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Introduction

Obsolete and inadequate sewer pipes , more and more intense rainfall,
frequent landslides require innovaative solutions for the disposal of larger
quantities of stormwater and wast. Pipelines, atoday, haveto bear all
internal and external stresses that are potentially damaging to drainage
systems. Its innovative technology, developed in Japan in the 1990s,
allows tomanufacture big size pipesfeaturing an extremely
high mechanical strength and low weight. As a result, transport and laying
are much easier. The innovative design of Rothengaran pipes combines
the typical properties of polyethylene - resistance to abrasion, light weight,
minimum frictional resistance, resistance tochemical agents, versatility
and ease of installation - with the properties of steel, having an elastic
modulus 200 times higher than the polyethylene. Rothengaran pipes are
obtained thanks toa process of spiral winding of polyethylene and an
omega — shaped steel profile . Therefore , pipes consist of an inner layer in
polyethylene, an outer structured wall in polyethylene and a core of
galvanized steel completely covered by a polyethylene-based primer,
which ensures a perfect blending with the two walls. The combination of
the two materials , along with the use of an omega-shaped profile, ensures
a performance that is by far better than other structured pipesin fiber
glass, concrete, cast iron or clay available on the market. The presence of
the steel has several advantages : a higher resistance to pressure (up to 20
kN/m2) , unequalled by other pipes in thermoplastic material ; a smaller
outer diameter, requiring a reduced amount of raw materials and clear
benefits in terms of environmental impact and ease of installation ; a better
long-termperformance, with particular reference to deformation under
constant load and a creepratio lower than other pipes made
exclusively in polyethylene. Rothengaran, whose product range goes from
pipes with nominal diameter/inside diameter (DN/ID) from 600 to 2400 mm,
representsthe best solution to business and technical
needs of designers, public bodies, and building companies.
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SN8L »l, ClassA: 8 KN/m’

SN12G »l, ClassB: 12 KN/m’

SN16L ., ClassC: 16 KN/m’

Specification

HDPE spiral pipe with galvanized steel reinforcement suitable for
sewerage , non pressure underground drainage and ventilation
ducts , produced according to ISIRI 18781 and ASTM-F 2435
standard . Structured spiral pipes , smooth inside and corrugated
outside , reinforced with an omega -like profile in galvanized steel
entirely embedded into the pipe wall. Junction is made by

Electrofusion welding.

Ring stiffness classes according to ENISO 9969 : 2008 :
Class A (= 8 kN/m2) corresponding to SN 8
Class B (= 12 kN/m2) corresponding to SN12
Class C (= 16 kN/m2) corresponding to SN16




NORMS- ISIRI 18781

In 2015, Iranian National Standards Organization issued ISIRI 18781
standard which applies to PE spiral tubes reinforced with a steel profile
completely embedded between pipe walls ; pipes have a smooth inner
surface with a diameter (DN/ID) from 600 to 2400 mm and are used for
sewage systems , to drain rainwater and as ventilation ducts. Taking into
account the features of an innovative product , Rothengaran group used
the following references : American standard ASTM ( American Standard
Testing Materials) F 2435-07 ; Iranian National Standard ISIRI 18781 ;
German DIN 16961; European EN 13476 standard. European norms used
as EN standards were used as testing methods.

Marking

Rothengaran pipes are permanently and visibly marked in compliance
with ISIRI 18781 standard.

Marking includes the following information:

N. of reference standard

Manufacturer and/or brand name

Nominal dimension (inside)

Pipe class Example: A (= SN8)

Material

Date of production

Marking is an essential element to enhance product traceability required
by I1ISO 9001:2000 standard.

Non-marked pipes are not compliant with any reference standard.
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QGEIW Designation: F2435 - 15

INTERNATIONAL

Standard Specification for

Steel Reinforced Polyethylene (PE) Corrugated Pipe’

This standard is issued under the fixed designation F2435; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers requirements and test methods
for materials, dimensions, workmanship, elongation, impact
resistance, pipe stiffness, perforations, and markings for steel
reinforced corrugated polyethylene (PE) piping systems of
nominal sizes 8 in. (200 mm), through 80 in. (2000 mm). The
steel reinforced polyethylene pipes governed by this standard
are intended for use in underground applications where soil
provides support for their flexible walls. The steel reinforced
polyethylene corrugated pipes governed by this standard are
intended for use in non-pressure applications for sanitary
sewers, storm sewers and drainage pipes.

