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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 the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
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adopted by

International

Attention is
rights. ISO s

ISO 25780 v
transport of fi

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting.’.Publication 3

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 138, Plastics ‘pipes, fittings and valves fd
uids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.
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INTERNATIONAL STANDARD

ISO 25780:2011(E)

Plastics piping systems for pressure and non-pressure water
supply, irrigation, drainage or sewerage — Glass-reinforced
thermosetting plastics (GRP) systems based on unsaturated
polyester (UP) resin — Pipes with flexible joints intended to be
installed using jacking techniques

1

This
reinfd
drain

This
insta
agygre

Standlard.

NOTH
nomir]

This

are intended to be used for the conveyancelof water or sewage at temperatures up to 50 °C, w|

presg

It co
the jq
defle

GRP
ISO 1

pipe-

Bcope

nternational Standard specifies the properties of the piping system and.its components mad
rced thermosetting plastics (GRP) based on unsaturated polyester resin{UP) for water sup
hge or sewerage systems with or without pressure.

led using jacking techniques. It specifies the characteristics of pipes made from GRP-UP, W
gates or fillers and also specifies the test parameters for the test methods referred to in this

Pipes referred to in this International Standard are, because of their intended use, required to hg
al stiffness of at least SN 20000 (see 5.2.1).

nternational Standard is applicable to pip€s and joints with a size range from DN100 to D
ure.

ers requirements to prove thendesign of the joint and specifies type test performance req
ints as a function of the declared nominal pressure rating of the pipeline system and the
ction capability of the system:

fittings, used between pipe systems covered by this International Standard, shall be in acg

0639 for water stpply systems or ISO 10467 for drainage and sewerage systems, as ap
work system, pipes of different nominal pressure and stiffness ratings may be used together

2

The

]:lollowing referenced documents are indispensable for the application of this documen

ormative references

e from glass-
bly, irrigation,

International Standard is applicable to GRP-UP piping systems, with flexible joints, intended to be

ith or without
International

ve a minimum

N4000 which
th or without

lirements for
fequired joint

ordance with
blicable. In a

t. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 75-2:2004, Plastics — Determination of temperature of deflection under load — Part 2: Plastics and
ebonite

ISO 604:2002, Plastics — Determination of compressive properties

ISO 2078, Textile glass — Yarns — Designation

ISO 3126, Plastics piping systems — Plastics components — Determination of dimensions
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ISO 4633, Rubber seals — Joint rings for water supply, drainage and sewerage pipelines — Specification for

materials

ISO 7685, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes — Determination of
initial specific ring stiffness

ISO 8639, Glass-reinforced thermosetting plastics (GRP) pipes and fittings — Test methods for leaktightness
of flexible joints

ISO 10466, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes — Test method to
prove the resistance to initial ring deflection

ISO 10467,
reinforced th

ISO 10468,
ring creep st

ISO 10471,
bending stra

ISO 10639,
thermosettin

ISO 10928,
Methods for

ISO 10952,
Determinatio

3 Terms

For the purpgses of this document, the followingterms and definitions apply.

3.1

manufacturer's declared pipe outside/diameter

dop

external diameter of the pipe barrel; excluding the spigot

NOTE M

3.2

jacking diameter

d

e

Plastics piping systems for pressure and non-pressure drainage and sewerage —'(C
brmosetting plastics (GRP) systems based on unsaturated polyester (UP) resin

Slass-reinforced thermosetting plastics (GRP) pipes — Determination of the leng-term sp
ffness under wet conditions and calculation of the wet creep factor

Slass-reinforced thermosetting plastics (GRP) pipes — Determination of the long-term ult
n and the long-term ultimate relative ring deflection under wet conditions

Plastics piping systems for pressure and non-pressure water’ supply — Glass-reinfi
) plastics (GRP) systems based on unsaturated polyester (UP) resin

Plastics piping systems — Glass-reinforced thermosetting:plastics (GRP) pipes and fittin
regression analysis and their use

Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes and fittin
h of the resistance to chemical attack for the insidle of a section in a deflected condition

and definitions

hnufacturer's déclared pipe outside diameter is expressed in millimetres (mm).

lass-

ecific

mate

breced

gs —

9Ss —

calculated m

bximum outside diameter of the external profile of the pipe barrel at all cross-sections

de= dOD +A+(1)

where

A+

is the plus tolerance on the outside diameter;

dop is the manufacturer's declared outside diameter.

NOTE

expressed in millimetres (mm).

Jacking diameter, which is derived using the equation above, outside diameter and its tolerance are

© 1S0O 2011 — All rights reserved
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mean diameter

d

m

diameter of the circle corresponding with the middle of the pipe wall cross-section

NOTE Mean diameter is derived using the following equation with the outside diameter and wall thickness expressed
in millimetres (mm):

dm=dop—e
where

e is the pipe's wall thickness;

q

op Is the manufacturer's declared outside diameter.

e Figure 1 b)

able

Esed in square

j traffic and

34
interphal diameter
ID
d,
exterhal diameter minus twice the wall thickness, e
NOTH 1 Internal diameter is derived using the following equation

ii = dOD —2Xe
NOTH 2  Internal diameter, outside diameter and wall thickness are expressed in millimetres (mm).
3.5
spigot or groove diameter
dg
exterhal diameter of the spigot [see Figure 1 a) diamieter], or in the groove of the spigot [se
diamegter, if applicable]
NOTE Spigot or groove diameter is expressed+in-millimetres (mm).
3.6
minium cross-sectional area at the 'spigot
AS
minimum area of the cross-section)of the pipe at the spigot, or in the groove of the spigot, if applid
NOTH Minimum cross-sectiohal area at the spigot is derived using the following equation and is expre
millimetres (mm?2)

2

g = n[(O,S-dg) v (O,5~di)2}
3.7
burigd pipeline
pipeline-which is subjected to the external pressure transmitted from soil loading, includin
supeHmpeseeHoads-andpossiblthepressure-ef-a-head-of-water
3.8
jacking

trenchless construction method which installs a pipeline by inserting pipes one by one under the ground by
pressing with one or more hydraulic jacks, while the excavated ground is simultaneously evacuated from the

cuttin

3.9

g head

nominal length
numerical designation of a pipe length, which is numerically equal to the laying length (3.11), when expressed
in metres (m) and rounded to the nearest whole number

NOTE Nominal length is a dimensionless number rounded to the nearest whole number.

©I1SO
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[
ol o — —_———— — ——— o | ——— [
~= of O — —_——————————— e o - ——
|3 §|¢ 3|3 3|3
a) Section through a rebated un-grooved spigot b) Section through a rebated grooved spjgot
@de
¢) \Cross-section through spigot

Key
dqpp outside dipmeter of pipe (see3.N
de jacking digmeter (see 3.2)
d; internal dipmeter of pipe,(see 3.4)
dy rebated spigot or grooye diameter (see 3.5)
e wall thickrness of-pipe
As Minimum pipe’cross-sectional area at spigot (see 3.6).

Figure 1 — Diameters referred to in these definitions

3.10
total length
distance between two planes normal to the pipe axis and passing through the extreme end points of the pipe

NOTE Total length is expressed in metres (m).

4 © 1S0O 2011 — All rights reserved
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3.11

laying length

[

total length of a pipe minus, where applicable, the manufacturer's recommended insertion depth of the
spigot(s) in the socket

NOTE Laying length is expressed in millimetres (mm).

312

specific initial longitudinal compressive stress at break (derived from a spool test-piece)

Op,s

compressive-stress—at-break346of-a—spoottest-piece—duringashert-termecompressivetestwith the test-

piecqd loaded along its longitudinal axis, including, if applicable, spigots with rebates

NOTEH When tested in accordance with Annex B, specific initial longitudinal compressive stress is| expressed in
megapascals (MPa).

3.13
minimmum specific initial longitudinal compressive stress at break
o_b,s,rnin

manufacturer's declared minimum value for the specific initial longitudinal compressive stress af break of the
pipe

NOTEH Minimum specific initial longitudinal compressive stress at bréakis expressed in megapascals (NIPa).

3.14
initial longitudinal compressive stress at break (derived’from rebated or un-rebated test-pigces)
Op,r
Op,u
compressive stress at break of the test-piece durihg a short-term compression test using either|a rebated (r)
or unfebated (u) test-piece

NOTEH When tested in accordance with Annex A, the initial longitudinal compressive stress at break i$ expressed in
megapascals (MPa).

