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Foreword

:2007(E)

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

e >tdb“b; IUL,II i 1ds ‘l; Ic 1 Iyi Ii tU lJU Iepresci ILLUUI Ul ti |at CUITITT I;ttUU. il ItCI I IdtiUl Idi orydi IiLdtiUl 15, YUVCITIN
npn-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

riternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

The main task of technical committees is to prepare International Standards. DraffVInternational §
jopted by the technical committees are circulated to the member bodies for\voting. Publicati
ternational Standard requires approval by at least 75 % of the member bodies-casting a vote.

5 Q

I other circumstances, particularly when there is an urgent market fequirement for such docu
tgchnical committee may decide to publish other types of normative document:

—t+ an ISO Publicly Available Specification (ISO/PAS) represenis@n agreement between technical
an ISO working group and is accepted for publication if itis\approved by more than 50 % of the
of the parent committee casting a vote;

—t an ISO Technical Specification (ISO/TS) represents, an agreement between the members of a
committee and is accepted for publication if it is ‘@pproved by 2/3 of the members of the committg
a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirr
further three years, revised to become anlaternational Standard, or withdrawn. If the ISO/PAS or

International Standard or be withdrawn:

Aftention is drawn to the possibility that some of the elements of this document may be the subject
rights. ISO shall not be held.fesponsible for identifying any or all such patent rights.

ISO/TS 10465-1 was prepared by Technical Committee ISO/TC 138, Plastics pipes, fittings and valv
transport of fluids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.

This first editien_of ISO/TS 10465-1 cancels and replaces ISO/TR 10465-1:1993, of which it con
tdchnical revision.

ISO 10465 consists of the following parts, under the general title Underground installation of flexi
rdinforced pipes based on unsaturated polyester resin (GRP-UP):

ntal and
with the

2.
btandards
bn as an

ments, a

bxperts in
members

technical
e casting

ned for a
SO/TS is

confirmed, it is reviewed again after a futther three years, at which time it must either be transformed into an
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ble glass-

— Part 1: Installation procedures [Technical Specification]
— Part 2: Comparison of static calculation methods [Technical Report]

— Part 3: Installation parameters and application limits [Technical Report]
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Introduction

Work in ISO/TC 5/SC 6 (forerunner to ISO/TC 138/SC 6) on writing standards for the use of glass-reinforced
plastics (GRP) pipe and fittings was approved at that subcommittee’s meeting in Oslo in 1979. An ad-hoc
group was established and the responsibility for drafting various standards later given to the Task Group that

490/l00 O

LO OO
would begometSOAFC438/SC6:

At the ISP/TC 138/SC 6 meeting in London in 1980, Sweden proposed that a Working Group be fotmed fo
develop documents regarding a code of practice for GRP pipes. This was approved by the subcommittee and
Working 5Group 4 (WG 4) formed for the purpose. Since 1982, many WG 4 meetings have been held*and haye
considergd the following matters:

— procgédures for the underground installation of pipes;

— pipe/soil interaction with pipes having different stiffness values;

— minimum design parameters;

— an oyerview of various static calculation methods.

During th|s work it became evident that unanimous agreement could\not be reached within the Working Grou:p
on the specific methods to be employed. It was therefore agreed that the related documents would bhe
published as either Technical Specifications — the case for thisipart of ISO 10465 — or Technical Reports.
This part] of 1ISO 10465 describes procedures for the ufderground installation of GRP pipes. It concerns
particular stiffness classes for which performance requifements have been specified in at least one produlct

standard; but it can also be used as a guide for the installation of pipes of other stiffness classes.

ISO/TR 10465-2 presents a comparison of the two primary methods used internationally for static calculatiofs
on underground GRP pipe installations:

a) the ATV method [1];

b) the AWWA method [2].

ISO/TR 1[0465-3 gives additional information which is useful for static calculations primarily when using an
ATV-A 137 type design system in accordance with ISO/TR 10465-2 of items such as

— parameters fordeflection calculations,

— soil parameters, strain coefficients and shape factors for flexural-strain calculations,

— soil modutand pipe stiffness for buckiing catcutations with Tegard to efastic behaviour,
— parameters for re-rounding and combined-loading calculations,

— the influence of traffic loads,

— the influence of sheeting,

— safety factors,

— allowable depth of cover for different pipe stiffnesses in different native soils,

Vi © 1SO 2007 — All rights reserved
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— minimum pipe stiffness, depth of cover and compaction for GRP pipes installed under traffic surfaces,

— minimum pipe stiffness in relation to embedment conditions for GRP pipes which need to sustain negative
pressures,

— re-rating of pressure pipes which are used under conditions, such as depth of cover, other than those for
which the standard pipe has been designed, and

— the influence of sheeting on allowable depth of cover.

nce publication of the previous edition of this part of ISO 10465, both the AWWA and the ATV-DVWK
psign systems have been revised and now contain design features which reflect the increased khowledge
nd experience gained by the pipeline industry during the last decade. The revision of this and the ofher parts
of ISO 10465 has been made to take account of those changes.

v a W

NDTE Although significant advances in trenchless construction have been made in yrecent years, this type of
stallation has not been considered.

5
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TECHNICAL SPECIFICATION ISO/TS 10465-1:2007(E)

Underground installation of flexible glass-reinforced pipes
based on unsaturated polyester resin (GRP-UP) —

Part 1:
Installation procedures

11 Scope

This part of 1ISO 10465 describes the procedures for underground installation of flexible glass-feinforced
thermosetting resin (GRP) pipes. It refers generally to GRP pipes as specified in the system $tandards
ISO 10467 and ISO 10639, but it can also be used as a guide for the installation of other GRP pipes. It does
net include jacking, relining or above-ground installations; nor does it eover health and safety or envifonmental
conditions, these being addressed in national regulations at the place of installation.

NPTE The installation nomenclature, dimensions and soil moduli.zones referred to in this part of 1ISO [10465 are
shown in Figure 1.

2| Normative references

The following referenced documents are indispensable for the application of this document. Hor dated
rdferences, only the edition cited applies~For undated references, the latest edition of the r¢ferenced
dpcument (including any amendments) applies.

ISO 10467, Plastics piping systenis,for pressure and non-pressure drainage and sewerage + Glass-
rdinforced thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin

ISO 10639, Plastics piping( systems for pressure and non-pressure water supply — Glass-feinforced
tHermosetting plastics (GRP))systems based on unsaturated polyester (UP) resin

3| Terms and-definitions
Fpr the purposes of this document, the following terms and definitions apply.

31
trench-stops

dams’ or weirs built around the pipe across the trench to prevent flow of water along the trench through the
bedding and foundation materials

NOTE Trench-stops can be formed from clay which may be available on-site, or from bags of sand, or cement
stabilized sand, packed around the pipe and across the trench extending to within 150 mm of the finished surface.

3.2
bulkhead
concrete wall poured around the pipe and spanning the trench

NOTE The bulkhead is keyed into the trench walls to form a pipe anchor and extends to within 150 mm of the
finished surface level. Drainage holes are normally placed at the lower part of the embedment zone to eliminate long-term
retention of water behind the bulkhead. See Figure 1.

© 1SO 2007 — All rights reserved 1
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Soil modutizones:

Figure 1 — Trench installation nomenclature, dimensions and soil moduli zones
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4 Installation — Design considerations

4.1 General

Glass-reinforced thermosetting resin (GRP) pipes are classed as flexible pipes which are designed to deflect
under external load to an extent that does not cause structural damage to the pipe. The performance of GRP
pipes is primarily controlled by the external and internal loads applied and the resistance provided by the
embedment conditions. Allowable strain levels within the pipe wall vary, depending upon

a the tvne of raw matarials 1ised to manufacture the ning
P A Ll i)

b} pipes wall formation, and
c] manufacturing process.
bveral installation design procedures exist which can be used to determine the>deflection thgt can be

pected in a particular installation. In ISO/TR 10465-2, the two most commonly used procedures — namely,
e German ATV 12701l method and the American AWWA M 45[2] method — aré-compared.

FO W

Dr a particular pipeline, the optimum pipe installation system employed will be governed both technjcally and
conomically by the site conditions. Nevertheless, due to the differences in geological formation that have
ccurred during the life of the earth, a diverse range of soils and geophysical conditions exists. For these
gasons, Clause 7 and Clause 9 to Annex A contain only information that is relevant internationally. Any
pipeline installation system shall be in accordance with the applicable national standards and regylations in
fdrce at the place of installation.

o ® T

—

4|2 Site assessment

The topics in this subclause cover matters which should always be considered when surveying a site

4/2.1 Water-table level

=

ater tables that are higher than the'bottom of the trench can produce problems such as a redluction in
assive resistance, erosion of trench sides, migration of fines within the embedment, instability of the trench,
pssibility of pipe floatation and.inadequate foundation. Where a site has a high water table, congideration
ould be given to additional grouhd drainage and the use of suitable installation design methods to cope with
the possibility of the buried-pipe floating during and after installation. Additionally, the possibility of the water
tgble changing over time-should be surveyed using any existing shallow-drilled wells or springs, watef levels in
slirface watercoursesand'reliable information from the local inhabitants.

0w T O

4[2.2 Soil stability

During the site survey, locations which show signs of previous ground instability, i.e. slipping, faulting or
uplifting/sinking should be investigated in detail. Fundamentally, the route of the pipeline should be sglected to
ayoid¢such ground conditions. In cases where this is not possible, a detailed soil survey of the area ghould be
copnducted. This survey should be conducted with the assistance of an experienced geologist apd/or soil
mechanics Ully;llccl. Probtems-identifred by the SUrvey which-havenotbeen—considered-inthe pipc“ e design
should be discussed with pipeline designer/specifier.

