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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of

national standards bodies (ISO member bodies). The work of preparing

International

Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has

collaborates closely with the International Electrotechnical Comfissior
matters of electrotechnical standardization.

The main task of technical committees is to prepare International Standa
tional circumstances a technical committee may propose the publication
Report of one of the following types:

type 1, when the required support canhotbe obtained for the pul
International Standard, despite repeated-efforts;

type 2, when the subject is stilllunder technical development or
other reason there is the future.but not immediate possibility of an agrg
International Standard;

type 3, when a technical committee has collected data of a differs
that which is normally published as an International Standard (*’state o
example).

Technical Reports, of types 1 and 2 are subject to review within three yea
tion, to decide’ whether they can be transformed into Internationa
Technical,Reports of type 3 do not necessarily have to be reviewed until
provide jare considered to be no longer valid or useful.

ISQ/TR 11295, which is a Technical Report of type 3, was prepared by Te

mittee ISO/TC 138, Plastics pipes, fittings and valves for the transport g

For further information, see “Introduction’’.
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tion

report was prepared by TG 1 of ISO/TC 138/WG 12, Rehabilitation of
Ps.

report describes methods of rehabilitation of pipeline systems which are
E" and those still under technical development. This is the reason which
ion to publish this document in the form of a Technical Report type 3.

years rehabilitation of pipeline systems has become inc»reasingly im-

are constantly required to satisfy physical, chemical, biochemical and
ands. These demands depend on planning, material, construction, type
use.

stems have become operational they need proper system management.
ction and cleaning, rehabilitation of the pipeline may *be required.
is carried out when the performance of the pipelinet-system needs
an consist of repair, renovation and replacement.

1988, a task group of ISO/TC 138/WG 12 started preparing drafts for
vation of plastics pipes and their constitéents (fittings) used for
ipe systems.

Report is meant to be a reference document for future ISO system stan-
matter. It will therefore have to be updated regularly.

ernational Standard will _speeify the characteristic requirements and

methods to test pipes and fittings and/ov their constituents used in renovating pipe

systems. The |

field of applicg

hternational Standard'will'contain several subdivisions depending on the
tion.
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Techniques for rehabilitation of pipeline systems by the

use of piastics pipes and fittings

1 SCOPE
This Technical Report outlines methods of
rehabilitation of non-pressure or pressure pipeline
systems by the use of plastics pipes and their
constituents involving:

Renovation of existing pipeline systems, Ausing one
of the optional lining techniques, or

- Replacement of existing pipeline systems, using one
of the optional trenchless techniques

2 DEFINITIONS

For the purpose of this Technical Report, the following
definitions apply:

Pipeline system The interconnecting pipe network for
the conveyance of fluids e.q.
water;' sewage, gases, industrial
flows (including slurries)

Rehabilitation All aspects of maintaining or

upgrading the performance of ex1st1ng
pipeline systems (maintenance, repair,
renovation, replacement)

Maintenanee Maintaining the performance of
pipeline systems (e.g. inspection,
cleaning)

Repair Rectlflcatlon of local damage to the

£

fabric—of—the pLyELLHEb or their
joints (e.g. sealing)

Renovation Methods by which the performance of
pipeline systems is improved by
incorporating the original fabric.
(e.g. by inserting or applying a
lining into the existing pipeline)

Replacement Methods by which a new pipeline is

constructed by replacing the original
fabric
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Design Categorisation of the behaviour of
category lining systems (see clause 6)
Grouting Filling of the annular space between

existing pipe and lining

3 SURVEY, PIANNING AND PRE-CONSTRUCTION

It
exi
acts
SYS

Thd

is necessary to consider the condition of the

sting pipeline in order to determine any required
ions that must be taken to rehabilitate the pipeline
tem i.e. repair, renovation or replacement.

se measures would:

Assess the hydraulic and structural conditiomof the
pipeline system. -

Establish position, line and level of the“existing
system with regard to cross-section, léngth,
material, junctions and laterals.
The system plan should be suitablyramended when
these facts are known.

Establish the type of soil strata and expected
changes in the groundwater table.

Select the design category-’and the most appropriate
technique.

Set up planning and .timing of construction so that
the work proceeds.efficiently.

Allow for maintenance of continuity of flow
during constru¢tion when considered advisable (e.q.
methods and.provision for storm flow).

Inform residents of the possible environmental
effectsr such as noise, traffic congestion and
interxuptions.

Défine costs and requirements of maintenance after
completion.
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MATERIALS

For rehabilitation the following plastics pipes
reinforced or non reinforced or their constituents are
generally used:

- Thermoplastics e.g. polyvinylchloride, polyethylene,
polypropylene

- Thermosets e.g. polyesters and epoxies

Combinations of the above are possible.