1.2 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.3 There is no similar or equivalent ISO standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior (o use.

2. Referenced Documents

2.1 ASTM Standards:*

A591/A591M Specification for Steel Sheet, Electrolytic
Zinc-Coated, for Light Coating Weight [Mass] Applica-
tions (Withdrawn 2005)*

A653/A653M Specification for Steel Sheet, Zinc-Coated
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed)
by the Hot-Dip Process

! This specification is under the jurisdiction of ASTM Committee F17 on Plastic
Piping Systems and is the direct responsibility of Subcommittee F17.11 on
Composite.

Current edition approved June 1, 2015. Published September 2015. Originally
approved in 2005. Last previous edition approved in 2012 as F2435-12. DOI:
10.1520/F2435-15.

? For referenced ASTM standards, visit the ASTM website, www.astm.org. or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3The last approved version of this historical standard is referenced on
Www.astm.org.

A1008/A1008M Specification for Steel, Sheet, Cold-Rolled,
Carbon, Structural, High-Strength Low-Alloy, High-
Strength Low-Alloy with Improved Formability, Solution
Hardened, and Bake Hardenable

D618 Practice for Conditioning Plastics for Testing

D2122 Test Method for Determining Dimensions of Ther-
moplastic Pipe and Fittings

D2321 Practice for Underground Installation of Thermoplas-
tic Pipe for Sewers and Other Gravity-Flow Applications

D2412 Test Method for Determination of External Loading
Characteristics of Plastic Pipe by Parallel-Plate Loading

D3212 Specification for Joints for Drain and Sewer Plastic
Pipes Using Flexible Elastomeric Seals

D3350 Specification for Polyethylene Plastics Pipe and Fit-
tings Materials

F412 Terminology Relating to Plastic Piping Systems

F449 Practice for Subsurface Installation of Corrugated
Polyethylene Pipe for Agricultural Drainage or Water
Table Control

F477 Specification for Elastomeric Seals (Gaskets) for Join-
ing Plastic Pipe

F2136 Test Method for Notched, Constant Ligament-Stress
(NCLS) Test to Determine Slow-Crack-Growth Resis-
tance of HDPE Resins or HDPE Corrugated Pipe

2.2 AASHO Standard*

Standard Specification for Highway Bridges, Division II,
Section 30, “Metal Culverts.”

2.3 Federal Standards:>

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

2.4 Military Standards:®

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Definitions—Definitions used in this specification are in
accordance with Terminology F412, unless otherwise noted.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 double-wall steel reinforced polyethylene corrugated
pipe, n—polyethylene corrugated pipe with steel reinforcing

# Available from American Association of Statc Highway and Transportation
Officials (AASHTO), 444 N. Capitol St., NW, Suite 249, Washington, DC 20001.
hitp://www.ransportation.org

3 DLA Document Services Building 4/D 700 Robbins Avenue Philadelphia, PA
19111-5094 http://quicksearch.dla.mil/

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

Copyright by ASTM Int'l (all rights reserved); Tue Nov 3 01:33:39 EST 2015
Downloaded/printed by
ashley ilehi (OSS) pursuant to License A . No further reprod:
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PE pipes reinforced with steel have already been widely used

for several purposes in the USA , Canada, Japan , Europ ,Russia

, China and France for over a decade . Rothengaran pipes are

manufactured in conformity with the technical requirements of
ISIRI 18781 and ASTM F2435-15 standards .

INSO
18781
1st. Edition
2015
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Pipe Weight

The particular and innovative polyethylene structure of
Rothengaran pipes , reinforced with an omega like profile in
galvanized steel entirely embedded between two polyethylene
layers, allows to manufacture an extremely lightweight pipe, in
comparison with the available alternatives having the same ring
stiffness.

