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egeplast - Future-proofed Pipe Systems

egeplast is an extremely innovative manufacturer of plas-  ing water, gas and data. The customers of the owner-run
tic pipe systems, and has been setting benchmarks for  enterprise include some of the largest and most demand-
decades. Customers in over 30 countries rely on egeplast  ing utility companies and network operators in the world.

consultancy solutions and quality products for transport-

Our head office and production location are in Greven/Germany.
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Our range of products offer a solution to meet almost any
of our customers’ challenges. Our focus is on intelligent
pipe systems for the modern, trenchless pipe installation
and rehabilitation processes. The products offer our custom-
ers maximum security of investment - egeplast pipe systems
are future-proof.

There is a long tradition of research and development at
egeplast. The company is well known as a forge of inno-
vation for multilayered pipes. We are technology leaders
with more than 60 patents for products and manufactur-
ing processes. Worldwide leading machinery manufactur-
ers for plastics, like Krauss Maffei Berstorff and Battenfeld
Cincinnati rank among the licence holders of egeplast.

Established in 1908 by Engelbert Gréter, today egeplast is
still family-owned and operated by the fourth generation.
The initials of the founder are reflected in the name of the
company. Highly qualified and motivated employees strive
daily to satisfy our customers.

Our head office and production location are in Greven/
Westphalia. Here egeplast operates the most state-of-the-
art factory for polymer pipe systems in Europe. We also
develop tailor-made solutions with our customers in a sepa-
rate technology centre.

We would like to invite you to get to know our Company and
we look forward to having discussions with you in this regard.
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1 General

The use of plastic piping systems in
the most varied applications is contin-
vously increasing. The reason is their
incredible versatility and high inno-
vative potential. Thanks to their high

resistance against a range of chemi-
cals from acids and lyes, their good
flexibility, low weight, and especially
their long service life, plastic piping
systems guarantee efficient, economi-

1.1 Advantages of PE piping systems in supply networks

Pressure pipes made of polyethylene
(PE) have a number of material-specif-
ic advantages as compared to pipes
made of other materials. Metallic pipes
are prone to corrosion and have to be
protected from corrosion when in serv-
ice. Ceramic materials are very brittle,
posing special challenges in handling
and bedding. That is not necessary
with pipes made of polyethylene.
That's why they are successfully in use
since 1956 and have gained a signifi-
cant market share in the most diverse
application fields due to their advanta-
geous characteristics.

= Low specific weight
Pipes from polyethylene are very
lightweight, helping to reduce trans-
port costs and avoid additional
heavy lifting equipment on-site.

= No corrosion
The material polyethylene is very
resistant and does not require corro-
sion protection.

Flexibility

The good flexibility of pipes made
of polyethylene makes handling
them easier and enables delivery of
long lenghts as coiled bundles.

Weldability

Polyethylene pipes can be welded
to each other in a simple and safe
fashion. The most used methods are

state-of-the-art and are described in
the DVS Guidelines.

= Longevity
Pipes from polyethylene have been
in service for more than 50 years.
Today, a service life of at least 100
years is normatively assured.

cally beneficial and safe long-term
solutions.

= Low pressure losses
Thanks to their smooth inner surface,
incrustations cannot form and the
pressure losses are low.

Ductility

Polyethylene is a very ductile mate-
rial. Even in sub-zero temperatures
in winter it does not get brittle.

= Compensation of pressure surges
The high flexibility and ductility of
polyethylene make PE pipes resist-
ant to surges in pressure.

Environmentally friendly

Their low weight and their ressource-
efficient production make pipes of
polyethylene a very environmentally
sound product.

Complete piping systems

The high availability of the most di-
verse connectors and moulded parts
make polyethylene piping systems
very flexible in application.
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1.2 Polyethylene (PE) as a Pipe Material

Crystalline structure

<>

Side chains

Fig 1-1: Molecular structure of polyethylene: long, fine thread molecules with few side chains

The material polyethylene consists of
long chain molecules which are made
up of the base molecule ethylene
C,H,. These molecule chains are not
exclusively straightline; the degree
of branching significantly affects the
properties of the material.

The straightline sections of the mole-
cule chains form crystalline regions,
called crystallites. These are the parts

of the structural make-up responsible
for the strength of the material. The
crystallites are bonded with one an-
other through amorphous, i.e. unor-
dered, structures. Material properties
such as tensile strength and resistance
to stress cracking are dependent on
the amorphous structures. Modern
PE materials are optimised for use
as pressure pipe materials. The vari-
ous polyethylene piping materials are

classified according to the strength of
the material:

PE100 (= MRS 10.0 N/mm?)

PE 100RC | (= MRS 10.0 N/mm?)

The designation PE 100 or PE 100-RC
e.g. stands for a material with MRS 10
(Minimum Required Strength), that is,
with a minimum strength of 10.077.

This means that for this material, af-
ter a 50 year operating life at a tem-
perature of 20°C with water as a test
medium, the fimeto-rupture curve is
crossed by a comparative stress of at

least 10.0m.

The designation "RC" (Resistance to
Crack) stands for selected PE 100 ma-
terials with exceptional resistance to
stress cracking, which is required for
extreme loads such as those that arise
during installation without a sand bed
or during trenchless installation.

Internal  pressure creep strength
graphs in accordance with DIN 8075
for PE 100 can be found in Section
1.2.3.

1.2.1

Distinguishing Features of Different PE Pipe Materials

N/mm?

e PE 100 PE 100-RC
perty PE-HD 003 PE-HD 003

g/cm? >0.955 >0.955

[ Eosicmods LR >1000 >1000 |

[ viedswess V2 R N

Elongqtion aolbca: | % 77777777777777777777777777777777777777 >5OO 777777777777777777777777777777777777777777777777777 >5OO 77777777777777777777777777
- oL >0 . =80

Welding Group 003003 777777777777777777777777777

i Gas and water supply, pressurised |
effluent disposal with modern
installation methods

Joining Techniques All commonly used welding methods All commonly used welding methods

Tab 1-1: Comparison of PE pipe materials. The values given are averages. Deviations are material dependent.

Main Fields
of Application

Gas, water, effluent,
and industrial pipes
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1.2.2 Physical Material Characteristics of Polyethylene

Properties Test Standard Test Met!mod
Test Specimen

Mechanical properties

Density DIN 53479

Melt index group

Tensile test DIN EN ISO 527 5%?;[?;?:3].

“vieldsess | e N/mm2 77777777777777777777777777777 2 2 7777777777777777
— Elongation at yield stress %]8 7777777777777777
— Elongation at break % 7777777777777777777777777777777 300 777777777777777
lewrless S DINS3AS7 | Testspemen | |
— lexural elastic modulus L ookl | Nmet L 1000 |
mpact Rexoraltest DNENISO 179 | Chopy L
— Impact resistance ! Sondademalied | Wm | Nobreak |
— Notch impact sirength U DitowihUnoch | om0 o2
surface hardness | ENNANNN e
— Ballindentationhardness [N DINSI4ss | H132/30 | N P
—Shorehardness [ DINS3SOS || o A & |
Crystal melting range Polarisation microscope °C 125-135 E
Mean ineartherml exporsion— [RESNTRR - C erer 200
Thermallconduaivy: [ DIN52612 | Twoplatemethod | wW/m-K | 043 |

Dieleciric strength DIN 53481 K 20/P 50 kV/mm 47

Specific volume resistance DIN 53482 : Ring electrode

Surface resistance DIN 53482 H Electrode A H Ohm H 10

Creepage current resistance DIN 53480 : Method KC : \% : 600

Other properties

Flammability DIN 4102 Class B2 H B2

Water absorption DIN 53495 | Method C %/24h <0.01
Physiological harmlessness Recommendation ! BGA/KTW Yes
Chemical resistance DIN 8075 supplement | Satisfied

Tab 1-2: The data given are guideline values and can vary depending on processing procedures.
The suitability of our products for any particular purpose should be verified by the user.
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1.2.3 Internal Pressure Creep Strength Graphs in Accordance with DIN 8075
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Fig 1-3: Reference internal pressure creep strength characteristics (minimum curves) for pipes made of PE 100, in accordance with DIN 8075 (12.2011)
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1.2.4 Controlled Quality and Standards Monitoring

Checks on the quality of the piping uti-
lised afford the security that construc-
tors and operators of pipeline networks
need. Extensive agreements on the
quality of the plastic pipes used in gas
and water distribution have evolved
over the course of the years; today,

Loss on drying <0.1%

Colour

"7 kg/m3

these are fixed at a European standard
minimum level specified by the Europe-
an standards EN 1555 and EN 12201.
In Germany, these are additionally de-
scribed in DVGW (Deutscher Verein
des Gas- und Wasserfaches) Work-
sheet GW 335 Part A2. The materials

I EN ISO 1133:1999
i Condition T
i 5kg, 190°C, 10 minutes

Infrared method

i 15O 18553

! DIN EN ISO 118322,
i DIN EN ISO 1872-1

As per DVGW GW 335 Part A2 | -

permitted for pressure piping are re-
corded in positive lists and furthermore
are regularly monitored with respect to
their quality according to Table 1-3.
The relevant tests for the respective
pipes can be found in Table 1-4 on the
following page.

Testing of the Materials

e

i Min. 1 x per week as well as on
i every change of material and on
i every dimension check

Per charge

Per charge

i Per charge

Regularly

Resistance to weathering

As per DVGW GW 335 Part A2
DIN EN 12201-1
DIN EN 1555-1

Black as per ISO 6964,
i blue and yellow as per DIN EN

Regularly

{ 921 and DIN EN 1056

Thermal stability > 20 minutes at 200°C { DIN EN 728

Microbiolo As per KTW recommendation as
9 well as DVGW GW 335 Part A2

Per charge

! Approval testing

| DVGW W 270

As per DVGW GW 335 Part A2
DIN EN 12201-1
DIN EN 1555-1

Fast crack growth I1SO 13477

i 1 x annually

As per DVGW GW 335 Part A2
DIN EN 1555-1

Gas resistance

| DVGW GW 335 Part A2

! Approval festing

Hydgiene As per KTW recommendation as ~
9! well as DVGW GW 335 Part A2 |

Odour and flavour As per KTW recommendation as ~
well as DVGW GW 335 Part A2

As per DVGW GW 335 Part A2
DIN EN 12201-1
DIN EN 1555-1

i Approval testing

i Per charge

Slow crack growth ¢ Annually

! Notch Test DIN EN 1SO 13479

| ENCT

| 1SO 16770
80°C, 4 N/mm?,
i 2% Arkopal

No testing required by the

Slow crack growth - : |
i regulatory codes

Tab 1-3: Quality and standards monitoring of the materials
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Additional Testing of the Finished Piping

As per DVGW GW 335 Part A2
DIN EN 12201-2
DIN EN 1555-2

i Visual inspection i Regularly every 2 hours

> 20 minutes at 200°C i DIN EN 728

Internal pressure STI\TTEFND\]/ZGZVC\)/]-C;W 335 Part A2 80°C, 165 h; On every start
creep test DIN EN 1555.2 i PE1000=5,5 N/mm? i atleast 1 x per week
o - i ENISO 1133:1999 i On every change and on every
Melt index M:/X' 2?4’ vlcxrlahon from the i Condition T i dimension check at least 1 x per
raw materia i 5kg, 190°C 10 minutes i week
. As per KTW recommendation as

| ENCT

i 1SO 16770
Slow crack growth - | 80°C, N/mm?,

i 2% Arkopal

| HESSEL
e _ \ PA PLP 2.22 200405
' "9 ! 80°C, 4 N/mm?,

i 2% Arkopal

Tab 1-4: Additional tests on the finished piping
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1.2.5 The Material PE 100-RC

An open installation with sandbedding has precisely de-
fined bedding and backfilling materials. Compared to this
method, open installations without sandbeds, installations
with reduced trenching, such as with ploughing and milling,
and completely trenchless techniques put elevated require-
ments on the materials and pipes used. They are subject to
additional stresses from stones, shards of old pipes, and
other objects contained in the soil. These forces with a di-

Low resistance to stress cracking

The previous standard requirements cannot fully or partially
cope with the elevated requirements that both the pipe and
its material are subject to in alternative installation methods.
PAS (publicly available specification) 1075 "Polyethylene
pipes for alternative installation methods" serves as a sup-
plement for existing standards and guidelines, and it defines

rect impact on the pipe can cause a stress additional to that
of the internal pressure of the pipe and lead to stress cracks
(slow crack growth). An advancement of the well-proven PE
100 materials enables pipes to fulfill the elevated require-
ments of modern installation methods. These so-called PE
100-RC materials feature a significantly higher resistance to
stress cracks. Owing to the high quality requirements, dam-
ages resulting from stress cracks can be clearly ruled out.

High resistance to stress crocking

characteristics, requirements and testing methods significantly
beyond those laid out in the DIN EN and DVGW standards
and guidelines. PAS 1075 distinguishes between two classes
of testing; one for general approval and one for production
monitoring of pipes and materials. The relevant requirements
and tests have been summarized in the following tables.

Material requirements and tests

- Additional tests according to PAS 1075 -

Slow crack growth > 8760 h

FNCT, 1ISO 16770, 80°C, 4 N/mm?, 2% Arkopal
or correlating Test Procedures

' HESSEL, PA PLP 2.2-2 2004-05
80°C, 4 N/mm?, 2% Arkopal

Notch test

Notch Test
DIN EN ISO 13479

Material requirements and tests

- Additional tests according to PAS 1075 -

> 3300 h

Slow crack growth

i FNCT, ISO 16770, 80°C, 4 N/mm?, 2% Arkopal
i or correlafing Test Procedures

| HESSEL, PA PLP 2.2-2 200405
80°C, 4 N/mm?, 2% Arkopal

Notch Test
i DINENISO 13479

Tab 1-5

Pressure piping systems made from polyethylene - Planning | General
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Classification of pipe constructions according to PAS 1075

PAS 1075 classifies pipe systems from PE 100-RC into
three types, enabling the users to differentiate between
pipe constructions.

Type 1

Type 1: Solid wall pipes made from PE 100-RC
Solid wall pipes made from PE 100-RC according to DIN
8074

Type 2: Pipes with dimensionally integrated layers made
of PE 100-RC

Two- and three-layer pipes with dimensionally integrated
protective layers made of PE 100-RC. The single layers are
inseparably joined by co-extrusion.

Pressure piping systems made from polyethylene - Planning | General

Type 3: Pipes with dimensions in accordance with DIN
8074/1SO 4065 made of PE 100-RC with additional
external protective layer

Pipes with dimensions in acc. with DIN 8074 with a pro-
tective outer layer consist of a core pipe from PE 100-RC
and an additional protective layer.



1.2.6 Assessment in the Context of
Food Legislation

Defined as “consumer goods” are all
objects which are intended to be used
in the production, processing, distribu-
tion or consumption of foodstuffs and,
in doing so, are meant to come into
contact with the foodstuffs and act
on them (cf. German Foodstuffs and
Consumer Goods Act Art. 5 Clause
1). The German Federal Health Office
(BGA) regulates the usage of polyeth-
ylene in the sense of Art. 5 Clause 1
No. 1 of the German Foodstuffs and
Consumer Goods Act (LMBG) in its

Recommendation Ill “Polyethylene”.

Applying to public drinking watersys-
tems are the “Recommendationsfor
the health assessment of plastics and
other non-metallic materials for use
with drinking water”, the so called
KTW (plastic - drinking waterrecom-
mendations) by the Federal Health Of-
fice in Berlin.

The regulatory codes stipulate the use
of materials for drinking water supply
which are commensurate with the best
available technology. In DIN 2000,
the use of DVGW certified materials,
which have proved their functional co-
pability and harmlessness with respect

to hygiene, is expressly required in so
far as they are available [DIN 2000,
6.6.3].

All of the pipes offered by egeplast
for drinking water supply fulfil the con-
ditions of these KTW recommendc-
tions with their material composition,
as indicated by their marking with the
authorisation of the German Technical
and Scientific Association for Gas and
Water (DVGW).

The health assessment of plastics in
foodstuff legislation outside the Fed-
eral Republic of Germany differs ac-
cording to country, even though simi-
lar principles apply.

1.2.7 Performance with Regard to
Microorganisms

The microbiological and hygienic
requirements are specified in DIN
2000, 6.6.1, to the effect that for sys-
tem components coming into contact
with the water, building and working
materials, paints, seals, etc. are to be
used which do not have any detrimen-
tal influence on the water's quality.
Both the KTW recommendations and
DVGW Worksheet W 270 are to be
taken into consideration. Provided that
materials, products, and system com-
ponents are available which have a
certification of functional capability
and harmlessness with respect to hy-
giene, e.g. expressed by DVGW ap-
proval, then these must be used [DIN
2000, 6.6.3].

According to studies at the botanical
institute of the University of Karlsruhe,
HDPE offers no source of nutrition for
bacteria, fungi, spores, etc. HDPE is
therefore resistant to microbial corro-
sion of any kind.

Please note, in this context, that sul-
phate-reducing bacteria in the ground
have no effect on HDPE pipes since
the resistance of the pipes to sulphur-
ous acids and sulphates can be taken
for granted.

1.2.8 Performance with Regard to
Rodents

Damage to PE pipes by rodents is not
known. Rodent teeth do not find suf-
ficient purchase on the smooth pipe
surface to be able to cause damage.

1.2.9 Resistance to Light and
Weathering

When stored for longer periods out-
doors, polyethylene, like most natu-
ral and artificial materials, can be
damaged by the action of weather-
ing effects, especially by shortwave
UV components of sunlight with the
involvement of atmospheric oxygen.
egeplast PE pipes are protected
against these influences by the addi-
tion of UV stabilisers. In addition, sta-
bilisers which counteract any thermal
ageing that might occur are added
to the material. The instructions and
guidelines from the DVGW regard-
ing storage of pipes and pipeline
parts made of temperature-sensitive
and light-sensitive materials are to be
observed.

1.2.10 Resistance to Radiation

Pipes made of HDPE can certainly be
used in regions of energetic radiation.
Indeed, PE pipes have been proving
their worth for 40 years for draining
radioactive effluent from laboratories,
and as cooling water pipelines in the
field of nuclear engineering.

