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PE sewer piping systems

By Robert Eckert

SUMMARY: “Broken pipe” and “defective connections” by far represent the most common damages in
sewers. These are typical for rigid, brittle pipe materials. Plastic pipes respond to loads with flexibility:
Flexible pipes can deform without compromising their performance. Plastic piping systems also offer a
reliable method for joining technology. Already in 2002 a fusable PE sewage saddle was best in test of
the Institute for Underground Infrastructure’s product test [11.

For PE sewage pipes, electrofusion technology offers a reliable joining technology. Manhole connection,
domestic sewer and pipe joints can be implemented with a fitting range specifically developed for non
pressure sewage systems. The consideration of the material selection for the sewer should focus today
more than ever before on sustainability, economy, and reliability: arguments in favour of PE.

THE SELECTION OF THE PIPE MATERIAL IN
SEWER CONSTRUCTION

Sewage pipes are subject to complex stresses which consist
of external and internal loads. External loads are primarily
mechanical loads caused by static earth load, often in con-
nection with dynamic traffic loads. Given large installation
depths and a high groundwater level, collapse resistance and
resistance to buckling pressure are required. Because of the
sewage water, the material must not only be resistant to
chemical and microbial loads but also have a good tempera-
ture resistance and a high resistance to abrasion.

Figure 1 shows the typical loads exerted on a sewer
piping system which have to be considered when select-
ing the material.

The condition of our sewer network is well-known mean-
while because of requirements imposed on the operator to
regularly inspect sewers, to classify the damages and - re-
sulting from this as cost-intensive consequence - to carry
out repairs. The results of an inspection of pipes of 1,700km
in the nominal pipe widths of < DN80O were summarised,
e.g., by Prof. Dr-Ing. Stein & Partner, S&P Bochum [2]. The
fault coding corresponds to EN13508-2 [3]. Figure 2 shows
the damage ratios for Germany determined here with regard
to the ratio between rigid and flexible piping systems. The
clearly increased damage ratios of the criteria “broken pipe”
as typical failure type of rigid brittle materials as well as “join-
ing technology” are striking.

Sewer piping systems must be leak-tight such that any
exfiltration of sewage water into the soil and groundwater
as well as infiltration of pressing groundwater into the net-
work are prevented. Infiltration of water may result in an
overload of the system capacities, above all of the sewage
treatment plants. Related to this are the risks of flooding as
well as high additional costs for transport and sewage wa-
ter purification because of the larger volume of sewage wa-
ter. Back-washes of the bedding area are caused by infiltra-

tion and thus negatively influence the bedding, i.e. pipe stat-
ics. As a consequence, the piping system is increasingly sub-
jected to damages. Cracks, fractures, and splintering typi-
cally occur in sewer pipings made of brittle pipe materials
when subjected to overload. This may result in the collapse
of the sewer.

Brittle fractures caused by point or line load do not oc-
cur in flexible pipes, e.g. made of polyethylene. The defor-
mation of the flexible pipe cross-section results in a deflec-
tion or diversion of the resulting forces in the ground and
thus to a self-stabilisation of the ground, the so-called “tun-
nel effect”. Thanks to the flexibility of the material, even larg-
er deformations are withstood. International or national reg-
ulations, e.g. DIN EN 1295 [4], ATV-DVWK-A127 [5], serve
the structural analysis and limit the permissible deformation
of the sewage pipe. As experience shows, settlements are
completed at least after six months. The deformations
caused by settlement occurring in proper installation have
verifiably no long-term effects on the static bearing capac-
ity, the function or life of the piping system.

Plastics pipes for sewer construction

Pipes made of PVC (polyvinyl chloride), PP (polypropylene)
and PE (polyethylene) are used for sewage pipes. The join-
ing technology for PVC and PP pipes is based on elastomer-
sealed slip-on couplers. The material polyethylene is mainly
fused which results in a material-homogeneous joint which
requires no additional sealing elements. Fused polyethylene
pipes facilitate the construction and operation of a very ro-
bust and durable, permanently sealed and long-lasting sew-
er piping system.