The average weight of a spiral Rothengaran pipe DN/DI 1200 SN 8
is 70 kg/m , while an equivalent traditional polyethylene spiral
pipe weighs about 120 kg/m and a concrete pipe weighs more
than 1900 kg/m .The light weight of Rothengaran pipes does not
affect ring stiffness and ensures the following advantages:

« Cheap price of pipes

- Quick and cheap laying

» Possibility to store pipes of smaller diameter within larger pipes
, SO as to reduce the cost of transport

- Not expensive equipment needed in work areas for handling
operations

Ring Stiffness
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Dimensional table
Pipes from 6 to 12 M long are available upon customer ’s request.

Band Band
Thickness Width

Inner Layer

Pipe Size

THK

Thickness Between Pitches

THK
Above Pitch

A o e Jpnd S5 (gl i) 8 Siaseiio

el (g pwd 50 33 ol o CewlgS 0 a4 Bo 650 1Y 9 F sld asls jo by dlg)

Outside Pipe
Diameter

Tolerable
Pressure

1000mm 1 mm 124.5mm 5.0mm

8mm

3.0mm

1125mm

64 KN

1200mm 1.2 mm 154.5mm 5.0mm

8mm

3.0mm

1325mm

64 KN

1400mm 1.2 mm 154.5mm 5.0mm

8mm

3.0mm

1530mm

64 KN

Ring stiffness , according to EN 476 ( 1997 ) , standard , indicates 35 s} Cunglio 555l 45 Canl EN 476(1997) 51t b §slso Al g5l cunglio 1600mm | 1.2mm | 182mm 5.0mm Smm 3.0mm | 1740mm 64 KN
pipe resistance to vertical deformation due to external loads . | g | G eloyb bt 51 b US55

. R B U SL AT LB B U W gyl
Where : 1800mm | 1.5mm | 212.5mm | 5.0mm 9mm 3.5mm | 1960mm 64 KN
S : pipe ring stiffness [KN/m2] ol Hb e g (ygdue sl g jo (b b syl oy ot 51 (SO dod seils Cwoglin
E .: mod.ulus. of.elas.tlclty with transvers.al bendlng[kNlmZ.] ; E | KNIME o 5 435 g5l Cooglin :
I : longitudinal inertial moment of the pipe wall, cross section S=—: 2000mm 1.8 mm 234.5mm 6.5mm 9mm 3.5mm 2185mm 64 KN
for every unit [m4/m] ; the value is equivalent to the ratio | = s3/12 D ned Jow : E

where s is equivalent to pipe thickness;

D : neutral pipe wall diameter [m].

Vertical deformation closely depends on the quality of
surrounding filling soil which supports the pipe on its sides and
prevents its ovalization . Ring stiffness may be determined using
the method reported in EN ISO 9969 (2007) standard.
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2200mm 1.8 mm 234.5mm 6.5mm

Imm

3.5mm

2385mm

64 KN

2400mm 1.8 mm 234.5mm 6.5mm

3.5mm

2585mm

64 KN
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Junction System

One of the most relevant factors to determine the quality of a
pipeline is the ability to convey fluids and prevent potentially
damaging leaks in the junction system . Therefore, the junction
between pipes is a crucial issue, especially in those projects

involving the use of pipes with high internal diameter
(e.g. DN > 1000mm) and where groundwater flows affect the

