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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 wit

the
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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 ¢
pall 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 fq
uids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.
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Plastics piping systems for pressure and non-pressure water
supply — Glass-reinforced thermosetting plastics (GRP)
systems based on unsaturated polyester (UP) resin

[
b

1

This

thernjosetting plastics (GRP) based on unsaturated polyester resin (UP) for water supply wi

press

This
end t

NOTH
provig

This
DN 4
witho
may

Claus
supp

Scope
nternational Standard specifies the properties of piping system components made-from gla
ure, as well as the properties of the system itself.

nternational Standard is applicable to GRP-UP piping systems, with flexible or rigid joints w
hrust load-bearing capability, primarily intended for use in buried installations.

Piping systems conforming to this International Standard _¢an "also be used for non-burig]
ed the influence of the environment and the supports are considered in the design of the pipes, fittingd

International Standard is applicable to pipes, fittings_and their joints of nominal sizes fr
D00 which are intended to be used for the conveyatice of water at temperatures up to 5

be used together.

e 4 specifies the general aspects of GRR-UP piping systems intended to be used in the
y with or without pressure.

Claus
The

for the test methods referred to in-this International Standard.

Clauge 6 specifies the characteristics of fittings made from GRP-UP, with or without a therr

ther
and

appli
a) f

b)

moulding by

e 5 specifies the characteristics of_pipes made from GRP-UP with or without aggregates
ipes may have a thermoplastics or thermosetting resin liner. Clause 5 also specifies the teg

osetting resin liner,dntended to be used in the field of water supply. Clause 6 specifies thg
berformance requirements for bends, branches, reducers, saddles and flanged adaptors
Cable to fittings ‘made using any of the following techniques:

abricationfrom straight pipes;

5s-reinforced
h or without

th or without

d applications
and joints.

bm DN 50 to
0 °C, with or

ut pressure. In a pipework system, pipes and fittings of different nominal pressure and stiffness ratings

ield of water

and/or fillers.
t parameters

noplastics or
dimensional
Clause 6 is

2)

y—fitarment winding;

tape winding,

3) contact moulding,

4)

© IS0
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Clause 7 is applicable to the joints to be used in GRP-UP piping systems to be used for the conveyance of
water, both buried and non-buried. It covers requirements to prove the design of the joint. Clause 7 specifies
type test performance requirements for the following joints as a function of the declared nominal pressure
rating of the pipeline or system:

socket-and-spigot (including double-socket) joints or mechanical joints;

ocket-and-spigot joints;

cemented or wrapped joints;

a)

b) locked s
c)

d) bolted fl
2 Normg
The followin
references,

document (in

ISO 75-2:20(
ebonite

ISO 161-1, 1
pressures —

ISO 527-4,
orthotropic fi

ISO 527-5, F
reinforced pl

hnge joints.

tive references

g referenced documents are indispensable for the application of this doesument. For
bnly the edition cited applies. For undated references, the latest edition of the refere
cluding any amendments) applies.

3, Plastics — Determination of temperature of deflection under-load — Part 2: Plastics
[hermoplastics pipes for the conveyance of fluids — Nominal outside diameters and no

Part 1: Metric series

Plastics — Determination of tensile properties\— Part 4: Test conditions for isotropig
bre-reinforced plastic composites

Plastics — Determination of tensile propefties — Part 5: Test conditions for unidirectional
hstic composites

ISO 2078, Textile glass — Yarns — Designation

ISO 2531, D
ISO 3126, Pi

ISO 4200, P
length

ISO 7432:20
design of loc|

ictile iron pipes, fittings, ac¢essories and their joints for water or gas applications
astics piping systems —)Plastics components — Determination of dimensions

ain end steel tubes, welded and seamless — General tables of dimensions and masses pe

D2, Glass=*reinforced thermosetting plastics (GRP) pipes and fittings — Test methods to proy
ked socket-and-spigot joints, including double-socket joints, with elastomeric seals

Hated
nced

and

minal

and

fibre-

r unit

e the

ISO 7509, Plastics piping systems — Glass-reinforced thermasetting plastics (GRP) pipes — Determinat

time to failure under sustained internal pressure

on of

ISO 7511:1999, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes and fittings —
Test methods to prove the leaktightness of the wall under short-term internal pressure

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

ISO 8483:2003, Glass-reinforced thermosetting plastics (GRP) pipes and fittings — Test methods to prove the
design of bolted flange joints

© ISO 2004 — All rights reserved
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ISO 8513:2000, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes —
Determination of longitudinal tensile properties

ISO 8521:1998, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes —
Determination of the apparent initial circumferential tensile strength

ISO 8533:2003, Glass-reinforced thermosetting plastics (GRP) pipes and fittings — Test methods to prove the
design of cemented or wrapped joints

ISO 8639:2000, Glass-reinforced thermosetting plastics (GRP) pipes and fittings — Test methods for
leaktightness of flexible joints

I1ISO/T
Part

ISO
prove

ISO 1
ring g

ISO 1
bend

ISO 1
fitting

ISO 1
Metri

ISO 1
ring 1

ISO 1
intern

EN 6
appli

EN 6
appli

JIS A

10466, Plastics piping systems — Glass-reinforced thermosetting plastics (GRR) pipes — Té

'R 10465-3, Underground installation of flexible glass-reinforced thermosetting resin (G
B: Installation parameters and application limits
the resistance to initial ring deflection

0468, Glass-reinforced thermosetting plastics (GRP) pipes — Determination of the long-
reep stiffness under wet conditions and calculation of the wet creep factor

0471, Glass-reinforced thermosetting plastics (GRP) pipes —.Determination of the long-
ng strain and the long-term ultimate relative ring deflection under wet conditions

0928:1997, Plastics piping systems — Glass-reinforeéd thermosetting plastics (GRHA
s — Methods for regression analysis and their use

1922-1, Thermoplastics pipes for the conveyance of fluids — Dimensions and toleranc
C series

4828, Glass-reinforced thermosetting-plastics (GRP) pipes — Determination of the long-
elaxation stiffness under wet conditions’and calculation of the wet relaxation factor

5306, Glass-reinforced thermesetting plastics (GRP) pipes — Determination of the resistg
al pressure

B1-1, Elastomeric seals, — Materials requirements for pipe joint seals used in water &
Cations — Part 1: Viuleanized rubber

B1-2, Elastoméric seals — Materials requirements for pipe joint seals used in water &
cations — Rart.2: Thermoplastic elastomers

5350, Fibreglass reinforced plastic mortar pipes

RP) pipes —

st method to

ferm specific

erm ultimate

pipes and

ps — Part 1:

ferm specific

nce to cyclic

nd drainage

nd drainage

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

nominal size

DN

alphanumerical designation of size, which is common to all components in a piping system, which is a
convenient round number for reference purposes and is related to the internal diameter in millimetres

NOTE The designation for reference or marking purposes consists of the letters DN plus a number.