4.2.3 Soil exploration

The actual ground conditions prevailing along the proposed route of the pipeline should be surveyed before
beginning the design or installation. Geological features and the engineering properties of the soil are
elements which will have an influence on the selection of the route, minimum pipe stiffness required, trench
proportions and installation techniques to be employed.

The techniques to be employed during the survey will typically include at least one or more of the following:
boring, sounding, physical survey, prospecting, water-table evaluation and determination of soil properties at

© 1SO 2007 — All rights reserved 3
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the site and in the laboratory. The degree of detail required from the survey will be specified by the
responsible designer of the pipeline and will take into account the scale of pipeline, risk assessment and
critical nature of the location.

4.2.4 Soil classifications

The ground conditions will vary at different locations along the intended route of a pipeline and it is important
that an accurate description of the soil be given to the designers and contractors. To ensure an accurate
assessment is made, the descriptors used in the report on the survey should be based on standards using the
unified soil classification _system (see Annex A) or be in_accordance with the country’s national design
standard,

4.2.5 Leocation of existing pipeline utilities and structures

A prelimipary site survey should be conducted along the route of the pipeline to ascertain-Whether othg
services puch as water supply, sewerage, electricity or gas are present. Prior to commenging installatiop,
precautions to prevent damage to existing services should be undertaken. The precautions should include
minimuml|isolation distances to such services as may be prescribed by national regulations.

r

Furthermpre, there is the possibility that historical or cultural assets could be encéuntered, and in such casgs
the regulations of the country or region shall be followed.

4.3 Flgxible pipe — Technical concepts

Glass-reipforced thermosetting resin (GRP) pipes are classed as. flexible pipes that may be expected fo
deflect upder external load with no structural damage. The performance of GRP pipe is affected by the
amount of strain induced in the pipe wall by external loads and/or, internal pressure.

Allowablg strain levels vary with the type of raw materials, wall structure and manufacturing process. It |is
necessarly to control the deflection and distortion of the pipe to ensure that the manufacturer’s allowable strajin
level is ngt exceeded.

In an underground installation, the soil and traffic loads above a buried flexible pipe cause a decrease in the
vertical dlameter and an increase in the horizontal diameter of the pipe. The horizontal movement of the pipe
walls intd the soil material at the sides of-the pipe develops a passive resistance that helps the pipe suppqrt
d
n

the extermpal load. The resistance of the.soil is affected by the type of solil, its density, depth of overburden ar
the presgnce of ground water. The higher the soil resistance, the less the pipe will deflect. Proper installatig
techniqugs are essential to develop_the passive soil resistance required to prevent excessive pipe deflections
and/or digtortions.

The deflgction of a buried flexible pipe depends on the soil and on the pipe. The amount of deflection is|a
function ¢f the depth efiburial, the stiffness of the pipe, the passive resistance of the soil at the sides of the
pipe, the ftime-consolidation characteristics (time lag factor) of the soil and pipes, the applied live load and the
degree of supportgiven to the bottom of the pipe (bedding constant).

Several grocedures exist that can be used to obtain the mathematical relationship of these parameters and
the deflegtion that will occur in a particular installation.

NOTE In ISO/TR 10465-2, the two major design procedures [l [l are compared.

4.3.1 Behaviour of flexible pipes under load

The flexibility of GRP pipe combined with the natural structural behaviour of soils provides an ideal
combination for transferring vertical load. Unlike rigid pipes, which may break under excessive vertical load,
the GRP pipe's flexibility combined with its high strength allow it to bend and redistribute the load to the
surrounding soil. The deflection of the pipe serves as an indicator of the stresses generated in the pipe and
the quality of the installation.

4 © 1SO 2007 — All rights reserved
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The initial deflection is the deflection which is present following installation. The pipe continues slowly to have
an increase in deflection but reaches a final value within a reasonable period of time. Almost all of the
increase in deflection takes place during 1 to 2 years after installation and thereafter the deflection stabilizes.
It is not unusual for the long-term deflection value to be 30 % to 50 % higher than the average initial deflection.
The change in deflection after installation is caused mainly by settlement and consolidation of the surrounding
soil. If the pipeline is pressurized, the pipes will start to re-round and a reduction in deflection will occur.

The use of the installation procedures detailed in this part of ISO 10465 will minimize the levels of both the
initial and final deflections.

4)3.2 Limiting deflection

There are several methods of structural design (see ISO/TR 10465-2 and ISO/TR 10465-3) that'may be used
tq estimate the deflection of a pipe under load but, although they are capable of being in rgasonable
agreement, they do not give exactly the same answers for a given condition. For any.particular mgthod, the
values calculated are usually the expected average deflections.

The property requirements for GRP-UP pipes in accordance with ISO 10467 and 1ISO 10639 assumg that the
mlaximum permissible initial deflection is 3 % and the maximum long<term deflection is 6 %. If the
rgcommendations for installation in this part of ISO 10465 are followed,it)is expected that the dgflections
achieved will be less than these limiting values.

4/4 Pipe selection

The selection of the pressure class, stiffness class and jointdype of a buried pipe system is bas¢d on the
operational conditions of the pipeline (operating pressure, surge pressure and possible vacuum conditions) as
well as on the external forces applied to the pipe from soil loading and superimposed live or traffic logding.

Ap the operating and burial conditions can vary.ovér the length of a pipeline, the selected pregsure and
sfiffness classes can differ at different locations along the pipeline. Depending on such factors as how
pressure thrust is accommodated and the need to connect to fittings and other systems, joint selgction can
also differ along the course of a pipeline.

4/4.1 Pressure class selection

The selection of the appropriate:pressure class for a pipe at any particular location in a pipeline system
rgquires either knowledge of the static head pressure or of the pumping pressure or system [operating
pressure. Typically, a hydraulic analysis will determine the acceptable flow velocities and identify aregs of high
sfatic or pumping heads.)Surge pressure conditions also need to be determined. An unusually hijgh surge
pfessure could requireZa higher pressure class pipe.

Depending onhée/application and operation requirements of the pipeline system, the system designer may
incorporate such items as head breakers, pressure reduction valves, pressure relief valves, orifice plates and
slirge suppressors to control the flow and pressure in the pipeline.

4)4.2 “ Pipe stiffness class selection

Before the necessary stiffness can be determined, the following need to be considered.

4421 Soil survey

If a soil survey is carried out prior to construction, the native soil and the backfill material should be classified
in accordance with Annex A. The classification will help in the selection of a suitable nominal stiffness in
accordance with 4.4.2.2

The classification will also indicate the areas of suitable materials for pipe zone backfill, so that importation of
material may be minimized. Native materials conforming to the recommendations of this part of ISO 10465 or

© 1SO 2007 — All rights reserved 5
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soil groups 1, 2, 3 and 4 (see Annex A) are all suitable as backfill in the pipe zone. If backfill materials have to
be imported it is recommended that group 1 or 2 materials be used.

4422

Matters influencing selection of suitable pipe stiffness

The selection of an appropriate pipe stiffness class for a pipeline will depend on a number of factors, including

— burial depth,

—  trenchwidth

— native soill,

— pipe

zone backfill material and its degree of compaction,

— watef table location,

—  traffi

C (live) loading conditions,

— surfgce surcharge loads,

— vacu

— theli

um conditions, and

miting properties of the pipes.

Calculatigns to determine the predicted deflection level of ‘nstalled pipes should be performed (sq
ISO/TR 10465-2 and ISO/TR 10465-3 for discussion and information on the most common calculatig

systems
selected

effect of

or GRP pipe systems). The predicted deflection must be within the allowable deflection limits of
Dipe.

high compaction effort producing distortion should also be considered. It is recommended that

If considjration is being given to the use of pipes with a nominal stiffness less than SN 2 000, the possib

stability
internal v

4423

nalysis be made which investigates the,effects of the loading from soil overburden and, if applicabl
Bcuum.

Joint selection

The selegtion of the joint type withdepend on several factors, of which the key considerations are

— oper

hting pressure,

— method of thrust.restraint,

— nee( for joining to ancillary fittings and/or other piping materials, and

— systgm-ayout.

In many piping projects it will be common to have several different joining methods, each addressing a
specific need in the most economical manner.

5 On-site inspection, transportation, handling and storage

5.1 Inspection

It is recommended that at the commencement of the pipeline installation project an inspection and test plan be
prepared. The testing and inspection should routinely confirm that the project specification is being met.
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5.2 Transportation

5.

2.1 Packaging

:2007(E)

When transporting pipes and fittings, use either flat-bed or purpose-made vehicles. Secure the pipes and
fittings well before transportation. When loading bell end pipes, stack the pipes so that the bells are not in
contact with adjacent pipes. All supports, restraints and packing bearing on pipe and fitting surfaces shall be
padded or wrapped with material suitable to prevent point loading or other damage during transportation.

C

hains and wire ropes shall not come into direct contact with the pipes and fittings.

5

T
p
th

2.2 Transportation stack height

ne height of the pipe stacks shall be limited to minimize deformation during transport. The' largest]
pes shall be placed on the bed of the vehicle. When pipes or fittings require special transportation
e manufacturer shall notify the customer of the procedure to be used.

2.3 Pipe transportation on-site

it is necessary to transport pipes and fittings on the job site, use either flat-bed or purpose-madg
hich are free from nails and other protuberances (see Figure 2). ltq/is-best to use the original
innage if that is available; if not, support all pipes on flat timbercat-a maximum spacing of 4
aximum overhang of 2 m. Contact between individual pipes should b€ prevented and chocks shoul
prevent movement. The maximum stack height should be limited to approximately 2 m: strap pif

vehicle over the support points using pliable straps or ropes. Never use chains or steel ropes.