working environment. Although they are mainly non-pressure
sewerage systems and drains, it is necessary that the junction
system proposed by the manufacturer ensures efficiency and
long-term performance. Junction between pipes is made by
Extruder welding, Electrofusion straps, plastic thermoshrinking
film and coupler and gasket Fittings are also in corrugated
shape outside and smooth inside. These manufacturing
propertiesensure a higher ring stiffness and increase
product resistance in the most critical sections of the pipeline
connections-thus reducing the deformation of the inside diameter
as much as possible. Before installation of the fittings , the
pipe must reach ambienttemperature. those projects
involving the use of pipes with high internal diameter (e.g. DN
>1000mm )projects involving the use of pipes with high Internal
diameter(e.g. DN >1000mm)
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Rothengaran junction system ensures an easy and cheap laying
and greater safety. The “male” and “female” components are
manufactured in such a way as to make easy pipe alignment and
their assembling by using ordinary equipment and tools.
Laying costs are quite low , since assembling does not require
any preliminary, completion steps. It is possible, upon request, to
connect Rothengaran pipes through a plastic thermoshrinking
film positioned on the outer layer of pipes, after which the pipe
inner surfaces can be welded together by a common hand
extrudes. Junction system of Rothengaran pipes ensures the
water-tightness of the system. These pipes are available in 6, 9
and12mlong.
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Abrasion

Rothengaran, pipe inner surface is made of polyethylene and this
ensures a high resistance to abrasion. As a result, pipelines may be
also used for high flow speed and slope (max speed up to 10 m/s)
without producing relevant abrasion effects on the inner surface.
The diagram shows how polyethylene pipes are more resistant to
abrasionthan other pipes manufactured with other materials
(concrete, coated concretefiber glass,clay, PVC,etc.)
Resistance to UV rays

The outside black PE wall of PALADEX pipe is resistant to
damages due to environmental factors and UV radiation,thanks to
carbon black added to the fiber-reinforced polymer. Therefore,
Rothengaran pipescan be kept and stocked outdoor.
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Material Properties Standard Testing criteria Valuse
Polyethylene Density ISIRI 7090-1 Temperature 23°C >0/941g/cm’
Polyethylene| "ot teriovkae | ISIRI 6980-1 s Uik
Polyethylene| Yield stength, ay ASTM D638 ACC to ASTM D638 | MPA 24 To MPA 21
Polyethylene| Ultimate elnogation 1SO 6259-3 ACC to ASTM D790 2500 %
Polyethylene|  Elastic modulud ASTM D790 Temperature 200°C 800 MPA

Th | stabilit i
Polyethylene| o/7-oxigation induction Time | ISIRI 7186-6 220 minutes
Polyethylene water Amount 1SO 15512 <300 Mg/Kg
Polyethylene| volatile Substance Amount EN 12099 <350 Mg/Kg
Polyethylene | Thermal conducitivity 04Wime°C
Polyethylene Carbon Black 1SO 6964 2-2,5%
Steal Tensile strength >170 MPa
Steal Elastic Modulud 2,1 x10°MPa
Material Concentration Temperature at20°C Temperature 60°C

Acetone = -

Chloric Acid 10% o +

Chloric Acid 35% + +

Chloric Acid 75% + =

Fluoric Acid 40% + +

Formic Acid 30% + +

Nitric Acid 10% + +

Nitric Acid 95% - =

Sulfuric Acid 10% + +

Aniline + ©

Benzene - -

Gasoline - -

Calcium Chloride + +

Glycerol + +

Ammonium Hydroxide + +

Sodium Hypochlorite + +

Methanol + =

Hydrogen Peroxide 30% + +

Sodium Hydroxide 30% + +

Carbon Tetrachloride - -
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Physical/mechanical characteristics of materials

Rothengaran pipes combine the typical properties of polyethylene
- resistance to abrasion , light weight , minimum frictional
resistance , resistance to chemical agents, versatility and ease of
installation - with the properties of steel, featuring an elastic
modulus 200 times higher than the polyethylene . Resistance to
chemical agents As far as chemical resistance is concerned,
Rothengaran pipes ensure the same resistance properties as

traditional polyethylene pipes , in compliance with ISO TR 10358 .
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Transport and handling

Pipes must be handled according to the requirements generally
observed with traditional pipes. Rothengaran pipes can be
stacked up without any problems , thanks to their light weight
and high ring stiffness . Loading, transport, downloading and all
related operations must be carried out with great care, by using
means and devices appropriate to the type of pipes and taking all
the safety measures in order to avoid breaks, cracks,or damages.
Pipes will be stored in a flat and safe area. The first row of pipes
that is placed on the ground must be arranged so as to avoid
possible damages to the outer surface, bending and deformation.
Stacked pipes must be protected with appropriate wedges in
order to prevent sudden falls. Pipes will be stored in areas where

they are not subject to deformation.
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Accessories