1.2.11 Behaviour on Exposure to
Flames

Polyethylene is normally inflammable
(building material class B2 according
to DIN 4102). It ignites on exposure
to flames, continues to burn with a
weakly luminous flame even outside
the source of ignition, and drips burn-
ing material. In the process, the usual
combustion products for hydrocarbons
- CO, C02 and water - are given off,
but no corrosive or environmentally
damaging residues are produced.
According to ASTM-D 1929, the auto-
ignition temperature is 348°C; the pi-
loted ignition temperature is 340°C.

Pressure piping systems made from polyethylene - Planning | General

15



16

1.2.12 Chemical Resistance (in accordance with DIN 8075)

Behaviour at

Transported Medium Fraction' _

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TR ° 5
”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” mn.96% | ® | e | © |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TR..
”””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””””” 0% | e e | e |
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Transported Medium Fraction' _

0]

' Chlorobenzene? TR E
 Chlorosthane (ethyl chloride . R
| 2Chloroethanol [ethylene chlorohydrinf2 . TR o e o
'Chloroform . ® e i © o |
f’Er}fll;r’;}ﬁ;rﬂé}};’(’}rf{é{l;’y’iféi{i{;}{ééj’"g’&;e;}};"WWWW’mei ’’’’’’’’’’ ®m e | o . -
' Chlorosulphuric acid (chlorosulphonic acid) . TR o | o | o |
 Chome alum (alomsl? o e o
Chromic acid [chromium (VI) oxide), aqueous | 20% o e o |
Chromic acid [chromium (VI) oxide), aqueous | 50% o o o |
' Chromic acid / sulphuric acid / wafer? [chromosulphuric acid) | 15/35/50% | © | o | o |
' Chromium potassium (Il sulphate (chrome alom) || L o e o
Cide Hoo o e o
‘ciicaad e o e o
cicaad e o e o
-}E{J;i g2 e Hoo e - .
' Common salt (sodium chloride) . &L o e o
'Copper (Il chloride &l o e o
 Copper (Il nifrate &l o e o
'Copper (I sulphate &l o o o |
Comsyrpr 0 ay o o o
Creosoter Hoo e - .
' Cresols?, aqueous . so% o o o |
Cresols?, aqueous  over90% o o
 Crofonaldehyde? ((E}2butena) . R e .
[Cydohexanol o w® e o o |
 Cydlohexanone . w® o o o |
D

Decalin (decahydronaphthalene) . TR e o
Defergen w0 o o o |
Dextin L o o o |
Dextrinz L o o o |
'12Diaminocthane [ethylene diomine? . TR o o o |
 Dibutyl phthalate? (phthalic acid dibutyl ester) . TR e o |
Dichloroacefic acid methyl ester> . TR o o o |
Dichloroacefic acid, aqueoust . 50% o o o |

Tab 1-6 " and ? see Page 28
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Transported Medium Fraction'

' Dichloroacetic acid? TR ] ] E
' Dichlorosthenes? [vinylidene chloride and vinylidene dichloride) | wo o | - i .
Dieselfuel Ho e o
Dithanolamine? wo e - .
Dicthyl other [ethyl ether) ® e |
Diglycolic acid (oxydiacetic acid) oL o o o |
Diisobutyl ketone? (2,6-dimethyl4heptanone) wo e - .
Disoocyl phthalater wo o o
Disopropyl etherr wo o
Dimethylamine, gaseous 100% o o
'N,NDimethylformamide wo o o
Dinbutyl ether " e | o o |
' Dinonyl phthalate? (ONP) wo o o
Dioctyl phthalate wo o o
14Dioxane wo o o o |
' Dithiocarbonic anhydride (carbon disulphide) | wo
Drinking waer, chlorinated® wo o o o |
E

'Engine lubricafing oil? w® o © | o |
'Ethanol (ethyl alcohol), aqueous | 40% | o e o |
'Bhanol (ethyl alcohol2 wo o e o |
 Ethanol, denatured with 20% tolvene? | 96% (Vol) | e -
Ethyl acelate (acefic acid ethyl ester) wo o © | o |
Ethyl chloride, gaseous (chloroethane)? wo
Bhylbenzenez wo
Ethylene chlorohydrin (chloroethanol? wo o e o |
Ethylene glycol (1,2ethandiol) wo o e o |
Ethylene oxide, gaseous (oxirane) wo e -
. _cabon dioxide confaining | any | o e o |
 _cabon monoxide confaining | any | o e o |
" hydrochloric acid containing | any | o e o |
" _hydrogen fluoride confaining | toces | ® e o |
| _nitous [nifrogen oxide) containing | taces | @ e o |
_subhur dioxide confaining | ay | e e o |

Tab 1-6 ") and ? see Page 28
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Transporte edium Fraction
:

E - sulphur trioxide (oleum) containing traces i o { o i o E
| suphuicocid containing (moist) | any | e | e o |
F

Fatty ocids (fomC2 0w | °« °«
Fermentafion mash® i o ° e o |
Florine, gaseous & w® i o o o |
Fluorosiicic acid, aqueovs | 40% | ° e o |
Formaldehyde, oqueous | 40% | ° ° o |
Formicacd i w1 ° ° o |
Fructoser L o ° o |
Froit drinks and fruit joices2 1 o ° e o |
Fufuryl dleohol 1w i ° o
G

 Gelatiner L e °« o |
 Glucose (grape sugor) 1 o | e | ° o |
 Glycerine (glycerol) . ® | e | e | o |
Ghycolcacd L e ° o |
 Grape sugor (glucose) ol ° e o |
'H

'Heofingoi® i Hoo e o |
‘nHeptone i w i e o o |
 Hexcforosilicic acid, aqueous | 40% | ° ° o |
Hexanest i w i e o
12,6Hexanetrio  w® i °« e o |
Hydrozine hydrete2 | Ww® i ° ° o |
| Hydrobromic acid (hydrogen bromide solufion), aqueovs | 50% | ° ° o |
Hydrochloric acid, aqueous | 3% | ° ° o |
| Hydrofluoric acid (hydrogen fluoride solufion), aqueous | 4% | ° ° o |
| Hydrofluoric acid (hydrogen fluoride solufion), aqueous | 60% | ° °
Hydrogen bromide, gaseous | Ww® | ° ° o |
| Hydrogen chloride (hydrochloric acid], moist gas2 | TR | e o o |
Hydrogen peroxide, aqueous | 30% | e o o |
Hydrogen peroxide, aqueous | 90% | e o o |
Hydrogen, goseous 1 w® | ° ° o |
Hydroquinone i o i ° e o

Tab 1-6 ") and ? see Page 28
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Behaviour at

Transported Medium Fraction' _

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

H ° ° E
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L ...
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "R e | e e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "R e | e e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e | e e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "R e | e e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "R e | e | e |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H.
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TR.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H...
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " | e e | o |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" L e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | o |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | e |
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" L e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" . | e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | e |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | o |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | o |
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e e | .
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" " e - | o |

" and ? see Page 28
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Behaviour at

Transported Medium Fraction' _
| | o | o

' Methyl chloride (chloromethane), gaseous TR | E
 Methyl ethyl ketonez ~~~ Ww® i e o
Methylamine, aqueous | 3% | e
 Methylbenzoic acids (iolvic acids) . G | e |
Methylene chloride (dichloromethaner . ® | ® | ® | o |
Mk o ° e o |
Mineral fertiisers2 o i o e o |
Mineral o i o o °
 Mineral water2 i o o e o |
Molasses i o o ° o |
‘N
‘Nephthar Hoo °« o | o |
‘Natrol gat L w® i e
Nickel (I chloride o i ° e o |
Nickel (I) nitate o i ° e o |
Nickel (1) sulphate o i ° e o |
Nicofinicacid 1w i ° e
Niric acid, aqueous | o25% | ° ° o |
Niic acid, aqueoys . 5% | e | ® | o |
Niric acid, aqueous 7% | o o | o |
Niwobenzene? i w® i e o
2Nirotolvenez . w® i e o o |
Le
Ofls and fats, edible Ho e e | o |
Oeicagd 1w i e e o |
Oleum (H:50,+so2 ® i o | o | o |
oeol 1w i e e o |
 Oxdlicagd e i e e o |
Oxygen i wo ° °
 Ozone, gaseous i w® e | o o |
PQR '
Poraffin emulsionst H | e | e | o |
CPorcffho . ® | e | e |
CPeanvto . w® i e e
1Pentanol (nomyl alecho) . W® | e | e o |
Tab 1-6 ") and ? see Page 28
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Transported Medium Fraction'

' 2-Pentanol (secondary n-amyl alcohol) TR [ ] () E
Peppermintol? wo e
Perchloric acid, aqueous | 20% o« e o |
Perchloroethylene [fetrachloroethenel2 | o e | © o |
§E>eltc;<r3i|d(e[::)etro|eumetherandregu|c:rpetro|,qliphdticccrbon 7777777777777777777777777 N . . ””””
Petvoleum etherz ®o o« o o |
Peroleum spine ®o o« o | o |
Pevolewm® T ®o o« e o
Phenol L o« e o |
 Phosgene, gaseous? (carbonyl chloride] | o e | e o
Phosphotes, inorgamic2 1 oL o« e o |
Phosphoricacd . so% o« e o |
Phosphoricacd . ess o« e o
Phosphorus (Il chlorider ®o o« e o
Phosphorus oxychloride? 1 ®o o« e o
Phosphorus frichloride 1 ®o o« e o
Photo developer w1 o« e o |
Photo emulsionst w0 o« e
Photo fxers 1w o« e
Phhalicoad oL o« e o |
Peicoad T o o« e
Pneol? Ho o« e o
Potossiom bromate 1 oL o« e o |
Potossiom bromide 1 oL o« e o |
Potossium carbonate 1 o o« e o |
Potossium chlorate 1 oL o« e o |
Potossium chloride 1 o o« e o |
Potossium chromate 1 oL o« e o
Potossiom cyanide L o« e o
Potossiom cyanide L o« e o |
Potossiom dichromete 1 o o« e o
Potossiom fvoride 1 o o« e o
Potossium hexacyanoferrate () and (10 | o o« e o
 Potossium hydrogen carbonate (pofassium bicarbonate) | o o« e o |
Potassium hydrogen sulphcte [potassium bisulphate) | oL °« e o
Tab 1-6 M and ? see Page 28
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Transported Medium Fraction'

20°C e
' Potassium hydrogen sulphite (potassium bisulphite) L [ ) [ o
Potassium hypochlorte . & i ° e o |
Potassium iodide®> o i o e o |
Potassium nitrate i o i o e o |
Potassium perchlorate i &l | ° e o |
Potassium permanganate, aqueous | 20% | ° e o |
| Potassium peroxydisulphate (potassium persulphote) | GL | ° e o |
Potassium phosphete i ol i ° e o |
Potassium sulphate o i o e o |
Potassium sulphide ] L °« e o |
Propone, gaseous? i w® i o e
Popanck® (propyl aleohol) . Ww® | ° ° o |
 Proporgyl lcohol, aqueous? (2propynlol) | 7% | ° e o |
Propionic acid i w® i e o
Propionic acid, aqueous | 50% | ° ° o |
 Propylene glycols? (propanediol) 1 W® | ° ° o |
Prussic acid, aqueous 1 0% | ° ° o |
CPrussicacde L wmo i o e o |
Pyridie . ® | e | e | o |
S |
sdlieylicacd 1 e i °« o« o |
Seawate? i o ° ° o |
Seawate? i o ° ° o |
Siicic acid, aqueovst 1 any | °« ° o |
Silcone emolsion2 i o ° ° o |
sifconeoll 0w i ° ° o |
Siler acetate o i ° e o |
Siler cyanide i o i ° ° o |
Silernitote o i ° ° o |
' Soda (sodivm carbonate | 50% | o ° o |
Sodium acetoter i o i o ° o |
 Sodium benzoote i o i ° ° o |
Sodium benzoote, oqueoust | 35% | o ° o |
| Sodium borote - hydrogen peroxide? (sodium perborate) | GL | °« e o |
 Sodium bromide i oL ° e o
Tab 1-6 " and ? see Page 28
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Transported Medium Fraction' 20°C 0°C
' Sodium carbonate GL () ] () () E
 Sodium chlorate i oL | o e o |
 Sodium chloride [common sal] i oL | o e o |
 Sodium chlorite, aqueevs? | 21020% | o © | o |
 Sodium cyamide i oL o e o |
 Sodium dichromater i oL o e o |
 Sodium fvoride i oL o e o |
| Sodium hexacyanoferrate [Il) (sodivm ferracyanide) | oL o e o |
| Sodium hexacyanoferrate (Il {sodium ferricyanide) | oL o e o |
| Sodium hydrogen carbonae (sodium bicarbonate} | oL | o e o |
| Sodium hydrogen sulphite (sodium bisulphite] | | L o e o |
 Sodium hydroxide, aqueous [caustic soda) | 40% | o e o |
' Sodium hypochlorite (15% available chlorine (bleaching fiquor)) | | L o e o |
 Sodivm nitate i oL | o e o |
 Sodiom nitite i oL | o e o |
 Sodium phosphate i oL o e o |
 Sodium siicate (water glassl? | | L o e o |
 Sodium sulphate i oL o e o |
 Sodium sulphide i oL o e o |
 Sodium tetaborate (borax) i oL | o e o |
 Sodium thiosulphate? oL o e o |
 Soybeanoi? i ® o o | o |
cspindleol? ® o o | o |
 Spirts of ammonia fammenia water] | oL o e o |
 Spirts of every ype? i o o e o |
 Spirts of turpenfine i ® e o | o |
Cstarche 1 ey o e o |
| Succinic acid? i oL o e o |
 Sugarsyropz i o o e o |
 Sulfuryl chloride? (sulfonyl chloride) ® o | o | o |
 Sulphur dioxide, gaseous i ®o o e o |
: Sulphur hydride, gaseous (hydrogen sulphide) | ®o o e o |
 Sulphur ioxide i ® o | o | o |
'suphuicagd . o8 | o | © | o |
 Suphuric acid, aqueovs i 1 80% | o e o |
 Suphuric acid, foming i Hoo o | o o |
Tab 1-6 ") and ? see Page 28
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Transported Medium

|
+ Sulphurous acid, aqueous

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tannic acid (tannin)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tannin (tannic acid)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tarfaric acid

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tetrachloroethane?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

 Tetrachloroethene (perchloroethylene)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tetrachloromethane (Carbon tetrachloride)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tetrahydrofuran?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tetrahydronaphthalene (tetralin)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Thionyl chloride (sulphinyl chloride)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Thiophene?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

" Tin (Il) chloride

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

" Tin (IV) chloride

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.
' Toluene

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Transformer oil (insulating oil)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.
' Trichloroacetic acid, aqueous

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

 Trichloroethylene (trichloroethene)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Tricresyl phosphate (phosphoric acid fritolyl ester)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Triethanolamine (2,2 *,2 " “nitrilotriethanol)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

'
' Urine

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.
' Vaseline oil?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Vinegar (wine vinegar)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Vinyl acetate?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

E Vinylidene chloride (1,1-dichloroethylene)?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Wine vinegar (edible vinegar)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Wines and spirits

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Xylene

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

E Yeast

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.
' Zinc carbonate

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Behaviour at

e e e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

L ° o o
I o e o
I o e o
7777777777777777777777 " | e e | o |
7777777777777777777777 " e e | . |
7777777777777777777777 " | e o | o |
7777777777777777777777 " | e e | o |
7777777777777777777777 " | e e | o |
7777777777777777777777 ® | o o | o |
7777777777777777777777 " | e e | o |
7777777777777777777777 . | e . e | e |
7777777777777777777777 . | e . e | e |
7777777777777777777777 ® | e . o | o |
7777777777777777777777 "R | e e | e |
s o o o |
7777777777777777777777 ® | o o | o |
7777777777777777777777 " e e | e |
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commercially pure.
H: commercially usual composi-
tion.

to be one group higher in ISO/TR
7474.
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Transported Medium Fraction'
20°C
' Zinc chloride GL ® ® (] E
' Zinc oxide GL ® ® (] E
' Zinc sulphate GL o o o
E Sugar syrup? H { { { E
Tab 16
') The following abbreviations are  * Volume fraction in % (previ-  The reaction of pipes and pipeline parts
used for the composition of the ously vol. %); this is specially  with the transported media should be
transported materials: marked with “(vol.)". classified in the following groups:
If there is no “(vol.)” annotation af- The chemical resistance of pipes @ Resistant
ter the fraction specification, then and pipeline components is gener- The pipe material is generally rat-
the value refers to the mass frac- ally not reduced for mass or volume ed as suitable
tion in % (previously wgt %). fractions and temperatures lower
VL: aqueous solution, whose mass than those given in the table. Partially resistant
fraction is <10%. The suitability of the pipe material
L:  aqueous solution, whose mass 2 This information on chemical resist- for the particular application is to
fraction is >10%. ance is not contained in ISO/TR be verified; further tests should be
GL: saturated (at 20°C), aqueous 7474. carried out if necessary
solution.
TR: transported material is at least %) The chemical resistance is rated O Not resistant

The pipe material is generally rat-
ed as unsuitable

Information about the chemical re-
sistance is not available






1.3 Grid creation

1.3.1 Fittings

Next to the pipe itself, construction of
a pipeline requires molded parts for
joints, directional changes, transitions
to other materials, and branches.

In connection technology for plastics
pipes, there is a general differentia-
tion between separable joints (such as
flanges) and inseparable joints (such
as electrofusion welds). When choos-

ing a particular connection technology,
it is wise to consider if a longitudinally
force-locked joint is required or not.

In general, fittings are available as
short and long version. Short fittings
need to be installed with short clamp-
ing jaws or collar brackets since they
might not have sufficiently large cylin-
drical ends for clamping.

Long fittings can be processed with
standard butt welding machines and
equipment, as well as with electrofu-
sion jointing.