© IS0
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3.2
declared dia

meter

diameter which a manufacturer states to be the mean internal or external diameter produced in respect of a
particular nominal size (DN)

3.3

nominal stiffness

SN

alphanumerical designation of stiffness classification purposes, which has the same numerical value as the

minimum initi

NOTE Th

al value required, when expressed in newtons per square metre (N/m?) (see 4.1.3)

a-numbar
S-RHHRPe

3.4
specific ring
S

desianationforreferance-ormarkina-purnoses-consiste-of tha lattare SN nluc
SeSigHaorTor—Tereren OrrHacgpPoTP ot e rsorpro

stiffness

measure of fhe resistance, in newtons per square metre, of a pipe to ring deflection per_metre length inder
external load as defined by Equation (1):
s=2f (1)
dm
where
E is the apparent modulus of elasticity as determined in a ring ‘stiffness test, in newtons per square
mefre (N/m2);
I is thhe second moment of area in the longitudinal direction per metre length, in metres to the fourth
power per metre (m4/m), i.e.
3
e
I={— 2
12 (2)
e |being the wall thickness, in metres (m);
dm is tHe mean diameter of the pipe;in metres (m) (see 3.5)
3.5
mean diameter
dm
diameter of the circle corrésponding to the middle of the pipe wall cross-section and given, in metres (m), by
either Equatipn (3) or (%)
dn=di4e 3)
dm=de—e 4)
where
di is the internal diameter, in metres (m);
de is the external diameter, in metres (m);
e is the wall thickness of the pipe, in metres (m)
4 © ISO 2004 — All rights reserved
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3.6
initia
So

ISO 10639:2004(E)

| specific ring stiffness

value of S obtained when determined in accordance with ISO 7685, in newtons per square metre (N/m2)

3.7

wet creep factor
@y, wet, creep

ratio of the long-term specific ring stiffness, S, wet, at x years (see 4.6), determined under sustained loading in
wet conditions in accordance with 1ISO 10468, to the initial specific ring stiffness, Sp, both measured at the
same position referred to as reference position 1

NOTE

3.8

It is given by Equation (5):
’ Sy 1, wet
x, wet, creep —
So,1

wet rlelaxation factor

O, w
ratio

in weg
same

NOTH

3.9
calct

Sx, we
calcu

wher

P

i

3.10

t, relax

Of the long-term specific ring stiffness, S

. wet» at x years (see 4.6), determined under sustain

®)

ed deflection

t conditions in accordance with ISO 14828, to the initial specific'ring stiffness, So, both measured at the

position, referred to as reference position 1

It is given by Equation (6):

Sx,1,wet
S0,1

x, wet, relax =

lated long-term specific ring stiffness

¢
lated value of S (see 4.6) at x years,~obtained by Equation (7):

5, wet = S0 Xy, wet
is the elapsed'time, in years, specified in this International Standard (see 4.6);
. wet IS eitherthe wet creep factor (see 3.7) or the wet relaxation factor (see 3.8);

b0 is.the initial specific ring stiffness, in newtons per square metre (N/m2) (see 3.6).

rerat|
RRF

(6)

(7)

jng factor

multiplication factor that quantifies the relation between a mechanical, physical or chemical property under the
service conditions compared to the respective value at 23 °C and 50 % relative humidity (R.H.)

© IS0
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nominal pre
PN

2004(E)

ssure

alphanumeric designation for pressure classification purposes which is numerically equal to the resistance of
a component of a piping system to internal pressure, expressed in bars')

NOTE

3.12
type test

The designation for reference or marking purposes consists of the letters PN plus a number.

test carried out in order to assess the fitness for purpose of a product or assembly of components to fulfil its or

their functio

s) in accordance with the product specification

3.13

nominal len
numerical dg
rounded to th

3.14

total length
distance bety
expressed in

3.15
laying lengt
total length

hth
signation of pipe length which is equal to the laying length (see 3.15), expressed-in‘metres
e nearest whole number

veen two planes normal to the pipe axis and passing through the exireme end points of the
metres (m)

n
of a pipe minus, where applicable, the manufacturefsirecommended insertion depth ¢

spigot(s) in the socket

3.16

normal serv
conveyance
50 years

NOTE At

3.17
working pre|

DPw
internal pres

3.18

ce conditions
pf surface water or sewage in the temperature range 2 °C to 50 °C, with or without pressur

temperatures above 35 °C, it may be necessary to rerate the pipe.

ssure

sure, excluding surge, @t)which a system is to be continuously operated, expressed in bars

maximum working pressure

maximum int
bars

3.19
surge

ernal pressure, excluding surge, at which a system can be continuously operated, express

(m),

pipe,

f the

e, for

ed in

rapid change in internal pressure, either positive or negative, caused by a change in the flow velocity

NOTE It

3.20

is expressed in bars.

surge allowance
value, expressed in bars or as a percentage of the maximum working pressure of a pipe, that can be added to
the maximum working pressure to allow for occasional fluctuations in pressure

NOTE

The value may vary depending upon the anticipated frequency of the surge conditions.

1)

1 bar = 10° N/m2 = 100 kPa (or = 0,1 MPa)

© ISO 2004 — All rights reserved
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3.21
static design pressure
maximum working pressure of a system, taking into account current and future use, fixed by the designer

NOTE It is expressed in bars.
3.22
maximum design pressure

maximum working pressure, including surge, that the designer anticipates in a system

NOTE It is expressed in bars.

3.23
non-pressure pipe or fitting
pipe or fitting subjected to an internal pressure not greater than 1 bar

3.24
pressure pipe or fitting
pipe for fitting having a nominal pressure classification, expressed in bars, greater than 1 bar pnd which is
intenfed to be used at internal pressures up to its nominal pressure in bars

3.25
burigd pipeline
pipeline which is subjected to the external pressure transmittedvfrom soil loading, including traffic and
supefimposed loads and possibly the pressure of a head of water.

3.26
non-puried pipeline
pipeline which is subjected to negative and positive pressure, forces resulting from its supports, environmental
condftions, e.g. snow and wind, and possibly the pressure of a head of water

3.27
sub-aqueous pipeline
pipeline which is subjected to an external pressure arising from a head of water and conditions puch as drag
and l{ft caused by current and wave action

3.28
desiiqn service temperature
maximum sustained temperature at which a system is expected to operate, expressed in degrees| Celsius (°C)

3.29
variance
measgure of dispersion based on the mean square deviation from the arithmetic mean

3.30
stanfard deviation
(o2
positive square root of the variance

3.31

coefficient of variation

Y

ratio of the standard deviation to the absolute value of the arithmetic mean [see Equation (8)]:

v Standard deviation of the population
Mean of the population

(8)

NOTE In this International Standard, it is expressed as a percentage.

© 1SO 2004 - All rights reserved 7
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acceptable quality level

AQL

quality level which, for the purposes of sampling inspection of a continuous series of lots, is the limit of a
satisfactory process-average percent nonconforming

3.33
projected fa
Pe

ilure pressure at 6 min

value at 6 min derived from the pressure regression line obtained from long-term pressure tests performed in
accordance with ISO 7509 and analysed in accordance with ISO 10928

3.34
projected fa
P50

value at 50 yf
in accordanc

3.35

pressure regression ratio

RR, p

ratio of the p

from long-tefm pressure tests performed in accordance with 1ISO 7509 [seé Equation (9)] and analys
accordance \ith ISO 10928
P 50
Rg , =22
P pe

3.36
initial failurg pressure
Po
pressure at yhich failure occurs with specimens_subjected to short-term tests performed in accordance
ISO 8521
3.37
minimum fajlure pressure at 50 years

P50,97,5% LC

failure pressiire at 50 years which 97)5 % of products are required to exceed [see Equation (10)]:

P50, 97,5

3.38
minimum fa

P6, min

failure pressnrre at 6 min which 97,5 % of products are required to exceed [see Equation (11)]:

flure pressure at 50 years

ears derived from the pressure regression line obtained from long-term pressurestests perfg
e with ISO 7509 and analysed in accordance with ISO 10928

rojected failure pressure at 50 years, pgq, to the projected failure pressure at 6 min, pg, obt