Upon request, Rothengaran is able to supply a complete range of
special components for every required diameter and stiffness
class,such as:bends,tees,clarinets,manholesetc. All Rothengaran
components are equipped with male/female connections in order
to be connected to other similar pipes or can be arranged to be
connected with different pipes ( corrugated HDPE pipes , smooth
HDPE pipes , PVC pipes, etc. ).
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A : Base fill

base of the ditch should be compact sand for AH should be min
150 mm. easy installation.

B : side fill

After the installation of the pipes by centering over the base
fills are prepared out of compact ground cleared of keen and
sharp particles

C : Upper fill

after completing the side fill the ditch is filled with the soil closed
CH should be min 500 mm extracted from the channel and closed
CH should be min 500 mm.

Corrugated Pipe ditch test

GROUND !
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Corrugated and spiral double wall pipes have a high Newtonian
resistance due to their design and because the sewer system has
no internal pressure, we can refer to the ground pressure and the
traffic load as external(= Newtonian)pressure. HDPE-PP materials ,
among all the plastic materials, are more resistant to chemicals.
Therefore Parse Rothengaran Company has offered corrugated
pipe as the best pipes resistant to chemicals The studies show that
corrosion in metal and concrete sewer pipes are more than pipes
made of polymers . Corrugated and spiral pipes are used against
acids and bases with a high constentration These pipes are not
conductive and due to their weight are suitable for telescopic
transmission ( pipe in pipe ) and also are optimized and suitable in
terms of cost and installation time therefore corrugated pipes,
unlike concrete and metal pipes , don’s need heavy equipments
and high costs to be installed. Corrugated pipes, compared with
concrete and metal pipes are about 30 times lighter and are
recommended to be used in sewer systems as the best

option for longevity and cost effectiveness.
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Asbestos pipes

/

Concrete pipes

PVC pipes
Clay pipes

rothengaran
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SPR™ SPR™
LARGE DIAMETER TRENCHLESS PIPE RENEWAL

SPR™ is a spiral wound trenchless pipeline renewal process
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designed for the rehabilitation of large diameter pipelines up to - o
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5000 mm . SPR™ utilizes steel reinforced interlocking PVC profile Olfe 245 2Vgdlouds sl PVC Jidg n SPRT 152,25 oyl oaliiul 9,50
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INSTALLATION PROCESS - MINIMAL IMPACT ON THE
ENVIRONMENT

The SPR™ installation process can be divided in the following
steps:

1. Inspection and cleaning of host pipe 2. Winding process

3. Installation of bracing system 4. Grouting
Inspection

Prior to the SPR™ winding process the host pipe is inspected via
camera and all incrustation and debris are removed by hydraulic
jet cleaning . Winding process SPR™ profile fed through the
manhole into the winding machine placed in the PVC profile
the requested form and interlocks the PVC strips to a new
watertight pipe . Due to the forward motion the winding machine
moves to the next access chamber. For longer rehabilitation
sections the profile is cut off at the intermediate shaft and the
winding machine is installed behind it to continue the winding
process.

Bracing system

After the winding process is completed the bracing system is
installed . The bracing material is lowered through standard
manhole openings. In the next step the bracing system is set up
to provide structural support during the grouting process and
positions the SPR™ profile in the host pipe according to
engineering specifications.

Grouting

The grouting process is split into the injection of grouting
material into annular space between host pipe and wounded PVC
profile and the curing of special high - strenght grout. After
completion the bracing system is dismantled and the rehabilitated
pipe is ready for service.