3.15
sample de-rating factor
Js
factof correcting for the(telationship between compression test results obtained on full size |pipes (spool
test-pieces, 3.12) and results obtained using test-pieces with the same spigot geometry (3.14)

NOTEH Sample ‘derating factor is a dimensionless number.
3.16

de-rdted.initial longitudinal compressive stress at break
Ob.d

o | H 4 | Pu . + 4 1+ 3+ L L H H N batad
calcutated compresstve—Sstressontamearromnetest restisatr orea—usmg—ettnerun=revatea—of rebated test-

pieces and the applicable de-rating factor

NOTE Derated initial longitudinal compressive stress at break is expressed in megapascals (MPa).
3.17
initial longitudinal compressive modulus
E
c,m

ratio of the applied stress to the resulting strain below the elastic limit, both measured concurrently during a
short-term compression test

NOTE When tested in accordance with either Annex A or B, the initial longitudinal compressive modulus is expressed
in megapascals (MPa).

© 1S0O 2011 — All rights reserved 5
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3.18

ultimate longitudinal load

Fult

calculated value of the concentric longitudinal load that the pipe withstands just before break

NOTE

3.19
longitudinal

/4

Ultimate longitudinal load is expressed in kilonewtons (kN).

compressive (material) safety coefficient

safety factor applied to the ultimate longitudinal load to determine the theoretical design jacking load Fj calc

(3.21)

3.20

design jacking load

Fj
manufacture
operation, ta
NOTE D¢
3.21
theoretical ¢
Fj, calc
calculated v{
during a jack

NOTE TH
3.22
permissible
Fperm, P

's declared value of the longitudinal compressive load that a pipe can withstand during a ja
ing into account the material safety coefficient, ¥

sign jacking load is expressed in kilonewtons (kN).

esign jacking load

lue of the concentric longitudinal compressive load that the pipe can be expected to with
ng operation, taking into account the material safety coefficient, y

eoretical design jacking load is expressed in kilonewtors (kN).

eccentric jacking force on the pipe

calculated value of the permissible eccentric Iongitudinal load that the pipe can withstand during a |3

operation, ta

NOTE P4
3.23
permissible
Fperm, S
value declar
withstand du

angular defle

ing into account the material safety coefficient, ¥ (3.19), and the estimated angular deflectior

rmissible eccentric jacking force/on the pipe is expressed in kilonewtons (kN).

eccentric jacking force on the system

ring a jacking operation, taking into account the material safety coefficient, % and the estin
ction, &

renissible eccentric jacking force on the system is expressed in kilonewtons (kN).

cking

stand

cking
, 0

bd by the pipelmanufacturer of the permissible eccentric longitudinal force that the system can

hated

NOTE P4

3.24

nominal stiffness
SN

SN

alphanumerical designation for stiffness identification purposes (see 4.2.3), which has the same numerical
value as the minimum initial specific ring stiffness value, when expressed in newtons per square metre (N/m2)

NOTE

letters SN plus a number.

Nominal stiffness is a dimensionless number used for identification or marking purposes consisting of the

© 1S0O 2011 — All rights reserved
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3.25

specific ring stiffness

S

physical characteristic of the pipe which is a measure of the resistance to ring deflection per metre length
under external load

NOTE Specific ring stiffness is determined using the following equation and is expressed in newtons per square
metre (N/m?2)
g ExI
dd
wherg

K is the apparent modulus of elasticity, which can be derived from the result of the ring stiffness 'test|i.e. ISO 7685,
expressed in newtons per square metre (N/m2);

dm is the mean diameter of the pipe (3.3), in metres (m);

1 is the second moment of area in the longitudinal direction per metre length, in metres to the fodirth power per
metre, (m%/m)
=2
12

where ¢ is the wall thickness, in metres (m).

3.26
initial specific ring stiffness
So
valug of specific ring stiffness, S, obtained when tested inx@ccordance with ISO 7685

NOTEH Initial specific ring stiffness is expressed in newtons per square metre (N/m2).

3.27
wet ¢reep factor

Oy cre ep,wet

ratio pf the long-term specific ring stiffness, S, ¢

; at x years, to the initial specific ring stiffness, S,
NOTEH When tested in accordance with ISO 10468, using sustained loading under wet conditions,|the long-term
specific ring stiffness, S, wet is obtained and when this value is divided by the initial specific ring stiffness, Sp| the wet creep
facton} &, creep,wet> i1 Obtained (see the following equation)

. _ Sx,wet
x,creep,wet g
3.28
calcylated long-term specific ring stiffness
S

x, wett
calculated value of specific ring stiffness, S, at x years

NOTE Long-term specific ring stiffness is obtained using the following equation
Sx,wet = Soxax, wet

where
x is the elapsed time in years specified in this International Standard (see 4.6);

o, wet 18 the wet creep factor at x years;

So is the initial specific ring stiffness.

© 1S0O 2011 — All rights reserved 7
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3.29

pressure pipe
pipe having a nominal pressure (PN) (3.31) classification greater than 1 bar and which is intended to be used
with the internal pressure equal to or less than its nominal pressure when expressed in bars

3.30

non-pressure pipe
pipe subjected to an internal pressure not greater than 1 bar

3.31

nominal pressure

PN
alphanumeri
resistance of]

NOTE N
number which

3.32
normal sery|
conveyance

3.33
design serv
maximum su

C designation for pressure classification purposes, which has a numerical value equal\t
a component of a piping system to internal pressure

minal pressure is a designation for reference or marking purposes that consists of the-letters PN
is related to a component's pressure rating in bars.

ce conditions
bf water or sewage, in the temperature range 2 °C to 50 °C, with or without pressure, for 50

ce temperature
stained temperature, at which the system is expected to operate continuously

bsign service temperature is expressed in degrees Celsius (°0).

b the

blus a

ears

factor that quantifies the relation between a mechanical, physical or chemical property at the

tion compared to the respective value'at 23 °C and 50 % relative humidity (RH)

deflection

NOTE Dg
3.34

rerating facfor
RRr
multiplication
service cond
3.35

relative ring
yldg,

ratio of the ¢

NOTE Rg
2 x1
)
3.36

minimum in

hange in diameter of aspipe, y, in metres, to its mean diameter, d,,,, in metres

elative ring deflection-is*derived as a percentage, %, i.e.:

00

tial,relative specific ring deflection at 2 min before bore cracking occurs

(J’Z,bore/dm

min

initial relative specific ring deflection at 2 min which a test-piece is required to exceed without bore cracking
when tested in accordance with ISO 10466

NOTE
diameter, i.e.:

|

Y2, bore

dm

Minimum initial relative specific ring deflection at 2 min before bore cracking occurs is expressed in % of mean

] x100
min

© 1S0O 2011 — All rights reserved
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test

tests carried out in order to assess the fitness for purpose of a product or assembly of components to fulfil its
or their function(s) in accordance with this International Standard

3.38

flexible joint
joint which allows relative movement between components being joined

3.39

flush coupling

an At

joint
equa

3.40

closed joint

joint
each
3.41
open
joint
gap

3.42

angular deflection

)
angls

NOTE

3.43

draw|

D

longifudinal movement of a joint

~ompbonaentwaath Aithae o
PO PoTCrT— it CriCr—ar—CAtCr o

to the pipe's inside diameter

condition where the pipe-ends, initially separated with a pressure transfer ring,\are in close
other without any gap around the whole circumference

joint
condition where the pipe-ends are partly or totally not in close contact with each other there

between the axes of two adjacent pipes

Angular deflection (see Figure 2) is expresséd in degrees (°).

ide diameter

contact with

by forming a

eflection

NOTH Draw (see Figure 2) igexpressed in millimetres (mm).

3.44

total |draw

T

sum pf the draw, D¢ and the additional longitudinal movement, J, due to the presence of angular d
NOTEH TotalMdraw (see Figure 2) is expressed in millimetres (mm).

3.45

misalignment

M

amount by which the centrelines of adjacent pipes fail to coincide

NOTE Misalignment (see Figure 2) is expressed in millimetres (mm).

3.46

break

condition where the test-piece can no longer carry the load to which it is being subjected

©I1SO
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3.47
overcut
area between the bored wall formed in the native soil and the external surface of the pipe, created by the

cutting head or shield of the jacking machine

c)

Figure 2 — Joint movements (continued)

10 © 1SO 2011 — All rights reserved
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d)

Key

g

td

NS SU
QO

3

NOTE

4 |

4.1

Pipes

maxifnum jacking load (see 4.1.3), nominal stiffness (SN) (see 3.24), nominal pressure (PN) (s

joint {
Coup

nomi
the p

4.2

4.21

The
requi
(see

faw

ngitudinal movement arising from angular deflection of the joint
hgular deflection of the joint

tal draw

isalignment

The joint in this figure is an example of a typical joint but is not intendedto.fix design. Other joints

Figure 2 — Joint movements

Requirements

Classification
shall be identified according to the manufacturer's declared pipe outside diameter, dq

vpe (see 4.2.2).

lings for use on the outside of-.apipe shall be identified according to the pipe jacking

nal pressure (PN) and joint type» Couplings for use on the inside of a pipe shall be identified
pe's internal diameter, 4, (see 3.4), nominal pressure (PN) and joint type.