L, min

% LCL, min = PN X7%)PN, 97,5 % LCL, min

lure pressure at 6 min

rmed

hined
ed in

(9)

with

(10)

P50, 97,5 % LCL, min

P6, mn=

3.39

RR, p

correction factor for initial failure pressure

C

factor used to convert projected 6-min values, pg, to initial failure pressure values, p [see Equation (12)]:

(11)

(12)

© ISO 2004 — All rights reserved
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minimum initial failure pressure

PO, mi

n

initial failure pressure, determined in accordance with 1ISO 8521, which 97,5 % of products are required to
exceed [see Equation (13)]:

Po, min = Pe, min XC

3.4

minimum design pressure

po,d

(13)

desid

3.42

N initial Tallure pressure 1o ensure 97,9 7o O products will exceed pg nin [See Equation (14)]:

1
1—Y><0,01><1,96)

P0,d = Po, minx(

minimum mean failure pressure at 50 years

P5_0, f
failuri

!

wher

3.43
AQL
MPL;
multi
varia

EXAN

3.44

ean, min
b pressure at 50 years which 50 % of products are required to exceed [see Equation (15)]:

50, mean, min = PN X 7t PN, mean

b PN is expressed in bars

multiplier

st
blier, whose value is dependent upon the specified AQL (see 3.32), that is used with the coe
ion (see 3.31)

PLES  Ifthe AQL = 6,5 %, then MPLyy= 1,51. If the AQL = 2,5 %, then MPLeg; = 1,96.

tensile safety factor

T
safet

3.45

y factor which is applied\tothe tensile strength of a product

tensile safety factor related to psp 97,5 % LcL, min

T1t, PN
safet

the g

NOTH

, 97,5 %, min
y factor which'is applied to the nominal pressure (PN) to ensure that 97,5 % of products whe
round can'operate at a working pressure, py, (see 3.17), equal to PN without failure for at lea

For further information, see ISO/TR 10465-3.

(14)

(15)

ficient of

n installed in
st 50 years

3.46
relati

yldy,

ve ring deflection

ratio of the change in diameter of a pipe, y, in metres, to its mean diameter, d,,, (see 3.5)

NOTE It is derived as a percentage from Equation (16):

Relative ring deflection = 2 100

© IS0
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3.47
projected in
yoldm

itial relative ultimate ring deflection

projected deflection value at 2 min derived from the ultimate deflection regression line obtained from long-term
ultimate deflection tests performed in accordance with ISO 10471 and analysed in accordance with ISO 10928

NOTE Iti

3.48

s expressed as a percentage by multiplying by 100.

minimum initial relative specific ring deflection before bore cracking occurs

(V2, bore/dm)m
initial relativ

in

ed in

accordance

NOTE It
3.49
minimum in
(V2, struct/dm)r
initial relative
accordance
NOTE It
3.50
extrapolated
Yu, wet, x/dm
deflection va
term deflect
accordance

NOTE It

3.51

minimum lo
(Vu, wet, x/dm)
required min
obtained fron

NOTE It

3.52
ultimate def
RR, dv

ratio of the €
to the proje

deflection-at 2 min which 3 tast pinr\n IS rnqllirnd to-nass-without bore r\rar\l{ing when tes
gehecHO At RHRA-WHGAa16eSHPi 15— HFe G0 WHAOUEDO! Facxg—-whel—+

vith ISO 10466

s expressed as a percentage by multiplying by 100.

tial relative specific ring deflection before structural failure occurs

hin

deflection at 2 min which a test piece is required to pass without structural failure when tes
vith ISO 10466

s expressed as a percentage by multiplying by 100.

long-term relative ultimate ring deflection

ue at x years (see 4.6) derived from the ultimate ‘deflection regression line obtained from
on tests performed under wet conditions in-accordance with I1ISO 10471 and analys
vith 1ISO 10928

s expressed as a percentage by multiplying by~100.

hg-term relative ultimate ring deflection

min

mum extrapolated value at x)years (see 4.6) derived from the ultimate deflection regressio

h long-term deflection tests performed under wet conditions in accordance with ISO 10471

s expressed as a pereentage by multiplying by 100.

ection regression ratio

ktrapolated long-term relative ultimate ring deflection at x years (see 4.6), y, et +/dm (s€€

ed in

long-
bd in

n line

3.50),

cted\initial ultimate ring deflection, y,/d,, (see 3.47), obtained from long-term ultimate

deflection teq

ring

tsperformed in accordance with ISO 10471 [see Equation (17)] and analysed in accordancg¢ with

ISO 10928

RR, dv

3.53

J’u,wet,x/dm
voldn

angular deflection

0

angle between the axes of two consecutive pipes (see Figure 1), expressed in degrees (°)

10

(17)
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3.54

draw

D

longitudinal movement of a joint (see Figure 1), expressed in millimetres (mm)

3.55

total draw

T

sum of the draw, D, and the additional longitudinal movement, J, of joint components due to the presence of
angular deflection (see Figure 1), expressed in millimetres (mm)

3.56
misalignment
M
amoynt by which the centrelines of consecutive components fail to coincide (see Figure 1), xpressed in
millimetres (mm)

3.57
flexibple joint

joint which allows relative movement between the components being joined

NOTH Flexible joints which have resistance to axial loading are classified as-end-load-bearing.
Examples of this type of joint are:

a) gocket-and-spigot joints with an elastomeric sealing element (including double-socket designs);

b) Ipbcked socket-and-spigot joints with an elastomeric sealing_element (including double-socket designs);
c) rhechanically clamped joints, e.g. bolted couplings incliding components made of materials other than GRP.
3.58
rigid|joint

joint which does not allow relative movement between the components being joined

NOTH Rigid joints which do not have resistance to axial loading are classified as non-end-load-bearing
Examples of this type of joint are:

a) flanged joints including integral or loose flanges;

b) Wrapped or cemented joints.

3.59

break
condjtion‘where the test piece can no longer carry the load to which it is being subjected

3.60
combined tensile safety factor

That
safety factor for combined circumferential tensile loading arising from internal pressure and flexure
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D
a)
| | |6
J
b)
./'/./.—/ - 6
D J
r
c)
=
d)
Key
D draw
J  longitudinal movement arising from angular deflection of the joint
0  angular deflection of the joint
T  total draw
M misalignment

Figure 1 — Joint movements
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4 General
4.1 Classification

411 Categories

Pipes and fittings shall be classified according to nominal size (DN) (see 3.1), nominal pressure (PN)
(see 3.11) and joint type.

In addition, pipes shall include nominal stiffness (SN) (see 3.3) in their classification.

4.1.2 Nominal size
The npominal size (DN) of pipes and fittings in the range DN 50 to DN 4000 shall conferm-to th¢ appropriate
Tablgs in Clause 5 of this International Standard. If a thermoplastics liner is present, itsinternal diameter shall

be déclared by the manufacturer. The tolerance on the diameter shall be as specified in Clause 5 of this
Interpational Standard.

4.1.3] Nominal stiffness

The mpominal stiffness (SN) shall conform to one of those given in Table 1 (see Notes 1 to 3 to Talple 1).

Table 1 — Nominal stiffness (SN)

Nominal stiffness

Series S1 Series S2
630 500
1250 1000
2500 2000
5000 4000
10000 8000

NOTE 1y~ Series S1 is the preferred series for GRP-UP pipes and
series S2 is an alternative series.

NOTE 2 These nominal stiffnesses correspond to the values specified
in Clause 5 of this International Standard for the minimum initial specific

ring stiffness in newtons per square metre (N/mz).