1.3.1.1 Fittings compliant with pressure class

Pressure-class compatible fittings are parts that can with-
stand the entire inner pressure of the pipeline used. For ex-
ample, this includes:

Seamless bends are produced with a tolerance of o=+ 5°,
following DIN EN 12201. Please note, that the bends might

expand in case of long storage times or exposure to heat

M Seamless bends

due to the memory effect. For larger bends, it is recommend-
ed to also order pipe fixations to avoid this effect.

Generally available are dimension-related standard radii of
r=1,5 x d in standard angles of:

a=11°,22°,630°, 45°, 60°, 90°

. The specification for degrees and radii can be custom-made

for your project. Seamless bends are designed for electrofu-
es sion and butt welding by default.

B End caps M Tees / Branches

End caps made of PE 100 for a pressure-class compatible Pressure-class compatible tees and branches made of PE

sealing of pipe ends. 100 for pressure applications where segmented fittings with

pressure reduction factor are inadequate.
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M Reducers

Reducers differ by a centric

(concentric) or excentric design.

1.3.1.2 Pressure-class incompatible fittings

Segmented fittings are made from pipe depending on their
requirements. They are designed for electrofusion and butt
welding by default. Inner beads up to a dimension of OD
630 mm are always removed (for larger dimensions upon
request).

Fittings made from pipe segments are usually not pressure-
class compatible due to the position of the weld seams
and are to be calculated with a pressure reduction factor
(reduction factor for operating pressure) when planning.
However, these parts are used frequently if the admissible
inner pressure resistance of the fitting is suffiently high for
the designed operating pressure of the pipeline.

The reduction coefficient is:
Segmented bends: 0.8
Segmented tees: 0.6
Segmented tees, reduced: 0.5
Y-sections: 0.6

Example: A pipe-made segmented bend, SDR17 (PN10)
would thus be designed for a maximum operating pressure

of 8 bar.

The reduction coefficient accomodates the fact that a seg-
mented bend has the tendency to 'straighten out' under in-
ner pressure. Considering forces around the joining section
on the inside of the bend and calculating the resultant, the
impact of cutting angle a/2 on the resultant becomes evi-
dent. The lower cutting angle /2, the lower its impact on
the resultant. 0/2 = 0° = standard butt weld.

One could just as well imagine a drawn, pressureclass
compatible bend as a segmented bend made of an unlim-
ited number of segments. This way pressure-class compat-
ible segmented bend could be produced, provided there
is a sufficiently high amount of single segments. This is a
low-cost alternative to seamless bends, especially for larger
dimensions.

Pressure piping systems made from polyethylene - Planning | General
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1.3.2 Joining Techniques

In general, a distinction is made be-
tween separable jointings that can
be separated and re-connected using
tools, and inseparable jointings.

1.3.2.1 Separable joints

All separable jointings have in com-
mon that they are made of a combina-
tion of different materials. The flange
joint is probably the best known sepa-
rable type of jointing.

There are fixed flanges (with fixed
flange leaf) and loose type flanges
(with freely rotating flange leaf).

A stub end with freely rotating loose
flange is the most used, whereby the
stub end is welded to the pipeline.
Brackets need to be used to clamp
the stub end in the welding machine.
If these are not available, long stub
ends have to be used.

Flanges always seal the connection
either with a seal that is inserted in

Since their application is derived from
metallic pipelines, flange dimensions
are related to cast iron and steel
pipes. The different dimensional base
of the pipe systems (inner diameter
for metallic pipelines, outer diameter
for plastic pipelines) can cause "un-
harmonious" dimensions throughout
the pipe grid.

Special flange joints for PE pipe sys-
tems have entered the market in order
to avoid the described problem and
to accomodate the many different re-
quirements.

Stub end with loose flange

between the sealing surfaces or as an
O-ring.

There is a multitude of sealing ma-
terials and forms. In terms of plastic
flanges, a profile gasket with steel
insert is state of the art. In order to
achieve an appropriate tightness of
the flange with the necessary surface
pressure, the choice of screw qual-

These are special bored collars (fixed
flanges) with steel flanges (stainless
steel, plasticcoated steel, or galva-
nized), whose nominal width DN is re-
duced by one step compared to loose
flanges and are thus also fit to be used
in nominal width-compatible connec-
tions between pipes and fittings.

Example using a pipe with diameter
355mm:

D largest flange diameter
k drill hole circle

b flange thickness

DA outer diameter pipe

di inner diameter flange

ity in combination with the required
torque are of importance.

o
k
il
di

Loose flange joint ® stub end d 355/loose flange DN 350 ® valve/fiting DN 350
: Special flange joint ® special flange d 355 DN 300 ® valve/fitting DN 300 !
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1.3.2.2 Inseparable joints

Welding PE pipes and fittings is con-
sidered as inseparable jointing. Weld-
ing PE 100/PE 100-RC pipes to each
other, or to normed fittings, is possible
in accordance with the parameters set

B Electrofusion Welding Procedure

The requirements of DVS Guideline
2207 Part 1 apply for electrofusion
welding. The circularity of the pipes
is to be ensured using re-rounding
clamps if necessary. Ovality up to a
maximum of 1.5% of the outer diam-
efer is permitted. In electrofusion, fit-
tings equipped with resistance wires
are used for joining. Pipe and fitting
are welded together by applying a
defined current for a defined time.
The welding pressure is generated in
the process through the design of the
fiting. The manufacturers of the fit-

out in DVS guideline 2207, part 1, is-
sue of 08/2015 for PE-HD, using:

* Butt welding

* Electrofusion

Fig 1-5

tings specify the welding parameters.
The nominal diameter of the pipe
must be existent in the electrofusion
area.

The welding area is cleaned with
lintfree, non-colouring paper and PE
cleaning agent. The insertion depth
of the fitting is marked on the surface
of the pipe, the pipe ends chamfered,
and the surface of the pipe in the
area of the welding zone machined.
After the fitting has been cleaned, the
insertion depth is transferred to the

Next to welded jointings, plug-in
sleeve connections (in appropriate ex-
ecutions) are also regarded as insepa-
rable jointing methods.

pipe for checking purposes, without
touching the grease-free surface. The
fitting is put on, connected to the con-
tacts of the welding unit, and welded.
Misunderstandings are avoided by
labelling the weld with the date and
the end of the cooling-off period.

Pressure piping systems made from polyethylene - Planning | General
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B Butt Fusion Welding Procedure

Fig 1-8: Principle of butt fusion welding

Checklists for butt fusion welding in
accordance with DVS 2207 Part 1
are provided by the Institute for Plas-
tic Processing in Trade and Industry
at the RWTH Aachen e.V..

The maximum permissible misalign-
ment of the piping to be welded
together in accordance with DVS
2207 Part 1 amounts to less than

10% of the wall thickness. If nec-
essary, the circularity of the pipes
is to be ensured using re-rounding
clamps. Ovality up to a maximum
of 1.5% of the outer diameter is per-
mitted. Specifications regarding the
maximally permissible gap widths
according to DVS 2207-1 can be
found in Table 1-7.

welding time ,

= b —

bead-up time
| |

changeover time

‘ ‘ heat soak time ‘

‘ joining and cooling time

heat soak pressure

pressure

joining
pressure

Fig 1-9: Time flow for butt fusion welding in accordance with DVS 2207 Part 1

The piping sections are brought to
the heating element (recommended
temperature 220 °C +/- 10 °C) and
heated under pressure (0.15 7+, un-
til a circumferential bead of a spe-
cific height has formed (see Tab 1-8).
Heat soaking then takes place almost
without pressure until the pipes can
be welded. The heat soak time in
seconds corresponds to 10 times the
wall thickness of the pipes according

Pressure piping systems made from polyethylene - Planning | General

to DVS 2207 Part 1. On completion
of the heat soak time, the heating
element is removed and the pipes
are joined together under pressure
(likewise 0.15 N=w). The changeo-
ver time should be kept as short as
possible.

The pipes must be allowed to cool off
without stress under joining pressure.
The cooling-off time is independent of
the wall thickness of the piping.



Guideline values for butt welding of piping and pipeline parts made of HDPE at moderate air movement

Bead-Up
Bead Height at . Cooling-Off Time
Heating Element at Heat Soaking under Joining

Nominal wall | End of Bead-Up Time J;”Wﬂf!;;i"l:e - Changeover
- Bead-Up under 0.15 x Wall Thickness - -
thickness s ( N/mmg +/-001) (Heat Soaking p< | Maximum Time

0.01 N/mm?) = ;
Up Time s

T T

Joining Pressure p =

0.15 £ 0,01 N/mm?

Tab 1-8: Source: DVS 2207, Part 1

Cooling-off times of pipes and pipeline parts made of HDPE dependent upon the ambient temperature

Nominal wall thickness s Cooling-off time (minimal values) under joining pressure p = 0.15 + 0,01 N/mm?
[mm] depending on the ambient temperature [min]

_ up to 15 °C 15 °C ... 25 °C 25 °C... 40 °C
0 ’ 0 f 6.5 f

up to 4.5
”””””””””” 45.7 | 40.60 . 5075 | 6595
”””””””””” 72 . 60.95 . 7512 | 95155 |
12219 954 . 1218 155.24 |
1926 L a9 g4 24.32 |
”””””””””” 26.37 . 19.27 . 2434 . 345 |
”””””””””” 7.50 . 27.36 . 3446 . 4561 |
”””””””””” 50.70 | 36.50 . 46.64 . 6.8 |
”””””””””” 70.0 . 50.64 | 648 | 85.109 |
””””””””” %.110 | 6478 . 8.100 . 109133 |
.~ mo.1O 78.92 . 100.118 | 133157 |

Tab 1-9: Source: DVS 2207, Part 1

Interim values are to be interpolated according to:

i coolingtime interpolated = €OOlINGtIMeE q +(%) (coolingtime jgrge— coolingtime smqy) [in minutes] !

with: Example

s = wall thickness of the piping to be welded PE 100 pipe, OD 160 mm, wall thickness s = 14.6 mm, ambient
s,..; = smaller nominal wall thickness in Table 1-9 temperature 15 °C. Pursuant to table 1-9, the cooling-off time
Sge — larger nominal wall thickness in Table 1-9 for 12 mm of wall thickness amounts to 12 minutes, for 19 mm

= cooling time for the smaller wall thickness, 18 minutes respectively (minimum values).
according to Table 1-9

cooling time,, ., = cooling time for the larger wall thickness,

according to Table 1-9

cooling time

small

19mm-12mm
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i coolingtime jnterpolatea = 12min + (M) - (18min—12min) = 15min |
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B Plug-in sleeve connection

If applicable, plug-in sleeve jointing can also be regarded as inseparable
jointing methods.

Spigot and socket systems are well es-
tablished in water supply applications
for decades because of its ease of as-
sembly. It represents a practical alter-
native to welding and offers a number
of benefits, especially for small sections
of pipelines.

Short installation and processing times through simple
and fast assembly and short preparation times, installa-
tion irrespective of weather, as well as processing without
any specialty equipment - and all this while maintaining
the familiar flexibility, permanent tightness and pressure
resistance. Also an ideal solution for smaller installers
that don "t have easy access to welding technicians.

Example of an inseparable and longitudinally force-locked jointing method using plug-in sleeves:

* Grip elements made from high tensile plastic integrated the outer pipe surface smoothly on the entire pipe cir-
in the socket provide a guarantee against the spigot cumference
from being pulled out - the connection is axially force ¢ An elastomeric ring ensures sufficient pretension al-
locked ready during installation stage

* The socket’s individually attached flexible segments ¢ The socket’s profiled dirt protection ring prevents con-
avoid damage during assembly as the segments grip tamination of connection surfaces

Grip elements made from high tensile plastic

Elastomer ring ensures pretension

Profiled dirt protection ring
prevents contamination

Spring-loaded segments
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1.3.3 Material transitions

Transitions to other materials can be
executed in a separable and an in-
separable way.

1.3.3.1 Separable material transitions

One of the most used types is the sep-
arable flange connection, enabling a
material transition owing to the stand-
ardized flange dimensions (DIN EN
1092-1). The relevant nominal widths
and pressure classes need to be ob-
served on both sides of the joint.

1.3.4 Repair options

Damaged pipelines can be repaired
in different ways. According to DVGW
standards, scores and notches with
more than 10% of the pipe wall thick-
ness constitute a damage. While it is
economically reasonable to cut out
and replace these damaged segments
for smaller dimensions, weld-on repair

Mechanical fittings are a possibility
just as well, especially since they offer
a repair in outdoor conditions where
welded jointings cannot be used all
the time as these always require dry
material surfaces.

Another separable material transition
is the group of plugin sleeves, avail-
able both with and without longitudinal
forcelocking.

1.3.3.2

Inseparable material transitions

An example for inseparable material
transitions are transition pieces that are
factory-made from both materials (e.g.

steel / PE-HD) and only need to be

welded into the pipeline on site.

saddles are an example of a better
option for larger dimensions (OD 560
mm up to OD 1200 mm).

These and similar components are
also available for smaller dimensions
and even enable a repair while the
medium is leaking out.

If pipelines need to be repaired after
a longer operating time, these fittings
are a good choice as the pipeline
might have a larger outer diameter.
That stems from the expansion due to
the inner pressure and does not affect
operation negatively since this expan-
sion was already provided for in the
design of the pipe.

In terms of smaller dimensions, in-
separable material transitions using
compression fittings are becoming
more and more common practice in
pipe installation. This usually entails
pressing a metallic material axially
onto the pipe on a support bushing.
The support bushing is equipped with
a metallic pipe piece in standard di-
mension so it can be welded onto the
metallic pipe. Threaded models are
also available.

If a change of material is not required,
plastic plug-in fittings as repair cou-
plers can be used, both available with
and without tensile strength.
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2 Planning of PE piping systems

2.1 General

The relevant guidelines for planning and constructing
water pipelines are prescribed in DVGW's regulation W
400 "Code of practice for water distribution systems - Part
1: Design; and Part 2: Construction and testing". These
guidelines should also be applied for similar applications,
such as for raw water, process water and sewage water
pipelines if no other technical guidelines exist for them
(in keeping with their respective specific requirements).
DVGW worksheet G 472 applies for planning and con-
structing gas pipelines "Polyethylene gas pipelines with
an operating pressure up to and including 10 bar - Con-
struction". Among others, trench excavation is stipulated
in standard DIN 4124: "Construction trenches and pits -
slopes, planking and working space widths" as well as
in DIN EN 805 "Water supply - Requirements for systems
and components outside buildings; German version EN
805:2000". More information can be obtained in KRV
guidelines A 135/99-15 and A 435/96-10. An assess-
ment of the backfilling material requirements is laid out in
DIN 18196 "Earthworks and foundations - Soil classifica-
tion for civil engineering purposes" as well as DIN EN ISO
14688 "ldentification and classification of soil". The men-
tioned standards do not warrant a claim for completeness.

2.2 Route planning

Today's supply grids have been created nationwide, at
least concerning Germany. This results in an increased fo-
cus on renewal and rehabilitation of pipes, especially using
alternative trenchless installation methods, as compared to
new constructions.

DVGW association is also recommending to consider the util-
ity of trenchless techniques in its W 400-1 guideline: "When
renewing pipelines, the utility of trenchless techniques for
rehabilitation or new construction projects should be consid-
ered, as they could lead to a significant reduction of the sur-
rounding circumstances of the construction project, to sizable
cost reductions, and to environmentally relevant advantages
[refer to DVGW GW 320 (A), DVGW GW 321 (A) and
DVGW GW 323 (M)]."

In trenchless installations it is impossible to execute a quality
control, seeing the newly installed pipe is laid in a 'black
box', increasing the risks for damages resulting from that in-
stallation. A trenchless installation also entails that the new
pipe has no protecting sandbed, posing additional risks,
such as point loads.

All pipeline components need to be installed in a depth
safe from frost. The minimal depth of coverage for gas
pipes ranges from 0.6 to 1.0 m, while the cover for sections
of up to approx. 2.0 m without a specific load (frontyards,
sidewalks) may be reduced to 0.5 m. For pressurized water
mains, installation depths are to be frostfree at 1.0 mto 1.8
m (depending on soil and climate conditions).

The trench bottom is to be constructed in such a way as to
accomodate the pipeline in a level manner. Should there
be rocks or stones at the trench bottom, the trench needs
to be dug deeper and the soil has to be replaced with ap-
propriate material. The grain size composition of that new
material may also not cause damages to the pipes.

The drainage effect of pipe trenches on steeply sloping sec-
tions should be prevented with appropriate measures, since
the pipe bed may otherwise be washed out, resulting in
an undermination of the pipe. It also needs to be secured
against slipping. Differing soils and different load capaci-
ties can for example be countered with larger sandbeds.
The bedding is to be carried out so as to avoid an erosion
of fine particles.

Trenchless constructions thus have higher requirements for
the pipe systems used. That is why it has to be technically
assured that the pipe reaches the same service life in trench-
less installations or methods with reduced trenching as com-
pared to pipelines installed in a sandbed.

Fig 2-1: Black box as a characteristic of frenchless installation methods
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2.2.1 Installation methods

2.2.1.1

Open trench installation method

B Open trench installation in a sand bed

When installation takes place using
an open trench construction method
with sand bed, the pipeline zone is
precisely defined and the pipe is laid
in a protective sand bed. The surface
levels must then be restored.

DIN 4124 "Excavations and trenches"
applies among other things with re-
spect to execution of the pipe trench,
and precisely stipulates how the work-
ing space width and shoring are to be
achieved. The pipe must be free from
scoring and scratches; the ground sur-

rounding the pipe is then prepared so
that the pressure-bearing medium pipe
is protected from external influences.
DIN EN 805 and the DVGW directive
W 400-2 prescribe embedding the
pipe in sand or fine gravel.

DVGW Code of Practice W 400-2
permits maximum particle sizes of 22
mm for rounded material and up to
11 mm for a mix of crushed sand and
stone chippings. Their construction
therefore excludes point loads and lin-
ear loads to the pipeline.

Fig 2-2: Standard pipes are installed in a sand bed.

Fig 2-3: When installation is not executed in
a sandbed, pipes with integrated protective
layers are recommended to be used.