1
2
3

©

Key

diameter
practices,

vehicles
shipping
m with a
i be used
es to the

rope or fabric strap
timber bearer
timber chock fixed to bearer

Figure 2 — Transport of pipes
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5.3 Pipe handling

5.3.1 General

Care should be exercised when unloading the product in order to prevent damage from hitting rigid objects.
Do not use hooks, chains or cables at the ends of the pipes. The timber bearings supporting the pipes shall

not be used to lift the pipes unless allowed by the manufacturer.

Pipe handling and unloading can be hazardous and must be carried out in accordance with the manufacturer’s

recommended practice. Typically pipe handling will include the following precautions.

a) Avoidl rough handling of the pipe or pipe packs which could cause impact against hard objects or resting

upon surfaces which could cause point loading.

b) During the unloading process, maintain control of the load. The use of guide ropes will assist in controlling

the Ipad and spreader bars might also assist when multiple support locations are necessary.

5.3.2 Pipe units
Pipes canp be packaged as units. These may be handled using a pair of fabric slings-as‘shown in Figure 3.
CAUTION — Do not use chains or wire ropes.

Pipe bungdle units are normally designed to be lifted from the top, but fofks or slings that go under the un
may be uksed.

05xL

Key

1 fabricisling
2 timbel bearer

ts

3 pipe bundle binding
Figure 3 — Lifting pipe bundle unit
5.3.3 Single pipe

When handling single pipes it is recommended that fabric slings or ropes be used (see Figures 4 and 5.)

CAUTION — Do not use chains or wire ropes to lift pipe; do not use hooks at the pipe ends or ropes

passed through pipes as a means of lifting.

Pipes should not be rolled over rough or rocky ground.
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—

Key

=N

fabric sing
2| rope used to control and manoeuvre the pipe

Figure 4 — Lifting pipe using single sling

o\ AN AN\ NN\

Key

1 fabric sling
2 rope used to control and manoeuvre the pipe

Figure 5 — Lifting a pipe using two slings
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5.3.4 Nested pipes

Pipes which are shipped for long distances may be nested (small diameters inside larger diameters) to reduce
transportation costs. These pipes usually have special packaging and can require non-standard procedures
for unloading, handling and storage, information on which will normally be supplied by the manufacturer.

CAUTION — Always lift a nested bundle using two slings.

See Figure 6.
o 1
2
3
Key
1 fabricjsling
2 Pipes|nested inside largest pipe
3 rope Used to control and manoeuvre\the pipe
Figure 6 — Nested pipes lifted using two slings
Nested pjpes are normally-best stored in their original packaging and de-nesting should be undertaken at|a
site equigped for that purpose following the instructions provided by the pipe manufacturer.
5.4 Storage
5.4.1 P1pe

Store and transport pipe in accordance with the manufacturer's recommendations.

Select a site having sufficient area for storage of the pipes and room for vehicle movements. Where
necessary, clear site of hazardous combustible vegetation and minimize fire risks.

Pipe may be stored on the ground, provided that it is flat, free of rocks and any other potentially damaging
debris. However, it is generally advantageous to place the pipe on flat timber supports, as these facilitate
placement and make the removal of slings easier.

SAFETY PRECAUTIONS — All pipes should be chocked to prevent rolling which may be initiated by
uneven ground, wind-loads or other external forces.
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Pipes may also be supported on sand bags or soil mounds.

Pipes may be stacked, but the height of the stack should be limited in order to minimize distortion and
ovalization during storage (see Table 1). When pipes are stored in stacks, the bottom layers can become
distorted; these should be removed from the stack, prior to installation, allowing sufficient time for re-rounding
to occur.

Table 1 — Recommended maximum number of layers in a stack of pipes

?DO'\T;I“M oV £ZUU £ZOU oUVU 4UU OUU OUU 10 7UU oUU 10 TZUU a00anapver
Number of pipe layers 9 8 7 6 5 4 3 2 1

If|pipes are nested, the number of supports between layers should be increased so(that the magnitude of
loads at the bearing points is no greater than for un-nested pipes.

Ifthe exposed storage time is likely to exceed 12 months and any of the materials used for the|pipe and
fiftings are sensitive to ultra-violet light radiation, some additional protection could be required tp prevent
damage.

5/4.2 Gaskets and lubricant

Rubber ring gaskets, if shipped separately from the couplingss should be stored in the shade in their original
packaging. The gaskets should be protected from expesure to greases and oils which are petroleum
derivatives and from solvents and other deleterious substances.

Glasket lubricant shall be carefully stored to prevent damage to the container. Partially used| lubricant
containers should be carefully resealed to prevent,contamination.

5|5 On-site inspection

5/5.1 Load inspection

| pipes should be inspected wpon receipt at the job site to ensure that there has not been any damage in
bnsit and that the pipes-‘and fittings comply with the product specifications and contract ddcuments.
epending upon the length-of time in storage, the amount of job site handling and other factorq that can
nfluence the condition-of the product, it may be prudent to re-inspect the pipe just prior to installation

oz >

515.2 Pipe marking

Ehsure thatthe pipe quantities and markings comply with the bill of lading and the contract docunments with
spect to-size, stiffness and pressure class requirements. Where the pipe is to be used for the conveyance of
btable\water, ensure that it has been tested and certified by an acceptable certifying organization for use
hder the local regulatory requirements.

—
o)

C O

5.5.3 Pipe and fittings inspection

Make an overall inspection of the load. If the load is intact, ordinary inspection of the pipe will normally suffice
to ensure that the pipe and fittings have arrived without damage. If the load has shifted or there are signs of
damage, each pipe should be inspected carefully.

Damaged pipe might or might not be repairable, depending upon its type and the application for which it is
being used. Any damaged pipe should be clearly marked and quarantined. Repairable pipe should be
repaired according to the manufacturer’s instructions. Pipe which cannot be repaired should be removed from
the site.
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Inspect gaskets, seals and fittings to ensure that the correct items have been supplied and that the correct

materials have been used in their manufacture.

6 Trench construction

6.1 Excavation

Excavate trenches ensuring that sides will be stable under all working conditions. Slope the trench walls or

'd oy : £ N Ul 1 <l ' 1 4 ol <l £ £fo4 o 1 oot Y £ 4
prOVI e S MPUTNLS TTT CUTTTUTTTIAricoc wWitlt air tovdl aiid Tiativlidl otalriualuo TUl Dalcly. N Yl Ullly tiat puruaurt Uit

trench ag can be safely maintained by the available equipment. Place and compact the backfill in the tfeng¢h

as soon gs practicable, preferably no later than the end of each working day.

Where trench walls are stable or supported, provide a width sufficient, but no greater than necessary,
ensure wprking room to properly and safely place and compact the haunch and other backfill materials.

The spade between the pipe and the trench wall shall be wider than the compaction equipment used in th
pipe zong.

In additign to safety considerations, the trench width in unsupported, unstable_ seils will depend on the si3
and stiffness of the pipe, stiffness of the backfill and native soil and depth of cover:

Specially| designed equipment can facilitate the satisfactory installation and backfill of pipe in trenchgs

narrower |than specified below. If it is determined that the use of such‘equipment can provide an installatiq
consistent with the requirements of this practice, minimum trench widths may be reduced if approved by tf
engineer,

6.2 Minimum trench width

Minimum| trench width for single pipes should be at_least 1,25 times the outside diameter of the pipe pléis

300 mm. [The clearance between the pipe and the trench wall shall be wider than the embedment compactic
equipment which will be used.

6.2.1 Trench width — multiple pipes

For multiple pipes in the same trench;-spaces between pipes shall be at least equal to the average of the ra
of the twp adjacent pipes for depths-of cover greater than 3,5 m and 1/3 of the average radii for depths
cover lesg than 3,5 m.

The distgnce from the outside pipe to the trench wall shall not be less than if that pipe were installed as
single pige in a trench.

The space betweenthe pipes and the distance from the outside pipe to the trench wall shall be wider than tk
embedment compaction equipment being used.

e

fo

e

e

n
e

n

dii

of

a

e

e

An indicgtive, value for safe working room is 500 mm (for larger diameters)

or at least half the external pif
diameter be e (o rarmaerdiamatare

6.3 Trench-bottom
Excavate trenches to a depth of at least 100 mm below the pipe.

See Clause 7 for guidance on installing a foundation and bedding.
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6.3.1 Rock

When ledge, rock, hardpan or other unyielding material, cobbles, rubble or debris, boulders or large stones
are encountered in the trench bottom, excavate a minimum depth of 150 mm below the pipe bottom, or as
directed by the engineer.

NOTE Table 2 gives guidance on maximum stone sizes allowable with respect to pipe diameter.

6.3.2 Unstable base

flthe trench bottom is unstable or shows a “quick” tendency, over-excavate to a depth required by the
engineer.

6{4 Water control

—

is always good practice to remove water from a trench before laying and\’backfiling pige. While
circumstances occasionally require pipe installation to take place in standing or runqing water conditipns, such
actice is outside the scope of this part of ISO 10465. At all times, prevent, fun-off and surface water from
htering the trench.

D T

6/4.1 Ground water

hen ground water is present in the work area, de-water to maintain stability of native and imported materials.
aintain the water level below the pipe bedding. Use, as appropriate, sump pumps, well points, deep wells,
potextiles, perforated under-drains or stone blankets of sufficient thickness to remove and contro] water in
e trench. When excavating while lowering the groundcwater level, ensure that ground water is below the
pttom of the cut at all times to prevent wash-out from behind sheeting or sloughing of exposed trepch walls.
aintain control of water in the trench before, during.and after pipe installation, and until backfill ig installed
nd sufficient backfill has been placed to prevent fletation of the pipe. To preclude loss of soil support, employ
b-watering methods that minimize removal of fines and the creation of voids in the native soil and bgckfill.