Pipe properties

Manufacturér's declared diameters

rements-given in Table 4 and be designated by the manufacturer's declared pipe outside d
B.1)¢ The manufacturer shall also declare the internal diameter, d, (see 3.4).

are available.

p (see 3.1),
ee 3.31) and

Hiameter, dg,
according to

outside diameter of GRP pipes conforming with this International Standard shall comfform to the

iameter, dop

4.2.2

Maximum jacking load

The manufacturer shall declare the maximum load that can be applied to the pipe during the jacking operation,
in tonnes. The customer shall detail in his enquiry the maximum load that is required for the pipe to be
capable of carrying during the jacking operation.

4.2.3

Nominal stiffness

For jacking applications, the pipe shall have a nominal stiffness (see 3.24) of at least SN 20000.

©I1SO
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4.2.4 Nominal pressure
The nominal pressure (PN) (see 3.31) shall conform to one of those given in Table 1.
Where pressure ratings other than the nominal values in Table 1 are to be supplied, by agreement between

the manufacturer and the purchaser, the pressure marking PN on the component shall be replaced by PNy,
where v is the number equal to the component's nominal pressure.

4.2.5 Appearance

Both internal and external surfaces shall be free from irregularities, which would impair the ability of the
component t§ conform to the requirements of this International Standard.

Table 1 — Nominal pressures (PN)

Nominal pressure

(PN)
1 (15)
(2,5) 16
(4) (18)
6 (20)
9) 25
10 32
(12)

NOTE 1 Components marked PN1 are non-
pressure components (see 3.30).

NOTE 2 Values inparentheses are non-preferred
nominal pressures.

4.3 Materjals

4.3.1 Gengdral

The pipe shall be constructed-using chopped and/or continuous glass filaments, strands or roving, mI}'S or
fabric synthdtic veils, polyestérresin with or without fillers and, if applicable, additives necessary to impart
specific propgrties to the resin. The pipe may also incorporate aggregates.

4.3.2 Reinforcement

The glass uged-for the manufacture of the reinforcement shall be classified as one of the following tyges in
accordance with ISU 2078:

a) a type “E” glass, comprising primarily either oxides of silicon, aluminium and calcium (alumino-
calcosilicate glass) or silicon, aluminium and boron (alumino-borosilicate glass);

b) a type “C” glass, comprising primarily oxides of silicon, sodium, potassium, calcium and boron (alkali
calcium glass with an enhanced boron trioxide content) which is intended for applications requiring
enhanced chemical resistance.

In either of these types of glass, small amounts of oxides of other metals will be present.

NOTE The descriptions for “C” glass and “E” glass are consistent with, but more specific than, those given in
ISO 2078.

12 © 1SO 2011 — All rights reserved
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The reinforcement shall be made from continuously drawn filaments of a glass conforming to type E or type C,
and shall have a surface treatment compatible with the resin to be used. It may be used in any form, e.g. as
continuous or chopped filaments, strands or roving, mat or fabric.

4.3.3 Resin

The resin used in the structural layer (see 4.4.2) shall have a temperature of deflection of at least 70 °C when
tested in accordance with method A of ISO 75-2:2004.

4.3.4 Aggregates and fillers

The size of particles in aggregates and fillers shall not exceed 1/5 of either total wall thickness ¢f the pipe or
fitting, or 2,5 mm, whichever is the lesser.

4.3.5| Elastomers
Each| elastomeric material of the sealing component in contact with the fluid being eonveyed sh3ll conform to

the agpplicable part of ISO 4633 or, if such material is not available, a similarstandard that is gcceptable to
both the purchaser and supplier.

4.3.6] Metals

Whele exposed metal components are used, there shall not be evidence of corrosion of the components after
the fifting has been immersed in an aqueous sodium chloride solution, 30 g/l, for seven days at (23 + 2) °C.

4.4 | Pipe wall construction

4.4.1| Inner layer
The ipner layer shall comprise one of the following:

a) a thermosetting resin layer with or without aggregates or fillers and with or without reinforceqent of glass
or synthetic filaments;

b) & thermoplastics liner.

The fesin used in this innerlayer need not conform to the temperature of deflection requirements given in
43.3

4.4.2( Structurallayer

The structurallayer shall consist of glass reinforcement and a thermosetting resin, with or withoyt aggregates
or fillgrs,

4.4.3 Outer layer

The construction of the outer layer of the pipe shall take into account the environment in which the pipe is to
be used. This layer shall be formed of a thermosetting resin with or without aggregates and fillers and with or
without a reinforcement made of glass or synthetic filaments. The resin used in this outer layer need not
conform to the temperature of deflection requirements in 4.3.3.

NOTE When selecting or specifying the pipe for use, ensure that the prevailing native soil conditions and the
lubrication materials, such as bentonite gels, proposed for use by the pipe jacking contractor, are suitable and will not
affect the performance of the pipe.

© 1SO 2011 — All rights reserved 13


https://standardsiso.com/api/?name=81c0fb1a9d03e12e2fb36c2e70f637d3

ISO 25780:2011(E)

4.5 Reference conditions for testing

451 Temperature

The mechanical, physical and chemical properties specified in this International Standard shall, unless
otherwise specified, be determined at (23 + 5) °C.

For service temperatures over 35 °C, type tests (see 3.43) shall be carried out at least at the design service
temperature (see 3.33) to establish rerating factors (see 3.34) for all long-term properties of relevance to the
design of pipes.

4.5.2 Properties of water for testing

The water uged for tests referred to in this International Standard shall be tap water having a pH of)7-+ 2.

4.5.3 Loading conditions

Unless othenwise specified, the mechanical, physical and chemical properties specified in this International
Standard shall be determined using circumferential and/or longitudinal loading conditions, as applicable.

4.5.4 Preconditioning

Unless otherwise specified, in case(s) of dispute, store the test-piece(s).infair at the test temperature specified
in 4.5.1 for af least 24 h prior to testing.

4.5.5 Meagurement of dimensions
In cases of dispute, determine the dimensions of GRP gomponents at the temperature specified in #.5.1.
Make all measurements in accordance with 1ISO 3126.0r using any other method of sufficient accurgcy to

determine conformity or nonconformity with the applicable limits. Make all routine measurements gt the
prevailing temperature or, if the manufacturer prefers;at the temperature specified in 4.5.1.

4.6 Elapspd time, x, for determination of long-term properties
The subscript x in, for example, Sy, wet (see 3.27 and 3.28) denotes the time at which the long-term property is

to be determined. Unless otherwise .specified, the long-term properties shall be determined at 50 years
(438 000 h).

4.7 Joint properties

471 Gengdral

The manufagturer. shall declare the length, LC, and the maximum external diameter, DEC, of the assembled
joint.

4.7.2 Types of joint

The joint shall be classified as flexible (see 3.38). Use rebated spigots able to accommodate flush couplings
(see 3.45). Rebated spigots may be grooved to house the elastomeric seals.

4.7.3 Flexibility of the jointing system

4.7.3.1  Allowable angular deflection

The manufacturer shall declare the maximum allowable angular deflection between adjacent pipes in the
installed condition which shall not be less than the applicable value given in Table 2. The manufacturer shall
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also declare the maximum allowable angular deflection, J (see 3.42), at which each joint is designed to
operate when subjected to either internal or external pressure, as appropriate, and the value shall not be less
than the applicable value in Table 2.

The manufacturer shall declare the maximum allowable angular deflection permitted during pipe jacking
operations.

4.7.3.2 Allowable draw

The manufacturer shall declare the allowable draw, D (see 3.43), for which each joint is designed.