NOTE 3 Pipes of nominal stiffness less than SN 1000 are not
intended for laying directly in the ground.

Whelle “special applications require the use of pipes having a higher nominal stiffness than tHose given in
Table 1, the pipe shall be marked SN X, where X is the nominal stiffness of the pipe.

4.1.4 Nominal pressure
The nominal pressure (PN) shall conform to one of those given in Table 2.

Where pressures other than the nominal values in Table 2 are to be supplied by agreement between the
manufacturer and the purchaser the pressure marking shall be PN X, where X is the value.
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Table 2 — Nominal pressure (PN)

Nominal pressure

1
(2,5)
(4)
6
(9)

10

(12)
(15)
16

NOTE 1 Values in parentheses are non-preferred/nominal
pressures.

NOTE 2 Pipes marked PN 1 are non-pressure (gravity)
pipes.

4.2 Materjals

421 Gengdral
The pipe or fitting shall be constructed using’ chopped and/or continuous glass filaments, strands or royings,
mats or fabric, and polyester resin with ofiwithout fillers and, if applicable, with those additives necessTry to

impart specific properties to the resin The pipe or fitting may also incorporate aggregates and, if requited, a
thermoplasti¢s liner.

4.2.2 Reinforcement
The glass usgd for the manufacture of the reinforcement shall be of one of the following types:

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

b) type C, bUIII'JI;b;IIH pl ;Illdl I:y UA;dCO Uf b;“bull, audiunl, putaaa;unl, bcl:b;ulll aIICJI Il:‘)\}ll.)ll (d”\d“'lllCtd: |97 C|um
glass with an increased 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 These descriptions for type C glass and type E glass are consistent with, but more specific than, those given
in ISO 2078.

The reinforcement shall be made from continuously drawn filaments of type E or type C glass, and shall have
a surface finish compatible with the resin to be used. It may be used in any form, e.g. as continuous or
chopped filaments, strands or rovings, mat or fabric. Surface mats or veils of synthetic (organic) fibres may be
used on the surfaces of the components.
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4.2.3 Resin

The resin used in the structural layer (see 4.3.2) shall have a temperature of deflection of at least 70 °C when
tested in accordance with method A of ISO 75-2:2004 with the test specimen in the edgewise position.

4.2.4 Aggregates and fillers

The particle size of aggregates and fillers shall not exceed 1/5 of the total wall thickness of the pipe or fitting or
2,5 mm, whichever is the smaller.

4.2.5 Thermoplastics liners

WherL using a thermoplastics liner that requires a bonding material, care shall be taken t6_enpure that the
bond|ng material is compatible with all other materials used in the pipe construction.

4.2.6| Elastomers

The ¢lastomeric material(s) of the seal shall conform to the applicable part of EN 681 or, if availdble, a similar
natiopal standard that is acceptable to both the purchaser and supplier.

4.2.71 Metals

Metallic components may be used in the system.
4.3 [ Wall construction

4.3.1] Inner layer

The ipner layer shall comprise one of the following:
a) a thermosetting resin layer with or without aggregates and fillers and with or without a reinforcement;
b) & thermoplastics liner.

The fesin used in this inner layer need not conform to the temperature of deflection requiremgnts given in
423

4.3.2| Structural layer

The structural layer.shall consist of glass reinforcement and a thermosetting resin, with or withoJt aggregates
or fillers.

4.3.3| 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.

NOTE Special constructions may be necessary where the pipe is exposed to extreme climatic, environmental or
ground conditions. For example, provision may be made for the inclusion of pigments or inhibitors for extreme climatic
conditions or to give fire-retarding properties.

The resin used in this outer layer need not conform to the temperature of deflection requirements in 4.2.3.
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4.4 Appearance

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

4.5 Reference conditions for testing

4.51

Temperature

The mechanical, physical and chemical properties specified in this International Standard shall, unless

otherwise sp

ecified, be determined at (23 + 5) °C

For service t
(see 3.28) tq
fittings.

4.5.2 Properties of water for testing

The water ug

4.5.3 Loadjng conditions

bmperatures over 35 °C, type tests shall be carried out at least at the design service temper
establish rerating factors for all long-term properties of relevance to the design of pipes

ed for the tests referred to in this International Standard shall be tap watér having a pH of 7

Unless othe
Standard sh

4.5.4 Congo

Unless other
4.5.1 for at le

4.5.5 Meadurement of dimensions

i

ise specified, the mechanical, physical and chemical properties specified in this Interna
be determined using circumferential and/or longitudinal Ioading conditions, as applicable.

itioning

ast 24 h prior to testing.

ature
and

fional

Wwise specified, in cases of dispute store the test-piece(s) in air at the test temperature speciffjed in

In cases of dispute, determine the dimensions of GRP components at the temperature specified in #.5.1.
Make all megasurements in accordance-with' ISO 3126 or using any other method of sufficient accurgecy to
determine conformity or non-conformity—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 subscrigt x in, for example, Sy wet (see 3.8) denotes the time at which the long-term property is fo be
determined. PUnless otherwise specified, the long-term properties shall be determined at 50 years (438 000 h).
4.7 JointT

471 General

If requested, the manufacturer shall declare the length and the maximum external diameter of the assembled

joint.

4.7.2 Types of joint

A joint shall be classified as either flexible (see 3.57) or rigid (see 3.58), and in either case the manufacturer

shall declare

16

whether or not it is capable of resisting end loads.
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Flexibility of the joint

.1 Allowable angular deflection

The manufacturer shall declare the allowable angular deflection (see 3.53) for which each joint is designed.

Flexible joints, i.e. those which are not locked, shall have a maximum allowable angular deflection that is not
less than the applicable value given below:

3° for pipes and/or fittings with a nominal size equal to or less than DN 500;

4
I 4

For I

grea

4.7.3

The hanufacturer shall declare the maximum allowable draw‘(see 3.54) for which each joint is de

For f
shall
press
the n

4.7.4

The
used
Interr

4.7.5

Adhe
shall
used
Interr

,5° for pipes and/or fittings with a nominal size greater than DN 1800.

cked joints, the manufacturer shall declare the maximum allowable angular deflection.

By aireement between the manufacturer and the purchaser, flexible jointshintended to be used

2 Allowable draw

not be less than 0,3 % of the laying length of the longest pipe which it is intended to use i
ure pipes and 0,2 % in the case of non-pressure pipes. For locked joints, the manufacturer
aximum allowable draw.

Sealing ring
bealing ring shall not have any.detrimental effect on the properties of the components wi
ational Standard.

Adhesives

sives, if requiredfor jointing, shall be as specified by the manufacturer of the joint. The joint
ensure thafthe adhesives do not have any detrimental effects on the components with w

ational‘Standard.

4.8

° for pipes and/or fittings with a nominal size greater than DN 500 but equal to or less than [PN 900;

1° for pipes and/or fittings with a nominal size greater than DN 900 but equal to or less)than DN 1800;

at pressures

r than 16 bar may have lower allowable angular deflections than those given in this subclayse.

signed.

exible joints, the maximum allowable draw, which includes Poisson contraction and temperpture effects,

n the case of
shall declare

h which it is

and shall not cause the test-assembly to fail the performance requirements specified in Clause 7 of this

manufacturer
nich they are

and shallnot cause the test assembly to fail the performance requirements specified in Clause 7 of this

| Effect on water quality
7

Attention is drawn to the need for components to comply with any national regulations on the quality of

drinki

© IS0

ng water in force at the location where the components are to be used.