Benefits of SPR™ at a glance

* Rehabilitation of large diameter pipes (800-5000 mm)

* Rehabilitation of circular, non-circular and custom shapes

* Truly trenchless - requires only standard manhole entry

* Designed for installation in live flow conditions

* Negotiate curves and bends

* Improved flow with smooth PVC material (Manning’s n of 0.01)

* Environmental - friendly installation and application

* Over 400 km successfully installed world-wide
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SPR™ PE

STRUCTURAL, REINFORCED HDPE LINER FOR GRAVITY
PIPELINES

The SPR™ PE pipe rehabilitation process is solution for restoring
the hydraulic efficiency , reliability and integrity of aging sewers,
storm drainse and culverts .

The fully encapsulated steel reinforcement is designed to provide
a liner of optimum stiffness for the application.

SPR™ PE liners can structurally rehabilitate brick , concrete,
glass reinforced plastic or corrugated metal sanitary sewer and
stromwater pipelines with diameters from 900 mm to 3000 mm .
The plastic profile that forms the liner is provided in a range of
sizes . The profile is reinforced with steel that is completely
encapsulated within the HDPE material . The steel reinforcement
is selected to provide a liner with sufficient stiffness to meet the
design requirments of the project .

Project experience

SPR™PE has been used to rehabilitate sewers , stromwater
lines and culverts around the world . It has been proven capable
of providing a structural liner for severely deteriorated pipelines.
and has been installed under difficult site conditions with
minimal community disruption .

Easy mechanical installation

The deteriorated pipeline is first cleared of debris and obstructions ,
cleaned and inspected , the diameter measured and then proved .
The winding machine is lowered to the base of the access
chamber through standard manhole openings . The reinforced
HDPE profile is fed into the machine form an above ground spool .
The winding machine then winds the reinforced HDPE profile
to form a new pipe . The process continue until the liner wound
by the SPR™ PE winding machine reaches the end of the pipeline
length to be rehabilitated . The ends of the liner at both access
chambers are sealed and rendered to make them smooth with the
host pipe.

The annulus between the fixed diameter liner and the host pipe
can be filled with cementitious grout immediately after the
winding is completed.

SPR ™ PE
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THE BEST ALL IN ONE

THE BEST FOR YOU - WORLDWIDE

Modern urban life would be utterly impossible without
underground infrastructure. However , it is becoming apparent
that underground infrastructure systems worldwide are
deteriorating substantially as a result of age and a steady
increase in traffic loads . The also rising demands on sustainable
and environmentally - friendly urban development
pose a major challenge to local authorities. SEKISUI SPR offers the
right solutions to meet those challenges.

Trenchless technologies permit renewal by rehabilitating and
improving the existing infrastructure without protracted
construction works and without modification of the city scape. It
is also possible to expand and maintain existing infrastructure
systems without excavation. Trenchless technologies guarantee a
faster , more cost - effective and environmentally friendly solution
compared to replacement , SEKISUI SPR employs some of the
world’s leading technical and operational infrastructure
specialists , and is thus in a position to offer a solution for all
requirements, from planning through to construction . In delivering
those solutions , SEKISUI SPR operates in three divisions : Sales &
Support, Trenchless Infrastructure Solutions and Construction.In
concrete terms, this provides for a global interchange of
experience between individual experts to devise the optimum
infrastructure solution for the specificlocation . SEKISUI SPR
brings together the international underground infrastructure
competence of the SEKISUI Chemical Corporation(Osake). It is
already represented in over 40 countries on 4 contients .
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Proven pipe material

¢ Made from similar grade of HDPE as new sewer and drainage pipe
¢ Cell Classification of 33540C(or E)in accordance with ASTM D 3350
* Profile sealing is achieved by extrusion welding to produce a
continuous jointless HDPE liner

* Consistent material properties . The pipe strength does not rely
upon the grout forits strength . only to transfer the load to the liner.
Design

Numerous industry specifications provide design methods
applicable to SPR™PE, including :

* ASTM F 1741 : “ Standard Practice for installation of Machine
Spiral Wound PVC Liner Pipe for Rehabilitation of Existing
Sewers and Conduit ” modified for SPR™ PE (HDPE) liner pipe.
e Australian Water Authority Specifications , usually based
on Australian Standard AS 2566.1 : “ Buried Flexible Pipelines
Part1: Structural Design “
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