TECHNIQUES

5.1 General

This sub clause decribes the features of (xelevant
rehabilitation methods. The various rehébilitation
groupings are shown diagrammatically<as follows:
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A distinction has been made between:

- Renovation techniques

- Replacement techniques (trenchless) (5.3)

Note: Maintenance & repair and (traditional) open cut

A fyo
"fan

- Li
- Li
- Lj
- Li
- Li
- La
- L3

- Rdg
- Rd

The
pagsg

(5.2) and

ISO/TR 11295 : 1992 (E)

replacement techniques are not further dealt with in
this document.

ning
ning
ning
ning
ning
ning
ning

with
with
with
with
with
with
with

placement
placement

Tther subdivision has been made 1nto the following
ilies":

continuous pipe lengths (5.2.1)
discrete pipes (5.2.2)
close-fit pipes (5.2.3)
spirally wound pipes (5.2.4)
pipe segments (5.2.5)
cured in place pipes (5.2.6)
inserted hoses (5.2.7)
using pipe bursting (5.31)

using micro-tunnelling (5¢372)

families are presented schematically on the following
ts in the form of tables.

: The materials referred .£0 are those in general
use but not intended tlo be exclusive.
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5.2 RENOVATION (LINING) TECHNIQUES

5.2.1 LINING WITH CONTTNUOUS PIPE
FAMILY : Lining with continuous pipe
DESCRTPTTON : Insertion 1nto the existing plpeline of a single

APrICATION -

continuous pipe lining or jointed sections to form &
continuous pipe

Gravity and pressure pipelines

PE, PP, PE/EPDM, PVC

CS : - diameter range: up to 1600,1m
( ) - pipes manufactured or prior assembled
into the continuous length required

- in the case of pressure lines, so-called live
insertion is optional; supply is continued via a
by-pass or throughithe annular space

- reduction in capdac¢ity : may be significant,
dependent on liner pipe diameter and wall
thickness (may be compensated e.g. by increasing
the pressure)

- lining Cah be accomplished either via an insertion
pit or via a manhole (in the case of sewers); the
latter requires a pipe with sufficient axial
flexibility

~.in the case of gravity lines annular space usually
grouted

- lining is capable of accommodating (large radius)
bends

- method can be carried out by any pipe contractor
relatively low degree of skill

| OTHER : . simple method
(I{’NSIDERATIONS . low investment

—few—joints
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5.2.2 LINING WITH DISCRETE PIPES
FAMILY : Lining with discrete pipes
DESCRTPTION : Installation of individual pipes which are shorter

than the section to be renovated and which may be
jointed outside or in the pipeline to form a
continuous lining

GENERAL ,
APPLICATION : Gravity and pressure pipelines ;
MATERTALS : PE, PP, ?VC, GRP (-EP & -UP)

CHARACTERISTICS : - diameter range: from 100 mm up to 4000 mm
(GENERAL) - pipes assembled with sealed)) loose or tensile
resistant (locked) joints |
- insertion pit can be avoided (with short lengths),
so no-dig possible
- reduction in capacity: may be significant
by applying purpoSe made shaped pipes (oval, :
obovate) the reduction can be kept to a minimm i
- annular space-generally grouted
- method can be carried out by any pipe contractor
by any municipality : relatively low degree of

skill
OTHER : . simple method . many joints
CONSTDERATIONS ~low investments

TR IA TR =z
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5.2.3 LINING WITH CIOSE-FIT PIPES
FAMILY : Lining with close-fit pipes
DESCRIPTION : Insertion of a temporarily reduced diameter or
reshaped pipe which is reverted to provide a lining
with a close fit with the existing pipe
APPLICATION : Pressure and gravity pipelines

QQ

EFENERAL)

DNSTDERATTONS

PE, PVC

- diameter range: up to 600 mm

- lining pipe first reduced in size (on site or in
the manufacturing plant) inserted and then reverted
by heat/pressure or naturally ‘

- reduction in capacity: minimal, if any

- lining can be accomplished either via an insertion
pit or via a manhole (in the case of sewers), the
latter requires a pipe with sufficient axial
flexibility

- no grouting required

- lining is capable of accommodating (large radius)
bends

- methods differ substantially in required degree of
expertise

. few or no joints . structural damage
..can be installed in (collapse/misalignment)
long lengths to existing pipe can cause
problems
. lateral connection may be
difficult
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5.2.4 LINING WITH SPTRAIIY WOUND PIPES

FAMILY : Lining with spirally wound pipes

DESCRTPTTON : Installation of a lining made from profiled strip
spirally wound to form a continuous pipe