2004 — All rights reserved
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5 Pipes

5.1 Geometrical characteristics

5.1.1 Diameter

5111 Diameter series

NOTE In standardizing the diameters of GRP pipes, difficulties are encountered because of the various methods
used to manufacture them (e.g. filament winding, centrifugal casting or contact moulding). Typically, GRP pipes are

produced by f\nfr’nlllng sitherthe-internal diameterorthe-external-diameterto-a-fixed-value-

Unless othenwise agreed between the manufacturer and the purchaser, GRP pipes shall be designat¢d by

nominal size

— series A, which specifies the internal diameter as being equal to the nominal size in'millimetres;

— series B, which specifies the external diameter in millimetres.

5.1.1.2 Nominal size

Unless other
from the vall

es given in Table 3.

in accordance with one of the following two series:

Table 3 — Nominal size (DN)

wise agreed between the manufacturer and the purchaser, the.nominal size (DN) shall be chosen

Nominal size
50 600 (1650) (2900)
75 700 (1700) 3000
100 (750) 1800 (3100)
125 800 (1900) 3200
150 900 2000 (3300)
200 1000 (2100) 3400
250 (1100) 2200 (3500)
300 1200 (2300) 3600
350 (1300) 2400 (3700)
(375) (1350) (2500) 3800
400 1400 2600 (3900)
450 (1500) (2700) 4000
500 1600 2800
NOTE Figures in parentheses are non-preferred values.

5.1.1.3 Specified diameters

5.1.1.3.1 General

Pipes may be supplied conforming to 5.1.1.3.2 (series A), 5.1.1.3.3 (series B) or, by agreement between the
manufacturer and the purchaser, another diameter series.

18
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Pipes having other diameters may be supplied by agreement between the manufacturer and the purchaser.

5.1.1.3.2 Series A (internal diameter specified)

The internal diameter, in millimetres, shall conform to the applicable values relative to the nominal size given
in Table 4.

5.1.1.3.3 Series B (external diameter specified)

The external diameter, in millimetres, shall conform to the applicable value relative to the nominal size given in
Table 5, Table 6 or Table 7.

The fimensions of pipes with nominal sizes between DN 300 and DN 4000 to be used-Wwith |GRP fittings
confgrming to Clause 6 of this International Standard shall conform to those given for series B1.

The dimensions of pipes with nominal sizes between DN 100 and DN 600 to be used with eithell GRP fittings
confgrming to Clause 6 of this International Standard or with ductile-iron fittings conforming to IO 2531 shall
confgrm to those given for series B2.

NOTH When specifying the use of ductile-iron fittings with GRP pipes,¢care should be taken t¢ ensure their
dimerjsional compatibility with the GRP pipe.

The dimensions of pipes with nominal sizes between DN 100 and<BN 600 to be used with eithel GRP fittings
confgrming to Clause 6 of this International Standard or with RVC fittings conforming to 1SO 161-1 and the
tolergnces to ISO 11922-1 shall conform to those given for series B3.

The dimensions of pipes with nominal sizes between DN(100 and DN 300 to be used with eithel GRP fittings
confgrming to Clause 6 of this International Standard «or steel pipes conforming to ISO 4200 shgll conform to
thosg given for series B4.
The dimensions of pipes with nominal sizes between DN 50 and DN 800 to be used with either] GRP fittings
confgrming to Clause 6 of this International~Standard or with metallic pipes conforming to standards not
covered by series B2 or B4 shall conform o those given for series B5.
The gimensions of pipes with nominal sizes between DN 200 and DN 2400 to be used with eithef GRP fittings

confgrming to Clause 6 of this_International Standard or with GRP pipes conforming to Japang¢se standard
JIS A 5350 shall conform to those given for series B6.

5.1.113.4 Minimum internal diameters for pipes with a prefabricated thermoplastics liner

The ipternal diameter'of the thermoplastics liner shall not be less than 96,5 % of the nominal size [of the pipe.

5.1.114 Tolerances

NOTH Where interchangeability is required, see Clause 7 of this International Standard for further infor1nation.

5.1.1.41 Series A — Tolerances on internal diameter

The declared internal diameter of a pipe shall be between the minimum and maximum values given in
columns 2 and 3 of Table 4. The average internal diameter at any point along the length of the pipe shall not
deviate from the declared internal diameter by more than the permissible deviation given in column 4 of
Table 4.

For GRP pipes which have a liner made from thermoplastics pipes, the tolerances on the internal diameter
shall be as specified in the relevant thermoplastics pipe standard. The internal diameter of GRP pipes which
have a liner fabricated from thermoplastics sheet shall conform to the applicable value in Table 4 and its
tolerances.
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Table 4 — Series A — Specified pipe internal diameters and tolerances

Dimensions in millimetres

Column 1 Column 2 Column 3 Column 4
Nc;r:;i:al Range of declared pipe internal diameters Permissiblle deviati_on from
(DN) min. max. declared internal diameter
100 97 103 +1,5
110 107 113 +1,5
125 122 128 +15
150 147 153 +1,5
200 196 204 +1,5
225 221 229 +1,5
250 246 255 +1,5
300 296 306 +1,8
350 346 357 21
400 396 408 +24
450 446 459 +2,7
500 496 510 +3,0
600 595 612 +3,6
700 695 714 +4,2
800 795 816 +4,2
900 895 918 +4,2
000 1195 1.220 +5,0
200 1395 1420 +5,0
400 1595 1620 +5,0
600 1795 1820 +5,0
800 1995 2020 +5,0
2000 2 195 2220 +5,0
2200 2-395 2420 +5,0
2400 2595 2620 +6,0
2600 2795 2820 +6,0
2800 2995 3020 +6,0
000 3195 3220 +6,0
3200 3395 3420 +6,0
3400 3595 3620 +6,0
3600 3795 3820 +6,0
3800 3995 4 020 +7,0
4000 1195 1220 +7,0
NOTE 1 When a non-preferred size is selected from Table 3, the range of diameters and the permissible
deviations shall be interpolated between the preferred sizes immediately above and below the non-preferred size.
NOTE 2 When a manufacturer supplies pipes with a definable change in diameter from one end to the other, then
the manufacturer may declare the diameters at each end and it is these declared values which will be subject to the
tolerances given in column 4.
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The external diameter of a pipe at the spigot shall be as given in Table 5. The manufacturer shall declare the

actual maximum and minimum external diameters of the pipe at the spigot.

Table 5 — Series B1 — Specified pipe external diameters and tolerances

Dimensions in millimetres

Nominal size 'External Permissible deviation
(DN) dlan;ient:r of Upper limit | Lower limit
300 310 -1,0
350 361 -1,2
400 412 -1,4
450 463 -1,6
500 514 +1,0 -1,8
600 616 -2,0
700 718 -2,2
800 820 -2,4
900 924 -2,6
1000 1026 -2,6
1200 1229 -2,6
1400 1434 +2,0 -2,8
1600 1638 -2,8
1800 1842 -3,0
2000 2 046 -3,0
2200 2250 -3,2
2400 2453 -3,4
2600 2658 -3,6
2800 2 861 -3,8
3000 3 066 +2,0 -4,0
3200 3270 —4,2
3400 3474 —4,4
3600 3678 —4,6
3866 3882 =48
4000 4 086 -5,0
NOTE When a non-preferred size is selected from Table 3, the range of
diameters and the permissible deviations shall be interpolated between the
preferred sizes immediately above and below the non-preferred size.