X1 LC

% )
\|
— — 1] \//_\)

oDEC

5 s <
~

S S| s
a) Example of a pipe connection using a rebated un-grooved spigot and flush coupling

X1 LC |

X9 |

72 | 124

4

8d,
¢d, |
oDEC

b) “\Example of a pipe connection using a rebated grooved spigot and flush coupling

dop external diameter (see 3.1)

di internal diameter (see 3.4)

external diameter of the rebated spigot or in the groove, if applicable (see 3.5)
DEC external diameter of the flush coupling (see 3.39), expressed in millimetres (mm)
LC length of coupling, expressed in millimetres (mm)

x1 rebated length, expressed in millimetres (mm)

xo  distance of the groove to spigot end, expressed in millimetres (mm)

e pipe wall thickness (see 3.3)

thickness of the smallest section under the groove, expressed in millimetres (mm)

Figure 3 — Examples of a pipe connection
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Table 2 — Maximum allowable installed deflection of pipe joints

External diameter Maximum allowable Maximum allowable
installed deflection installed deflection
dOD a 5

mm mm/m degrees

dop £ 200 20 1,1458

200 < dpp £500 15 0,859 4

500 < dpp <1 000 10 0,572 9

1000 ]
1000 <dop =10x 7 Derive from value of a
oD

Dimensions in metres
1
/ y
/ w
] ‘ s
; ~.
~.
~.
< &
Y _ ~.
z \s
~.
~.
/
Key
) Maximum angular deflection () in degrees (°).
a  Maximum angular deflection in millimetres per metre (mm/m).
Figure4— Joint deflection

4.7.4 Sealihg ring
The sealing fing shall not have any\ydetrimental effect on the properties of the components with which it is
used and shall not cause the test-assembly to fail the performance requirements specified in Clause 7 qf this
International|Standard.
4.7.5 Effect on water guality
When the pipes are.intended to be used for the conveyance of water intended for human consumption,
attention is grawn‘to the need for components to comply with any national regulations on the quality of

drinking watg

riinforce at the location where the components are to be used.

5 Pipes
5.1 Geometrical characteristics
5.1.1 Jacking diameter

Pipes conforming with this International Standard have their diameter classified by their manufacturer's
declared pipe outside diameter, dqp (see 3.1). Because the outside diameter of a jacking pipe needs to be

compatible with the jacking machinery, the actual outside diameter of a pipe conforming to this International
Standard shall be agreed between the purchaser and the manufacturer.
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The jacking diameter, d, (see 3.2), is the calculated maximum outside diameter of the external profile of the
pipe barrel at all cross-sections calculated using Equation (1):

dg =dop +4* (1)
where
A% is the plus tolerance on the outside diameter;

dop is the manufacturer's declared pipe outside diameter.

The jacking diameter shall be compatible with the size of the hole bored Dy the pipe jacking machinery during
installation.

NOTH 1 Jacking diameter, outside diameter and its tolerance are expressed in millimetres (mm)-

NOTH 2  There is no additional tolerance on the agreed jacking diameter, d,, derived from Equation (1) for gny diameters.

5.1.2| Wall thickness
The manufacturer shall declare the minimum total wall thickness, e (see 3.3), and the mirlimum spigot

thickmess Ty (see Figure 3). The measured wall thickness at any point’of ‘pipe and spigot shall no{ be less than
the manufacturer's stated values.

5.1.3] Nominal length

Unlegs otherwise agreed between the manufacturer and\the purchaser, the nominal length (see|3.9) shall be
one qf the following values:

1,2, 3,4 0r6.

5.1.4] Laying length

The pipe shall be supplied in laying lengths, / (see 3.11), in accordance with the requirements| given in the
following paragraph. The tolerance.on effective laying length is £60 mm.

Of the total number of pipes supplied in each diameter, the manufacturer may supply up to 10 % in laying
lengths shorter than the nominal length, unless a higher percentage of such pipes has been agreed between
the mpanufacturer and purChaser. In all cases where the laying length of the pipe is not within 60 mm of the
nomipal length, the actual laying length of the pipe shall be marked on the pipe.

5.1.5| Straightness

For pipes with a laying length, / (see 3.11), up to 6 m, the deviation from straight of a surface Jine shall not
exceg¢d-the values given in Table 3.

Table 3 — Maximum permissible deviation from straightness

Dimensions in millimetres

Manufacturer's declared Deviation from straightness,
outside diameter per pipe
dop
dop £550 5
550 < dpp < 960 4
960 < dOD 3
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Straightness for pipes with a nominal length longer than 6 m shall be agreed between manufacturer and client.
Due to end effects, when checking a pipe's straightness, measure a length not less than the laying length, /

(see 3.11), less 50 mm. Measure the deviation as the maximum distance between a calibrated lath, with the
same length as the pipe, and the external or internal pipe surface.

5.1.6 Squareness of end faces

The deviation from squareness across a joint's external diameter, dg, 4 (see Figure 5), shall not exceed the
values given in Table 4.

T&)Ie 4 — Permissible deviation from squareness across a joint's external diameter

Dimensions in millimetres

Manufacturer's declared Deviation of squareness
outside diameter dsq,d
dop
dop <300 0,5
300 < dpp 1,0

The permissjble deviation from squareness across a joint's wall thicknhess, dsq e (see Figure 6), is 41° in
relation to 90° for all pipe diameters and wall thicknesses.

sq, e

Figure 5 — Deviation from squareness across a joint's external diameter
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dsq,e

Figure 6 — Deviation from squareness across a joint's wall thickness

5.2 | Mechanical characteristics

5.2.1| Initial specific ring stiffness

For jacking applications the pipe shall have a nominal stiffness of‘at least SN 20000.
NOTEH Higher stiffnesses may be required for a particular appli¢ation.

The manufacturer shall determine the initial specific ring stiffness by testing the product in accprdance with
test methods referred to in 1ISO 10467 or 1SO 106395 "as appropriate. Perform the test using g relative ring
deflegtion (see 3.35) calculated using Equation (2):

Relative deflection (%) = — x 100 = \/_ +0,5 (2)
wherg
IN is the nominal stiffhess (see 3.24);

" %100 is the relatite deflection, in percent, for the initial specific ring stiffness test.
m

The Value determined’ for the initial specific ring stiffness, Sy, shall not be less than the nominal stiffness
exprgssed in N/mZ.

5.2.2| Long:term specific creep stiffness

The manufacturer shall determine the minimum long-term specific creep stiffness. S. ceepdhin, DY either
testing the product in accordance with test methods referred to in ISO 10467 or ISO 10639 as approprlate or
by similar testing of product complying with 1ISO 10467 or ISO 10639 having a wall structure that gives
equivalent or higher strain in areas of similar material composition, when subjected to diametrical deflection.

The manufacturer shall determine the minimum long-term specific creep stiffness, S

v, creep, min» Of the pipe
using Equation (3) that includes the creep factor, a, \et creep derived from tests performed on test-pieces

having a wall structure that is the same as the pipe intended to be used in jacking installations.

Sx, wet, creep, min = SO X O(x, wet, creep (3)
where S is the measured initial specific ring stiffness of the test-piece (see 3.26).

The value determined shall be declared by the manufacturer.
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5.2.3

Initial resistance to failure in a deflected condition

The manufacturer shall determine the resistance to failure in a deflected condition by either testing the product
in accordance with test methods referred to in ISO 10467 or ISO 10639, as appropriate, or by similar testing of
products complying with ISO 10467 or ISO 10639 having a wall structure that gives equivalent or higher strain
in areas of similar material composition, when subjected to diametrical deflection.

Calculate the required minimum initial relative specific ring deflection before bore cracking, y, pore/dm, Using

Equation (4).

(yzborew inn 194
dm Jmin N So
where
(2, bore{dm)min % 100 is the required minimum 2 minute initial relative specific ring déflection calcy
for the nominal stiffness of the test-piece, expressed in percent (%);
So is the measured initial specific ring stiffness of the test-pieCe (see 3.26).
5.3 Resistance to strain corrosion

For pipes intended to be used for septic sewers or the conveyance of. corrosive effluents, the manufa

shall detern
requirementg

ISO 10467 having a wall structure that gives equivalent or‘higher strain in areas of similar ma3

composition,

5.4 Longitudinal compressive strength

5.4.1

The manufac
(see 3.13). O
initial longitu
spigot, oy, 4.

The test resllts of the compressive properties obtained from grooved test-pieces or test-spools may be

to determine

5.4.2 Spec

For initial typ

Gengdral

ine the resistance to strain corrosion by either testing the product in accordance
and test methods referred to in ISO 10467 or by @similar testing of products complying

when subjected to diametrical deflection in a corrosive environment.

turer shall declare the minimum_ specific initial longitudinal compressive stress at break, o
etermine from routine quality,control tests, performed in accordance with Annex A, the de{
dinal compressive stress _at break (see 3.16) of both the pipe barrel, oy, 4 parre» @and the

pigot » and declare theresult.

the compressive/properties of pipes with non-grooved spigots.

fic initialNlongitudinal compressive stress at break

(4)

lated

cturer
with
with
terial

s,min
rated

pipe

used

reak,

Ops (see 3.