B Open trench installation without sand bed

When installation takes place using
an open trench construction method
without sand bed the pipe is directly
laid in pipe trenches. The surface lev-
els must then be restored.

Growing cost pressures force several
utility companies to question whether
the time-consuming embedding of the
new pipeline in sand is necessary. If
the excavated soil can be compressed
it may be used as backfill material
instead of sand. The prerequisite for
these installation conditions is a pipe
system that is capable of withstand-
ing the increased strain arising here.
Dispensing with the sand bed may re-
sult in stones causing point loads or

linear loads to the pipe over a larger
period of time, which is in addition to
the operating strains such as internal
pressure, soil or traffic strain.

If the protection of a sand bed is dis-
pensed with, the selected pipe system
must be able to withstand the typical
surface damage caused by scratches
and in particular point loads so that
these do not lead to stress cracks.

One of the main advantages is the
cost reduction because soil replace-
ment in the area of the embedment is
not necessary.

B Ploughing method

With this method the new pipe is continually ploughed in
and the channel cut for the pipe is then immediately closed
again. The plough has a relatively small influence on the
soil. It is not necessary to lower the groundwater level
when this method of installation is used. For this reason this

soil classification.
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method is very environmentally friendly, also because of
the very limited field damage it causes. The method can be
deployed in undeveloped areas up to soil class 5. Installa-
tion depths of up to 2 metres are possible depending on the



Fig 2-4: When using the ploughing installation method, the use of
pipelines with integrated protective layers is recommended.

Installation using a ploughing method can achieve up to
5,000 metres of laid pipeline per workday, making it prob-
ably the most economically efficient method for installing
new pipelines. The installation unit consists of the plough
with the ploughshare and the installation box, together with
a winch mounted on a truck or caterpillar vehicle. The instal-
lation unit is pulled towards this vehicle by the winch. Once
the plough reaches the vehicle the winch is placed at the
next point on the route and the procedure is repeated. The
ploughshare is dropped to the desired installation depth at
the starting pit. Several pipelines can be ploughed simulta-
neously depending on the pipe diameter, with installation
possible up to OD 225 mm. The pipelines are guided into
the ground from above in the installation box that follows

B Milling method

Special machines cut a narrow pipe trench and at the
same time introduce the flexible pipe. The excavated soil
is used as backfill material. Depending on the soil con-
ditions the surface of the newly installed pipeline might
become scratched (max. 10 % of the wall thickness is
permissible). Moreover, stones may cause point loads
or linear loads to the pipe over a longer period of time,
in addition to the operating strains such as internal pres-
sure, soil or traffic strain.

A motor-operated milling machine opens up a narrow trench
with a width of up to 60 cm and depth of up to 2.5 m. The
pipe is infroduced into this trench, with simultaneous backfill-
ing of the pipe trench, generally using the excavated mate-
rial. In contrast to the plough method, this method also ena-
bles work to take place on difficult soils up to Soil Category
7. The installation performance achieved will be largely influ-
enced by the prevailing soil category, but is lower than the
installation using the plough method.

behind. The pipe is installed in the ground, similar to open
trench installation. The soil closes again behind the plough-
share due to its own weight, although the process can also
be accelerated using machines.

The prerequisite for this type of installation is a pipe system
that is capable of withstanding the increased strain that aris-
es here. Depending on the soil conditions the surface of the
newly installed pipeline might become scratched (max. 10 %
of the wall thickness is permissible). Moreover, stones may
cause point loads or linear loads to the pipe over a longer
period of time in addition to the operating strains such as
internal pressure, soil or traffic strain. Point loads triggered
by stones in the soil, for example, may cause damage to the
pipeline. Pipelines should be used that are made from a ma-
terial that has been proven to have a high resistance to stress
induced cracking in order to actually achieve the intended
minimum service life.

The rocket-plough method is a variation of the ploughing
method, and is in particular deployed for pipe materials
whose permissible bending radii are too great for a stand-
ard plough. The procedure is identical exept for the fact
that the pipeline is introduced length-ways. This means that
the pipeline is drawn across the entire installation route to-
gether with the ploughshare. Pipelines have to demonstrate
additional external pipe protection due to the considerably
greater mechanical load. It must be ensured here that the
permissible tensile forces of the pipeline and the joint are
not exceeded. Tensile forces limit the length of the pipeline.

Fig 2-5: Since excavated soil is used as backfill material in the milling
method it is recommended that pipe systems with integrated
protective layers be used.

Since the rules of technology generally do not specify lay-
ing the pipeline in a sand bed, pipelines should be used
that are made from a material that has been proven to have
a high resistance to stress induced cracking.
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2.2.1.2 Trenchless Installation

The advantage of trenchless installa-
tions is the protection of resources, cost
efficiency and the faster turnaround
times of the construction projects as
compared to open trench installation
methods. A disadvantage is the higher
stress exerted on the pipes used. The
installation methods that are posing
high demands on the pipe material
are, among others, horizontal direc-
tional drilling, burst lining, and relin-
ing. With all of these methods, it is
impossible to control the condition
of the medium pipe during or after
installation. There is a risk of stones,
rockbeds or shards of old pipe dam-
aging the pipe that is to be installed.

In order to avoid this risk, the use of
pipes with an additional outer pro-
tective layer is recommendable.

The technical rules of DVGW concur:
DVGW worksheet GW 321 "Hori-
zontal directional drilling methods
for gas and water conduits - Require-
ments, quality assurance and testing"
concludes: "In practice, an outer
protection of the pipe has proven to
be efficient, for example a polyolefin
layer, assuming the core pipe remains
free from scratches after installation".
Worksheet GW 323 "Trenchless re-
newal of gas and water supply con-
duits in burstlining; Requirements,

quality assurance and testing" also
recommends an additional protective
layer for PE-HD pipes.

The protective layer absorbs all
scratches and notches that can occur
during transport as well as during in-
stallation. Subsequently joining house
connections, valves and fittings, sad-
dles, etc. can be welded onto the un-
damaged pipe wall after the protec-
tive layer has been removed. A weld
on scratched pipe surfaces that is not
in accordance with the guidelines is
ruled out.

B Soil displacement / impact moles

An impact mole is "fired" through a
few metres of the soil when connect-
ing general building services. The
soil here may lead to unacceptable
deep scratches in the new pipe. The
maximum permissible depth of the
scoring in the pipe wall is 10 %. Sur-
rounding stones may also lead to
point loads.

The soil displacement installation
method using impact moles is gener-
ally used to connect building serv-

ices. A pneumatic hammer creates
a hollow space into which the new
pipeline is embedded. In order for
this to occur the soil must be suffi-
ciently displaceable. Structural sup-
port for the impact mole is necessary
where soil is loose and soft because
insufficient friction is created with the
soil to permit independent forward
movement. The design of the jack-
ing conduit is therefore more precise
in stony ground due to lateral dis-
placement of the stones. There is lim-

ited lateral deflection of the impact
moles. The target is identified from
the starting pit.

Pipelines with an outer diameter of
up to OD 200 mm can be laid using
this method.

Fig 2-6: It is necessary to use pipelines with additional protective layers because installation using impact moles can damage the pipeline that has

been injected.
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B Relining

Relining can be used to renovate defective pipelines.
Scratches and notches can occur on the new pipe de-
pending on the state of the old pipe. Steel pipes welded
with a V-joint carry a particularly high risk.

Relining is numbered among the trenchless renovation
methods.The functional capacity of the existing pipeline
is restored using the existing section of pipeline.Industri-
ally prefabricated and tested plastic pipes are deployed
that are jacked or pushed into the old pipe with or with-
out annular gap. In the case of pipeline relining the en-
tire drive length outside the jacking pit is prepared in
advance, while in the case of long pipe relining the sec-
tions of pipe are joined together when they are jacked
in the jacking pit.

Depending on the state of the old pipe the new pipe must
take on a structural support function in addition to its seal-
ing function. Relining is accompanied by a reduction in
cross-section which is also often desired for reasons of ca-

Fig 2-7: The use of pipelines with additional protective layers is neces-
sary because the new pipeline may become damaged during
the relining process.

pacity adjustment, e.g. due to the moving away of indus-
try, business and residents. For flow-related reasons the
new plastic pipes have comparably low levels of frictional
resistance. Despite their reduced cross-section, experience
has shown that they often produce an increase in flow rate
compared to the old pipes in need of renovation.

B Relining with annular gap

The annular gap between the old and the PE pipeline is
grouted on completion of the construction work. Guides
and spacers fix and secure the pipeline in the desired posi-
tion. Ballasting with water acts as a support. The resistance
to buckling pressure should be heeded when grouting in
order to prevent cross-section deformation. Grouting pre-

vents a drainage effect caused by groundwater. Old pipe-
lines frequently contain fittings, residues of welding materi-
als and rough welded surfaces that may lead to damage
to the surface when jacking the new pipe.

B Relining without annular gap

If an annular gap is undesirable or might obstruct the re-
quired hydraulic capacity, a relining installation without
annular gap is a valid option. There are different methods
available:

PE Reduction Method

The outer diameter of the PE pipe is chosen just a lit-
tle too large to fit into the old pipeline. It is then pulled
into the old pipe through a die, using the reversible and
visco-elastic properties of PE. The new pipe is constantly

under tension during this installation process. As soon as
the pipe tension is relaxed once the pipe is in place, it
will adhere "close fit" to the old pipe; the annular gap
is closed.
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Close-Fit-Lining

A close fit lining with PE pipes means renewing a pipeline
efficiently, durably and environmentally friendly using a
factory-made PE pipe. This pipe is deformed (folded) ther-
momechanically in the production process. The maximum
length of the pipe to be coiled up is determined by the outer
diameter of the pipe. Depending on the nominal width, sev-
eral hundred meters of new pipe can be installed in one run
thanks to its reduced cross-section. By passing steam and
pressure through the new pipe, it expands to its original
round form and fits tightly in the old pipe, being statically
autonomous.

Before commencing the rehabilitation, the existing pipeline is
cut off. Following a camera inspection, obstables and incrus-
tations are removed from inside the old pipe. If necessary, a
provisional pipeline is installed to ensure supply of the users
during the construction process. After that, the liner is pulled
into the existing pipe with a motor winch. The liner pipe is
then heated with hot steam which activates the ‘memory ef-
fect’. Passing steam and pressure through the closefitliner
causes it to unfold and fit tightly to the inner wall of the old
pipeline. After the joints are connected through electrofu-
sion, the rehabilitated pressurized or non-pressurized pipe-
line is safely reconnected to the grid.

Fig 2-8: Close-Fitlining

Wherever there is little or no space available, rehabilita-
tion methods such as close-fitlining are suited. It enables
a rehabilitation of old pipes with a low reduction of the
cross-section and requires little space on-site due to small
excavation pits. This allows traffic to flow unobstructed
and has a very low impact on the environment. Close-fit-
lining is economical, as the timeframe for the rehabilitation
process is short and the costs related to excavation works
are minimized.

B HDD - Horizontal Directional Drilling

Horizontal directional drilling is a cont-
rollable drilling method. HDD enables
controlling the drilling process so as to
adjust the pipe route as designed. De-
pending on the soil conditions and dril-
ling radius, scratches and notches as
well as point loads due to stones pose
a risk for the new pipe. Horizontal
directional drilling is used for parallel
installations, sub+erranean crossing of

water bodies and buildings, for draina-
ge and irrigation purposes, for cable
connections in traffic control systems,
as well as for protective measures for
hillsides and dams, among others.

Drilling is controlled by rotating the
angled pilot drill head in the hole.The
drilling suspension flows out of the drill
head at high pressure, loosens the soil

and stones and drives the cuttings out of
the hole. The drilling suspension is ad-
apted to the respective soil conditions
and in addition to bentonite, a clay mi-
neral, may contain other additives that
can have a further supporting effect on
the drill channel.

Several drilling operations to produce
expansion may be required after the
pilot bore depending on the required

Fig 2-9: The use of pipelines with additional protective layers is necessary because the new pipeline may become damaged during installation
using the HDD method
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pipe diameter in order to prepare the
bore channel for insertion of the pipeline
that will conduct the media. A hammer
mechanism may be deployed in stony
ground up to Soil Category 5 and some-
times also for Soil Category 6 which not
only makes jacking easier but also eases
the control process. A downhole drilling
motor with roller chisels is attached to
the front when drilling in rock.

Pipes must not be subjected to strain
that goes beyond the permissible tensile
forces during the jacking procedure. Ac-
cording fo DVGW Code of Practice GW

321 or at the request of the customer the
tensile forces that have a direct impact
on the media pipe must therefore be
measured and recorded. Measurement
is conducted using a fensile force measu-
ring device that is mounted in front of the
pipe fo be jacked.

Pipelines for the renewal of drinking
water systems must at least correspond
to 10 bar pressure level in accordance
with DVGW Code of Practice GW 321
"Controlled horizontal directional dril-
ling procedure for gas and water pipe-
lines - requirements, quality assurance

and inspection”". Only pipelines from
the SDR 11 series should be deployed
especially for small pipe diameters
because of the mechanical strain that
arises when using this method of ins-
tallation. The service life of the newly
installed pipeline will depend on how
intact it is. Damage of up to 10 % of the
pipe wall thickness is tolerated by the
material, but scratches and scoring that
go beyond this will reduce the service
life of the supply line. For this reason
DVGW Code of Practice GW 321 also
recommends use of pipes with protecti-
ve cladding.

Fig 2-10: Dynamic Pipe busfing

B Pipe bursting

In the case of pipe bursting a bursting and expanding imple-
ment is drawn through the old pipe, the broken pieces of
pipe are pressed into the soil and at the same time an indus-
trially prefabricated pipe with the same or larger diameter
is jacked. The sourrounding soil must be displaceable, and
there must be knowledge of the position and state of pipes
that run parallel. These are dynamic and statically operating
systems, which are able to break up almost all pipe material
including reinforced concrete pipes. Scrafches and notches
may occur in the new pipe depending on the material and
state of the old pipe. Shards and stones cause point loads
during operation.

The power for pipe bursting is infroduced in a pulsating
manner using modified impact moles or pile drivers. The
bursting and expanding implement is guided in the pipe
using rope and winch as stabilising factor. Dynamic meth-
ods are particularly suitable for use in compressed or stony
ground and for brittle old pipes made from cast iron, stone-
ware or concrete.

Fig 2-11: Static Pipe bursting

The hydraulically generated bursting force is transmitted via
a rod assembly to the bursting and expansion implement.

Static pipe bursting is deployed for bursting old pipes made
of brittle and ductile materials; the latter are cut in the bottom
of the pipe using a special rotating cutter. Subsequent expan-
sion displaces the old pipe and calibrates the burst duct for
the jacking procedure.

The new pipe is subjected to considerable stress as a re-
sult of the pipe bursting and jacking process. Shards of old
pipe lead to scratches and scoring, while stones cause point
loads in the end position.

For this reason the DVGW Code of Practice GW 323 rec-
ommends the use of pipes with protective layers. Further-
more, the requirements with respect to the minimum thick-
ness of damage or compliance with permissible tension
stresses apply here too as they do with respect to other
trenchless installation methods.
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2.2.1.3 Economic perspectives

The selection of pipe materials and systems in civil en-
gineering has extremely longterm and especially eco-
nomic implications. Once they have been installed and
designed for several generations, subsequent access to
pipelines is scarcely possible.

* Valuable and sealed surface areas are created

* Enormous costs are incurred in the event of subsequent
damage

* ltis almost impossible to divert traffic or close off streets
in the light of current traffic density

Economic efficiency means a favourable price-perform-
ance relationship taking into consideration the service life,
operating and maintenance costs. External costs such as
traffic disturbance, noise and CO, emissions are as a rule
currently still lacking in the decision-makers “cost compari-
son or economic efficiency calculations. These costs must

then be picked up by society.

Civil engineering
costs

90%

Surface area
restoration

109% Pipe material

Fig 2-12: Civil engineering costs up to 90 %, of which up to 50 %
are for surface area restoration. Pipe material: 10 %.

The cost relations in civil engineering also make alternative,
trenchless installation techniques economically interesting.
The difference in pipe price is rarely more than 15%, while
85% or more of the overall costs are determined by civil and

Calculation of excavation measures, no matter if in open
or trenchless construction, is often based on the experi-
ence of the respective calculator, on the knowledge of
calculation bases imparted from one generation of em-
ployees to the next, and is also based on rough guesses.
All of these result in the choice of the installation method
and the project execution. With webkalkulator24, ege-

Fig 213
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underground engineering or restoring the surface areas. The
use of trenchless installation techniques opens up consider-
able potential for cost reduction.

plast offers an online tool to comparatively calculate
different installation methods. It also offers users to
compare costs incurred from butt welding on-site from a
broader perspective. This proves to be helpful especially
for larger outer diameters, as the cool-off times can be
reduced with a second or third welding machine, thus
cutting costs significantly.
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The webkalkulator24 tool (www.web-
kalkulator24.eu) offers the different
types of users a variety of approaches
to study this subject:

* Comeparison of different installation
methods

* Comparison of different pipe systems

* Rough estimates of price quotations

e Simple adjustment for particular
construction details

The basic version of the tool uses fixed
values that have been set with routine
caleulations based on project layouts
from practice. In the premium version,
users can enter individual values and
prices, offering a more in-depth look at
the project.

The different methods can be com-
pared to one another in just a few
steps. The calculated results give an
indication of the method with the
lowest associated costs. The results

Method 11
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Fig 2-15: Start and results page webkalkulator24

overview displays how costs are dis-
tributed among the individual project
positions. For a comparative calcula-
tion of pipe installation projects, a

number of installation and rehabilita-
tion methods are listed. The methods
are assigned to different categories:

Urban areas:
Open installation with sandbedding

| o0 L0&E kCplus Ach [l ﬂi SLWE 30 Schutzmantelrelr m
90108 kCplus Aohrayt MEmAnTte

Open installation without sandbedding
Installation using horizontal direction-
al drilling

Product supelicd Long-distance installations:
Farm of defivery [} a2 = =] Installation by plough

son [ (11 Installation by milling

10 [rman] 130.80 13080

Fipa Costs [1] ) 8.4 | ik Rehabilitation projects:

Laying Performance [mvDay] | 29 : _ ¥ Rehabilitation using re-lining
Constructien Fensa [Daye] 12 | 4 Renewal using burstlining
£03 Ermssions [%] — ) | S— -

Fig 2-16

The costs associated with butt welding
are basically determined by the cool-off
time. One potential to increase produc-
tivity is using multiple welding machines.
This can lead to significant productivity
increases, especially for projects with
large pipes, and ultimately lead to a
reduction in the overall project cost.