© 1SO 2004 - All rights reserved
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5.1.1.4.3 Series B2, B3 and B4 — Tolerances on external diameter
The tolerances on the external diameter, at the spigot, for series B2, B3 and B4 pipes shall be as given in
Table 6.
Table 6 — Series B2, B3 and B4 — Specified pipe external diameters and tolerances
Dimensions in millimetres
Nominal Series B2 Series B3 Series B4
size
(DN) External |Permissible deviation| External |Permissible deviation| External |Permissible deviation
dimeter diameter diameter
Upper Lower Upper Lower Upper Loier
limit limit limit limit limit linpit
100 15,0 +0,3 110 +0,4 114,3
125 41,0 +0,2 125 +0,4 139,7
150 67,0 +0,1 160 +0,5 168,3
200 220,0 0,0 200 +0,6 2194
225 — — 225 +0,7 =
250 71,8 -0,2 250 +0,8 273,0
+15 0 +1,5 -0,2
300 23,8 -0,3 315 +1,0 323,9
350 75,7 -0,3 355 +1,1 —
400 426,6 -0,3 400 +1,2 —
450 477.,6 -0,4 450 +14 —
500 529,5 -0,4 500 +1,5 —
600 $32,5 -0,5 630 +1,9 —
NOTE When a non-preferred size is selected from Tabley3, use the nearest relevant size from the appropriate standard.

22
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5.1.1.4.4 Series B5 — Tolerances on external diameter

The declared external diameter for series B5 shall be between the values given in Table 7 for the applicable
nominal size and be subject to the tolerances for the metallic pipes with which they are to be used.

The tolerances applicable to these dimensions depend on the joint. Upon request by the purchaser, the
manufacturer shall provide detailed toleranced dimensions of the pipes used for particular joints.

Table 7 — Series B5 — Specified external diameters

Dimensions in millimetres

Column 1 Column 2 Column 3
Nominal size (DN) Range of declared pipe external diameters

min. max
50 63 64
75 100 101
100 121 122
150 175 177
200 229 232
250 281 286
300 335 345
350 388 399
400 426 453
450 495 507
500 548 587
700 655 747
800 812 826
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5.1.1.4.5

Series B6 — Tolerances on external diameter

The external diameter of a pipe at the spigot shall be as given in Table 8. The manufacturer shall declare the

actual maximum and minimum external diameter of a pipe at the spigot.

Table 8 — Series B6 — Specified pipe external diameters and tolerances

Dimensions in millimetres

Nominal External Permissible deviation Nominal External Permissible deviation
(s[I)ZNe) di:rir?:ter Upper limit | Lower limit (sl;ile) di:rir?:ter Upper limit | Lower limit
200 220 1000 1 050
250 271 1100 1156
300 322 1200 1262 +2,0 -1,0
350 373 +1,5 -0,5 1350 1418
400 424 1500 1574
450 475 1650 1732
500 526 1800 1890
600 631 2000 2:098 +2,5 -1,%
700 736 2200 2308

+2,0 -1,0
800 840 2400 2518
900 944

5.1.2 Wall thickness

If requested,|the manufacturer shall declare theuminimum total wall thickness, including the liner. It shall not be
less than 3 mm.

5.1.3 Length

5.1.3.1

Nominal length

Unless otherwise agreed between the manufacturer and the purchaser, the nominal length (see 3.13) shhgll be

one of the following values:

3,4,5,8,9, 10,12 or 18.

5.1.3.2

Laying-length

Pipes shall be supplied in laying lengths (see 3.15) in accordance with the requirements given in the following
paragraph. The tolerance on the laying length shall be + 60 mm.

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

24
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5.2 Mechanical characteristics
5.2.1 Initial specific ring stiffness

5.21.1 General

The initial specific ring stiffness, Sy (see 3.6), shall be determined using either of the methods given in
ISO 7685. The test pieces shall conform to 5.2.1.2 and 5.2.1.3. Conduct the test using a relative ring
deflection (see 3.46) between 2,5 % and 3,5 %. Where the nominal stiffness exceeds SN 10000, perform the
test using a relative deflection calculated using Equation (18):

% 105 (18)

Relative deflection (%) = o -

The Yalue determined for the initial specific ring stiffness, S, shall not be less tharthe applicable value of
So, mih given in Table 9. For nominal stiffnesses greater than SN 10000, the initialstiffness, in N m?2, shall not
be lefs than the numerical value of the nominal stiffness.

Table 9 — Minimum initial specific ring stiffness values

Nominal stiffness So, min >
(SN)@ N/f2
500 500
630 630
1000 1000
1250 1250
2000 2000
2500 2500
4000 4000
5000 5000
8000 8 000
10000 10 000
@  See Notes 1to 3to Table 1.
b For other stifinesses, the value of So, min shall be
equal to SN X (see 4.1.3).

5.2.1|12.7“Number of test pieces for type testing

Two test pieces, of the same size and classification and conforming to 5.2.1.3, shall be used.

5.2.1.3 Length of test pieces

The length, L, of the test piece shall be 0,3 m + 5 % for all nominal sizes.
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5.2.2 Long

5.2.2.1

-term specific ring stiffness

Temperature of the water

The temperature of the water shall be (23 + 5) °C (see 4.5).

5.2.2.2

Method of test to determine S,

Before performing the test detailed in 5.2.2.5, determine the initial specific ring stiffness, S, of the test pieces
in accordance with 5.2.1 using test pieces conforming to 5.2.2.7.

5223 Ti
Commencing
the initial va
readings are

5224 EI

The elapsed
International

5225 M

52251 (

me intervals for measurement

1 h after completion of loading and continuing for more than 10 000 h, measure to.within 2
ue and record the deflection readings. The intervals between readings shall bg<such tha
taken at approximately equally spaced intervals of log-time for each decade of log-time in hqg

hpsed time at which the property is to be determined

time at which this property is to be determined is 50 years in~accordance with 4.6 0
Standard.

bthod of test

Seneral

Perform the fest using one of the methods described in 5.2.2;5:2 and 5.2.2.5.3.

5.2.25.2 |
Determine th
from data de
0,35 % and (

52253 |

Determine th
derived from
0,17 %.

5.2.2.6

Using relaxation
e long-term specific ring relaxation\stiffness, S, wet relax» and the relaxation factor, o et

rived from the test performed in ‘accordance with ISO 14828 using an initial strain of bef
4 %.

Using creep

e long-term specific ring creep stiffness, Sy, wet, creep, @nd the creep factor, a wet, creep, from
the test performéed)in accordance with 1ISO 10468 using an initial strain of between 0,13 9

Re¢quirement

When test pi

eceswconforming to 5.2.2.7 are tested in accordance with the applicable method given in 5.2.

% of
t ten
urs.

f this

relaxs
ween

data
L and

the relaxatiom factor, a, a4 coias. OF the creep factor, o, et croep. Shall be as declared by the manufactur

5.2.2.7

Use two test

26

Number of test pieces for type testing

pieces of the same size and classification and of length, Ly, conforming to 5.2.1.3.
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5.2.2.8 Determination of minimum long-term specific ring stiffness
The manufacturer shall determine for the pipes he produces either the minimum long-term specific creep

stiffness, Sy, wet, creep, min» OF the minimum long-term specific relaxation stiffness, S, wet, relax, min: Using
Equation (19) or (20), as applicable:

Sx, wet, creep, min = 50, min X @ x, wet, creep (19)

Sy, wet, relax, min = S0, min XX x, wet, relax (20)

where Sy i is the applicable minimum initial specific ring stiffness value given in Table 9.