5.4.3 Test-

piece de-rating factor, 1

To calculate the test-piece de-rating factor, f;, determine the initial longitudinal compressive stress at break,
opr (see 3.14), according to 5.4.4 on a sample of five rebated test-pieces made out of the same pipe and
with the same spigot type as the test-piece for the specific longitudinal initial compressive stress at break,
op s (see 3.12). Calculate the test-piece de-rating factor, /g, using Equation (5).

Failure stress using pipe test-piece

_ Op,s

s

20

~ Failure stress using rebated test-piece Op r

()
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Initial longitudinal compressive stress at break

Determine the initial longitudinal compressive stress at break on both rebated o}, . and un-rebated o, , test-
pieces (see 3.14) using the method given in Annex A. The test-pieces shall conform to A.3.

Perform an ITT test on rebated test-pieces.

Routi

5.4.5

ne quality control tests shall be performed on either rebated or un-rebated test-pieces.

Derated initial longitudinal compressive stress at break

5.4.5

1 General

Derafed initial longitudinal compressive stress (see 3.16) values shall be calculated for all'res

from

5.4.5

Calcy
using

5.4.5

Calcy
using

5.4.6

5.4.6

The
be h
(see

5.4.6

Both
qualif
(see

routine quality control tests.

2  Pipe spigot strength

late the derated compressive stress of the spigot, oy, g gpigot Y derating the un-rebate
Equation (6).

Db, d,spigot = /s X by

3  Pipe barrel strength

late the derated compressive stress of the barrel, o}, 4 parre, Y derating the un-rebate
Equation (7).

Db.d.barrel = fs XO0p y
Requirements

1 Declared value

pecific initial longitudinal'‘compressive stress at break, o}, ¢ (see 5.4.2), obtained from the |
gher than the declared minimum specific initial longitudinal compressive stress at br
b.4.1).

2  Quality‘control

derated-initial longitudinal compressive stresses at break oy, 4 gpigot @Nd G} g parrel (S€§

64.1).

Lilts obtained

l test-results

(6)

] test-results

(7)

TT tests shall

pak O_b, s, min

5.4.5) of all

y control tests shall be higher than the minimum initial longitudinal compressive stress at beak oy, ¢ min

5.5

5.5.1

Permissible jacking forces

General

Calculate the permissible jacking forces which can be applied to a pipe during the jacking operation, using the
following procedure which is based on the methods described in Annex C.

NOTE

transfer ring (if used).

©I1SO

2011 — All rights reserved
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5.5.2 Ultim

ate longitudinal load, F

The pipe's ultimate longitudinal load, F; (see 3.18), shall be calculated using Equation (8).

Fy = Op,s,min X Ag

where

O-b, s, min

is the declared minimum specific initial compressive stress at break (see 5.4.1), express
megapascals (MPa);

(8)

ed in

5.5.3 Manu
eccentric ja

and perpendicular to the joint faces (i.e. no deflection and all joint faces-perfectly square).

Using the ap
a) Calculat
withstan
£,
where
Fult
4
The safety fg

The manufag
F; (see 3.20
Equation (9).

NOTE TH
does not incly
deflection of th

IS the minimum pIpe cross-sectional area at the spigot (SE€ 3.6 and FIgUre 1), eXpress
square millimetres (mm?2).

facturer's declared jacking load for which a pipe is designed, F and the permissit

king forces, Fioom p and Fogrm s

,calc?

bropriate procedures described below and in Annex C:
e the theoretical design jacking load, Fj ., (see 3.21), which is the;maximum load the pip

d during a jacking operation, using Equation (9) which assumes that the jacking load is conc

Fult
Y

is the ultimate longitudinal load obtained from Equation (8), expressed in newtons (N);
is the material's safety factor in longitudinal compression.

ctor, % shall not be less than 1,75 unless specific agreement justifies the use of a lower vall
turer shall declare the jackingiead for which each jacking pipe was designed [design jacking

and this load shall not be'greater than the theoretical design jacking load (FL calc) derived

e design jacking load\as declared by the pipe manufacturer is calculated in accordance with Annex
de any safety factorto be used by the contractor to take account of the jacking method and subsg
e pipes, the nature of ground and unforeseen conditions, or for the stress ratio across the jacking fac

e thecpermissible eccentric jacking force on the pipe, Foerm, p (see 3.22), using the estin
deflection, J. The manufacturer shall declare the permissible eccentric jacking force on the

ed in

e

B can
Bentric

9)

e.

load,
from

C and
quent
b (see

hated
pipe

Bssumed angular deflection.

Figure C.1).
b) Calculat
angular
and the
c)

Calculate the permissible eccentric jacking force on the system, F;

perm, s

matters such as the following:

the
the

the

specified angular deflections during installation, the permissible jacking force on the pipe, F
effective eccentricity of the applied jacking force;

the acceptable angular deflection in the coupling (see 4.7.3.1);

available overcut (see 3.47) in the curved bore.

(see 3.23), taking into account

perm, p’

The manufacturer shall declare the permissible eccentric jacking force on the system and the assumptions
made in the calculations with regard to the above matters.
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5.6 Specific initial longitudinal compressive modulus, £ ,

Using the method described in Annex A, determine the specific initial longitudinal compressive modulus, E;, -,
(see 3.17), by performing ITT and quality control tests.

The manufacturer shall declare the value of £ ..

5.7 Resistance of pressure pipes to internal pressure

Pressure pipes (see 3.29) conforming to this International Standard are non-end-load-bearing as they are
assembled using non-end-load-bearing joints (see 7.1).

The ]nanufacturer shall determine the resistance of pressure pipes to internal pressure by eithlr testing the
product in accordance with test methods referred to in ISO 10467 or ISO 10639, as appropriate,|or by similar
testing of products complying with 1ISO 10467 or ISO 10639 having a wall structure that-gives pquivalent or
highgr strain in areas of similar material composition, when subjected to internal pressure.

6 Marking

Mark|ng details shall be printed or formed directly on the pipe or coupling-in such a way that the arking does
not injitiate cracks or other types of failure.

Mark|ng on couplings is only required when delivered to the building site separately from the pipes.

If printing is used, the colour of the printed information shalldiffer from the basic colouring of thg product and
the pfinting shall be such that the marking is readable without magnification.

The fpllowing marking shall be on the outside of each pipe:
a) the number of this International Standard;

b) the manufacturer's declared pipe external diameter, dqp;

c) the nominal stiffness rating (SN);

d) the nominal pressure rating (PN);

e) permissible jacking-load;
f) r pipes and.couplings intended for the conveyance of surface water or sewage, the code-lefter “C”;

g) r pipes:and couplings intended for the conveyance of drinking water, the code-letter “P”;

h) e‘manufacturer's name or identification;

i) the date of manufacture, in plain text or code.

7 Joint performance

7.1 General requirements

Pipes conforming with this International Standard shall be joined using flexible non-end-load-bearing joints
(see 3.38) with elastomeric seals.
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Flexible joints shall be tested using test-pieces conforming to 7.6.2. To prove conformity to the requirements
for performance under internal or external hydrostatic pressure detailed in 7.5, use the applicable method of
test detailed in ISO 8639, in conjunction with specific conditions dependent upon the nominal pressure (PN) of
the piping system in which the particular type of joint is to be used. Specific values of PN are given in 4.2.5.

7.2 Interchangeability

Where interchangeability between products from different suppliers is required, the purchaser shall ensure
that the pipe and fitting dimensions are compatible with the components to be joined and that the performance
of the joint conforms to the relevant performance requirements in Clause 7.

7.3 Geonietrical characteristics
Use only flush couplings (see 3.39) in trenchless construction systems.

Record all dimensions which may influence the performance of the joints being tested (see Figures A.1 and|B.1).

7.4 Design

7.4.1 Design requirements

A joint made| between pipes conforming to Clause 5 shall be designed se that its performance is equal|to or
better than the requirements of the piping system, but not necessarily of the components being joined.

7.4.2 Design parameters

For each design of joint, the maximum allowable values of the*draw, D (see 3.43 and Figure 2), total drpw, T
(see 3.44 and Figure 2), and angular deflection, ¢ (see"3:42 and Figure 2), for which the joint has [been
designed to be used both during the jacking operation and in the installed condition, shall be declared hy the
manufacturef.

7.5 Performance requirements

7.5.1 Gengdral

A joint made|for connecting pipes intended to be used in jacking techniques shall be designed to withstarjd the
external forcgs and conditions applied during the installation operations; it shall also provide adequate s¢aling
against both|internal and external hydraulic forces which may occur during both the installation proces$ and
the subsequégnt operating Jife.of the pipeline.