The material polyethylene

PE pipes have been in use for more than 50 years in do-
mestic water supply. With the introduction of polyethyl-
ene of the third generation — PE 100 —, the acceptance of
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the material in water distribution also increased for larger
dimensions thanks to the higher mechanical load-bearing
capability and strength. In gas distribution, PE piping sys-
tems have already been used since mid-70s and today are
the standard pipe material. PE 80 and PE 100 pipes have
been used area-wide for years with excellent experience
above allin the area of pressure drainage and increasingly
in sewer systems.

Further optimisations of the material resulted in an
improved toughness and resistance to notches. Pipes
with RC labelling are specifically recommended for sand
bed-free installation or use in trenchless installations.
The easy installation, the high life expectancy and the
related economy of PE pipings open up a broad range
of use in utility line construction. Apart from the con-
ventional installation method using open trenches, pol-
yethylene pipes are excellently suited for modern,
trenchless installation methods, such as e.g. burst lin-
ing, ploughing or horizontal directional drilling. Figure
3 shoes the typical situation of the underground sewer
infrastructure with inspection chamber connection and
domestic sewer system as well as gas and water distri-
bution systems.

WHAT DOES THE USE OF A FUSED PE SEWER
PIPING SYSTEM MEAN FOR THE OPERATOR?

» Flexible piping absorb both static and dynamic loads
from the installation situation. The PE sewer remains
functional where brittle materials sensitive to fractures
are failing because of point or line loads.

» A homogeneous material bond between pipe and fitting
is obtained thanks to the electrofusion technology. As
compared to conventional slip-on coupler piping sys-
tems, the fused piping system does no longer consist
of individual components but of one single homogene-
ous pipe section.

» The joining area is level, has a hydraulically optimal
smooth surface, without coupler gap, without bead and
misalignment. Draining is not obstructed, deposits, ob-
structions and malfunctions in the sewer are avoided
from the beginning (Figures 4 and 5).

» Domestic sewer lines are fused on using sewage sadd-
le fittings and are thus homogeneously jointed with the
sewage main.

» The surface of PE pipes is extremely abrasion-resistant
to bedload movements from the substances in the se-
wage water. This property has been impressively pro-
ven by the “Darmstadt method”. PE pipes are thus, for
example, also used in gravel plants to transport sharp-
edged, hard solids, with considerably longer lifetime
compared to other pipe materials. The smooth surface
at the same time prevents the formation of deposits
and incrustations.
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FIG. 7 Load types of a sewer piping system
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FIG. 2: Damage ratios (number of damages per sewer kilometre)
of rigid and flexible pipe materials in public sewer systems (2006)

FIG. 3: sewer infrastructure with PE pipes
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FIG. 4: Theory: Section through an electrofused pipe joint: No obstruction
of the draining, hydraulically smooth channel in the joint area
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» The material PE is characterised by its insensitivity to
corrosion and by a high resistance to chemically aggres-
sive transported media.
» Pipe lengths up to 20m for PE pipes require fewer joints
and thus increase the position reliability of the piping.
Because of the low weight, large pipe lengths can be
handled easily. In contrast, the standard length of sto-
neware or concrete pipes is often only 2.5m because
of the high weight but also because of the production
technology.
» In case of electrofusion technology, the pipe joint in a
sense conspicuous as "disturbance" exceeds the strength
of the pipe. In reality this means:
> The fusion joint is resistant to root penetration. Re-
cent findings have shown that the mechanisms of root
penetration are not based on the presence of water
in the piping, also not in case of leak-tight pipe joints,
but on the preferred growth direction of the root in
the area of the pipe bedding. The sand bedding offers
less resistance to root growth than the natural ground
[6, 71. Following the pipe, the shoot sooner or later
encounters a coupler. In case of electrofused joints,
roots have no further opportunity to grow, even not
in the area of the joint, and the shoot dies for lack of
nutrients.

> The joint is tension-proof, normally even unbreaka-
ble. The mechanical load capacity of the electrofu-
sion joint is often higher than that of the pipe. PE
piping systems are specifically recommended in min-
ing subsidence areas or in regions subject to earth-
quake hazards.