GENERAL

APPLICATION : Gravity pipelines only

MATERTALS : PE, PVC, PP, PVDF

CHARACTERISTICS :
(GENERAL)

QONSTDERATTONS

- diameter range: from 100 mm up,to’2500 mm

- lining pipe formed on site by‘spirally winding a
strip

- access via manholes possible

- reduction in capacity may /be signig}cant

- grouting of annular space required

*)

- lining is capable of accommodating (large radius)

bends
- method requires:Some skill; trained
personnel to operate the winding equipment

. no pipe, storage . trained personnel
on site . continuous fusion or
. any(diameter can solvent welded or

be’ selected (within mechanical joint
range of winding
machine)

*
)For a specific, expandable lining method, which
is under technical development, these items may
or may not apply.

L) —~ . [
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5.2.5 LINING WITH PTPE SEGMENTS
FAMILY : Lining with pipe segments
DESCRTPTION : Installation of a lining made up of at least two

pieces with longitudinal and circumferential joints
GENERAL
ABPPLICATION : Gravity pipelines only

1

MATERTAIS : GRP, PE, PP

CENERAL)

- diameter range: from 900 mm

- segments assembled by hand inside“& man-entry pipe
line

- non-circular capability

- entry via (existing) manholes

- reduction in capacity may.be significant

- grouting of annular space generally required

- lining is capable of accommodating (large radius)
bends

- method can be carxiled out by any pipe contractor:
relatively low_degree of skill

OTHER : . simple method . many joints
OPNSTDERATTIONS . low investment . only in man-entry pipelines
. non-circular shapes . low productivity
can'be coped with . products differ per project
. high integrity grouting
required
ON :
(GENERAL)
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5.2.6 LINING WITH (URED IN PIACE PIPES
FAMILY : Lining with cured in place pipes
* .
DESCRIPTION : Insertion of a resin impregnated hose ) which
produces a lining after resin cure

GENERAL
APPLICATTON : Gravity pipelines and pressure pipelines

1
MATERTALS : A composite consisting of a reinforced<or unreinforged

CHARACTERISTICS :
(GENERAL)

CQONSTDERATTONS

fabric matrix, coated with thermoplastic material,
impregnated with thermosetting resin

. no Jjoints . trained crew of operators
. nen~circular shapes . purpose-made hoses
can be accommodated . groundwater infiltration

diameter range: up to 2500,rm
a specially prepared hose-is impregnated with resj
fed into the existing kine, inflated and cured
entry via existing manhole or small excavation
reduction in capacitys minimal, if any

no grouting

lining is capable‘of accommodating

bends

relatively high degree of skill;

trained personnel with special equipment required

to be controlled during
lining process

. sealing may be required
when cut

. curing period could be
extensive

n

°

R T R AT g

DRSNS S0 S

* , . .
)CoatJ_ngs are not in the scope of this report.

1
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5.2.7 LINING WITH INSERTED HOSES

FAMI1Y : Lining with inserted hoses

DESCRTIPTION : Insertion of a loose fit reinforced hose to
provide a pipelining when fluid is transported
under pressure

GENERAL

ABPLICATION : Pressure pipelines only, relying on integrity of
existing pipe

MATERTAIS : PE or polyurethane hose with textile reinforcement

- diameter range from 100 mm up<to 355 mm

- lining to provide leakage prevention

- loose hose pulled into existing pipeline and
remains collapsed until pressurized

- entry via existing acgess or small excavation

- lining is capable of‘accommodating (large radius)
bends

- reduction in capacity: minimal, if any

- no grouting

. simple method . leak prevention only
. no joints . lateral reconnection may
. lining can be reeled be difficult
. lining collapses when
non-pressurized

METHOD. (GENERAL)
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5.3 REPLACEMENT TECHNIQUES (TRENCHLESS)

5.3.1 REPIACEMENT USING PIPE BURSTING
FAMITY : Replacement using pipe bursting ;
DESCRTPTTON ¢ Replacement of an re by breaking and

an existing pipeiine ;
displacing it to form a cavity to allow a new pipe'fo
be installed in that cavity

APPLICATION : Pressure and gravity pipelines
1
MATERTAIS : PE, PP, PVC, GRP

CHARACTERISTICS : - diameters: up to 450 mm I
(GENERAL) - old pipe is burst or cut (hydraulically or !
pneumatically) by radial jacking forces and a new| |
pipe is pulled or pushed in behind
- with insertion pit (continuous length) or via a f
manhole (discrete pipes)
- no reduction@n capacity; even increase possible
- a crew of trained operators is needed
- in replacement of metal pipe systems a sleeve pip
is usually employed (to protect the inserted pipe| |
lining' from damage)