If the joint has beert designed to be used with pressure transfer rings (packers), perform the tesfs on
assemblies ihcorporating the pressure transfer ring (see also note to C.1 in Annex C).

Failure at thg end closures during any of the following tests shall not constitute failure of the test.

7.5.2 Leak-tightness when subjected to an external pressure differential

When the joint is subjected to either the manufacturer's declared angular deflection, J (see 7.4.2), or declared
allowable draw, D (see 7.4.2), it shall not show any visible signs of damage to its components nor exhibit a
change in pressure greater than 0,08 bar/h (0,008 MPa/h), when tested by the appropriate method given in
ISO 8639 at the pressure given in Table 5.
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7.5.3 Leak-tightness when subjected to internal positive pressure following assembly

When assembled in accordance with the pipe manufacturer's recommendations, the joint shall withstand
without leakage an internal pressure of 1,5 x PN bar for 15 min, and shall subsequently conform to 7.5.2,
7.54,7.55and 7.5.6.

7.5.4 Leak-tightness when simultaneously subjected to angular deflection and draw

When the joint is subjected to the manufacturer's declared maximum allowable angular deflection in
accordance with 7.4.2 and a total draw, 7, equal to the manufacturer's declared maximum allowable draw, D
(see 7.4.2), plus the longitudinal movement, J (see 3.44 and Figure 2), resulting from application of the
manyfacturer's declared allowable angular deflection, It shall not show any visible signs of_dpmage to its
components nor leak when tested by the appropriate method given in ISO 8639 at the presgure given in
Table 5.

7.5.5| Leak-tightness when simultaneously subjected to misalignment and draw under static pressure

When the joint is subjected to the manufacturer's declared maximum allowable ‘draw, D (see y.4.2), and a
total force, F, of 20 N per millimetre of the internal diameter, d;, expressed inmillimetres (see 3.4), it shall not
show| any visible sign of damage to its components nor leak when tested. bythe appropriate method given in
ISO 8639 at the pressure given in Table 5.

7.5.6| Leak-tightness test when subjected to misalignment and‘draw under a positive cycljc pressure

When the joint is subjected to the manufacturer's declared “maximum allowable draw, D (see §.4.2), and a
total force, F, of 20 N per millimetre of the internal diameter; d;, expressed in millimetres (see 3.4), it shall not
show| any visible sign of damage to its components nor leak when tested by the appropriate method given in
ISO 8639 at the positive cyclic pressure given in Table*s.

Table 5 — Summary of test requirements for flexible joints

Test condition Pressure condition Test pressure Test duration
bar

Initia| leak-tightness test Initial positive pressure 1,5x PN 1% min
(1ISO[8639:2000, 7.2)
Extefnal pressure differential Negative pressure @ — 0,8 bar (- 0,08 MPa) 1h
(1ISO[8639:2000, 7.3)
Misalignment and draw under static Positive static pressure 2,0 x PN 24 h
presgure (ISO 8639:2000, 7.5)
Misalignment and)draw under cyclic | Positive cyclic pressure Atmospheric to 1,5 x PN 10 cyclep of 1,5 min
presgure (1S©;:8639:2000, 7.6) and back to atmospheric to 3 thin each
AngUlar-deflection and draw Initial pressure 1,5x PN 1% min

(180[8639:2000, 7.4)

Positive statlic pressure Z,0xX PN 24 h

@  Relative to atmospheric pressure, i.e. approximately 0,2 bar (0,02 MPa) absolute.

7.6 Test method additional information

7.6.1 Number of test-pieces for type test purposes

The number of joint assemblies to be tested for each test shall be one. However, the same assembly may be
used for more than one of the tests.
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7.6.2 Test-pieces

A test-piece shall comprise a joint and two pieces of pipe such that the effective laying length, /, is not less
than the applicable value given in Table 15 of ISO 10467:2004 or ISO 10639:2004 or that which is required to
meet the requirements of the test method.

If the joint has been designed to be used with pressure transfer rings (packers), perform the tests on an
assembly comprising two pieces of pipe and a joint incorporating the pressure transfer ring (see also the note
in C.1).
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Annex A
(normative)

Plastics piping systems — Glass-reinforced thermosetting
plastics (GRP) pipes — Determination of the longitudinal
compressive properties of a pipe, using a sample
of prism test-pieces cut from a ring from the pipe

A.1 [Scope

This [annex specifies the method for determining the initial longitudinal compressive properties of pipes
meagured on a sample of prism-shaped test-pieces having rectangular cross-sections produced from pieces
cut from glass-reinforced thermosetting plastics (GRP) pipes intended for use(in installations usipg trenchless
consfruction techniques.

This fnethod can be used for:

— rebated test-pieces to determine the test-piece de-rating factar, fg;
— the determination of the specific initial longitudinal compressive modulus, Ecm
— the determination of the initial longitudinal compressive stress at break, Op,r OF Op 3

— the determination of the initial longitudinal conmipressive modulus £ .

A test-piece taken from the pipe wall is compressed, at a uniform rate of strain in the direction garallel to the

— the initial longitudinal compressive stress at break for rebated test-pieces, oy, . or oy, ,, fqr un-rebated
st-pieces, is the ‘average value of the results of compression tests on a sample of five test-pieces;

— the specific ‘initial longitudinal compressive modulus, E;,, and the initial longitudinal |compressive

odulus;-£7, ,, shall be measured on un-rebated test-pieces as specified in A.6.4.

NOTEH The expression of compressive properties in terms of the minimum original cross-section is almpst a universal
—Under-some-cireumstances—the-compressive-properies-hay A urit-of-prevaiting' cross-section.
These properties are called “true” compressive properties.

A.3 Test-pieces

A.3.1 General

This clause replaces Clause 6 of ISO 604:2002.

A.3.2 Geometry

The method can be applied to both rebated and un-rebated test-pieces.
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4 3y
S S e
A
~ ~
/
e e
a) Rebated and grooved test-piece b) Rebatedtest-piece

c) Un-rebated test-piece

L height of test-piece, expressed in millimetres (mm)

Xy rebated length, expressed in millimetres (mm)

e total wall thickness of pipe barrel, expressed in millimetres (mm)

thickness of the pipe barrel at either the thinnest section of the rebate or under the groove, expressed in millimetres
(mm)

W width of test-piece, expressed in millimetres (mm)

Figure A.1 — Geometry of prism test-pieces
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A.3.3 Dimensions

A.3.3.1 Slenderness

Test-pieces shall be of such dimensions that their slenderness ratio, Rg , calculated using Equation (A.1) is in
the range from 5 to 16.

L L
Ry === —— (A1)
G 0,289(Ty)
where
Rs. is the slenderness ratio;
G is the radius of gyration.
In thg case of un-rebated test-pieces, Ty=e (see Figure A.1).
NOTE The slenderness ratio R, is the ratio of the length of a column of uniform cross-section to its Jeast radius of
gyratipn, .
1
= 1 (A.2)
wherg
3
(1)
[ = (A.3)
12
1= (Ty) (A4)
Hencge
c =0,288 7(Tg) (A.5)
wherge
1 is the second moment of area in the longitudinal direction per millimetre of length, [expressed in
millimetres to the fourth power per millimetre (mm#/mm);
A is)the area of the smallest section under the groove, expressed in millimetres t¢ the second
power (mm?2);

pand 7, are dimensions, see Figure A.1.

A.3.3.2 Dimensions for rebated test-pieces

The length of the test-pieces, L, shall be not less than the value calculated using Equation (A.6) subject to the
tolerances calculated using Equation (A.7).

L>(X;+10)+3mm (A.6)

Tolerance limits: 1,445(Tg) <L< 4,624(Tg) (A7)

© 1SO 2011 — All rights reserved 29


https://standardsiso.com/api/?name=81c0fb1a9d03e12e2fb36c2e70f637d3

ISO 25780:2011(E)

The width of the test-pieces, W, shall not be less than the value calculated using Equation (A.8) subject to the
tolerances calculated using Equation (A.9).

W >(40+£2)mm (A.8)
and
W > L/14,624 (A.9)

A.3.3.3 Recommended dimensions for un-rebated test-pieces

The length of the test-pieces, 1., shall not be less than the applicable value given in Table A 1 depending on
the pipe's wdll thickness, e.

Table A.1 — Length of test-pieces

Wall thickness Length of test-piece
e L
mm mm
14t0<18 60+3
18to <22 75+3
22to< 26 90+3
26 or more 110+ 3

The width of the test-pieces, W, shall be (40 £ 2) mm.