Q0 =g5Q = =

6/4.2 Running water

Cpntrol running water arising from(surface drainage or ground water so as to prevent undermining of the
trench bottom, walls, foundation or other zones of backfill. Provide dams, cut-offs, or other barriers pgriodically
along the installation to prevent-transport of water along the trench bottom. Backfill all trenches ag soon as
placticable after the pipe is.installed to prevent disturbance of pipe and backfill.

6/4.3 Materials for water control

C

se suitably graded materials in the foundation as drainage blankets for transport of running watef to sump
ts or other drains. Use properly graded materials or perforated under-drains, or both, to enhance transport of
rdnning water{ Select the gradation of the drainage materials to minimize migration of fines from sufrounding
materials:

©

The-bedding and backfill materials selected for such installations should consist of materials that do| not have
fire—partictes—which—ecould—be—removed—by—the—effects—of-water—alternatively—the—installation—shelld utilize

geotextile fabrics that will prevent the fine materials from migrating to the trench walls (see 7.2).

6.5 Support of trench walls

6.5.1 Temporary support

When supports such as trench sheeting, trench jacks, trench shields or boxes are used, ensure that support of
the pipe and the backfill is maintained throughout the installation process. Ensure that sheeting is sufficiently
tight to prevent washing out of the trench wall from behind the sheeting. Provide tight support of trench walls
below viaducts, existing utilities or other obstructions that restrict driving of sheeting.
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6.5.2 Support left in place

Unless otherwise directed by the engineer, sheeting driven into or below the pipe zone should be left in place
to preclude loss of support of foundation and backfill materials. When the top of the sheeting is to be cut off,

make the

cut 0,5 m or more above the crown of the pipe. Leave supports in place as required to support cut-

off sheeting and the trench wall in the vicinity of the pipe zone. Timber sheeting to be left in place is
considered a permanent structural member, and should be treated against biological degradation (e.g. attack
by insects or other biological forms) as necessary, and against decay if above ground water.

NOTE

compounds 1S OUtSIde the sSCope O his Part or ISV TU400.

6.5.3 Movable trench-wall supports

Do not d
supports
maintaini
sufficient

backfill, and ensure the compaction of backfill materials against the undisturbed native soil.

6.54 R

If the eng
that neith
removal
removed

6.6 Trenching on slopes

The angl
condition
than 15°
instability]

Installing
as pipe S
settlemer
Pipes ma

a) long

b) pipeg
by of

C) pipes

Certain preservative and protective compounds pose environmental hazards. Determination of acceptable

isturb the installed pipe and its backfill when using movable trench boxes and shiélds. Movable
should not be used below the top of the pipe backfill zone, unless approved methods are used fpr
ng the integrity of backfill material. Before moving supports, place and compact the backfill fo
depths to ensure protection of the pipe. As supports are moved, finish placing and compacting

bmoval of trench-wall support

ineer permits the use of sheeting or other trench-wall supports that extend into the pipe zone, ensufe
er pipe, foundation, nor backfill material is disturbed by sypport removal. Fill any voids left ¢n
bf supports, and compact all material to required densiti€s. 1t is recommended that sheeting e
in stages and that compact backfill be carried out betweeneach stage.

b at which slopes can become unstable depends on the properties of the soil. The risk of unstable
5 increases dramatically with slope angle. In"general, pipes should not be installed on slopes greater
a slope of 1 to 4) without suitable anchors’ (bulkheads, see 3.2) or supports. In areas where slope
is suspected, conditions should be verified by a geotechnical investigation.

pipes above ground may be a preferred method for steep slopes, as above-ground structures su¢h
upports are more easily defined ‘and, therefore, the quality of installation is easier to monitor and
t easier to detect.

y be installed on slop€es greater than 15° (a slope of 1 to 4) provided that

term stability of thejinstallation can be ensured with proper geotechnical design,

are backfilled with granular material with high shear strength or the shear of the backfill is assured

her means;)the backfill should be compacted to a minimum of 90 SPD,

aré.installed in straight alignment (plus or minus 0,2°) with a minimum gap between pipe ends,

d) abso
sepa

lute long-term movement of the backfill in the axial direction of the pipe does not cause joint
ration,

e) the installation is properly drained to avoid washout of materials and ensure adequate soil shear strength,

and

f) stabi

lity of individual pipes is monitored throughout the construction phase and the first stages of

operation.

14
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6.7 Exposing pipes when making service-line connections

When excavating for a service-line connection, excavate material from above the top of the existing pipe
before removing material from the sides of the pipe. Materials and density of service-line embedment should
conform to the specifications for the existing line or with this practice, whichever is more stringent.

6.8 Trench bottom in weak soils

In weak soils, where it is not possible to work safely in the trench, reinforcement of the trench bottom can be
necessary hefore Iaying the hprlrling Reinforcement may he made hy ||Qing soil imprn\/nmnnf h:\"hniques’

potextile reinforcement, concrete slabs or other suitable settlement minimizing methods.

g
Cpre should be taken when using these techniques to ensure that the reinforcement weight does mnot cause
soil settlement.

These reinforcements have only marginal influence on the structural circumferential \behaviour of the flexible
pipe. They should not be used to improve the pipe stability.

7| Foundation and bedding

71  General

ecommendations for use of various types of backfill materials for the foundation and embedment|zone are
ven in 9.1. In addition, consult the pipe manufacturer for recommendations specific to the product.

ilding foundations, in sanitary landfills or in other highly{ unstable soils, requires special engineering experfise and is

R

9

NDTE Installation of pipe in areas where significant setflement can be anticipated, such as in backfill gdjacent to
b

olitside the scope of this part of ISO 10465.

Install foundation and bedding materials as.required by the engineer, depending on the conditions in the
trench-bottom.

In the presence of ground water, a reduction of the soil support around an installation can occur for p number
of different reasons, including

—t transition from one type of hative soil to another, and

—+ migration of fine seil-particles from both the bedding and backfill zones, either into the trench wall or along
the alignment of the pipeline or vice-versa.

Alreduction in support to the pipe can cause excessive diametral deflection, which could cause failurg.

=

large scale’‘movements are expected, such as in earthquake and flood zones, it is recommended that expert
aglvice be'obtained.

o PP Fof-beddi ot

When open-graded material is placed adjacent to a finer material, fines can migrate into the coarser material
under the action of hydraulic gradient from ground water flow. Significant hydraulic gradients can arise in the
pipe trench during construction when water levels are controlled by various pumping or well-pointing methods,
or after construction, when permeable under-drain or backfill material acts as a drain under high ground water
levels. Migration can result in significant loss of pipe support, resulting in increasing deflections that can
ultimately exceed design limits. The gradation and relative size of the backfill and adjacent materials shall be
compatible in order to minimize migration. In general, where significant ground water flow is anticipated, avoid
placing coarse, open-graded materials above, below or adjacent to finer materials, unless methods are
employed to impede migration. Consider the use of an appropriate soil filter or a geotextiles filter fabric along
the boundary of incompatible materials.

© 1SO 2007 — All rights reserved 15


https://standardsiso.com/api/?name=dfc704885c004ce5b0bd275e0d77d2d6

ISO/TS 10465-1:2007(E)

The following filter gradation criteria, given by Equations (1) and (2), may be used to restrict migration of fines
into the voids of coarser material under a hydraulic gradient.

D15

—1<5 (1

dgs
where

Dys

is the sieve opening size passing 15 % by weight of the coarser material;

These cri

If the fine
be used i

D1s
where D,

The aboy
based on

7.3 Trench foundation

731 G

The treng
provide a

The exc4d

In uniforn
bottom ¢

is the sieve opening size passing 85 % by weight of the finer material.

<25 (3]

is the sieve opening size passing 50 % by weight of the coarser material;
is the sieve opening passing size 50 % by weight of the finer materiah

teria may not apply if the coarser material is well graded.

r material is a medium plastic or highly plastic clay, then the criteria expressed by Equation (3) may
h lieu of those of Equation (1):

0,5mm B)
- is the sieve opening size passing 15 % by weight of the coarser material.

e criteria may need to be modified if one of the materials is gap-graded. Materials selected for uge
filter gradation criteria should be handled and placed in a manner that will minimize segregation.

eneral

h foundation shalt be”firm. Where over excavation exists, the area shall be filled and compacted fo
satisfactory grade-and density.

vation of the¢trench will vary according to the nature of the native soil.

n, relatively soft, fine-grained soils free from large stones and other hard objects, and where the
hn-readily be brought to an even finish, providing a uniform support for the pipes over their whole

length, it

ma\. be satisfactory to lav nines with nominal sizes up to and including DN 700 directly onto the
7J J J T ~ J J

raked and trimmed bottom of the trench. In such cases, the soil should be excavated locally at the couplings
so that the pipe is supported on the pipe barrel and not on the couplings.

The bottom of all trenches shall be continuous, uniform and free of hard spots such as boulders or cobbles.

7.3.2 Rock foundation

When rock, cobbles or other unyielding materials are present, over-excavate the trench bottom to a depth of

at least 1

50 mm to remove all such hard objects, fill the trench bottom with granular material compacted to

provide a satisfactory grade and density, then install a layer of bedding, 150 mm minimum thickness, below
the bottom of the pipe.