FIG. 5: Reality: Camera inspection of the sewer:
hydraulically smooth pipe joint

> The joining area of the fusion coupler has a significant-
ly higher ring stiffness than the pipe because the pipe
wall thickness in the critical joining area is almost dou-
bled. Nevertheless, the joint is uniformly deformed
given corresponding force application.

> Connections of sewage pipes are homogeneously
connected to the sewage collector: no elastomeric
sealing required, verifiably tight against internal and
external pressures, expected lifetime same as pipe

The electrofusion procedure

For pressurised pipes in supply with a maximum operating
pressure of 16 (25)bar, axial pipe joints are made by elec-
trofusion technology from d 20mm up to presently d
900mm. Figure 6 shows a typical installation situation.
For disposal, there is a system of fittings in the dimension
range of d 100mm to d 630mm matched to the specific
requirements. These component parts are suitable for un-
pressurised operated gravity sewers made of HD-PE as
well as for pressurised sewage systems up to a maximum
system pressure of 10bar. In addition to the line installa-
tion, electrofusion technology is a very well-suited pro-
cess for repairs in the pipeline and for work in places we-
re space is at a premium, e.g. in small trenches or pipeline
junctions.

How it works

The joining areas — the external pipe surface and the in-
ner surface of the coupler — are heated to fusion tempe-
rature with heating coils integrated in the fitting by ap-
plying electric current. During this process, melt is applied
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FIG. ©:pE pipe, joining method: electrofusion technology,
coupler and electrofusion unit

by both component parts (Figure 7). Having cooled, an
unbreakable, homogeneous joint exists. The decisive pa-
rameters for the fusion are melt temperature and fusion
time as well as melt pressure. The parameters “tempera-
ture” and “time” are read via a bar code affixed at the fit-
ting and automatically set by the fusion unit. The required
fusion pressure results from the volume increase of the
polyethylene melt. An optimal heat transfer is obtained
by the exposed heating coils [8]. The energy is thus di-
rectly transferred to the pipe surface by convection and
heat radiation.

THE PE SEWER PIPING SYSTEM

PE sewer pipes are often equipped with a bright inner
layer (Figures 4 and 5) to improve sewer inspection by
camera. The dimensioning is typically made in SDR17.6
with a view to the pipe statics. Within the system, the
pipe and suitable connectors and connecting fittings are
required (Figure 8). Thanks to the homogeneous, fric-
tion-locked and permanently tight joint, the sewage sys-
tem can also be used as single PE pipe system in water
catchment areas (protection area Il). The high resilience
of the material, together with the friction-locked elec-
trofusion joint, also enables it to be used in land sub-
sidence areas.

Manhole connection

Special demands are made on the manhole connection:

» Settlement of the manhole results in bending and shear
stresses which concentrate here
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FIG. 7.

Principle of
electrofusion

FIG. 8: The
FRIAFIT®
sewage system
for pipes made
of HD-PE

» The deflection capability of the connection is required
by standards

» Tensile loads at the manhole base should be avoided

» Leak-tightness of the connections, also with regard to
pressing groundwater

» Different material properties of concrete and PE must
be considered in the design.

Figure 9 shows a test to prove the deflection capability
and leak-tightness of the inspection chamber connection
area of the dimension d 630mm under extreme condi-
tions. The inspection chamber is filled with water. No
leakage occurred during a deflection by 4° in the course
of the test period of 24 hours.

Inspection chamber connection

The sewage inspection chamber adapter ASF is connected
to the manhole base by the anchoring web with T profile
(Figure 10). Typically, the inspection chamber lining is vi-
bration filled into the concrete during production. The webs
engaged behind guarantee a tight grip in the concrete and
reliable leak-tightness of the joining area. In order to obtain
levelness in the channel, it is of importance that the pipe
wall thickness of the selected PE pipe as well as the wall
thickness of the sewage insert sleeve are considered when
designing the channel of the inspection chamber base.