A.3.4 Production of the sample

Form the sample of test-pieces by cutting a pipe ring ‘with height, L, into pieces complying with the applicable
dimensions dpecified in A.3.3. Dimension L is parallelto the longitudinal axis of the pipe.

Rings for unirebated test-pieces may be cut.anywhere along the pipe length but preferably at the pipgl end.
Rings for rebated test-pieces shall be cut from the spigot end of the pipe. Ensure that pipe ring axep are
parallel to the axis of the pipe.

When prepafing the test-pieces, ensure that cut sides are parallel to each other and at right angles to tHe cut
surfaces of the ring from which they are cut.

A.3.5 Numper of test-pieces in the sample

A sample copsists of five test-pieces made from the same pipe ring.

A.3.6 Concllitioning

Unless otherwise specified, store the test-pieces for at least 0,5 h at the test temperature prior to testing.

In cases of dispute, condition test-pieces for 24 h at (23 = 3) °C before testing, or subject them to a mutually
agreed test conditioning schedule.

A.4 Test equipment

Test equipment shall conform to the applicable requirements of Clause 5 of ISO 604:2002.
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Test procedure

A.5.1 General

The test procedure shall generally conform to the appropriate method specified in ISO 604:2002, except for
the following requirements.

A.5.2 Measurements

For each test-piece, measure and record to an accuracy of £0,2 mm all the external dimensions indicated in

Figurp-A--
The mheasuring devices used shall comply with the applicable requirements of Clause 5 of ISO 60

A.5.3 Compressive loading

A co
F, sh

A.5.4

Apply
ISO ¢
stren
expe
betw

A.6

A.6.
The

requi
A.6.3

A.6.;

Calcy
appli

Forr

pressive load, F, shall be applied to each test-piece as described in ISO 604:2002. The ch
bl be recorded as a function of the change in length, AL, until fracture occurs when F = F; (s

} Testing speed

the compressive load using a cross-head movement speed between 0,8 mm/min an
04:2002 sets indicative testing speed values of 1 mm/minfor modulus measurement and
pth measurement. As both of these compressive paramieters are measured during the same

ience does not indicate any fundamental influence ffom the test speed on the result, a t
ben the values in ISO 604:2002, including toleranceés; is appropriate for the test.

Calculation and expression of results

General

procedures used for the caleulation and expression of results shall conform to th
rements of Clause 10 of ISO)604:2002, except for the properties determined in accordanc
and A.6.4.

P Initial mean cross-sectional area, 4

late the initial-mean cross-sectional area, 4, of the test-piece using Equation (A.10) ¢
cable.

bbatedtest-pieces (see Figure 1):

A4:2002.

ange of load,
ee A.6.3).

d 6 mm/min.
b mm/min for
test, and as
esting speed

e applicable
e with A.6.2,

r (A.11), as

Foru

g\
g

n-rebated test-pieces (see Figure 1):

A=W (e)

A.6.3 Initial longitudinal compressive stress at break

(A.10)

(A.11)

Calculate the longitudinal compressive stress at break of each individual test-piece by dividing the recorded
load at fracture, F; (see A.5.3), by the respective initial mean cross-sectional area, 4, determined in
accordance with A.6.2.
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Calculate the initial longitudinal compressive stress at break, oy,  for rebated and oy, , for un-rebated
test-pieces, as the average value of the results of compression tests on a sample of test-pieces as specified

in A.3.
A.6.4 Longitudinal compressive modulus, £ ,

A.6.41 Toe region

In a typical stress-strain curve (Figure A.2) there is a toe region, AC, that does not represent a property of the
material. It is an artefact caused by a take up of slack, and alignment or seating of the specimen. In order to

obtain correwmmmmmwmm&mst be
compensated for to give the corrected zero point on the strain or extension axis.

Y /
/
/
/
/
/
/
/
/
/
/
/
/
/
D
C
7
/
/
NN \ X
A B E
Key
Y stress
X strain
AtoF see A6.4.2
NOTE Some chart recorders plot the mirror image of this graph.

Figure A.2 — Material with a Hookean region
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.2 Other regions

GRP exhibits a region of Hookean (linear) behaviour between C and D in Figure A.2. A continuation of the
linear (CD) region of the curve is constructed through the zero-stress axis to B. This intersection is the
corrected zero-strain point, &3, from which all extensions or strains must be measured, including the yield
offset (BE), if applicable. The elastic modulus, £ ,, can be determined by dividing the stress at any point
along the line CD (or its extension) by the strain at the same point (measured from Point B, which is defined
as the point of zero-strain, ).

A.6.4

.3 Specific initial longitudinal compressive modulus, £ .,

Calcl
modd
point

00,24
exten

A.6.!
Calcl
confi
A.7

The
Interr

late the specific initial longitudinal compressive modulus, E; ., and initial longitudinal
lus, E n,, by drawing a tangent to the initial linear portion of the load deformation curve,
(preferably the 0,25 % strain value) on this straight line portion, and dividing the «©€omprg
o, represented by this point by the corresponding strain. Measure from the, point, ¢
ded tangent line intersects the strain-axis as shown in Equation (A.12) (see alsg Annex C).

_ 0025%
Ec,m -
0,0025-¢,

b Statistical parameters

late the arithmetic mean of each set of five test results and,"if required, the standard deviat
jlence interval of the mean value by the procedure given inISO 2602.

Test report

test report shall conform to Clause 12-of ISO 604:2002, and shall also make refer|
ational Standard.

compressive
belecting any
ssive stress,
, where the

(A.12)

on and 95 %

ence to this
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Annex B

(normative)

Plastics piping systems — Glass-reinforced thermosetting plastics
(GRP) pipes — Determination of the compressive properties of pipes,

using spool test-pieces

B.1 General

This annex gpecifies the method for determining the longitudinal compressive properties of gipes meagured
on spool test-pieces made of glass-reinforced thermosetting plastics (GRP). This test method is intended for
initial type tegting of pipes conforming with this International Standard, with rebated and, ;if @pplicable, grqoved
spigots, to determine the minimum specific initial longitudinal compressive stress at break, oy, ¢ miy, arfd the

test-piece detrating factor, f;.

B.2 Principle

A test-spool with rebated and, if applicable, grooved spigots at both,ends, is compressed at a uniform rate of

compressive|strain in the direction parallel to the longitudinal axis of the€ pipe, until failure occurs.

The specific|initial longitudinal compressive stress at break, O, 's» IS calculated according to the procefiures

described in B.6.

B.3 Test-pieces

B.3.1 Geoinetry

The general prrangement of a cylindricaltest-spool is shown in Figure B.1. including rebates and, if applicable,

grooves for dealing rings at both ends.

B.3.2 Lendth of test-spool

The length of the test-spogel; L, shall be at least (300 + 2 x x;) £20 mm.

B.3.3 Production-of the test-spool

Production

shall be the same as that used for the production of the related pipes.

34
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L |
X1 i

X
dy i
dOD q
dg 1

(
e
Ty t

ipternal diameter, expressed in millimetres (mm)

a) Section through test-spool

od,
8d,

[m]

ol -
=
A

b)~Detail of spigot at A

bngth of the test-spool, expressedqin millimetres (mm)
ebated length, expressed in millimetres (mm)
istance from the groove to theyend of the spigot, expressed in millimetres (mm)

utside diameter, expressed in millimetres (mm)

hinimum outside diameter of the spigot at a distance, m, under the groove (if applicable) expressed
mm)

ipe wall thickaess of the barrel, expressed in millimetres (mm)
hickness.of\the thinnest section, under the groove (if applicable) expressed in millimetres (mm)

Figure B.1 — Geometry of test-spool

B.3.4 Number of test-pieces

When using this method for an ITT, three test-spools shall be tested.

B.3.5 Conditioning

in millimetres

Unless otherwise specified, store the test-spools for at least 0,5 h at the ambient temperature prevailing in the
test facility, prior to testing.

©I1SO
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In cases of dispute, condition test-spools for 24 h at (23 + 3) °C prior to testing, or alternatively subject them to
a mutually agreed test conditioning schedule.

B.4 Test equipment

B.4.1 Testing machine

B.4.1.1

The testing
Fy, ¢, to the

applicable rate of loading specified in B.5.4 up to failure.

B.41.2 Lo

The plates fqg

that the load

each other in

The plates shall each have a diameter which is larger than the outside diameter, dyp, of the test-spool.