16
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7.3.3 Unstable trench bottom

:2007(E)

Where quicksand or similar organic soils which exhibit volume changes with moisture exist, over-excavate the
trench-bottom and construct a foundation with a suitably graded material. Each situation should be evaluated
on a case-by-case basis during construction, in order to determine the extent of over excavation and the type
of foundation material to be used. Where ground water conditions could cause migration of fines and loss of

pipe support, the use of a geotextile material should also be considered. For severe conditions, the
could require a special foundation such as piles or sheeting capped with a concrete mat.

7.3.4 Over-excavation

engineer

Ifthe trench bottom is over-excavated below the intended grade, either intentionally (see 7.3.2)-0r'ac
itfis recommended that the material for the foundation zone be as for the primary embedmentzone c
tq Class W (see Annex A).

7{3.5 Sloughing

=

the trench sidewalls slough off during any excavation or installation of pipeZzone embedment, r
slpbughed and loose material from the trench.

714 Bedding

The pipe needs to be uniformly supported along its full length;-this support being provided by the
layer (see Figure 1). The bedding layer should be made of granular material, such as sand or crus|
and provide a firm, stable and uniform bedding for the pipe barrel and any protruding features of its jg
The bedding should be spread evenly across the full>trench width and levelled to the required
maximum bedding thickness of 150 mm, with minimum thicknesses of 100 mm below the barrel ar
below any other part of the pipe, is recommended, unless otherwise specified.

I uniform, relatively soft, fine-grained soils-free from large stones and other hard objects, and V
bpttom can readily be brought to an even‘finish providing a uniform support for the pipes over th
lghgth, it may be satisfactory to lay pipes with nominal sizes up to and including DN 700 directly
rdked and trimmed bottom of the trench:

Where there is the possibility of.fines migration, consider the installation recommendations given in 7

8| Pipe laying and-jointing

8|1 Quality assurance

The satisfactory installation of the pipeline requires that the inspection or quality assurance procs
conductéd-throughout all phases of the installation process, in accordance with the following.

a) “The trench excavation should conform to the specified width, depth and gradient.

cidentally,
bmpacted

emove all

bedding
hed rock,
int.

grade. A
d 75 mm

vhere the
eir whole
on to the

dures be

b) The trench foundation shall be firm. Where over-excavation exists, the area shall be filled and compacted

to provide a satisfactory grade and density.

c) The pipe embedment material shall comply with the specification. The fill depth and compacti
material in the trench shall also satisfy the specified requirements.

d) The pipe should be visually inspected for damage prior to laying. Spigots should be clean

on of the

and pipe

bells/sockets should be free of dirt and soil. Jointing should be made using a method approved by the
pipe manufacturer, using a suitable pipe lubricant. Joints require inspection to ensure that the correct

depth of insertion of the pipe spigot has been achieved and that the pipe-to-pipe deflection
exceed the specification.

© 1SO 2007 — All rights reserved
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e) During placement and compaction of the embedment material, ensure that pipe support is being created
under the haunches of the pipe and check that the vertical and horizontal angular deflections of the pipe

are within the limits prescribed.

f)  Pipe diametral deflection should be checked soon after installation has been completed to ensure that it
within specification.

is

g) For pipe where interior access is possible, check the alignment of adjacent pipe ends. A step between the

ends should be compared to the maximum allowed by the manufacturer for the type of joint.

h) Stor¢ and handle the pipe in accordance with the manufacturers recommended pracfices so as
prevént pipe damage. Carefully inspect each pipe, especially the jointing surfaces, for damage prior
instaflation. It is also advisable to check for blockage and possible contamination.

i)  Whefe it is expected that ground water could flow through the granular embedment, the-provision
barrigers or trench-stops should be considered.

i) The free fall height of backfill materials onto the pipe crown should be kept to a minimum.

8.2 Pipe laying

Pipes shpuld be lowered into the trench using equipment suitable for the weight and size of the pipe. TH
positioning of the sling to ensure a proper balance should be checked when-the pipe is lifted just clear of th
ground. Frior to lowering the pipe into the trench, all persons should vagate the section of trench into whi
the pipe Is being lowered. Prior to and following jointing of the pipe,“temove any construction materials fro
inside thqg pipe.

Pipe sholild be laid on flat, uniform material that is at the appreptiate grade. Do not bring the pipe to grade by

the use of mounds of soil or other material at points along the-length of the pipe. Lay the pipe in the trench s
that it bears evenly on the bedding throughout its length. Make an allowance for thermal movement (sq
9.6.6), particularly if installation takes place under extteme weather conditions. Place the pipe and fittings
the trench with the invert conforming to the required)elevations, slopes, and alignment. Provide bell holes
pipe bedding that are no larger than necessary, in.order to ensure uniform pipe support. Where a pipeline is
be deflected at the joint, the deflection shall take’place after the joint has been made. Join in accordance wi
the manufacturer's recommendations and také into account, where applicable, the guidance given in Clause

Fill all voids under the bell by working-in-bedding material. In special cases where the pipe is to be installed
a curved plignment, maintain angufar-joint deflection” (axial alignment) within acceptable design limits.

When pipe laying is not in_progress, fix a temporary closure to the open end of the pipeline to preve
contaminption and access.-If there is a risk of the trench being flooded before the backfilling has besg

completefl, take precautions to avoid flotation. A minimum of one pipe diameter of cover is suggested
prevent flptation of an ‘empty pipe when full soil saturation to the surface is possible (see 9.6.3).

8.3 Jojnting pipes laid on steep gradients

Where pipés)are laid on steep gradients using non-end load-bearing joints, and where the pipe/sail friction

to

e
e
h

M

o
be
in
in
o
th

9.

to

BN
o

is

low, care should be taken o ensure that no excessive spigot eniry or withdrawal occurs. As soon as the joi

nt

assembly has been completed, the pipe should be held in place and the pipe backfilled over the barrel. Unless

the gradient is 1 in 4 or steeper, anchorages are not normally necessary; but if this is found not to be the cas
the pipe manufacturer should be informed, as this could affect the design of the pipe (see 6.6).

e’
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9 Embedment and backfill

9.1 Pipe zone backfill configurations

The two most commonly used configurations of pipe embedment zone backfill for GRP-UP pipes are

a) to surround the pipe with the same material (see Figure 7),

I; _, ?:

SN,
SR, = —
X,

4
%

A

.................

A
W
<

trench backfill
pipe embedment zone
pipe bedding
undisturbed native soil

A W N -

Figure 7 — Single embedment

Key

1 trench backfill

2 secondary embedment zone backfill
3 primary embedment zone backfill

4 pipe bedding

5 embedment zones split

Figure 8 — Split embedment
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If a split
diameter

surround is used, it is important that the split occurs at a height of more than 60 % of the pipe
above the bedding. This is to prevent the possibility of generating high stresses/strains at the change

of surround when the pipe deflects. To ensure the split surround provides the same degree of support to the
pipe as the full surround, the following rules shall be applied. See Figure 8.

a) The material in the primary embedment zone of a split surround should be at least one grade stiffer than
that required in the embedment zone of a full surround. A grade is a particular combination of material
group and a compaction class, a change by one step in either of which comprises a one-step change of
grade. Thus a one-grade change may be achieved by either

1)
2)

For

compacted, then for the primary embedment zone, a split surround would require either a'well-compactg¢d

grou

b) The
that

ncreasing the compaction class or

Ising a higher group of material (see Table 3).
nstance, if an application using a full surround requires backfill material group./moderatgly
b 2 material or a group 1 material with moderate compaction.

material in the secondary embedment zone of a split surround may be up totwo’/grades less stiff than
n the embedment zone of a full surround. Nevertheless, care shall be taken that the maximum tofal

diffe

Carg should also be taken to adjust the compaction level for the secondary zone material such that it fis

bas

two grades difference is not exceeded. This may also be achieved by changing either the material group

and/

In an

example, for the case described in item a), the requirements would be fulfiled in the secondary

emb
(also
perm

9.2 Embedment materials

9.2.1 Imported material

Where imported material is used forn the primary embedment zone (see Figures 7 and 8) it is recommended

that a we
single-siz
than that

ence between the primary and the secondary zone is not more than two.grades.

on the actual compaction level achieved on the primary zone thaterial, in order to ensure that the
br the compaction class.
y case, the lowest allowable soil stiffness is achieved @sing an uncompacted material of group 4. Fpr
bdment zone by using uncompacted group 2 (ohe grade lower) or moderately compacted group|3

one grade lower) or uncompacted group 3.\(three grades lower) material. The last option is npt
itted because in this case the maximum two_grades difference rule would be exceeded.

ll-graded granular material with maximum particle size in accordance with Table 2 be used. Whefe
ed materials are usédit is recommended that the maximum particle size should be one size smaller
given in Table 2,

Table 2 — Maximum particle size

20

Nominal size of pipe Maximum particle size
DN mm
BN=<166 15
100 < DN < 300 20
300 < DN < 600 30
600 < DN 40
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9.2.2 Native soil

The native soil may be used for the embedment zone backfill, providing it conforms to all of the following
criteria:

a) no particles greater than the applicable limit given in Table 2;
b) no soil lumps greater than twice the applicable maximum particle size given in Table 2;

c) no frozen material;

d] no debris (e.g. asphalt, bottles, cans, trees);
e] where compaction is specified, the material shall be compactable.

F[ne-grained soils with medium-to-high plasticity and organic soils (with group 5 or group-6 classification, see
Ahnex A) are generally considered unsuitable for primary embedment zone backfill ynaterial unlesg the pipe
and installation have been designed for this condition. The structural properties of the embedment zone
backfill material are primarily dependent upon the type of material and the degree of compaction hchieved.
The degree of compaction achieved can be varied by either using different types of equipment and/or by
varying the number of layers. Table 3 gives the degree of compaction, expressed in standard proctpr density
$PD), for the groups of backfill material classified in Annex A when compacted to classes W, M or N.