The Yalue(s) determined shall be as declared by the manufacturer.
5.2.3| Initial resistance to failure in a deflected condition

5.2.3|]1 General
Determine the initial resistance to failure in a deflected condition using theCmethod given in ISQ 10466. The
test pieces shall conform to 5.2.3.4. Conduct the test using mean diametrical deflections apprgpriate to the

nomipal stiffness (SN) of the pipe as specified in 5.2.3.3.1 for item'a) of 5.2.3.2 and as determined in
accofdance with 5.2.3.3.2 for item b) of 5.2.3.2.

5.2.3]12 Requirement

When tested in accordance with the method given in ISO10466, each test piece shall conform to|the following
requifements:

a) When inspected without magnification, the test\piece shall be free from bore cracks (see 5.2.3.3.1);
b) the test piece shall not show structural failure in any of the following forms (see 5.2.3.3.2):
1) interlaminar separation,

2) tensile failure of the glassfibre reinforcement,

3) buckling of the pipe-wall,

4) if applicable, separation of the thermoplastics liner from the structural wall.
5.2.3|13 Minimuntinitial relative specific ring deflection

5.2.313.1 For bore cracks

The minimum initial relative specific ring deflection before bore cracking occurs (see 3.48) is given in Table 10
for the appropriate nominal stiffness of the test piece. For nominal stiifnesses greater than SN 10000,
calculate the minimum initial relative specific ring deflection before bore cracking, y2, pore/dm, in percent, using
Equation (21):

194

(yz, bore /dm)new, min <100 = JSN -

where

(72, bore /dm)new, min X100 is the required minimum 2 min initial relative specific ring deflection
calculated, in percent, for the nominal stiffness of the test piece;

SN is the nominal stiffness of the test piece.
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For individual test pieces having a nominal stiffness greater than SN 10000, calculate the minimum initial
relative specific ring deflection before bore cracking, y2, pore/dm, in percent, using Equation (21), but using the

measured init

ial specific ring stiffness of the test piece instead of its nominal stiffness.

Table 10 — Minimum 2 min initial relative specific ring deflection before bore cracking (v, pore/dm)min
Nominal stiffness (SN) 500 630 1000 | 1250 | 2000 | 2500 | 4000 5000 | 8000 10000
No sign of bore cracking at a

percentage relative specific 244 | 227 19,4 18 15,4 14,3 12,2 11,3 9,7 9
ring deflection of:

5.2.3.3.2

The minimu

the appropridte nominal stiffness of the test piece. For nominal stiffnesses greater than SN-10000, cald

the minimum|

or structural failure
initial relative specific ring deflection before structural failure (see 3.49) is giventin Table

initial ring deflection before structural failure, y, girc/dm, IN percent, using Equation (22):

1 for
ulate

324

(2, strud/?m ) new, min * 100 = ﬁ (22)

where

(¥2, strudt / dm Inew, min X100 is the required minimum 2 min jnitial relative specific ring deflgction

calculated, in percent, for the nominal stiffness of the test piece;
SN is the nominal stiffness of the-test piece.
For individugl test pieces having a nominal stiffness greater than SN 10000, calculate the minimum |initial
relative spedffic ring deflection before structural failure (2. struct/dm, in percent, using Equation (22), but psing
the measured initial specific ring stiffness of the test.piete instead of its nominal stiffness:

Table 11 — Minimum initial relative specific deflection before structural failure (v, gtrct/dm)min
Nominal stiffjess (SN) 500 630 1000 1250 | 2000 | 2500 | 4000 5000 8000 10000
No sign of stfuctural failure
at a percentdge relative 40,8 37,8 32,4 30,0 25,7 23,9 20,4 18,9 16,2 5
specific ring geflection of:

5234

Use three teg

Number oftest pieces for type testing

t piecés of the same size and classification and of length, Ly, conforming to 5.2.1.3.

5.2.4 Ultimate long-term resistance to failure in a deflected condition

5241

General

Determine the ultimate long-term resistance to failure in a deflected condition using the method given in
ISO 10471, using at least 18 test pieces conforming to 5.2.4.5.

28
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5.24.2 Requirement

Calculate, in accordance with method A of ISO 10928:1997, the initial ultimate ring deflection in percent at
which structural failure occurs at 2 min, y2, struct/dm, the extrapolated x-year value (see 4.6) for the long-term
ultimate ring deflection under wet conditions, y wet, x/dm, and the deflection regression ratio, R, gv.

When determined in accordance with the method given in ISO 10471, using a minimum of 18 test pieces
conforming to 5.2.4.5, the extrapolated x-year value for the long-term relative ultimate ring deflection under
wet conditions, y wet, x/dm, calculated in accordance with method A of ISO 10928:1997, shall not be less than
the applicable value given in Table 12.

Tablle 12 — Minimum long-term relative ultimate ring deflection under wet conditions, Oty

wet, x/dm)min

value
those]
maxin

NOTH
long-1
ultimag

NOTH
Equa

Nom|nal stiffness (SN) 500 630 1000 1250 2000 2500 4000 5000 8000 10000
Minimum extrapolated long-

termrelative ultimate ring 24,4 | 22,7 19,4 18 15,4 14,3 12,2 1,3 9,Y 9
deflegtion, %

NOTH 1  The deflection values given in this table are based on the assumption that the maximum allowable long-tern} deflection of a
pipe buried in the ground is 6 %. For nominal stiffnesses greater than SN 10000, the maximun1”allowable long-term deflection of a pipe
buried in the ground shall not exceed 67 % of the calculated minimum extrapolated long-tefm ring deflection (see Note 3).

The pipe manufacturer may, however, specify a long-term deflection different from’the assumed value of 6 %. In such cases, the

requifements in this table should be adjusted proportionately. For instance, if thé manufacturer's value was 3 %, th

5 would be 50 % of those in this table, while a manufacturer's deflection value“of 8 % would result in required val
in this table. For nominal stiffnesses greater than SN 10000, the samé\procedure shall be followed except tha
hum long-term deflection shall be used instead of 6 %.

2 The ultimate ring deflection values given in this table induce the/same flexural strain in all the stiffness classe
erm ultimate ring deflection determined for one stiffness can be eonverted into a strain and this in turn can be cg
te ring deflection for any other stiffness class.

3 For nominal stiffnesses greater than SN 10000, calculate the minimum long-term relative ultimate ring
ion (21).

bn the required
es of 133 % of
the calculated

. Therefore the
nverted into an

eflection using

5.24

The ¢

5.24

3 Criteria for failure

riteria for failure shall be as-given in ISO 10471.

4 Distribution of failure times

The §mes to failure, 7,{fof the 18 or more test pieces shall be distributed between 0,3 h and over

distri

b u!
pution of ten of.these results shall conform to the limits given in Table 13.

Table 13 — Failure time distribution

Failure time, 4, Minimum number of

failure values

04 h and the

© IS0

1N
LB}

10 < £, < 1000 4
1000 < 7, < 6 000 3

6 000 < ¢, 3a

a8  Atleast one of these shall exceed 10 000 h.

2004 — All rights reserved
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5.24.5

Test pieces for type testing

The test pieces required by the test detailed in 5.2.4 shall be cut from pipes having the same nominal size,
nominal stiffness and nominal pressure class and shall have a length, L, conforming to 5.2.1.3.

5.2.5

5.25.1

Initial specific longitudinal tensile strength

General

Determine the initial specific longitudinal tensile strength in accordance with method A or method B of
ISO 8513:2000 using test pieces conforming to 5.2.5.3.