A calculation and  optimisation  of
costs associated with butt welding
processes can be executed in web-
kalkulator24 as well. Based on the
calculations already entered, an esti-
mate of the number of possible welds
in a working day can be made. Sub-
sequently, these results can be opt-

mised by adjusting the costs of payroll
and working times, or with the number
of welders and machines.

These optimised costs are then trans-
ferred to the combined total calcula-
tion.
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2.2.1.4 Ecologic perspectives

A trenchless installation or rehabili-
tation of pipelines for supply and
disposal as well as for telecommu-
nication purposes is widely used by
now. The associated positive aspects
for population, infrastructure, nature,
and the environment are self-evident.
However, they are not always kept
in mind by the tendering parties.
Oftentimes, trenchless installation or
rehabilitation methods are ruled out
by planners and grid operator right
at the beginning because of suppos-
edly higher project costs. The same
goes for considering conventional
projects in open construction with
sandbedding versus using slow crack
resistant pipe materials, since the
latter could actually reduce costs in-
curred in installation.

One reason for not thinking outside
the box is the long-term knowledge
and experience of conventional con-
struction methods, i.e. installation in
open trenches. The advantages of a
trenchless installation or renewal re-
main unrecognized since there is no
knowledge of methodology or the
expected costs.

The effects of the so-called 'soft facts'
with their indirect costs will also inevi-
tably play a greater roll in decision-
making in the future. Projects in urban
areas executed in open construction
with their traffic jams and obstructions
associated with road closures and di-
versions are less and less accepted
by citizens and local businesses. Con-
struction times are a direct measure for
the potential duration and intensity of
the obstruction, and also for the costs
for local population, businesses and
industry.

In addition to that, the costs associated
with trenchless construction methods
are relevant not only directly, but also
indirectly during, and especially after
the construction itself. The follow-up
costs resulting from open constructions
are often coming into effect as direct
costs for the grid operator much later,
for example as repairs of surfaces or
correcting damages in vegetation.

A holistic perspective of constructive
measures has to include the ecologic
costs, often called soft facts, next to
the economic facts.

Renewal Rehabilitation Repair
Installation method Pipe bursting, calibre bursting Relining | Long-pipe relining with / without | Robot, packer, flooding, short liner,
Pipe Eating annular gap, CIP-liner steel sleeves.
Construction time
Open trench installation Open trench installation Open trench installation
Trenchless installation Trenchless installation Trenchless installation
Emissions
Open trench installation Open trench installation Open trench installation
Trenchless installation Trenchless installation Trenchless installation
co, [ T T ]
Noise . 1 1 | L 1 1 | . 1 1 |
Fine-dust . 1 1 | . 1 1 | [ I 1 1 |
Fig 2-17
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Soft facts comprise all processes in
installation methods that have an ef-
fect in terms of construction technol-
ogy, environment, and the economy.
Construction projects produce indi-
rect costs that can come to bear dur-
ing execution, but also long after the
project is concluded. These costs are
mostly born by the (public) tendering
party or the taxpayer. The costs also
include environmental effects such as
emissions or protection of resources,
as well as (avoidable) effects on pop-
ulation and infrastructure. GSTT infor-
mation sheets no. 1 and no. 11 con-
tain further information on estimating
the effects of the different methods for
new installations and rehabilitations.

Extract from GSTT info no. 11
Polyolefin pipes are very well suited for
trenchless methods. The application of
trenchless techniques is characterized
by a low carbon footprint and a low
noise and low fine dust pollution.



2.2.2 Requirements and risks of failure

Considerable underground engineering work is involved
when creating underground infrastructures. It is therefore
the objective of an operator to be able to operate a new
pipeline for as long as possible without damage. When

2.2.2.1 Risk of failure scratches and scoring

The cause of this may be damage or weakening to the pipe
wall during pipe jacking (see Fig 2-18). Since the stand-
ardised wall thickness is precisely attuned to the operating
pressure, albeit supplemented by the safety factor, every
weakening means a reduction in the engineered safety fac-
tor and therefore an increase in the probability of the risk
event or, in the case of significant damage, even a direct
reduction in pressure resistance of the new pipeline and

correctly installed, pipes made from polyethylene offer a
service life of at least 100 years. If, by contrast, they are
damaged during installation, this long service life may be
substantially curtailed.

Protection layer

consequently in a curtailment of the service life.

Fig 2-18:

Consideration of the safety factor C in relation to score depth
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Fig 2-20: Service life in hours of an undam-

aged pipeline made of PE 100-RC and one
weakened by 20 %

100
80
2
O
19)
>~
- 60
L
o . :
o 40 Service Service
> life life
o) 2.5 years
v BB
20
o R
0% 10 % 20 % 24 %
Depth of damage in %
Fig 2-19:

A damage depth of 10 % of the pipe
wall is permitted by the codes of prac-
tice, because despite the reduction in
the safety factor, a curtailment of the
service life of the pipeline is not to be
expected. By contrast, weakening of
the pipe wall that penetrates deeper
than this is dangerous.

Comparative calculation of undam-
aged and damaged pipe wall:
Dimension: 110 x 10,0 mm, SDR 11
drinking water pipeline PE 100-RC, ad-
missible operating pressure 16 bar:

With damage depth of 20 % the wall
thickness in this area is reduced to 8.0

mm which increases the test tension
locally to 10.20 N/mm?. To simplify

Diagram of service life in relation to damage depth

the calculation the notch geometry
and the impact on the component is
not taken into consideration here. The
impact on service life can be read
off from the reference characteristic
curves of the internal pressure creep
rupture resistance (minimum curves in
accordance with DIN 8075) of pipes
made from PE 100. A residual serv-
ice life remains of just 23 years. This
consideration using the flat, i.e. ductile
branch of the creep curve, only ap-
plies to the PE 100-RC materials which
are resistant to stress induced cracking
in accordance with PAS 1075. Earlier
failure due to brittle breakages must
be feared with standard PE 100 quali-
ties that are more sensitive to notching.
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2.2.2.2 Risk of failure point loads

The occurrence of point loads represents a further risk fac-
tor for operation of a PE pipeline that is not embedded in
sand. These are caused, for example, by stones lying on
top which press onto the pipe wall. In the case of poor
material quality this can also result in premature damage
caused by stress cracks in the pipe wall (see Fig 2-21)

Decisive for the service life expectation of the pipe when
used under extreme operating conditions in the resistance
of the pipe material to stress cracks caused by point loads
if the normative service life of 100 years is to be achieved
despite greater demands.

2.2.3 Selection of pipe material

The installation method selected is decisive for the choice of
material and consequently the risk of damage to the pipe
systems deployed.

integrated
indicator layer

Type 1
> |

standard dimension

Fig 2-22: Pipes with dimensionally integrated protective layers in accord-
ance with DIN 8074/ISO 4065 made of PE T00RC acc. to
PAS 1075 Types 1 and 2

The occurrence of point loads caused by stones or shards
can be expected using the open trench installation
technique without a sand bed which then press against
the pipe wall. The use of poyethylene pipes made of RC
materials with integrated protective layers and the greatest
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Fig 2-21: Stress crack on the inside of the pipe caused by point load
and incorrect choice of material (source: HESSEL technical
engineering)

Fig 2-23: Open trench installation method without sand bed

resistance fo slow crack growth is essential for this type of
installation. The pipes should correspond to PAS 1075 Type
1 or 2 standard. This pipe construction does not have a
notch protection.



additional
protective layer

Type 3

> |<

standard dimension

Fig 2-24: Pipes with dimensions in accordance with DIN 8074/ISO
4065 made of PE 100-RC acc. to PAS 1075 Type 3 (with ad-
dional protection layer)

Trenchless installation techniques place special
stress on the pipes to be installed. Scoring and notches
in the pipe cannot be avoided during new installation or
renovation of old pipes. Pipes with an additional protective

additional
protective layer

conductive strips for
acceptance of work

Type 3

> €

standard dimension

Fig 2-26: Pipes with dimensions in accordance with DIN 8074/ISO
4065 made of PE 100-RC acc. to PAS 1075 Type 3 (with
additional protective layer and quality proof)

The codes of practice for trenchless installation methods
require complete documentation of all relevant processes
in the building project. In this context valid DVGW rules
recommend an intensive incoming goods inspection of
pipes and pipeline parts before open trench and trench-
less installation. Particularly in the case of trenchless in-
stallation it is recommended that the exposed sections
of newly installed pipelines undergo a visual inspection
for impermissible damage before the pressure test. This

Fig 2-25: Black box installation method / closed construction

layer are therefore required for black box methods in or-
der to guarantee a damage-free operation of the pipeline.
Pipes with protective layer correspond to PAS 1075 Type 3.

Fig 2-27: Continuity check as evidence of lack of damage to the new
pipeline

means that the sections of pipeline that cannot be seen
(black box) remain untested. It is therefore not possible to
prove lack of damage in this way. Pipes with integrated
conductive strips therefore provide a possible way to dem-
onstrate quality and close the inspection gap.

When using pipe systems with quality proof the recording

of the continuity check serves as evidence of lack of dam-
age to the newly installed pipeline.
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2.3 Pipe Planning
2.3.1 Pipe Series Overview
The new specifications for safety coefficients and the  operating pressures for the same outer diameter - wall

graduation of the HDPE types into different MRS (mini-  thickness ratios.
mum required strength) classes yield different permissible

SDR designations are used to refer to the ratio of outer diameter to wall thickness. (SDR = Standard Dimension Ratio)

Unpressurised Range Pressure Pipes

h DVGW

ance witl

d

3 g 9.6 10.0 ;
livery Delivery Delivery
orm Form Form

Operating pressures for gas

in accor

*Delivery as bundled coil possible with transport as an a

Drums on request

w
w

Coils

w

w

t length

Tab 2-1: Source: DIN EN 12201-2, DIN EN 1555-2, DIN 8074
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2.3.2 Permissible Operating Pressures

Pipe formula

The permissible MOP (maximum operating pressure) is calculated (among others) according to DIN EN 12201:

=1.25
=20

: CWa'er
20« MRS i

MOP = = rspr =) o Con

MRS: PE 100 = 107+

Tab 2-2: Sources: DVGW G 472; DVGW GW 335-A2; DVGW W 400-1. Note: Pipes with an outer diameter up to and including OD 63 mm in
SDR 17.6 or SDR 17 may not be used in gas and water supply.

2.3.3 Flow Velocities

The flow velocity in a pipeline influences not only the ef-
ficiency of a supply system but also its operational safety.

High flow speeds cause high pressure losses while low
flow speeds cause long retention times of the medium. For
hygienic reasons (microbial contamination, turbidity, efc.),
an appropriate water exchange has to be ensured.

As approximate values for flow speeds in practice, it can
be assumed for liquids that:

More precise details for system components for drinking

water piping can be found in DVGW Worksheet W 400-1.

2.3.4 Pressure Loss Calculation

The pressure loss in straight pipeline sections is given by:

with:

ID = pipe inner diameter [mm]

w = flow velocity in [%]

L = pipe friction coefficient [-]

| = pipeline length [m]

p = density of the medium [++]

g= acceleration due to gravity [9.81%]
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The nomogram can be used for a rough determination of pressure drops. It has been drawn up for water at 10°C and a
pipe roughness K=0.007 mm.

Inner & of Water quantity Flow velocity Pressure drop m
plastic piping WC/100 m for
plastic piping
mm Lfs L/min m/s
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Fig 2-28 —— = Example: An inner diameter of 100 mm and a flow velocity of 1 m/s

results in a volume flow of 450 |/min and a pressure drop of approx. 0.85 mWC/100 m (0.085 bar)
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According to DVS 2210 Part 1, a  Hence one obtains the pressure drop  where:

Cvalue of Copejoin= 0.1 [-] applies for  at joints from pr = density of the medium [+]
pressure drops at pipeline joints, butt . Copeion = 0,1 [1]
weld seams, or socket joints. B Pipejoint = 0.1 + %<« w2 [bar] i Chings= see DVS 2210 Part 1

w = flow velocity of the medium [%]

The pressure drops in valves and fitt A selection of drag coefficients for  Drag coefficients of valves can be
tings agre given by: various fittings can be found in the an- obtained from the manufacturer’s in-
,,,,,,,,,,,,,,,,,,, . nex of DVS 2210 Part 1, see below. formation.

Parameter R Drag coefficient T

1.0-OD 0.51
15.00 o4
2000 034
40-0D 023
1000 034
15.00 027
2000 020
40-00 o5
ase 0%
s o4
200 005
e 005
10° . oo4
: ¢ : L, :
o0 i 120 006
Tees o2 o040 020
reebronch 90°) | P
Flow union - -
V.=V, +V, 0.6 0.50 0.40 '
o8 070 05
o o0 060
Tab 2.3: Source: DVS guidefne 2210part 1 Confinuaion on the nex! page
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Continuation:

Parameter V./V, Drag coefficient T

0.0 0.97 0.10
Py 0.2 0.90 0.10
(Pipe branc!m 90°) 04 i 0.90 ; -0.05 i
Flow union
Vi =V Vg 0.6 0.97 0.10 '
0.8 110 0.20
1.0 1.30 0.35
Parameter OD, /OD, Drag coefficient T
Angle o 480 16° 24
1.2 0.10 0.15 0.20
Concentric reducers 14 0.20 i 0.30 ! 0.50 i
(Pipe expansion) C-values |
for ., = 0.025 1.6 | 0.50 . 080 | 1.50 -
1.8 1.20 1.80 3.00
2.0 1.90 3.10 5.30
Angle o 4° 8° 20°
1.2 0.046 0.023 0.010
Concentric reducers 1.4 . 0067 | 0033 | 0.013 ,
(Pipe reduction) C-values | i e
for », = 0.025 1.6 0.076 :0.038 0.015 !
1.8 0.031 0.041 0.016
2.0 0.034 0.042 0.017

Tab 2-3: Source: DVS guideline 2210 part 1

positive T-values = Pressure drop
negative C-values = Pressure increase

Vo = outgoing branch volume flow

Vg = straight volume flow

V, = total volume flow

V. = incoming branch volume flow
OD; = first diameter in flow direction
OD; = second diameter in flow direction

The sum of the individual pressure losses constitute the total
pressure loss:
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2.3.5 Permissible Buckling Pressures

Buckling denotes the kidney-shaped deformation of the
pipe cross section under external positive pressure and/
or internal negative pressure. The critical positive or nega-
tive pressure on a round pipe which is not embedded in
the ground is given by:

where:

E.ipe = elastic modulus of the pipe material [7]
Evive, tongtern = 2007w for PE 100 and 20°C
Evive, shortern = 12007 for PE 100 and 20°C

rn = medial pipe radius [mm]
e = wall thickness of the pipe [mm]
w = Poisson’s ratio for the material; for pipes made of

polyethylene u=0,4

Short term negative pressures down to O bar, i.e. a vacuum,
are theoretically possible as long as the buckling behaviour
is taken into consideration.

2.3.6 Pressure Surges

Pressure surges can be caused by the opening and closing
of valves as well as the operation of pumps. Their maximum
amplitude is given by:

where:

w = flow velocity of the medium [%]
p = density of the medium [+]

a = velocity of the pressure wave [#]

Buckling pressure P, [bar]

15 r
Over- bar
pressure Over-

10 |pressure

"ln.““
5 TS SDR 11
-
— .,:‘:
3 b&ﬁ = | 3.2
2 i
= SDR 1.6
I — S S
) h-““"'-... - .
0.5 P~
I T
-~ SDR 26
0.2 — = = - | D21
i el S_I'.'IE 33
0.1 : " | oaz2
SDR 41
UJJS L L 1 1 1 1 ! L ! L
1o 1ot 1?1l 102 10 10t 105 (08
u L1 |
3 & min I 10 50 years
Stress duration

Fig 2-29: Buckling pressure of polyethylene pipes under external water
pressure at 20°C. The plotted horizontal ranges indicate onset of

deformation and buckling. Source: basell Polyolefins

where:
E.pe = elastic modulus of the pipe material [7w]

20°C  Egpe = 1680 - 10¢ N/m?
40°C  Egpe = 1230 - 10¢ N/m?
60°C  Egpe= 760 - 10° N/m?

Ew = elastic modulus of the flowing medium [7]
Ewaer = 2100 - 10¢ N/m?

p = density of the medium [#]; puwaer = 1000+
d. = medial diameter of the pipe [mm]

e = wall thickness of the pipe [mm]

As long as the nominal pressure is not exceeded for a long pe-
riod during pressure surges, they are not harmful. The strength
reserves of the pipe can be relied on for discrete, shortlasting
(seconds) pressure surges. Polyethylene piping with an over-
all service coefficient C of 1.25 can withstand pressure peaks
which exceed the nominal pressure by 50% for a short period
without damage at temperatures up to 20°C.
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2.3.7 Permissible Bending Radii
The following minimum bending radii are to be observed. Elbows or other fittings should be used for smaller radii.

B Permissible bending radii for PE 100/PE 100-RC

Smallest Permissible Bending Radius Ry, [in mm]

Pipe wall

Temperatures
[°C] SDR 33 SDR 26 SDR 17/17,6 SDR 11 SDR 7,4

100 x OD 75.0 x OD 50.0 x OD 50.0 x OD 50.0 x OD

Tab 2-4:According to KRV Installation Instructions A 135/99-15 and A 435/96-10, DVGW Work- OD = pipe outer diameter [in mm]
sheet GW 320, GW 321, GW 324, GW 325 and DVGW code of practice GW 323

® The bending radii for egeplast pipes with protective layers are based on the bending radii speci-
fied by KRV (German Plastic Pipe Association) and DVGW. The radii are increased by a factor of
1.5 due to the additional protective layer.