9|3 Placing and compacting embedment materials

913.1 Pipe embedment zone

Place the material evenly on each side of the pipe by a-meéthod that will not disturb or damage the pjpe. Work
inf and compact the haunch material in the area between the bedding and the underside of the pipe before
placing and compacting the remainder of the pipe embedment zone material. Compacting from the tqench wall
tgwards the pipe is preferred. Follow the recommeéndations for compaction given in this section. Do pot permit
compaction equipment to contact and possiblydamage the pipe. Use compaction equipment and techniques
that are compatible with materials used and.Jocation in the trench.

Thble 4 gives the recommended maximum layer thicknesses and the number of passes required tp achieve
tHe compaction classes for the various types of equipment and pipe zone backfill materials. Also incuded are
rgcommended minimum cover thicknesses needed above the pipe before the relevant piece of equigment can
bé used over the pipe.

The details given in Table’4 are for guidance, and where the installation is of a sufficient size, it is
rgcommended that trigls using a variety of the above combinations be carried out so that the optimur practice
is| selected for the purpose.

913.2 Embedment of angularly deflected pipe joints

When pipe*joints are angularly deflected to accomplish large radii of curvature bends in pipelines that will
operaterat internal pressures of more than 1 bar!), the backfill surrounding the joint shall be well cdmpacted.
Cphsult the manufacturer for recommendations. Consult the pipe or fitting manufacturer for minimum depths
of burtar-and additionat restraint that can be required when the angufar deftection 15 verticar:

9.3.3 Localized loadings

Minimize localized loadings and differential settlement wherever the pipe crosses other utilities or subsurface
structures, or whenever concrete-capped piles or sheeting are used. Provide a 150 mm minimum cushion of
bedding between the pipe and any such point of localized loading. The use of short pipe lengths to provide
increased flexibility at crossings with other subsurface utilities or structures may be considered.

1) 1 bar=0,1 MPa = 10°Pa; 1 MPa = 1 N/mm?
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9.4 Placement of trench backfill

9.4.1 General

Following completion of the formation of the embedment zone, the remaining part of the trench filling can be
made with excavated material with a maximum particle size of up to 300 mm, providing there is at least
300 mm cover above the pipe. If compaction is required, the material shall be suitable for compaction and
shall have a maximum particle size not greater than 2/3 of the applicable compaction layer thickness given in
Table 4.

IMPORTANT — Attention is drawn to any relevant local and/or national regulations. Note that having|a
lower cgmpaction requirement at the lower portion, in order to be within the limits and improye
compactjon, a practice which is thought to improve the installation, could actually result in having|a
higher difference than that allowed.

Under nop-trafficked areas, compaction class N (see Table 3) is considered to be sufficient.

Under traffficked areas, compaction class W (see Table 3) shall be used.

Table 3 — Standard proctor densities (SPD) for compaction-classes

SPD
%

Backfill material group

Compaction class

4 3 2 1
N 75 to 80 79 to 85 84 to 89 90 to 94
M 811t0 89 86.:to 92 90 to 95 95 to 97
W 90 to 95 93 to 96 96 to 100 98 to 100

N not

M modefate

W well

In the prdcess of backfilling the trench; protect the pipe from falling objects and direct impact from compaction
equipment or other sources of potential damage. When the backfill is to be compacted up to the ground
surface, do not use the compaction equipment directly above the pipe until sufficient backfill has been placefd.
Do not pise rolling equipment or heavy tampers to consolidate the final backfill unless their use [is

in order to avoid buoyancy The correct amount of water in the 30|I is cru0|al and is best determlned by trial
test areas. Trial test areas can also be useful in determining the size of internal vibrators required and the
appropriate spacing of their insertion into the soil.

CAUTION — If buoyancy occurs due to lack of compaction of the embedment area or insufficient
thickness of backfill, the pipe will rise due to the Archimedes forces, thereby creating gaps between
the foundation and the pipe bottom. Sludge displaced with the water will fill these gaps and destroy
the required invert level up to eventual rupture of the pipe. This phenomenon can occur with all pipe
systems, independent of the material choice.
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Conformance with the design assumptions should be confirmed by one or more of the following methods:

a) close monitoring of the backfill procedures;

b) verification of the initial deflection of the installed pipe;

c) on-site verification of the degree of compaction.

After repair and additional connection procedures, care should be taken that when replacing side fill and

backfill the new density values are approximately equal to those immediately adjacent to the replaced zones.

Table 4 — Recommended layer thicknesses and number of passes for compaction classes
Maximum layer thickness after
Number of passes compaction Minin:num thickrjess over
Equipment for compaction class . m PIPE:;%V;:J::OTG
Soil group (see Annex A) m
Well Moderate 1 2 3 4

Hoot or hand tamper:
min. 15 kg 3 1 0,15 0,10 0,10 0,10 0,20

\fibrating tamper:
min. 70 kg 3 1 0,30 0,25 0,20 0,15 0,30

Rlate vibrator:
min. 50 kg 4 1 0,40 — — — 0,15
min. 100 kg 4 1 0,15 0,10 — — 0,15
min. 200 kg 4 1 0,20 0,15 0,10 — 0,20
min. 400 kg 4 1 0,30 0,25 0,15 0,10 0,30
min. 600 kg 4 1 0,40 0,30 0,20 0,15 0,50

\fibrating roller:
min. 15 kN/m 6 2 0,35 0,25 0,20 — 0,60
min. 30 kN/m 6 2 0,60 0,50 0,30 — 1,20
min. 45 kN/m 6 2 1,00 0,75 0,40 — 1,80
min. 65 kN/m 6 2 1,50 1,10 0,60 — 2,40

Tjwin vibrating, foller:
min."5 kN/m 6 2 0,15 0,10 — — 0,20
min. 10 kN/m 6 2 0,25 0,20 0,15 — 0,45
min. 20 KN/m ) Z 0,35 0,30 0,20 — 0,60
min. 30 kN/m 6 2 0,50 0,40 0,30 — 0,85

Triple heavy roller

(no vibration):
min. 50 kN/m 6 2 0,25 0,20 0,20 — 1,00

© 1SO 2007 — All rights reserved
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9.5 Parallel or crossing piping systems

Parallel piping systems laid within a common trench shall be spaced sufficiently far apart to allow compaction
equipment, if used, to compact the pipe zone backfill material between the pipes. A clearance at least 150 mm
greater than the width of the widest piece of compaction equipment used is considered as a practical
clearance between the pipes. (See Figure 9.)

It is advisable when laying pipes of different diameters in the same trench to lay them at the same invert level
(see Figure 9).The pipe zone backfill material between the pipes shall be compacted to the same compaction
class as the material between the pipe and the trench wall.

Key

C miinimum distance between pipes
dy, d, external diametef of*pipes

1 pipe gmbedment
2 trench backfill

3 pipe bedding

4 undisturbed native soil

Figure 9 — Parallel pipes in same trench

In cases of parallel piping systems laid within a stepped trench, the pipe zone backfill material shall be
granular and shall be compacted to compaction class W. (See Figure 10.)
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1| pipe embedment zone
2| trench backfill

3| bedding

4] undisturbed native soll

Figure 10 — Parallel pipes in stepped trench

The minimum distance betweéen parallel pipes, C (see Figure 9), shall be calculated using either Equation (4)
or (5), but in any case,(shall be not less than 150 mm or shall be such that there is sufficient roon to place
and compact the pipe zone backfill material between the two pipes:

—  where cover._js’less than 4,0 m:

(d1 +d2)
= 4
5 (4)
——wherecoverisgreater tham 450
(d1 +d2)
Co>—p" (5)

When a new pipeline crosses an existing pipeline it is recommended that the distance (C) between the
underside of the new pipeline and the top of the existing one be not less than the value given by Equation (4)
or (5), as applicable. This space should be filled with well-compacted granular material to ensure an even
support to the new pipeline while avoiding point loading on the existing pipeline (see also 9.2).
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9.6 Special precautions

9.6.1 Migration of fines

Reduction of the soil support around an installed pipe can occur for a number of different reasons. The
transition from one type of native soil to another or the presence of ground water can cause changes in the
pipe bedding and backfill material. If large-scale movements are expected, such as in zones subject to earth
tremors or severe flooding, it is recommended that expert advice be sought.

In some ipnstallation conditions, the presence of ground water can cause migration of fine materials from either

the beddjng, the backfill material or the trench wall into the adjacent material along the alignment ofi\the
pipeline. Movement of fines from one material to another will cause a reduction in the support provided.to the
pipe, whith can result in an increase in the diametrical deflection of the pipeline and possible failure.

If there i§ a potential for migration between the bed and the backfill material as a result of water flow in the
vertical direction (e.g. rain water seepage through the pipe zone area), mixing of the bedvand the backjill
material ghall be considered as an option for eliminating the possibility of migration between-the two zones.

Among special conditions that can be encountered during laying are the occurrence, of running or standing
water in the bottom of the trench, and the bottom of the trench exhibiting a soft(or‘unstable consistency. n
these casges, remove the water by using such means as well points or under=drains until the pipe has beg¢n
installed gnd the trench has been backfilled to a height sufficient to prevent flotation of the pipeline or collapse
of the trepch. The bedding and backfill materials selected for such installations should consist of materials npt
having fine particles which could be removed by the effects of water (See 7.2); alternatively, the installatign
should utjlise geotextile fabrics that prevent the fine materials from migrating to the trench walls or vice vers

(See Figyre 11.)
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D > pipe zone backfill depth
1 geotextile
2 embedment zone

26

3 bedding
4 undisturbed native soil
5 trench backfill

Figure 11 — Protection against material migration
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If filter fabrics are welded or overlapped, consult the fabric manufacturer for specifications. If specifications are
not available, welded fabrics shall be laid with at least 0,3 m overlapping and unwelded fabrics with an overlap
of atleast 0,5 m.

