SA + + +
sodium chlorate SA + + +
sodium chloride SA + + +
sodium chlorite 20%   
sodium cyanide SA + + +
sodium dichromate SA + + +
sodium fluoride SA + + +
sodium hexacyanoferrate (II + III) SA + + +
sodium hydrogen sulphite SA + + +
(sodium bisulphite)
sodium hydroxide solution up to 60% + + +
sodium hydroxide, 
see sodium hydroxide solution + + +
sodium hypochloride 13%  + + +
  active chlorine
sodium nitrate SA + + +
sodium nitrite SA + + +
sodium orthophosphate SA + + +
sodium perborate SA +  o
sodium phosphate SA + + +
sodium silicate (water glass) D + + +
sodium sulphate and bi SA + + +
sodium sulphide SA + + +
sodium sulphite 40%   
sodium thiosulphate SA + + +
soy bean oil TP + o o
strength D + + +
sugar  SA + + +
sulphur dioxide, dry, wet TP + + +
sulphur dioxide, fluid TP   
sulphur trioxide TP – – –
sulphuric acid up to 10%   
sulphuric acid 10–80% + + +
sulphuric acid 96% o  –
sulphurous acid SA   
sulphurous acid 30% + + +
Superchloric acid, see perchloric acid    
table salt, see sodium chloride  + + +
tannic acid (tannins) D + + +
tartaric acid D + + +
tartaric acid SA   
tetrahydrofuran TP o o –
tetrahydronaphthalene (tetralin) TP o o –
thionyl chloride TP – – –
thiophene TP o o –
tin chloride II + IV SA + + +
toluene  TP o – –
trichloroacetic acid 50% + + +
trichloroethylene TP – – –
tricresyl phosphate TP + + +
triethanolamine D +  o
trimethylol propane up to 10%   
turpentine oil TP o o o
urea  33%   
urea  >10% + + +
urea  SA   
urine  T + + +
vinegar (wine vinegar) T + + +
vinyl acetate TP + + o
whisky  T   
wine and spirits T + + +
wine vinegar T + + +
xylene  TP o – –
yeast  D + + +
yeast  SA   
zinc carbonate SA + + +
zinc chloride SA + + +
zinc oxide SA + + +
zinc sulphate SA + + +



Wavin operates a programme of continuous product development, and therefore reserves the right to 
modify or amend the specification of their products without notice. All information in this publication is 
given in good faith, and believed to be correct at the time of going to press. However, no responsibility 
can be accepted for any errors, omissions or incorrect assumptions. Users should satisfy themselves 
that products are suitable for the purpose and application intended.

Discover our broad portfolio at
www.wavinoverseas.com 

www.wavin.ae
www.wavin.asia
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Connect to better at:

	www.wavinoverseas.com or
	www.wavin.ae for Middle East & North Africa
	www.wavin.asia for Asia Pacific

Water management |  Heating and cooling |  Water and gas distribution
Waste water drainage |  Cable ducting