For pipe wall temperatures between 0°C and 20°C, the ~ Example: An egeplast 90 10® RCP-pipe with outer diameter
permissible bending radius in each case can be determined  of 160 mm, SDR 11, should be installed at 5°C.
by linear interpolation.

The permissible bending radius is then given by:

Rinterpolated: R20°C + [%] M (ZODC - 19pipewall) Rinterpolated =160 - [20"' [(SSOTCZ-O)] ° (zooc - SOC)

where:

Riverpolated = required bending radius [mm]

Rocc = bending radius of the pipe at 0°C [mm]

Rao-c = bending radius of the pipe at 20°C [mm]
Opipewal = temperature of the pipe wall during installation [°C]

B Temporary permissible bending radii for e.g. trenchless installation methods

Temporary permissible, construction-related bending radii R . [in mm]
Pipe wall for e.g. trenchless installation methods

Temperatures
[°Cl SDR 17 SDR 11

(0] 37.5 x OD 25 xOD
20 15 x OD 10 x OD

Multiplication factor for egeplast SLM®3.0, SLM®DCT, SLA®Barrier Pipe and 3L Leak Control: 1.5 x Rui

Tab1-10: according to the DVGW worksheet GW 320-1 OD = pipe outer diameter [in mm]

@ In the case of a temporary, process-related reduction of the permissible bending radii, damage
caused by buckling when bending or overexpanding must be constructively ruled out.

® The bending radii for egeplast pipes with protective layers are based on the bending radii speci-

fied by KRV (German Plastic Pipe Association) and DVGW. The radii are increased by a factor of
1.5 due to the additional protective layer.
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The actual bending radius in situ can be determined using
- the following equation:
A B f24¢2
W P="2F
o |
Where

P = bending radius [in m]
f = pass [in m]

¢ = half chord length [in m]

Fig 2-30

2.3.8 Determination of the construction pit measurements:

R

o ls, old pipe
. s g
Fig 2-31
The length of the pit is determined by: The length of the pit floor is determined by:
lg1 =+/H@& + R — H)[mm] I"=1/Dg(2 « R — Dg) [mm]
This gives, for the various installation temperatures: or roughly:

I N e
lor20°c = /H(80 + dy — H) [mm] R f=v2-ReDolmml
ls110°c = /H(140 + dg = H) [mm] ‘
lo10c = V/H(200 - do = H) [mm] The slope of the entry pit is given by:

- Da
As a rule of thumb: tan®¥ = le =1
1 g1 = 13+ H + da[mm] | where:
S . H = depth of the pipe bed [mm]

R = permissible bending radius [mm]
By lifting the pipe to the height 2-H above the site surface, D, = outer diameter of the old pipe [mm]
the required construction pit length is reduced to: d. = outer diameter of the new HDPE pipe [mm]
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2.3.9 Permissible Pulling Forces for Pipes made of PE 100/PE 100-RC

The values apply to pipes made from PE 100 / PE 100-RC
and to egeplast pipes with protective layers (since only
the pressure pipe transporting the medium is exposed to
strain when the pipe is inserted). These must be meas-

joint edge must be protected by design measures (e.g.
by the weld seam).

Pulling force: Permissible pulling force in kN for pipes made

of PE 100 and PE 100-RC at 20°C pipe tem-
perature.
For pulling durations of > 30 minutes, the val-

ues are to be reduced by 10%; for durations
of > 20 h, they should be reduced by 25%.

ured and documented. Exceeding the permissible pulling
forces leads to an everlasting damage of the pipe.

Pipes with protective layers require special drill heads.
Usually, to ensure that the layer constitutes no additional
obstacle, pulling heads with an outer sleeve are used,
which is covering the layer/layer edge. Alternatively the

Note:

Outer diameter Permissible Pulling Forces for Pipes made of PE 100/PE 100-RC

m SDR 17.6 [kN] SDR 17 [kN] SDR 11 [kN] SDR 7.4 [kN]

0.95

1.08 : 1.51

2.36

1028.79

845.48 882.92 1307.33
”””””” 10735 . w2014 oo
"""""" 135959 . 14705 L Lo
o0 N 167943 75160 Lo
1200 O aazos L

Fig 2-32 Fig 2-33
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Admissible tensile forces for PE materials

Assumed as admissible tensile force at 20° C pipe wall temperature:

PE 100,,.. = 10 [#

The admissible tensile force can be calculated for differing temperatures as well:

log438000 +38.9375 — 24

‘ ~38.9789 mm
e ; with:
7 llllellieioiieiiieo ) T = Pipe wall temperature in [C°]

235963495
log438000 +40.9578 — 52222 N

—37.5758 mm

Opermissible, PE 100,v = 10

Opermissible, PE 80,v =

Admissible tensile force with simultaneous force and bending stress

The reduction amount of the admissible force is deter-

F permissible = T+ (OD = s) = s+ (Opermissible — E 7,1 * op )IN]:  mined by adjusting module E. Deviations of the recom-
2R : .
s ; mended value ., ) ,0-c=450 N'mm? are possible; there
is, however, no need for that in practice.
Whereby:
OD = outer diameter [mm] If a long-term module E was chosen, the reduction would
s = wall thickness [mm] turn out to be significantly lower. This would result in the
Oy = admissible tensile force, depending on need to adapt the installation method, especially the in-
temperature and duration [N/mm?] stallation speed, and that would in turn not be economi-
E, = Elasticity module, depending on temperature cally reasonable. The same goes for a shortterm module
and duration E.; 001 20-c =450 N/mm? E, since the installation speed cannot be scaled up indefi-
R = Radius [mm] o nately for technical reasons.

2.3.10 Estimation of the tensile forces
The tensile forces in trenchless installation are dependent

on a number of factors. However, they can be estimated as
described below.

Estimation of the tensile forces in directional drilling measures

whereby:

imge = estimated value of the required tensile force [kN] For a more detailed estimation, please also refer to
L = pipe length [m] www.hdd-planer.com.
oD = outer diameter [m]
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Estimation of the tensile forces in relining measures

Installation force F (under consideration of grades) results
from:

Lot = - 1073 [m]

0.97 « 105 (i« cos a + sina)

whereby:

gr = value resulting from pipe weight [+-]

| = pipe length [m]

p = friction coefficient, depending on soil conditions up

to 0.8 []
o =grade angle [°]
o, = admissible tensile force, dependent on temperature

and duration [ ]

fs  =Weld seam factor 0.8 up to 1.0

2.3.11 Thermal Elongation and Contraction

Changes in length due to temperature must be taken into ac-
count when cutting PE pipes to size. When the temperature
increases or decreases, 1m of PE pipe elongates or contracts

accordingly by 0.2 % (A 1°C=1 K).

This change in length is relevant for pipelines that are free
to move (e.g. those running above ground). Pipelines made
of PE that are compressed by their surroundings are fixed to
the circumjacent ground by shear forces.

AL = change in length in [m]
AY = temperature difference [K]
0.2 % = median expansion coefficient of polyethylene
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The following maximum installation lengths can be deduct-
ed from that, depending on dimension and SDR:

.20 °C=680m
40 °C=425m

ad
ad

As with all other trenchless installation methods, it is impor-
tant to ensure a median temperature of the pipe wall as low
as possible. The admissible temperature-dependent tensile
forces must be observed.

Example:
A PE pipeline of 100 m length warms during the day from
8°C in the morning to 48°C at midday.

This results in:



Selected median length expansion
coefficients of different materials:

2.3.12 Fixed Point Stress

If a PE pipeline cannot expand freely,
but is held in position by fix points,
a force F,, comes to bear on the fix
points.

In general, the pipe alignment should
be designed without fix point stresses.
If that is not possible, the following
stress factors should be considered:

e Stress factor heat expansion

Iron

Steel, ferrite

0.011 - 0.015

Steel, austenitic

0.022 - 0.025

follows:

A calculation of the longitudinal ex-
pansion is also dependent on the
stress factor:

Stress factor heat expansion

Stress factor swelling

whereby

Fi, = stress at fix point [N]

A = front surface of the pipeline [mm?]
E,. = creep module of PE100 for the
relevant stress duration [N/mm?]

¢ = longitudinal expansion resulting

from the stress factor [-]

* Stress factor inner pressure
expansion

o Stress factor swelling (only for
organic fluids and their solutions
and mixtures as pipe medium)

N/mm?
1000
800
L
ES
= 600
3 sé0 \‘\
g
B
Q 400
23°C
o 200 e 3
I ao0tc
60°C
4
10° 10' 10* 10° 10*
stressduration || |
1 2 6 days

Fig 2-34: Example for PE materials with a minimal bend-creep module of
560 N/mm? acc. to DIN 8074/DIN 8075 with o,= 2 N/mm?

2.3.13 Abutments

In terms of buried PE pipelines, abutments are not required
if their welded joints have been executed in accordance
with DVS 2207-1, or if longitudinally force-locked joints

OD = outer diameter of the pipe [mm]
ID = inner diameter of the pipe [mm]
p = inner overpressure [bar]

The diagram can be used to determine the creep module.
The temporal dependence of the creep module is clearly
visible. That leads to a much higher fix point stress due to
a shortterm change in the median temperature of the pipe
walls, as compared to a longterm change, for example
due to seasonal temperature changes. Regarding pipes sus-
pended from bridges, this would lead to an overdimension-
ing of abutments and pipe guides when only considering
the shortterm change.

have been used. However, if there are forces transferred
to the ground, the abutments should be calculated using

DVS work sheet GW 310.
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2.3.14 Pipe guides and span lengths

The required support distances of plastics pipelines are to be determined considering the admissible bending stress under
a limited bend of the pipe section. The following table lists the common span lengths of PE-HD pipes.

Span lengths (L,) in mm at pipe wall temperature (T,)

Tab 2-8: Pursuant to DVS 2210-1, the listed span lengths are valid for pipes with a flexural creep modulus in accordance with material type PE-HD
(DIN 8074/75).

Conversion factors f1 and f2
The following conversion factors are to be considered, depending on pipe wall thickness and conveyed medium:

Nominal Conveyed medium

Material p N Wall thickness
~ pl=l :
<001 | 100 i 125 i 1,50

Factor il
""""" PEHD | 6 | 147 | 100 | 09 | 092 . 09 |
""""" PEHD | 10 | 130 . 100 | 09
""""" PEHD . 16 . 121 | 100 | 09

Table 2-9: Intermediate values may be calculated by linear interpolation in acc. with DVS 2210-1

The required span length L results  Example: Deducting from table 2-8, the span length
from: A pipe with a dimension of 110 mm L, at 50°C is L,=1450 mm. Factors f,
,,,,,,,,,,,,,,,,,,,,,,,, . SDR 11 is supposed to be installed un-  and f, are calculated from the nominal
i Log=Laefehy i der the ceiling. The medium is water  pressure PN 16 bar and the medium wa-
e -~ with a temperature of 50°C. ter with f =1.00 and f,=1.07.
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In case of pipelines above the ground where a change in
length cannot be compensated, and where an axial eva-
sion is not possible, pipe guides are to be used in defined
distances. The objective is to prevent the pipe from bend-

ing. With a safety factor of 2, and:

Loeng = 3.17 (0D~ ID%)
E e Apipe
whereby
L,..q = distance of pipe guides to prevent bends [mm]
A, = front surface of the pipeline [mm?)
€ = longitudinal expansion resulting from the stress factor [-]
OD = outer diameter of the pipe [mm]

ID

inner diamter of the pipe [mm]

2.3.15 Calculation of buoyancy
Calculating the buoyancy ensures a  whereby
stable position of the pipe in ground V=
water or a drilling mud.

p=
A buoyancy calculation is required for medium []
a massrelated trimming of the pipe to  puaer = 1000

reach minimal installation forces in hori-
zontal drilling methods. When calculat-
ing the buoyancy, the upward forces
have to be offset with the downward
forces. The displaced fluid here is con-
sidered the flush including loaded cut-
tings in existing or planned density.

960

PPE100 =

g=

m of pipe.

The buoyancy is calculated with

Fbuoyancy= V'P'Q[N]

volume of the displaced
medium [m3]

density of the displaced
Psuspension = 1020 - 1040
gravity [9.81%]

The calculation should be made for 1

the distance to prevent bending can be calculated. If the
calculated distance is smaller than the calculated span length

distance L the distance L, has to be chosen.

nST/ bend

In case of an application temperature 245 °C:

Example:

Protective layer pipe OD 110 mm SDR 11 = %opz e 1m = %(o_ 115 m)%+ 1m = 0.01039 m?

(0D, = 115 mm)

k
Fbuopancy = 0.01039 m? + 1040 m—gs . 9.81 Sﬂz = 106N

Foppe = T(0.115m = 0.010m) + 0.010m « 1m -

Fres = Fbuoyancy - FG,pipe
Fres =106 N — 31.07 N = 74.93 N

F buoyancy > F G pipe ® the pipe floats up

kg

960 3

- 9.81 0 = 31.07N
S
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2.4 Lliability Risks

The German Advisory Council on
Global Change (WBGU, see annual
report, 1998) defines risk as the prod-
uct of occurrence frequency or occur-
rence probability and the seriousness
of the event or extent of damage.

Here the occurrence frequency de-
scribes thew frequency with which an
occurrence takes place within a de-
fined period.

The unit representing the extent of dam-
age depends on the respective sub-
ject matter and situation. It may con-
sist of values that can be expressed in
amounts of money (e.g. euros), but it
may also involve environmental dam-
age or damage to property or even

personal injury. In particular, damage
to gas pipes with gas explosions re-
peatedly hit the headlines. Damage
to wastewater pipelines, by contarst,
means environmental damage.

Currently there are no legally bind-
ing standards with respect to require-
ments on which pipes to select for al-
ternative installation methods. At the
same time, the generally formulated
requirements contained in higher-
ranking laws/standards and codes
of practice must be satisfied, e.g.
the stipulations of the "Basic safety
considerations" for pipelines in ac-
cordance with Annex | of the DGRL
Pressure Equipment Directive 97/23/
EC and the requirements arising from

Overview of the liability risks for market actors

Contractual
(vis-&-vis customer)

: Subject | * Faulty plan-
i matter i ning (this also

‘ includes the
selection of un-
suitable building
materials/instal-
lation methods)

o Inspection
obligation

o Alert customer
to concerns

In accordance
with Section
5.4.2 German
Association

of Gas and
Water Engineers
(DVGW) Code
of Practice GW.
321 additional
external pipe
protection for
specific ground
conditions

' Quality | Evidence of installation free defects through the use of pipes with integrity test

| assur-
i ance

is- | Contractual
vis third parties) | (vis-a-vis customer)

' Damage result-
ing from culpa-
bly faulty plan- !
ning or selection |
of unsuitable
materials/instal- |
lation methods

. » Damage during
installation

* Inspection duty fo
ascerfain whether
building materials
and subsoil are

rtious (also vis- | also vis-a-vis
is third parties) | third parties

. Damage result-
i ing from cul-

| pable damage
 during installo-
i tion or violation
: of the duty to

' inspect building

the German Ordinance on Industrial
Health and Safety (BetrSichV).

For this reason egeplast has com-
missioned the law firm FRESHFIELDS
BRUCKHAUS DERINGER to examine
the question of the liability of diverse
market actors (pipe manufacturer,
planner, company processing the
pipes and network operator) in the
installation of pipes without sand bed
and using the trenchless method.

Possible claims are examined in re-
spect of production faults, damage
due to insufficient suitability of the
pipes for the method selected, plan-
ning or specification errors and dam-
age during pipe jacking.

' Network operator

. Culpable damage result-
i ing from the selection of
the wrong products

(-} When making use of

external expertise

suitable (load test if | materials and | * Liability of the owner

doubts exist)

In accordance
with Section

5.4.2 DVGW
Code of Practice
GW 321 ad-
ditional external
pipe protec-

tion for specific
ground conditions |

Modification of
warranty rights
possible by
agreement on
VOB/B (German
Construction Con- !
fract procedures) |

i foundations

of a pipeline system for
damage to property or
personal injury caused by
the system regardless of |
negligence

(-} if the system corre-
sponds to the recognised
state of the art

! Invitation to fender to the

i effect that documentation of

! installation that is free from
 defects must be provided dur- |
! ing acceptance on the basis

i of pipes with quality check

Tab 2-10: Potential liability risks of planners, processing companies and network operators (source: expert optinion produced by FRESHFIELDS
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Currently there are no (legally) bind-
ing standrads which set out detailed
technical regulations for pipe selec-
tion for alternative installation meth-
ods or which describe the require-
ments of the installation itself. For this
reason high demands are placed on
those involved in terms of the selection
of materials and methods in order to
comply with the generally formulated
requirements of applicable laws,
guidelines and ordinances. One of
the most common sources of error
for liability for planners, processing
companies and network operators is
the choice of unsuitable materials or
installation method. Section 5.4.2 of
the German Association of Gas ans

Water Engineers (DVGW) Code of
Practice GW 321, for example, is
decicive for pipeline construction, ac-
cording to which an additional exter-
nal protection for the pipe, e.g. poly-
olefin outer layer, must be used under
certain ground conditions.

It is therefore only possible to recom-
mend the use of pipe systems where
their suitability and installation free
from defects can be unequivocally
recognised and documented from
a technical perspective. Planners,
processing companies and network
operators may be liable for up to 30
years insofar as the damage did not
occur beforehand.
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2.5 Standards and codes of practice

B Codes of practice

Harmonised technical principles and
rules are necessary for safe and reli-
able gas and water provision (and
also for wastewater disposal). These
promote rationalisation and quality
assurance, serve the safety of peo-

Generally recognised state of the art

The generally recognised state of
the art describes the prevalent opin-
jon on technical rules governing
the design and execution of works
systems that are not exposed to sci-
entific controversy and which have
therefore been recognised as being
theoretically correct and established;
they are also in particular familiar
among the technicians who have
been trained and who have up-o-
date knowledge in the group of rules
and who are decisive for the applica-
tion of the rules concerned and who,
on the basis of their ongoing, prac-
tical experience, recognise these to
be technically suitable, appropriate
and necessary (Munich Comment
[MUKQ], German Civil Code [BGB],
4th Edition, Section 633, Number 17
among others). This benchmark lags
behind the aspirations for further
technical development:

State of the art
The state of the art consistes of rules

that can not yet be regarded as gen-
erally recognised but which reflect

ple and property and thereby benefit
the public [GW100]. In Germany the
technical codes of practice are gener-
ally created by the technical scientific
associations such as DIN and DVGW,
and in Europe by the European stand-

the state of technical findings at a
defined period of time and which
have gained an entry to operational
practice (MiGKO, loc cit., Section 633
Number 19).