Sewage insert sleeve

The sewage insert sleeve AEM (Figure 11) is fused onto
the PE sewer pipe. The interface to the manhole is made
in an articulated way using a push-fit connection. Tempe-
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rature fluctuations, e.g. during the installation of the pipes,
may result in high tensile forces because of the PE ther-
mal expansion coefficient. These forces concentrate in the
inspection chamber connection. The connection is not
made in a friction-locked way but by push-fit connection
to prevent these forces. The flexibility of the connection
prevents any possible consequential damages. The arti-
culating link is sealed by two elastomeric sealing rings in-
serted in separate beads. Additional reliability is offered
by a third, water-swellable sealing ring: If in contact with

FIG. 17: connection of PE pipestoa

concrete manhole base with sewage FIG. 12 camerainspec-
inspection chamber adapter ASF and tion in the area of the
insert sleeve AEM manhole connection and

transition from clinker-clad
channel to PE pipe
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water, the volume of the swellable ring increases mani-
fold and thus reliably seals off the inspection chamber
connection to the surrounding ground. Figure 12 shows
such a level transition area between inspection chamber
and pipe during a camera inspection.

Connection of domestic sewer systems

The sewage saddle ASA-TL (Figure 13) facilitates the
connection of the PE domestic sewer pipe d160/DN150
to the PE sewer in the dimensions d 200mm to d 630mm.

FIG. 10: The undercut anchoring webs of the
inspection chamber lining ASF provide a strong and
tight connection to the concrete
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The joint — for saddle and domestic sewer - is made by
electrofusion technology. The domestic sewer spigot is
already designed as electrofusion coupler and thus faci-
litates the direct connection without interfering displace-
ment or drain obstructions. A separation of the piping for
subsequent connections or even for renovation work, e.g.
burst lining, is no longer needed.

Figure 14 shows a cross-section through the fusion
joints of the sewage saddle ASA to the pipe and the do-
mestic sewer. The sewage saddle was assembled using
a combined clamping and tapping unit. The system is de-
signed such that after tapping no protrusion or obstacle
constricts the free cross-section DN150 in the drainage
area. The connection of the sewage saddle ASA is with-
out displacement and interfering drain obstructions
(Figure 15).

Leakage test for pressing groundwater

DIN 4060 [9] requires that joints of buried sewers, pipes
and inspection chambers must be permanently leak-tight
at aninternal and external pressure of O to 0.5bar. A hands-
on testing of the joints under external pressure - like in case
of surrounding groundwater - is typically not performed.

At the large-scale testing facility of IKT — Institute for
Underground Infrastructure in Gelsenkirchen — domestic
sewers were installed at a PE sewer pipe d 355mm with
FRIAFIT sewage saddles ASA-TL 355/160. The proof of
the leak-tightness was carried out at four FRIAFIT sew-
age saddles ASA-TL (Figure 16). After the successful in-
ternal pressure test according to DIN EN 1610, the sys-
tem was buried under hands-on condition with a depth of
cover of 5.5m.

The test for external pressure was made one year later.
The test facility was flooded to simulate a “groundwater
level” of 5.5m. The resulting external pressure of 0.55bar
at the joints was maintained throughout 120 hours. The
test period of 120 hours having elapsed, no penetrating
water was detected and the leak-tightness of the FRIAFIT
sewage saddles ASA-TL was confirmed [10].

Fittings

» Sewage bends ABM and ABMS: The sewage bend ABM
with coupler on both ends permits a change of direction
with minimum footprint. The bends d160 in 15°, 30°,
and 45° are hydraulically optimised and offer a level pas-
sage when pipes SDR 17/17.6 are used. The type with
bright inner layer facilitates an optimal view during ca-
mera inspection. The sewage bend ABMS with coupler/
spigot end can be directly fused with the spigot end to
the outlet of the sewage saddle ASA-TL (Figure 13).

» Material transitions PE — PVC/PP/stoneware (Transition
fittings UKG and ASA-TL/KG): The transition fitting UKG
(Figure 17) and the transition saddle ASA-TL/KG facili-
tate the direct transition to domestic sewer pipes made,
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FIG. 13: Domestic sewer pipes are connected using the
sewage saddle ASA-TL, in this case in connection with
sewage bends ABMS d 160mm

FIG. 14 sectional model of the sewage saddle with the

joints saddle-pipe and outlet-domestic sewer

FIG. 15 View into the sewage pipe: Smooth, displace-
ment-free inlets Good inspection capability of the pipes
thanks to bright inner layer

e.g., of PVC or PP. The slip-on coupler of the UKG seals
off with alip-sealing ring. The joint is made level, without
interfering displacement.