B.41.3 Lo

The testing n
the test-spog

and indicate

B.4.1.4 Re

The recordin

F, versus time, up to the moment of failure of\the test-piece. When measurements of strain are also

taken, the gutomatic data logging system. shall be capable of registering the strain versus the aj
longitudinal lpad, F, up to the moment offailure.

B.4.2 Deviges for measuring the dimensions of the test-spool

Use a micrgmeter or equivalent capable of reading to at least 0,01 mm, for measuring the spigot's
thickness, inner surface dayer thickness, depth of rebate and, if applicable, the groove, as indicat
Figure B.1.

Use a tape [or other suitable device, reading to at least 1 mm, for measuring the length of the spo

diameters d

General

v o grtod

ompression; it shall also be capa

e

test-piece that will cause it to fail in maintainin

hd application plates
r applying the load to the test-spool shall be made of hardened steel and_shall be so constr|

carried by the test-spool is axial and transmitted through surfaces which_are flat and para
a plane normal to the loading axis.

had indicators

hachine shall be equipped with an indicator capable ofiindicating the compressive load appl
I. The mechanism shall be essentially free of inertia' lag at the rate of loading specified in
the load applied with an accuracy of +1 % or better of the indicated value.

cording equipment

j equipment consists of an automati¢.data logging system capable of recording the load ap

p-yand dy as indicated in Figure B.1.

ah load,

g the

icted
lel to

ed to
B.5.4

plied,
being
plied

wall
Bd in

B.5 Test procedure

B.5.1 Measurement of dimensions

Make measu

rements of the dimensions indicated in Figure B.1 in accordance with ISO 3126.

Measure and record the values of the diameters dgp, d; and dy as well as the spool length Z, as indicated in
Figure B.1, to an accuracy of £1 mm.

Measure and record the value of all other dimensions of the spigot indicated in Figure B.1 to an accuracy of

+0,2 mm.
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B.5.2 Test temperature

Perform the test at one of the temperatures specified in B.3.5, preferably the same temperature used for
conditioning.

B.5.3 Positioning of the test-spool in the test machine

Place a test-spool between the surfaces of the compression plates and align the centres of the compression
plates. Position a wooden chipboard plate 6 mm thick at both ends between the test-spool and the
compression plates. Ensure that the contact between the test-spool and the surfaces of the plates is as
uniform as possible and that the surfaces of the compression plates are parallel to each other.

B.5.4 Application of load
Start|the data recording equipment.

Apply the load to the test-spool at a compressive strain rate of 2 mm/min until ‘the test-spool| is unable to
sustgin the applied load.

For the duration of the test, record, on a continuous time basis, the appliéd longitudinal compresgive load, F,
and the strain, &

Record the maximum compressive force at failure, F,, in kilonéwtons (kN) and, if applicable, [the strain at

failurg, &p,.

B.6 [Calculation and expression of results

B.6.1 Initial mean cross-sectional area, 4

Calcylate the initial mean cross-sectional area, 45 of the spigot using Equation (B.1), expressed in square
millinpetres (mm?2).

1, =n[(0,5xd9)2—(0,5xdi)2} (B.1)
wherg

4, is the external’spigot or groove diameter (see Figure B.1), expressed in millimetres (mm

g

4; s the internal diameter of the pipe (see 3.4), expressed in millimetres (mm).

B.6.2 Specific initial longitudinal compressive stress at break, oy,

CalCL lata tha lanait i din

ompracaiva ctrace At he
et CTogtatimt ot

o o
COMPTocoove—otrcoo ™

al
three test-spools, using Equation (B.2).

inr-megapaseals{MRajfer each of the

_ Fyx10°

> (B.2)

Op
S

The specific initial longitudinal compressive stress at break, o, ¢ (see 3.12), is the mean of the three values of
o, minus two standard deviations [see Equation (B.3)].

ohs =Mean oy, — | 2(highest oy, —lowest 67,)x0,590 8 | (B.3)
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B.7 Test report

The test report shall include the following information:

a)

b)

c)
d)
e)
f)
9)
h)

m)

38

a reference to this International Standard;

all detai

Is necessary for complete identification of the pipe(s) being tested, including type, source,

manufacturer's code number and history;

the dimensions of all test-spools;

method

the num

the posifion in the pipe from where the test-spools were obtained;

the test
the rate

the atmg
applicab

the indiv

the calcuyilated test results;

any fact
operatin

date and

DT preparing the test-spool and any detalls or the manuracturing metnod used;

ber of test-spools tested;

bquipment details, type and accuracy;
pf load application and rate of resulting strain;

sphere used for conditioning and for testing, plus details of any{special conditioning treatment, if
le;

idual test data and results;

brs which may have affected the results, such @s any incidents which may have occurred dr any
j details not specified in this International Standard;

duration of the test.
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When a jacking load is applied axially to the rear pipe or any interjack pipe during installati

gene

NOTH
interja
packe

In theg ideal situation leading to theoretical design jacking force, Fj caler if\the longitudinal axes (¢

pipes
from

Hows
nece
appli
plann

The
perm

C.2

The s

O_m ax|
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Annex C
(normative)

Procedure for the calculation of the permissible jacking forc
a GRP-(UP) pipe, Fperm,p

e on

'General

rates compressive stress within the cross-section of each pipe.

Pressure transfer rings are sometimes used at the interface between GRP{and other mat
ck stations or a cutting head (shield). In GRP systems it is not recommended to use pressure tra
rs) between GRP joint faces.

were perfectly aligned and the pipes had perfectly square jagking faces, the jacking loa
pne pipe to another and the stresses in the pipe walls would bé evenly distributed.

ver, although in practice a straight pipeline is normally planned, adjustments to line and lev
5sary and pipe jacking faces are rarely perfectly square.~Therefore, this results in the jackin
bd eccentrically from one pipe to another. This eccentricity also occurs when curved

ed.

ollowing subclauses, which are based on procedures described in ATV 161 (1990), desc

ssible jacking force on the pipe, Fi,ery, ,, fora specific angular deflection can be calculated.

Symbols and abbreviations
ymbols and abbreviations.used in this annex have the following meanings (see also Figures

the compressive \(material) safety coefficient for the calculation of GRP pipes in a dire
to the longitudinal axis of the pipe (see 5.5.3);

angular<deflection between adjacent pipes (see 4.7.3.1), expressed in degrees (°);

maximum stress in a specific loading situation occurring at the edge of the jacking fac
iAewtons per square millimetre (N/mm?2);

bn, this load

brials such as
hsfer rings (or

f two jointed
H transferred

b| are always
g load being
bipelines are

ribe how the

C.1to C.6):

ction parallel

e, expressed

arthmatic maan yalbiin Ao tha avarann ~Aamnracoiva Ar tancila ctrace Avar tha tntal od
1o—5tre

0o

O,

all

O_b, s,

©I1SO

ot oo Voot ot vV orag e~ CompPrc ooy OO —tCT1otT

expressed in newtons per square millimetre (N/'mm?2);

rTCoo—OveT—trC—toOtr—opP

igot section,

allowable stress, taking into account the (material) safety factor, ¥, expressed in newtons per square

millimetre (N/mm?2);

min

(N/mm?2);

minimum pipe cross-sectional area of the spigot, or in the groove of the spigot, if ap
3.6), expressed in square millimetres (mm?);
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spigot or groove diameter (see 3.5), expressed in millimetres (mm);

axial compressive elastic modulus of the pipe, expressed in megapascals (MPa);

theoretical design jacking load, expressed in kilonewtons (kN);

rmissible jacking load on the pipe, expressed in kilonewtons (kN);

ultimate longitudinal load;

manufacturer's declared jacking load for which a pipe was designed, expressed in kilonewtons (kN);

dg

Ep

fi

Fj, calc

Foerm,p  P€

Fut

d int

l lay

VA dig

Sy stn]
(sd

S str

brnal diameter, expressed in millimetres (mm);

ing length of a jacking pipe, expressed in millimetres (mm);
metrical extent of compression in the joint segments, expressed in millimetres{mm);
ess  eccentricity dependence is the dependence of the stress ratio,-S,, on the ratio

e Figure C.6) ;
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where

F

u

/4

it is the ultimate longitudinal load (see 5.5.2), expressed in kilonewtons (kN);

is the longitudinal compressive (material) safety factor.

The longitudinal compressive (material) safety factor, 3, shall not be less than 1,75, unless specific agreement
justifies the use of a lower value.

NOTE

The design jacking load, as declared by the pipe manufacturer or calculated in accordance with this annex,

does not include any safety factor to be used by the contractor, having regard to the jacking method and subsequent
deflection of the pipes, the nature of ground and unforeseen conditions, or for the stress ratio across the jacking face (see

Figure C.1).
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