A Publicly Available Specification
(PAS) represents one possibility for
defining an established state of the
art that has not yet gained entry to
classic technical rules. The publica-
tion of this industry standard by the
German standardisation institute, the
Deutsche Institut fir Normung e.V.,
gives it special authority and pro-
vides an opportunity for the monitor-
ing of a described minimum quality
by an independent certfier.

DVGW regulations

DVGW work sheet GW 335 lines out
the quality requirements for polyeth-
ylene pipes for conventional instal-
lations in sandbeds. For alternative
installation methods, DVGW has pub-
lished methodologies and guidelines
as work and information sheets in its
GW 32x series. The quality require-
ments for alternatively layed pipes
are not yet fully covered by technical
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ardisation institue CEN. In Germany
the DVGW codes of practice are pre-
scribed as the binding benchmark in
gas and water technologies.

rules. Currently, DVGW regulations
only demand the pipes to conform
to the installation method and offer
some recommendations. Consequent-
ly, polyethylene pipes installed in
trenchless construction methods are
still subject to the same requirements
as pipes for sandbedding. This does
not accomodate the current state of
the art.

DVS information sheets / guidelines

DVS information sheets and guide-
lines are valid for connecting plastics
pipe through welding. These rules
apply regardless of the method of
installation.



B Codes of practice governing installation methods, pipe material and connection technology

Type of installation

| Open trench pipe
! installation using sand

| Open trench pipe
! installation without
' sand /

i ploughing /

- milling

' New installation using
' pipe jacking

Horizontal directional
 drilling
: (black box method)

' New installation using
' pipe jacking

i Inpact moles

(black box method)

' Renovation using
' pipe jacking

Relining
(black box method)

i Renovation using
' pipe jacking

Pipe bursting
(black box method)

' Renovation using
' pipe jacking

PE reduction method

(black box method)

' W 400 - 2 (water)
1 G 472 (gas)
' DIN EN 805

' GW 324
' W 400 - 2 (water)
' G 472 (gas)

| GW 321
' W 400 - 2 (water)
' G 472 (gas)

| GW 325
i W 400 - 2 (water)
' G 472 (gas)

' GW 320-1

i (with annular gap)
' W 400 - 2 (water)
i G 472 (gas)

' GW 323
' W 400 - 2 (water)
' G 472 (gas)

' GW 320 - 2 ‘
! (without annular gap)
W 400 - 2 (water)
i G 472 (gas)

Codes of practice on
installation methods

Specifications and recom-
mendation of codes of prac-
tice for installation methods

for the pipe material to be
deployed

L+ GW 335

. » max. 10 % scratch depth

. » max. 10 % scratch depth
. * Point load resistance and

protection against imper-

i » max. 10 % scratch depth
. * Polyolefin layers as exter-

nal protection for the pipe Lack of fusion in HM due to scoring

tin the pipe surface is prohibited in all
i 3 evaluation groups. A definition of
 depths of score was dropped in the

i replacement of DVS 2202

1 00.1 x t, however max. 0.5 mm in
 evaluation group 1

recommended

i * max. 10 % scratch depth
. * Suitable external protec-

tion for the pipe may be

subsoil and embedding
conditions

i * max. 10 % scratch depth

i » max. 10 % scratch depth
i * Polyolefin layers as

external pipe protection
recommended

-+ PE 100 with

FNCT > 3300 h

' » max. 10 % scratch depth

DVS connection technology guidelines
DVS 2207-1

Evaluation of the welded joint in ac-
cordance with DVS 2202-1

1 0.1 x t (thickness), however max. 0.5
- mm for evaluation group 1

 Lack of fusion in HM due to scoring
tin the pipe surface is prohibited in all
i 3 evaluation groups. A definition of

: depth of score was dropped in the

i replacement of DVS 2202

1 0.1 x t (thickness), however max. 0.5

- mm for evaluation group 1

e - i Lack of fusion in HM due to scoring

missible groove formation | . . X S

d di the subsoil | M the pipe surface is prohibited in all
epending on the subsoll 3 oyqluation groups. A definition of

: depth of score was dropped in the

i replacement of DVS 2202

0.1 x t, however max. 0.5 mm in
i evaluation group 1

: ) ' Lack of fusion in HM due to scoring
required depending on the in the pipe surface is prohibited in all
i 3 evaluation groups. A definition of
 depths of score was dropped in the

i replacement of DVS 2202

10,1 x s however max. 0.5 mm in
- evaluation group 1

' Lack of fusion in HM due to scoring
tin the pipe surface is prohibited in all
: 3 evaluation groups. A definition of
 depths of score was dropped in the

i replacement of DVS 2202

10,1 x s however max. 0.5 mm in
 evaluation group 1

' Lack of fusion in HM due to scoring
tin the pipe surface is prohibited in all
: 3 evaluation groups. A definition of

: depths of score was dropped in the

i replacement of DVS 2202

0,1 xs 0.1 x t, however max. 0.5 mm
 in evaluation group 1 ‘

' Lack of fusion in HM due to scoring
tin the pipe surface is prohibited in all
i 3 evaluation groups. A definition of
 depths of score was dropped in the

i replacement of DVS 2202

Tab 2-12: Codes of practice governing installation methods, pipe material and connection technology
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B Rules and standards (In alphabetical order)

ASTM D 1929, 2011
Test Method for Ignition Temperature of Plastics

DIN 2000, 10.00

Guidelines for drawing up requirements for the design,
construction, operation and maintenance of public drink-
ing water supply systems (DVGW Code of practice)

DIN 4102
Fire behaviour of building materials and elements

DIN 4124, 01.12
Excavations and trenches - Slopes, casing and strutting

DIN 8074, 12.11
Polyethylene (PE) Pipes -PE 63, PE 80, PE 100, HDPE -

Dimensions

DIN 8075, 12.11
Polyethylene (PE) Pipes PE 63, PE 80, PE 100, HDPE -
General Quality Requirements and Testing

DIN 16928, 04.79
Pipes of Thermoplastic Materials; Pipe Joints, Elements
for Pipes, Laying; General Directions

DIN 18196, 05.11
Earthworks and foundations - soil classification for civil
engineering purposes

DIN EN 1555-1, 12.10
Plastics piping systems for the supply of gaseous fuels -
Polyethylene (PE) - Part 1: General

DIN EN 1555-2, 12.10
Plastics piping systems for the supply of gaseous fuels -
Polyethylene (PE) - Part 2: Pipes

DIN EN 1555-3, 08.11
Requirements for polyethylene molded parts for welded
joints and for molded parts for mechanical joints - Gas

supply
DIN EN 12007-1, 08.00

Gas infrastructure - pipelines for maximum operating
pressure up to and including 16 bar, Part 1: General
functional requirements

DIN EN 12007-2, 08.00

Gas infrastructure - pipelines for maximum operating
pressure up to and including 16 bar, Part 1: Special
functional requirements for polyethylene

DIN EN 12201-1, 11.11

Plastic piping systems for water supply and for drainage
and sewerage under pressure - polyethylene (PE) -
Part 1: General

DIN EN 12201-2, 11.11

Plastic piping systems for water supply and for drainage
and sewerage under pressure - polyethylene (PE) -
Part 2: Pipes

DIN EN 12201-3, 11.11

Plastic piping systems for water supply and for drainage
and sewerage under pressure - polyethylene (PE) -
Part 3: Fittings
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e DIN EN 12201-5, 11.11
Plastic piping systems for water supply and for drainage
and sewerage under pressure - polyethylene (PE) -
Part 5: Fitness for purpose of the system

DIN EN 805, 03.00
Water supply - Requirements for systems and compo-
nents outside buildings

DIN EN ISO 14688-1, 06.11

Geotechnical investigation and testing - identification
and classification of soil - Part 1: Identification and
description

DIN EN ISO 14688-2, 06.11

Geotechnical investigation and testing - Identification
and classification of soil - Part 2: Principles of soil clas-
sification

DIN EN ISO 14689-1, 06.11

Geotechnical investigation and testing - Identification
and classification of soil - Part 1: Identification and
description

DIN EN ISO 178, 04.11
Flexural testing - plastics

DIN EN ISO 179-1, 11.10
Plastics - Determination of Charpy impact properties -
Part 1: Non-instrumented impact test

* DVGW G 459-1, 07.98
Gas service pipes for operating pressures up to 4 bar -
design and construction

* DVGW G 469, 06.10
Pressure testing methods for gas transmission/gas
distribution

* DVGW G 472, 08.00
Polyethylene gas pipelines with an operating pressure
up to and including 10 bar (PE 80, PE 100 and PE-Xa)
-Construction

* DVGW GW 3204, 02.09
Replacement of gas and water pipelines through pulling
in or pushing in pipes with annular gap

* DVGW GW 320+, 06.00
Rehabilitation of gas and water pipelines by PE relining
with annular space - requirements, quality assurance
and verification

* DVGW GW 321, 10.03
Horizonal directional water-jet drilling procedures for
gas and water pipelines - requirements, quality assur-
ance and verification

* DVGW GW 323, 07.04
Trenchless renovation of gas and water supply lines
through pipe bursting - requirements, quality assurance
and verification

* DVGW GW 324, 08.07
Milling and ploughing procedure for gas and water
pipelines - requirements, quality assurance and testing



* DVGW GW 325, 03.07

Trenchless installation methods for gas and water con-
necting pipelines - requirements, quality assurance and
testing

DVGW GW 330, 11.00
Welding of pipes and pipeline sections made of poly-
ethylene (PE 80, PE 100 and PE-Xa) for gas and water

mains - teaching and test plan

DVGW GW 331, 10.94
Welding supervision for welding on PE-HD pipelines for
gas and water mains - teaching and test plan

DVGW GW 332, 09.01
Squeeze-off polyethylene pipes in gas and water supply

DVGW GW 335-A 2, 11.05
Plastic piping systems for gas and water distribution; re-
quirements and testing - pipes made of PE 80 and PE 100

DVGW W 400-1, 02.15
Code of practice for water distribution systems (TRWV)
- Planning

DVGW W 400-2, 09.04
Code of practice for water distribution systems (TRWV)
- Construction and testing

DVS-Standard 2202-1, 07.06
Faults in Welded Joints in Thermoplastic Plastics - Fea-
tures, Description, Evaluation

DVS-Standard 2203-1, 01.03
Testing of welded joints of thermoplastic sheets and
pipes; Test methods - Requirements

DVS-Standard 2203-2, 08.10
Testing of Welded Joints of Thermoplastics - Tensile Test

DVS-Standard 2203-3, 04.11
Testing of Welded Joints of Thermoplastics - Tensile
Impact Test

DVS-Standard 2203-4, 07.97
Testing of Welded Joints of Thermoplastics Plates and
Tubes - Tensile Creep Test

DVS-Standard 2203-5, 08.99
Testing of Welded Joints of Thermoplastics Plates and
Tubes - Technological Bend Test

DVS-Standard 2207-1, 08.15
Welding of Thermoplastics - Heated Tool Welding of
Pipes, Pipeline Components and Sheets Made of PE

DVS-Standard 2210-1, 04.97
Thermoplastic industrial piping systems - project plan-
ning and installation of above ground piping systems

EN ISO 1167-1, 05.06

Pipes and molded parts made of thermoplastics for the
conveyance of fluids - Resistance to internal overpres-
sure

EN ISO 1167-3, 02.08

Pipes and molded parts made of thermoplastics for the
conveyance of fluids - Resistance to internal overpres-
sure - Preparation

EN ISO 1167-4, 02.08

Pipes and molded parts made of thermoplastics for the
conveyance of fluids - Resistance to internal overpres-
sure - Preparation

EN ISO 3126, 05.05
Plastics pipe systems - Plastics pipe components - De-
termination of dimensions

KRV Installation Instructions A 135/99-15, é™ Edition
for High Density (PE 80 and PE 100) Polyethylene Pipe-
lines for Drinking and Water Supply Outside Buildings"

KRV Installation Instructions A 435/96-10, 5" Edition
for Polyethylene (PE) Pipelines for Gas Distribution
Outside Buildings

PAS 1031, 09.04
Material Polyethylene (PE) for the manufacture of pres-
sure pipes and ittings - requirements and tests

PAS 1075, 04.09

Pipes made from Polyethylene for alternative installation
techniques - Dimensions, technical requirements and
testing

R 14.3.1 DA, 01.98
PE 80 and PE 100 Pressure Pipes in General,

Gitegemeinschaft Kunststoffrohre e.V.

R 14.3.1 G, 01.98
PE 80 and PE 100 Pressure Pipes for Gas Applications,
Gitegemeinschaft Kunststoffrohre e.V.

R 14.3.1 TW, 01.98
PE 80 and PE 100 Pressure Pipes for Drinking Water
Applications, Gitegemeinschaft Kunststoffrohre e.V.

The list of standards and guidelines is only provided for information purposes and makes no claim to completeness.

Pressure piping systems made from polyethylene - Planning | Designing PE pipeline systems



72

2.6 Supervision of construction

2.6.1 Pipe Storage

All the pipes made of PE 100 and
PE 100-RC offered by egeplast are
stabilised for 2 years against sun-
light for outdoor storage in Europe.
Nevertheless it is recommended to
protect the piping from direct expo-
sure to solar radiation. Before using
pipes which have been stored out-
side for more than two years, a sep-
arate confirmation of serviceability is
to be carried out (e.g. internal pres-
sure creep test according to DVGW
GW 335, Part A2).

The piping should be stored such that
it cannot be contaminated. The pipes
are not allowed to come into contact
with fuels, solvents, oils, greases, col-
ourings, or sources of heat.

Unfavourable storage conditions can
result in professional installation be-
ing possible only with difficulty. The
piping should be stored on a straight
surface as possible, away from sharp
or pointed objects. If the piping is
stacked, the individual tiers should
be staggered, and wooden spacers
should not be used. The pipe stack is
to be secured against sideways slip-
page. The height of the stack should
not exceed 1.5 m. For nominal diam-
eters of above 500, only two tiers
should be stacked. Bundled coils
should be stacked in a lying posi-
tion. Packaging strips should only be
removed shortly before installation.
Dragging of the pipes and bundled
coils over the ground is not permitted.
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2.6.2 Inspection of Pipes

Pipes are to be checked for sound
condition and complete labelling in
accordance with the DVGW regula-
tions before they are placed in the
pipe trench.

Scores, scratches and abrasions are
permissible on the PE pipes up to
10% of the minimum wall thickness.
Pipes with damage extending this
limit may not be installed.



2.6.3 Leak Tightness Tests

2.6.3.1 Drinking Water in Accordance with DIN EN 805/DVGW Worksheet W 400-2

® Each of the standards and guidelines is applicable in its currently valid form.

Test pressure

For all pipelines, the system test pressure (STP) is calculated from the maximum

design pressure (MDP) as follows:

For calculating the pressure surge:

STP = MDP_+ 1 bar

If the pressure surge is not calculated:
STP = MDP_ - 1.5 or

STP = MDP_+ 5 bar

The smaller value applies in each
case.

B Contraction procedure

Pressure build-up Testing
in < 10 min. pump off

Pl

Pressure retention
phase 30 min.

’ Relax phase min.

Testing
60 minutes

pump on

Preliminary test

After airfree filling (Alushing speed >
1 m/s) and, if necessary, pigging of
the pipeline, a one hour relaxation
period is effected by opening the shut-
off valve at the high point of the line.
The pipeline is closed, brought up to
the system test pressure STP within 10
minutes, and kept at this pressure for

The minimum test pressure MDP is
specified according to DVGW Work-
sheet W 400-2 to be 10 bar. Pipe-
lines made of PE 100 SDR 17 may
be tested only using a test pressure
of STP < 12 bar. For pipelines made
of HDPE with volumes >20 m? as well
as pipelines made of PE 100 SDR 17,

Preliminary test
Ap <20% Pt

P, Main test
OK
'
g PJ main test
Main test
30 min.

>» «

Test of pressure
drop within 2 min.
Execute pressure
drop and

check V.

Preliminary e |§} """"" .
test 60 min. max '

a period of 30 minutes by contfinuous
pumping. Following this there is a one
hour relaxation phase during which
the pressure in the pipeline is permit-
ted to sink by the maximum of 20%
of the test pressure STP. If the pressure
drop is greater, then either leakage
is present, or the pipeline was ex-

Prolong test
90 min.

it is recommended in Worksheet W
400-2 that the standard procedure be
used. However, systems >20 m? can
be checked in contraction procedure
with suitable measuring and testing
equipment.

Main test
P -OK
5

07 20.25 bar

Main test
not OK

posed to an impermissible increase in
temperature. The test should then be
discontinued. It is imperative that a
one hour relaxation time be allowed
before repeating the preliminary test.
After successful completion of the pre-
liminary test, the main test may be car-
ried out.
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Main test with integrated pressure drop testing

The expansion of the pipeline is brought to an end by a
rapid pressure reduction pa, within less than 2 minutes.

Pipe Material Elastic Modulus in =

Tab 2-13: Applied pressure reduction p_ in bar

The volume V_, of water drained is to be measured using
suitable instruments. The pressure is to be recorded with-
out interruption throughout the entire test duration, and the
pressure rise occurring after the pressure reduction is to be

The pressure reduction to be applied is specified in the fol-
lowing table.