9.6.2 Vehicle loads

A minimum depth of backfill above the pipe should be maintained before allowing vehicles or heavy
construction equipment to traverse the pipe trench. The minimum depth of cover for protection from surface
loads should be established by the engineer based on an evaluation of specific project conditions, including
the pipe_embedment material and its_density, the native-soil characteristics, pipe stiffness, pipe diameter,
slirface pavement, surface loads and final backfill compaction.

9/6.3 Flotation

Al minimum of one pipe diameter of cover is suggested to prevent flotation of an empty pipe when full soil
saturation to the surface exists.

Immediate backfilling after joining is recommended, as it will prevent two hazafds: floating of the pipe due to
heavy rain, and thermal movements due to large differences between day andwnight temperatures. Rloating of
the pipe can damage the pipe and create unnecessary reinstallation costs.

9/6.4 Adjacent rigid structures

Ektra care and caution shall be taken to replace and properly,compact backfill adjacent to any rigid structure.
Cpnstruction of concrete structures will frequently require. over-excavation for formwork, etc. This extra-
excavated material must be restored to a density level compatible with surroundings or excess deformation
and or joint rotation adjacent to the structure is likely toeccur. The use of stabilized backfills adjacent to large
sfructures has been found to be very effective inspreventing excess joint deformation in large ¢iameters
(DN > 1 600).

9/6.5 Trench shields

pke precautions when removing sheeting, safety shields or other trench protection to avoid disrupfjon of the
pmpacted material. Remove the ptrotéction in stages, as the side filling proceeds, with as little disfuption of
e compacted side fill as possible: Take care to fill voids and re-compact. If the possibility of disruptipn cannot
b excluded with a sufficientdegree of certainty, use a pipe designed to tolerate those installation
ncertainties. In some casgs.it‘may be necessary when designing the pipeline either to reduce the [assumed
bminal proctor density and/or to choose a higher nominal pipe stiffness class.

Sco=0 o

9/6.6 Thermal considerations

Thermal expansion and contraction can cause loss of seal due to movement of several pipg lengths
a¢cumulatedyat one joint. If sections of pipe are placed into the trench and backfilling is delayed, ¢ach pipe
shhould have'the centre section backfilled to the crown to help minimize movements at the joint.

10— Thrustresistance and rigid connections

10.1 Support for control devices

All control devices (such as valves) should be individually supported so that the pipe is not subjected to any
additional load for which it has not been designed.
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10.2 Thrust restraint

10.2.1 Hydrostatic thrust

When a pipeline is pressurized, unbalanced thrust forces occur at bends, reducers, tees, blank ends, closed
valves and any change in line direction. These forces, if not adequately restrained, can cause pipeline
movement resulting in separated joints and/or pipe damage.

Thrust forces are

—  hydr
— hydr

Since mg
usually ig

1022 T
For burie
a) frictig
b) pass

If this res
area on {
adjacent

Unbalang
and cont
increasin
tying adjs

10.2.3 Al

With non
block sh
generally
adjacent
avoid prd
Dependirn
prevent ¢

The neeq
However

pstatic thrust due to internal pressure of the pipeline, and
bdynamic thrust due to changing momentum of the flowing fluid.

st pressure lines operate at relatively low fluid velocities, the hydrodynamic force is verysmall and |is
nored.

hrust resistance

 pipelines, unbalanced horizontal thrust forces have two inherent sourges-of resistance:
nal drag from dead weight of the pipe, earth cover and contained fldid;

ve resistance of soil against the pipe and fitting in the directionof the thrust.

stance is not sufficient to resist the thrust, then it shall be.supplemented by increasing the supporting
he bearing side of the fitting with a thrust block, by inereasing the frictional drag of the line by tying
bipes to the fitting, or by otherwise anchoring the fitting to prevent movement.

ed uplift thrust at a vertical direction change is¢esisted by the dead weight of the fitting, earth cover
hined fluid. If this resistance is not sufficient™to resist the thrust, then it shall be supplemented by
j the dead weight with a gravity-type thrustblock: effectively increasing the dead weight of the line by
cent pipes to the fitting or otherwise anchoring the fitting to prevent movement.

nchor and thrust blocks

tend load-bearing joints, thrust blocks are required for pressures over 1 bar. The concrete thrust
puld be cast against undisturbed native soil to minimize block movement. For GRP fittings it |is
preferable to totally-encase the fitting in concrete. The fitting joint shall be clear so that joining fo
pipes can be made: The interface between the thrust block and the pipe shall be done properly fo
blems of joint¢fotation and movement. See the section on connection to rigid structures (10.3).
g on the type~of fitting and the operating pressure, the concrete could need to be reinforced fo
racking fromcforces transmitted from the fitting to the block (see 10.3).

-

for,Yand design of, thrust blocks is generally the responsibility of the system owner’s enginee
the following are some general guidelines, as well as requirements, and considerations on the use

and cons

ruefion of thrust blocks

a) Fittin

gs that require thrust blocking include bends, tees, reducers or tapers, blank ends and bifurcations.

b) Generally, “nozzles” which are small tee branches do not require thrust blocking if the nozzle diameter is

< 30

Care

0 mm and the header pipe diameter is greater than or equal to three times the nozzle diameter.

should be taken that the adjoining pipe can withstand the axial force induced by the nozzle.

Nozzles and any blinded branches (e.g. manholes) subjected to full thrust load during operation or testing

shall

be capable of resisting the thrust load applied during such operation or testing, regardless of the

joint type used along the main pipe.

28
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c) The field test pressure of the pipeline shall be considered when determining the amount of thrust that will

need to be restrained.

d) Adjacent excavations must be examined. If the block does not bear against undisturbed soil,
perform as intended.

e) Accurate knowledge of the bearing strength of the native soils is essential for correct sizing
blocks.

10.2.4 Restrained joints

it will not

of thrust

Unbalanced thrust forces at fittings may also be resisted by end-load-bearing joints adjacent to.the fi

ting. This

ethod fastens a number of pipes or other soil-friction-generating devices (such as ribs and)puddl¢ flanges)

on each side of the fitting to increase the frictional drag of the connected pipes to resist the fitting thrust. The

nyimber of joints that must be tied together will depend on the magnitude of the thfust and the
rgsistance developed by the pipe, soil conditions and any other restraint-developing devices.

frictional

Npt only must the joints be capable of withstanding the end load, but the pipe must also be capable df carrying
the end load from the pressure thrust. Depending on the length and layout of the pipeline gystem, a

combination of non-end load-bearing pipe and joints with thrust blocks andyend-load-bearing joints
ay be the optimum solution.

10.3 Connections to rigid structures

here a pipeline enters or exits a structure such as a building,“manhole or anchor block, a means of
differential settlement should be provided. Typical connegtions to rigid structures using flexible
shown in Figures 12 and 13, while a method of providing protection of rigid joints is shown in Figur|
agceptability of any type of flexible joint should be checked against national and/or local regulations.
When casting a coupling in concrete, as shown in Figure 12, maintain its roundness so that

stiffness (SN < 5 000) pipe to increase the stiffness of the short length to maintain pipe roundness.

190.3.1 Connections using flexible couplings

b accommodate the anticipated. differential settlement which can occur between a rigid structure a
bnnected to that structure,‘\a’short length of pipe should be installed with flexible couplings to
eans of allowing movement to occur without placing excessive stress on the pipe.

39

ne short length of-pipe, called a “rocker pipe”, should be installed in direct alignment with a short
pe coming out of\the rigid structure (see Figure 13) or, alternatively, connected to a flexible conne
to the rigid structlre (see Figure 12), which commonly occurs in prefabricated manholes.

532

and pipe

tolerating
oints are
e 14. The

ater joint

agsembly can be accomplished easily. It has~been found useful for larger diameter (DN > 1 200 mm) lower

nd a pipe
orovide a

length of
ction built
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protrupion < 25 mm

flexiblg joint built into the structure

short length of pipe (min. 1 m; max. 2 m)
flexiblg joint
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Figure 12 — Connection to rigid structure.using flexible joint — Type 1
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native soil
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well compacted material
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distance: 400 mm or half pipe outside diameter,
whichever is the greater

compressible material
short length of pipe (min. 1 m; max. 2 m)
flexible joint

N

native soil

pipe bedding
well compacted material
puddle flange

Figure 13 — Connection to rigid structure using flexible joint — Type 2
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For connections such as that shown in Figure 13, place the first flexible joint within a distance, L, of 400 mm or
half the outside diameter of the pipe, whichever is the greater. A strip of compressible material, such as
chloroprene rubber or bitumen wrap, about 10 mm thick and at least 100 mm wide located at the concrete
interface can provide stress relief from expansion, shear and/or bending loads. This is particularly important
for limiting radial shear and discontinuity stresses in a pressure pipe. To minimize shear and bending stresses
in a pipe protruding from the structure, provide effective support by ensuring thorough compaction of the
material beneath the pipe immediately outside the structure. This is particularly necessary where over-
excavation of the trench has occurred.

Where watertightness between the pipe and structure is required, use a short pipe onto which a puddle flange
h@sbeen attached (see Figure 13). Puddle flanges should not be Used 1o resist thrust uniess the pipe and the
pliddle flange have been specifically designed to do so.