L

OTHER ¢ .«skructural damage of . laterals have to be
COONSTDERATIONS existing line no disconnected beforehand
problem lateral connection carried
. no-dig possible out from excavation

. change in surround
conditions (loading)

. risk of damaging services
and building constructiorns

] \ R T T NIRRT AT AN TR P ATIR R oA IR T

13
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5.3.2 REPIACEMENT USTING MICRO-TUNNELLING
FAMILY : Replacement using micro-tunnelling
DESCRTPTION : Installation of a new pipe using (remote) steerable

excavation or displacement equipment

R

Gravity or pressure pipelines (depending on method)

QONSTDERATTONS

PE, PVC, PP, GRP

diameter range up to 900 mm

- remote excavation by tunnelling(machine, fluid jet
cutter, soil displacement equipment to remove the
old pipe to create a cavity,into which a new pipe
can be installed

- shaft or insertion pit weédquired depending on method

- lining is capable of accommodating (large radius)
bends

- relatively high degree of skill (specialized crew

with special equipment)

. a new pipe_ is . shaft or insertion trench
installed wsing a required ‘
trenchless technique . obstacles may cause problems

. little surface ‘
disruption

METHOD (GENERAL)

R Ry P NN D TN
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Table 1 - General application area per Technique Family

Techniques (families) g Gravity Pressure |
; pipelines | pipelines

Lining with continuous pipe lengths% v v
Lining with discrete pipes % v v
Lining with close-fit pipes ; v v
Lining with spiral wound pipes | v

Lining with pipe segments | v

Lining with cured in place pipes v v
Lining with inserted hoses v ﬁ
Replacement using pipe bursting v v %
Replacement using micro-tunnelling v v %

15
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DESIGN ASPECTS

Note:

The renovation and replacement of pipelines requires a
range of solutions to solve a range of problems. A
technique which offers an ideal solution to one
problem may be totally inappropriate for another.
Therefore, it is important to categorise the
behaviour of lining systems. This will assist
specifiers to select solutions appropria?e to their

needs—whilst appreciating designassumptions~—

Genleral

Notle:

Thils clause concerns interactive forces between the
exilsting pipeline and the lining which may influencé- the
behlaviour of the renovated pipe.

6.1.1 Geometry

Geometrical consideration include:
- internal diameter of the existing pipeline
- gross sectional shape (ovalization)
viariations of the diameter along the)pipe axis

== 7 — 1

]
|

Posjsible influences on thecrenovated pipeline:

- undesired/innappropriate” annular space
- wrinkles

- ejxcessive stresses wor strains in the lining

6.1{.2 Surface characteristics

Surlface consideration include:
- surface cleanliness
- obstacles  (e.g. roots, dust, welds, connections)

——= Z T - 2 AR T 3

S\ S e

.f ;

Possible influences on the renovated pipeline:

- undesired friction or interference to the lining
during installation or operation

- insufficient bond between existing pipeline and lining
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6.1.3 Relative displacement between different parts of
the existing pipeline

Displacement considerations include:

- joints and assemblies

- misalignment before and after installation

- differential thermal expansion of the existing
pipeline and the liner

{

\

|
.

Possible influences:

- addfitional loads generated (tension, shear...)

- linfing exposed to the soil

- altpration of stress distribution in the renovated
pipeline

6.1.4| Leaks

Leakage may occur from outside (existing-pipeline/ground
water|) and from inside (conveyed fluid)%due to damage of
lining.

—— - ,ﬁgé——

i

Possiple influences on the renovated pipeline:

- dif|fficulty to locate~leaks

- fluid accumulation(in the annular space/damage of the
exilsting pipelinefliner

Diffijculties may-arise after installation of the lining
due Yo necessakxy access through the existing pipeline
(e.g.| to connéect laterals).

T

A T T e N e o

SN

: 1992 (E)
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6.1.5 Chemical degradation

Degradation of the existing pipeline and the lining may
occur because of the effect of the environment inside or

outside.

SR ——-~—--\

Possiblle influences on the renovated pipeline:
- ageirlg or weakening of the lining due to
chemijcal attack by internal or external environment
- loss |of bond between the existing pipeline and the
liner

6.2 Deslign Categories

Four dilfferent design categories have been definéd, as
given in table 2. Distinction has been made primarily
according to the structural loading conditions/which may
be expelcted.

Table 2 - Characteristics of Design Cate@ories
f
Loads on | Surround . Design
New Pipe | Situation , Category

no annular gap a

none filled “gap 1b
unfilled gap c

partial no-annular gap 5 a
filled gap b

full no annular gap | , a
filled gap b

£a11 broken pipe 4 2
b

no pipe

18
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