SDR

Pressure Reduction P,

monitored during the half-hour contraction period. Airfree
conditions are considered satisfied if the drained water vol-
ume Vg, is smaller than or equal to the highest permissible
water volume V_,

Required is:

where:
V, = water volume calculated ac-
cording to formula or table [#]

V.. = highest permissible water vol-
ume in ml

pab = pressure reduction according to
table [bar]

OD= pipe outer diameter in mm

ID = pipe inner diameter in mm

Ew = compression modulus of water
[2027 7w

Ezx = elastic modulus of the pipe n
[PE100=12007w

s = wall thickness assuming median
pipe wall tolerances

f =1.05 compensation factor for
air and temperature dependent
E modulus variations as well as
the effect of contraction

L =length of the tested section [m]

50 3.10
””””””””””” 63 . a5
""""""""""" 75 8% . 72
””””””””””” 90 . 1200 | 103
””””””””””” mo . 1802 1557
s 237 . 2004
w0 2981 2539
w0 . 39 . 3%
T 02 a7
”””””””””” 20 . 6081 | S574
"""""""""" 225 . 769 541
"""""""""" 250 . 9590 . 8127
”””””””””” 220 . 12017 10217 |
T 15194 12922 |
”””””””””” 355 19281 le4ds
”””””””””” 400 | 24602 | 20876

Tab 2-14: Calculated water volumes Vi in &

The tested pipeline is considered to be fight if a slightly
increasing to fl at pressure change is observed in the
course of the half-hour test period t,. The test period can
be extended up to 1.5 hours in case of doubt. In this case,
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the pressure drop Ap_, relative to the highest value meas-
ured during the test period may not amount to more than

0.25 bar.



B Internal pressure testing according to
the standard procedure for all pipe
materials

Preliminary test

The test pressure for PE pipelines is
maintained for a duration in accord-
ance with Table 2-15 by repeated
pumping (after a pressure drop of 1-2
bar at the latest).

Pressure drop test

The pressure drop test serves to de-
termine if the pipeline has been suf-
ficiently emptied of air. Following the
preliminary test, and preferably within
1 hour of the start of the preliminary
test, a quantity AV of water is to be
taken and measured.

The pressure drop should amount to
at least Ap=0.5 bar. Pressure reduc-
tions of over 1 bar are reasonable for
small nominal diameters and short test
sections. The maximum permissible
volume change AV, is defined by the
following equation:

Main test

The main test takes place subsequent
to the preliminary test and the pressure
drop test. The test pressure is restored,

and the pressure drop over the test

12/21 bar P

10/19 bar

Test of pressure drop
no earlier than 11 hour
after the pre-test
Ap = 0.5bar (1bar)
Read V_, and
check pressure drop

<150mm

P.=P,- 0.6bar

P.=P,- 1.2bar

>400mm

>150mm to
400mm

Preliminary test

Main test

Fig 2-37: Schematic process of the normal procedure

where:
AV, = highest permissible
water volume [in ml]

Ap= measured pressure reduction
(0.5 bar or 1 bar)

ID = pipe inner diameter [in mm]

Ew= compression modulus of water
[2027 7w

Er = elastic modulus of the pipe

[PE100=12007=

period is documented. The permissi-
ble pressure drop and the duration of
the main test is given by in the follow-
ing Table 2-15. The test is considered

s = wall thickness assuming median
pipe wall tolerances

f =1.05 compensation factor for
unavoidable air pockets

L = length of the tested section [m]

Airfree conditions are considered sat-
isfied if the drained water volume AV
is smaller than or equal to the high-
est permissible water volume AV_ .
Should this not be the case, the pipe
section to be tested must be deaer-
ated again.

passed if the detected pressure drop is
smaller than the maximum permissible
pressure drop.

Pipe Material LD DN ESS

bar Pressure/ Time Pressure/ Time Drop

STP bar h STP bar h bar/h
PE 100 SDR 11 L6 <15 21 0 12 4 19 i 3 o0l
PE 100 SDR 11 16 200to 400 21 12 19 6 0.1
PE 100 SDR 11 16 > 400 21 12 19 12 0.1
PE 100 SDR 17 10 < 150 12 12 10 3 0.1
PE 100 SDR 17 10 200to 400 12 12 10 6 0.1
PE 100 SDR 17 10 > 400 12 12 10 12 0.1

Tab 2-15: Characteristic values for pressure testing according to the standard procedure

Note: A description of the procedure is also given in DIN EN 805.
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Basic information regarding pressure tests

The pipeline should be tested in its
entirety and may be tested in sub-
sections only if necessary. The layout
of the test sections has to ensure that
the test pressure is attained at the
lowest point of each section. The test

pressure has to amount to at least
1.14imes the highest system operation
pressure (MDP) at the highest point
of each test section. Test sections
can therefore already be derived
from the height profile of the pipeline

Example: PE 100 SDR 11; MDP_= 16 bar

These sections should be considered
as early as in the design phase in or-
der to accomodate for a smooth ap-
proval procedure of the line.

The required amounts of water, espe-
cially for the contraction test, need to
be considered, just as a damage-free
discharge of the testing medium after
the test.

It is also recommended to supplement
the filling water a desinfectant, dos-

age and type of which in accordance
with the drinking water regulations.

As there is usually not enough water
available for an airfree flushing of the
pipe, a pigging should be a part of
the test planning right from the start.

Even if water as test medium is mostly
incompressible, the occurring forces
and the respective resulting damages
should not be underestimated, and
should be included in a safety con-

alignment. Using an SDR 11 pipeline
as example, the result is a maximum
height difference of 34 m within one
test section.

Fig 2-38

cept for pressure tests. DVGW work
sheet GW 310 "Concrete abutments,
assessment bases" offers the following
formula to calculate the forces affect-
ing the end cap.

For an OD 63 mm pipe and a test pressure of 21 bar, the
result is:

accordingly about 667 kg.

ﬂiﬂ

i

Fig 2-39: Source: DVGW work sheet GW 310

2.6.3.2 Gas Pipelines in Accordance with DVGW Worksheet G 469

Once a pipeline or installation has been completed it is
necessary to prove that it is suitable for operation at the
intended and permissible operating pressure. In this con-
text the G 469 code of practice describes the pressure
testing methods to be used for gas supply pipelines and in-
stallations. Pressure tests are used to evaluate the stability
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and/or leak tightness of the inspected system and form
part of the proof of safety of the pipelines or installations.

As a rule, pressure tests are differentiated according to
the use of test medium, whereby liquid media (water) or
gaseous media (air, operating gas) can basically be used.

PEE ]



Summary of the methods in accordance with DVGW code of practice G 469:

Test medium

Test procedure

Operating gas

Pressure measurement method

Precision pressure measurement method

Pressure/volume measurement method

Tab 2-16

Selected methods are described briefly below; more de-
tailed information and other procedures can be found in
the abovementioned code of practice.

= Pressure measurement method with air B3

With this method the evaluation of leak tightness is obtained
using the pressure change determined by fine measurement
during the pressure test. This procedure is therefore particu-
larly used for buried pipelines that cannot be accessed for
inspection, and is used on pipelines that are completely
buried where possible. If this is not the case the temperature
influence on exposed parts of the pipeline must be taken
into consideration.

The test pressure must exceed the maximum permissible op-
erating pressure by at least 2 bar.

During measurement the pressure in the pipeline must be
logged using a recording manometer. The pressure must be
measured using a mechanical recording manometer with
hidden test pressure range +/- 1 bar or using an electronic
recording manometer as well as control manometers whose
measurement range is around 1.5 times the test pressure.

For measuring instruments that are used for pressure testing,
the measurement uncertainty must be determined and docu-
mented by evidence. For example a permissible pressure
change of 50 mbar requires a manometer with a measure-
ment certainty smaller than or equal to 17 mbar.

The duration of the pressure test can be calculated as follows:

h
l‘=0.5m3 e X+ Vgeo
where
t = test duration in hours

Vgeo = geometric volume in m?

The minimum test duration is 30 minutes, and the minimum
test duration for exposed pipelines is 2 hours.
The permissible pressure change is 50 mbar.

Measurements are taken after applying test pressure (maxi-
mum pressure increase 3 bar/min up to test pressure) and
after reaching a state of equilibrium. 1 h waiting time for
each 1 bar test pressure can be assumed as reference point
for temperature equalisation after filling. A compressor with
aftercooling can shorten the time required.

= Pressure / volume measurement process D

The conducting of the pressure/volume measurement
process is described in the VdTUV 1060 pipeline
instructions “Richtlinien fir die Durchfihrung des Stresst-
ests” (Guidelines for conducting the stress test).

This process is carried out as water pressure test and cor-
responds largely to pressure measurement method B.
When conducting this test the pipes and pipe elbows are
subjected to stress up to the tensile yield point taking

into account the permissible integral plastic deformation.

This test

* in particular enables weak points to be discovered, with
the advantage of an integrated and meaningful final test;

* helps to improve notching and cracktype faults in the sense
that the notching and crack peaks that have been created
are plasticised and rounded off;

* provides an opportunity for relieving tension in weld seams
which, in terms of results, is equivalent to thermal relief.

When conducting this pressure/volume measurement
process it is necessary to follow it immediately with a leak
tightness test at reduced test pressure in the same way as
for the B2 pressure testing method.
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= Precision pressure testing procedure with air C3

The calculation basis for test pressure STP is the maximum ad-
missible operating pressure (MOP), pursuant to the formula:

However, the test pressure STP has to exceed the maxi-
mum operating pressure MOP by 2 bar.

The respectively higher value is valid.

Air should be filled in with a maximum of 3 bar/min. Using
cooled compressors is highly recommended. In order to
work under mostly stable test conditions, a rough value of
1 hour for each bar of test pressure should be observed to
provide for temperature equalisation.

The test duration is determined by:

whereby V__ = geometric volume of the pipe

but at least 2 hours with measuring soil temperature, or at
least 24 hours without measuring soil temperature. Wheth-
er the test is carried out with or without measuring and
calculating soil temperature is determined by the expert,
which also goes for the duration of the measuring.

After the relax phase, a discharge test is executed in order
to determine measuring precision. The resulting change
in pressure has to amount to 1 mbar when discharging
1/1000 of the volume through a gas counter or a cali-
brated pressure test container. The expert may change
the discharge volume to 10/1000 if the pipe volume is
below 1 m3. In order to reach the required measuring pre-
cision, a change in pressure of 10 mbar £ 1 mbar has to
be reached. The gas volume ist measured after the relax
phase using appropriate measuring equipment.

The test is carried out by evaluating the line pressure
during the test time (under consideration of temperature
changes if required). Exposed pipe parts are to be pro-
tected against temperature influences.
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The admissible pressure change during test time is

The evaluation is conducted including a temperature
compensation

Va
Aty = (100) < (Th = Tr) K]

Ap, = Pabs1 AT¢ | Imbar]
T

Ap =Pabs1 — Pabs2 — Pa [mbar]

whereby

V, = relative share of the volume of the exposed pipe [%]

P, = absolute pressure in the pipe [mbar]

A, = change in pressure [mbar]

A, = change in pressure caused by temperature influence
[mbar]

= admissibe pressure change caused by temperature
influence [mbar]

T, = temperature of the exposed pipe parts [K]

AT, = temperature change of the exposed pipe parts [K]

A

pzul

Index 1 and 2 at the beginning and end of the measuring
period

If the absolute pressure is not measured then a change of
the air pressure during the test period has to be consid-
ered accordingly.

Using test procedure C3, approval is made by an expert.

The norms and guidelines in their respective current ver-
sions apply.
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3 Approvals and Quality Control

Quality, environmental and energy management

For decades we have set benchmarks regarding the pro-
duction of plastic pipe systems through intelligent innova-
tion. We understand sustainability here to also refer to
acting in the interests of future generations. We recognise
responsibility towards our customers, our employees and
society at large.

It is our aim to continually improve the quality and envi-
ronmental impact of our products and services. Economi-
cal use of resources is extremely important to us, as is
the well-being of our staff through occupational health
and safety.

Qualitét Umwelt Energie
Quality Environment Energy
* k k * k k * k k

DIN EN ISO DIN EN ISO DIN EN ISO
9001:2008 14001:2009 50001:2011

The quality assurance team at egeplast therefore not only
ensures the permanent quality of products, processes and
raw materials, but also compliance with regulations for
environmental protection and the conservation of energy
resources.

Quality

In order to be able to offer our customers consistently high
quality, egeplast has introduced a quality management
system throughout the enterprise to guarantee the high
quality standards of products, raw materials and proc-
esses.

Whilst quality assurance is based on national and interna-
tional rules and standards, egeplast goes beyond these
rules and standards when ensuring quality. Qualified,
motivated employees conduct further inspections and tests
every day using the most up-to-date technology.

Products and processes are not just checked. The qual-
ity throughout the company is planned beforehand and
constantly monitored to prevent potential faults in advance
instead of rectifying them afterwards. The quality manage-
ment system is improved continuously to satisfy the most
demanding standards in the long-term.

Inspection by neutral external test institutes supplements
our own comprehensive checks.

Quality refers not only to products and the raw materials
used, however. At egeplast, quality is ensured throughout
the entire processing of the order - from order receipt and
management, through to final delivery and follow-up.

Environment

egeplast recognises a responsibility towards the environ-
ment, and goes fo great lengths to achieve the environ-

mentally friendly production of the technically demanding

pipe systems. The egeplast environmental programme is

not only concerned with nature, but is also mindful of the
energy and materials used and not least the people who,

through their labour, ensure the responsible production of

the pipe system. All employees involved pay aftention to
the responsible use of energy, materials and water.

egeplast had its Environment Management Systen certi-
fied in accordance with DIN EN ISO 14001 for the first

time in 2009 by SKZ.

Energy

The production of PE pipes is based on the use of electric-

ity for operation of the necessary extruders. The required
transformers are installed in the immediate vicinity of the
extruders, in order to eliminate electricity transmission

losses. We use modern air-cooled transformers for this

purpose, in order to avoid the safety risks associated with
oil-cooled systems.

The real energy challenge can be found, however, in cool-

ing of the production lines. The extruded pipes must be

cooled to below 20° C while passing through the produc-

tion system. This requires significant quantities of cooling
water. The energy in this water is very largely recovered,
and in addition, the water is routed in a closed cooling
circuit. The cooling system is based on three elements: up
to an ambient temperature of 13° C, air-coolers perform

the major portion of the work. Once the outdoor tempera-

ture rises, the groundwater-cooling system is switched in.

At a depth of two to three meters, the cooling-water is

routed through the groundwater in PE cooling coils, and
thus cooled. The third element, finally, takes the form of a
heat-exchanger with a rating of 1 MW, which makes use
of recirculating low-level groundwater as the cooling fluid.

This extremely modern system in addition permits signifi-

cant energy savings for heating of staff amenities and
washrooms, and also the production shop.

In addition to renewed certification of the environmental
management system in accordance with DIN EN ISO
14001:2009, the egeplast energy management system

was certified under DIN EN ISO 50001-2011 for the first

time. This makes egeplast a pioneer in the area of energy

efficiency. In just two years, egeplast has been able to re-
duce both the energy and the water required to manufac-

ture one metre of pipe by a double-digit percentage value.

Pressure piping systems made from polyethylene - Planning | Approvals and Quality Control

81



82

4 Abbreviations and Definitions

Definitions according to DIN EN 805

DP

Systembetriebsdruck

Héchster System-
betriebsdruck

i Zulassiger Bauteilbe- |

triebsdruck

Hachster zuléssiger
Bauteilbetriebsdruck

Zulassiger Bauteil-
prifdruck auf der
Baustelle

design pressure

maximum design
pressure

allowable operating
pressure

allowable maximum
operating pressure

allowable site test
pressure

i pression de calcul en |

régime permanent

pression maximale
de calcul

pression d'épreuve
du réseau

pression de fonction- |

nement admissible

pression maximale
admissible

pression d'épreuve
admissible sur
chantier

system related

component related

Pressure piping systems made from polyethylene - Planning | Abbreviations and Definitions
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5 Service

Please allow our sales staff or the staff in Application Technology to explain to you exactly what the benefits of egeplast
products are - and how these solutions can assist your business achieve more investment security.

Consulting in Project Planning Online Planning Aid, free of charge

www.webkalkulator24.eu

Provision of Tender Documents

Rental of Welding Machinery and Clamping Jaws, Accessories ~ Seminars

e,
b

LY ‘
E A
= individual Training in our Training Centre
—— . -
Greven as well as On Site '
= and much more (current events at www.egeplast.eu)

Pressure piping systems made from polyethylene - Planning | Service



Notices

Polyethylene as a pipe material is, in comparison to traditional materials, still quite new, although one can already look
back on more than fifty years of experience with it. Because of its problem-free installation, outstanding properties for long
term usage and high cost effectiveness, polyethylene is material number one for supply applications today. Over the course
of the years, PE materials have been consistently optimised with regard to the quality and functionality of the pipes. A series
of regulatory codes and standards which specify the field of application for PE pipes have also emerged.

This technical brochure should give designers and operatives an overview of the most important engineering rules. The
basic calculations for pipeline planning are introduced, and an outline of the most important installation procedures is
given. Details given in this brochure reflect the state of the art. No claim is made with regard to their completeness,
they are intended for instruction and guidance; no obligation may be derived from it. Mistake and subject to change
reserved.

Our customer service will be pleased to answer any further questions regarding the installation or use of our products, or
any other questions. In addition, our customer and applications engineering services are pleased to be at your disposal to
provide any technical guidance that you may want.

Publisher:

egeplast international GmbH

Issue:

January 2017
Telephone: +49 2575 9710-0

Fax: +49 2575 9710-110
E-mail: info@egeplast.de

Please note that the guarantee does not apply if and insofar the instructions contained in this technical brochure for the cor-
rect installation, joining and use of our products are not followed precisely. Relevant safety regulations, current standards
and codes of practice must be complied with.

The sale and delivery of our products are subject exclusively to our respectively applicable current general terms and condi-
tions, which you can call up on our website (www.egeplast.de/www.egeplast.eu).

Any reproduction or duplication of this brochure, or extract thereof, requires the written permission of egeplast infernational GmbH.

egeplast
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