10.3.2 Connections to vertical risers

Pfovide support for vertical risers as commonly found at service connections, cleanouts-and drop mgnholes to
eclude vertical or lateral movement. Prevent the direct transfer of thrust due to sufface loads and sgttlement,
nd ensure adequate support at points of connection to main lines.

[V

10.4 Connections with rigid joints

When connecting to rigid structures with rigid joints, one method of reducing bending and shear loafds on the
pipe is to use a pipe shield as shown in Figure 14.

A
 J

VAVAV AV AV S A AV 4 a4

3 4 3)
Key
L shield length at least three times pipe outside diameter 3 native soil
1 shield pipe 4  pipe bedding
2 rigid joint (flange, wrapped, mechanical, etc.) 5 well compacted material

Figure 14 — Connection to rigid structures using rigid joint — Protection of rigid joint
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11 Pipe joints

11.1 Joint characterization

Pipe joints can be flexible or rigid:

— flexible joints allow relative movement between the components being joined;

— rigid joints do not allow relative movement between the components being joined.

Joints ar
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Dependirn
might nof

Either ca
they are

pipes with smooth ends, in which case they are termed “couplings”.

Where n
generate
fitting.

As it coul

11.2 Ad

Adhesive
spigot. In
adhesive

Adhesive
the perfo

When th
regulation

manufacturer’s instructions.

11.3 Butt and wrappedjoints

These jo
two pipes

manufacfurer’s detailed instructions. The joint may or may not be end-load-bearing, depending on the design.

The mate

b also characterized by whether or not they are end-load-bearing. End-load-bearing joints ‘a
f withstanding the longitudinal forces induced from internal pressure.

g on the design and configuration, a particular type of joint (flange, coupling, butt-wrap, eic:) might
be end-load-bearing.

egory of joint can form an integral part of sockets already provided on the pipe'itself, in which cag

fermed “preformed joints”. Alternatively, two joints can be combined as a déuble socket for joinir

bn-end load-bearing joints are connected to valves or bends whijch.-:can experience end thrus
| by hydraulic pressure within the pipe, suitable anchors shall be provided to restrain the pipe an

d be necessary to dismantle the piping system, the selection ‘of the joint should take this into accou

hesive bonded joints

bonded joints include tapered bell and spigot, straight bell and spigot and tapered bell and straig
all cases, the manufacturer’s detailed instructions for making the joint shall be followed. Typical
bonded joints are end-load-bearing.

5 used to fabricate the joint shall be:suitable for use with the materials to be joined and shall satis
mance requirements of the relevaft system standard.

p pipeline is used for the conveyance of drinking water, it shall comply with the local nation
s on water quality. The fabrication of a cemented joint shall be carried out in accordance with th

nts are fabricated by applying glass mats and/or fabrics impregnated with thermosetting resin ov
butted tegether. The design and fabrication of such joints shall be carried out in accordance with th

rials 'used for this type of joint are normally glass fabrics and thermosetting resin. The design ar

e

e

d

fabricatio

11.4 Bo

Ited flanged joints

Flanges can be used for joining together GRP-UP pipes and for joining them to metal flanges, valves and
flanged fittings.

These joints can be of integral or loose ring design. The elastomeric sealing elements can be flat-faced
gaskets, an O ring or other configuration, designed to reduce potential damaging bending stresses. The
manufacturer’s instructions for assembly shall be followed to obtain proper sealing without damage. The joint
might or might not be end-load-bearing, depending on the design.
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The seal is usually effected by either a flat elastomeric gasket or an “O” ring compressed between the flanges
by means of bolts which also serve to connect the pipes rigidly. Gaskets of other materials, metallic and/or
non-metallic, are available for special applications. It is essential that flanged joints be tightened to a
predetermined torque using clean bolts lubricated on all mating surfaces, in order to ensure that the design
load is obtained. Advice as to the correct torque can be obtained from the joint manufacturer.

11.5 Socket and spigot with elastomeric sealing elements

The socket can be formed on the pipe itself or can be in the form of a double socket coupling used to joint
plain end pipes. Frequently, double-socket couplings are supplied mounted on one end of the pipe. With the
adldition of supplemental restraining elements (i.e. locking keys), the joint may be end-load-bearing!

11.6 Flexible joints with elastomeric seal

The seal can be located in the socket or the spigot. The details of the seal and of the-joint depend on the
mlanufacturer’s design. The joint can be made integral with the pipe or a double bell’coupling connector can
bé supplied. Frequently, the double bell coupler is supplied mounted on the pipe"\The seals to be ysed shall
be those supplied by the manufacturer for the assembly system. If the sealCis not in place at the time of
delivery, clean the groove and then locate the seal correctly.

The following requirements also apply.

a) The elastomeric material(s) of the sealing component shall conform to the applicable part of the¢ relevant
national or International Standard.

b} As these are typically non-load-bearing joints, not intended to withstand end thrust, particular attention
shall be paid to the correct anchorage of the elements:

c] Assembly of some joints requires them to be lubricated in accordance with the manufacturer’s ingtructions
prior to jointing. Use a lubricant which doesthot have any harmful effect on the pipe, fitting or seal. If the
pipe is to carry water intended for human<consumption, the lubricant shall conform to the reqliirements
given in the relevant system standard.

d) Following lubrication, the spigot-shall be aligned with, and introduced into, the socket, taking carg¢ to avoid
any risk of contamination. The spigot shall be inserted into the socket up to the reference mark iff present.

NOTE Seals which have ‘slipped out of place and dirt under the seals are the most frequent causep of leaks.
Both problems can be avioided by using the correct jointing procedure.

e] The pipes may be-cut on site, but if this is done, the cut shall be square with the longitudinal axis of the
pipe and the end,shall be chamfered as appropriate for the joint.

111.7 Mechanical compression joints

These are similar to double socket coupling joints, the main difference being that the elastomeric ring is
compressed by means of an external tightening system. Examples are slip-on couplings and band ¢ouplings.
Mechanical compression joints are useful for joining pipes of different materials, using adaptgrs where
necessary.

Care should be taken not to over compress the seal in contact with the plastics pipe; otherwise, there is a risk
of the pipe deforming and the tightness of the joint being impaired. For some pipes, a stiff internal sleeve may
be used to increase their rigidity.

11.8 Slip-on coupling

A slip-on coupling is designed for use with plain-ended pipes. It consists of a sleeve at the ends of which are
wedge-shaped elastomeric gaskets and flanges held together by bolts. Tightening the bolts compresses the
gaskets between the sleeve and pipe to seal the joint.

© IS0 2007 — Al rights reserved 33


https://standardsiso.com/api/?name=dfc704885c004ce5b0bd275e0d77d2d6

ISO/TS 10465-1:2007(E)

11.9 Mechanical band couplings

A slip-on
elastome
one poin

coupling is designed for use with plain-ended pipes. It consists of a metallic band encasing a shaped
ric profile. The elastomeric profile is compressed by tightening up circumferential bolts positioned at
t on the circumference. Care shall be taken to make sure the elastomeric profile is uniformly

compressed around the circumference. Typically, such joints are not end-load-bearing. They can be useful
when joining to other materials or to pipes of different sizes or tolerances.

121 Ca

It can ne

under a failroad, roadway or other obstacle where normal trenching procedures are not applicable. In su¢h
cases, ersure that the inner surface of the casing does not damage the GRP-UP pipe whenlit is inserted info

the casin
facilitate
casing e

compacted initial pipe zone backfill material. To prevent movement, secure the inner pipe by blocking that will
not resul{ in load concentration or by partially or completely filling the void space with sand or grout. As the

space is

excessivg deflection, distortion or damage does not occur.

12.2 Supmarine pipelines

The freqyent use of GRP pipes in applications such as seawatét intake piping systems, outfall piping systems

or when
submarin

Submarinje pipe installations are normally made by specialist contractors; it is recommended that all designefs

collabora

12.2.1 Installation design

The design of subaqueous pipe installations utilizes the same principles used for normal trench installationis,

the only
are used

depend gn factors such as pipe-diameter, length to be installed, degree of protection require, stability of the

seabed s

Other altg¢rnative installations can include complete concrete encasement, or installation of the pipe on the sga

(or river)
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ings

Cessary in certain circumstances to install the pipe within a concrete or steel casing, tself installg¢d

. The rubbing surfaces may also be lubricated or the pipe over-wrapped with a protective material fo
nsertion into the casing. In order to avoid shearing loads on the pipe, compaetithe trench soil at the
nds to a density that results in soil resistance properties greater than\ or equal to that of the

filled, use the manufacturer's recommended allowable external grouting pressure to ensure that

b piping system is required to cross a body of water (a lake or river) has led to the development pf
e pipe installation techniques. This section provides general guidelines for these types of installation.

e with such experts when a submarine_installation is being designed.

Jifference being that the water level above the pipe is much greater. Various trench configurations
with typical designs being shown in Figures 15, 16 and 17. The choice of installation method will

bil and water depth-and potential wave action.

bed.
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Dimensions in millimetres

300

1000 | | 15 x DN || 1000

A
T
<

native soil

level of seabed

fabric form concrete-filled mattress

pipe embedment formed from well-graded crushed aggregates (max. particle’size 25 mm)

A WODN -

Figure 15 — Subaqueous installation <+ Configuration 1

Dimensions in

Millimetres

Figure 16 — Subaqueous installation — Configuration 2
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1] native sail
2| filterfabric (used if erosion expected)
3| evel of sea-bed
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5 mixture of native soils, maximum particle size 100 mm
6 pipe embedment formed from well-graded crushed aggregates (max. particle size 25 mm)
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