» Material transition PE — stoneware USTZ: Because of
the considerable wall thickness difference between sto-
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FIG. 16 Detail
of the test
set-up with four
FRIAFIT sewage
saddles before
burying

neware and PE pipe, a new fitting was specifically de-
veloped for this material transition. This facilitates di-
rect connection without any further fittings.

CONCLUSION

The use of polyethylene in piping construction has stood
the test of time already for five decades in the pressure
piping systems for gas and water supply. Because of the
advantages PE pipes offer in installation, operation and
also from economic points of view, they are also increa-
singly replacing conventional pipe materials in sewage ap-
plications. PE piping systems for discharge pipes offer an
intelligent response to the urgent issues regarding the re-
quired damage remedies in the sewer and above all re-
garding future prevention of damages.

Electrofusion joints correspond to the state-of-the-
art in PE piping construction. Processes and fittings have
proven themselves in practice and could establish them-
selves because of the reliability a homogeneous material

connection offers, the easy handling as well as the
processing.

Abroad fitting range offers the user problem solutions
for almost any needs and all installation situations seen in
practice. The sewage saddle for domestic sewers facili-
tates the consequent implementation of a comprehensive
homogeneous and fused drainage network.

_AUTHOR

/
/

DIPL.-ING. ROBERT ECKERT
FRIATEC Aktiengesellschaft,
Mannheim, Germany

Tel. +49 621 486-2214

E-mail: robert.eckert@friatec.de

FIG. 17

Transition fitting
PE/PVC-PP UKG

_LITERATURE

[11 IKT Product Test — House service spigots — June 2002

[2] Prof. Dr.-Ing. Stein & Partner, Beratende Ingenieure(S&P), European
study of the performances of various pipe systems, respectively pipe
materials for municipal sewage systems under special consideration of
ecological range of effects during the service life.

[3]1 EN 13 508-2: Conditions of drain and sewer systems outside
buildings - Part 2: Visual inspection coding system

[4]1 DINEN 1295-1: Structural design of buried pipelines under various
conditions of loading

[5]1 ATV-DVWK-A 127: Structural design of sewers and drain pipes

[6] "Kanal voll: Wenn Baume in Rohren Wurzeln schlagen®, Prof. Dr.
Stltzel, Faculty of Biology - Ruhr-Uni Bochum, Dr. Bosseler, IKT, RUBIN
1/03

[7]1 Root penetration: http://www.ikt.de/down/f0108kurzbericht.pdf

[8] .Verbindungstechnik fiir PE-Rohre”, Konstruktive Merkmale fir eine
héhere Verarbeitungssicherheit von HeizwendelschweiRformstiicken,

28

Dipl.-Ing. Robert Eckert, 3R international, March/April 2003, Vulkan-
Verlag GmbH, Essen

[9]1 DIN 4060: Joints of sewer and drain pipes with elastomeric seals

- Requirements and testing on joints with elastomeric seals

[10] IKT, test order no.: P02609, designation of the test order: Testing of
FRIAFIT sewage saddles for leak-tightness at external water pressure
loads of 0.55bar.

[11]1 ,Gehoért dem Kunststoff die Zukunft?” — Rohrmaterialien im
Vergleich, Interview mit Dipl.-Ing. Manfred Fiedler, wwt, 10-11/2003
[12] ,FRIAFIT-Abwassersystem fiir Freispiegelleitungen: Die sichere
Verbindungstechnik fiir Schmutz- und Mischwasserrohrleitungen aus
PE-HD, Montageanleitung

[13] Rohrsysteme aus PE100 / Heiner Bromstrup (Hrsg.) — Essen: Vulkan
Verlag, 2.Aufl. 2004

[14] Kunststoffrohrsysteme in der Abwassertechnik, Kunststoffrohrver-
band e.V. Bonn (Hrsg.) — Essen: Vulkan-Verlag, 2003

special 372010 3R