5.2.5.2

Re¢quirement

For pipes no¢t required to resist the longitudinal load produced by the internal pressure acting unds

relevant end
test pieces ¢

a) for each
shall no
test;

b) for each
than 0,2

For pipes re

end-load cor

millimetre cir|

o" =24
where

Po,d i

dm is
5.2.5.3

When testing
pipes of the s

When testing
pipes of the s

load conditions, when tested in accordance with method A or method B of 1ISO8513:2000,
bnforming to 5.2.5.3:

pipe, the average value of the initial specific longitudinal tensile strength;, o*, of the test p
be less than the value, given in Table 14, applicable to the nominal size (DN) of the pipe

b %.
huired to resist the longitudinal load produced by the'internal pressure acting under the rel

ditions, the minimum initial longitudinal specific tensile strength, o*, expressed in newton
cumference, shall not be less than the value determined from Equation (23):

X po,d*dm

the initial design pressure (in.bars) determined in accordance with 5.2.6.1;

the mean diameter of the.pipe tested, in metres (m).

Number of test pieces for type testing

ame nominal size, nominal stiffness and nominal pressure class.

ame*nominal size, nominal stiffness and nominal pressure class.

r the
using

ieces
inder

pipe, the average value of the elongation to break (see 3.59) of the test pieces shall not bg less

bvant
S per

(23)

in accordance with method A of ISO 8513:2000, cut five test pieces from each of three different

in accordance with method B of ISO 8513:2000, cut one test piece from each of three different

When pipes having a nominal pressure or size different from those given in Table 14 are tested, obtain the
required minimum initial specific longitudinal tensile strength by linear interpolation or extrapolation from the

values given

30

for the relevant nominal size.
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Table 14 — Minimum initial specific longitudinal tensile strength

Nominal pressure (PN)
Nominal <4 6 10 16 25 32
size
(DN) Minimum initial specific longitudinal tensile strength
N/mm of circumference

50 50 55 60 70 90 105
75 60 65 70 80 100 115
100 70 75 80 90 110 12
125 75 80 90 100 120 134
150 80 85 100 110 130 144
200 85 95 110 120 140 154
250 90 105 125 135 165 19(
300 95 115 140 150 190 22(
400 105 130 160 185 240 281
500 115 150 190 220 290 341
600 125 165 220 255 345 414
700 135 180 250 290 395 474
800 150 200 280 325 450 544
900 165 215 310 355 505 62(
1000 185 230 340 390 555 681
1200 205 260 380 460
1400 225 290 420 530

1600 250 320 460 600

1800 275 350 500 670
2000 300 380 540 740
2200 325 410 580 810
2400 350 440 620 880
2600 375 470 660
2800 400 505 705

3000 430 540 750

3200 460 575 795

3400 490 610 840

3600 520 645 885

3800 550 680 930

4000 580 715 975

© 1SO 2004 - All rights reserved
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5.2.6 Initia

5.2.6.1

2004(E)

| design and failure pressures for pressure pipes

General

For pressure pipes (see 3.24), determine the initial failure pressure by one of methods AtoF of
ISO 8521:1998, using test pieces conforming to 5.2.6.4.

NOTE

Method A of 1SO 8521:1998 is considered as the reference method. However,

all the methods in

ISO 8521:1998 have equal validity. If correlation of any of methods B to F with method A can be established by a
comparative test programme, then that method may be accepted as the reference method.

5.2.6.2

When detern
the value of
value deriveq

Using the prgssure regression ratio, RR p, obtained from long-term pressure testing conducted in accorg

with 1SO 750
pressure, pg,
NOTE ™

All the methd
results with t

pressure vallie by the following equation:

Ré¢quirement

nined by one of methods A to F of ISO 8521:1998, using test pieces in accordance with 5.
the initial failure pressure, pg, calculated in accordance with this subclause, shallconform {
using the procedure given in ISO 10928 for verification using destructive-test data.

9 and analysed by the procedures detailed in 1ISO 10928, determine the_minimum initial f
min, and the minimum design pressure, pg 4, both expressed in bars,

ese procedures are described in Annex A.

ds described in ISO 8521:1998 result in a circumferential tensile wall strength. To compare

he requirements given in 5.2.6.2.1, convert the specific circumferential tensile wall strength

2x0oyldm

e circumferential tensile wall strength,détermined in accordance with ISO 8521:1998, in ne
millimetre length;

e mean diameter of the pipe 4ested, in metres;

e initial failure pressure, inbars.

mean

D0, mean, IN_bars, which is the average of the last 20 initial failure pressure test results, sh
eater than.the value of the minimum design pressure, p; 4, determined from Equation (24):

1

D.6.4,
o the

ance
hilure

hese
nto a

vtons

Bl be

(24)

P
BPQd=CXR

XT1t, PN, 97,5 % LCL %
R, p (

1- Y><0,01><1,96)

po =0,
where

ocy is th

per

dy, is th

po isth

5.2.6.3 pj

The value of

equal to or g

P0, mear
where

P0, mean 1S the average, in bars, determined from the last 20 initial failure pressure tests performed on

Po, d

pipes manufactured at the factory over an extended period of time;

is the minimum design pressure, in bars;

NOTE p, 4 is designed to give, at 50 years, a 97,5 % lower confidence level failure pressure of not less than
PN x 7t pN, 97,5 % LcL, In bars.

C=p0/

32

Pe

(25)
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where
o is the mean value, in bars, of the initial failure pressures of pipe test pieces from the
same batch of pipes used for the regression test to determine RR ,,
6 is the extrapolated 6 min failure pressure value, in bars, from the regression test;
PN is the nominal pressure, in bars;
RR, p is the pressure regression ratio, p5o/pg;
50 istheextrapotated SG-ycal faiturepressure-vatueinbarsfromthe lcglcb\.ion test used

5.2.6

to determine the pressure regression ratio, RR, ,;

It PN, 97.5% LcL IS the safety factor (see Table 16);

pipes manufactured at a factory over an extended period of\time;

,96 is the multiplier for a lower confidence level of 97,5 %.

4  Number of test pieces for type testing

When testing in accordance with method A of ISO 8521:1998,-use test pieces from three pipes

nomi

test

press
spec
5.2.6

5.2.6

The |

hal size, nominal stiffness and nominal pressure class.

Wheﬂ: testing in accordance with one of methods B to:D.of ISO 8521:1998, take the appropria

ieces from each of three different samples of the same nominal size, nominal stiffness
ure class. From each sample, use either:dne test piece per metre of circumference
mens, whichever gives the greater number of-test results.

5 Dimensions of test pieces
5.1 For method A

ength of the test pieces between the end-sealing devices shall be as given in Table 15.

Table 15 — Length of test pieces for method A

Minimum length
Nominal size (DN)

mm
< 250 (3 x DN) + 250
> 250 DN + 1000

5.2.6

NOTE Lengths less than those shown may be used
providing the end restraints do not have any effect on the
result.

.5.2 For method B

The geometrical characteristics of the test piece shall be as specified in ISO 8521.

© IS0
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5.2.6.5.3 For method C

The width of the test piece shall be 50 mm for helically-wound pipes and 25 mm for non-helically-wound pipes.
5.2.6.54 For method D
The width of the test piece shall be 25 mm.

5.2.6.5.5 For method E

The total width, b, of the test piece shall be 50 mm.

5.2.6.5.6 kor method F
The geometrjcal characteristics of the test piece shall be as specified in ISO 8521.
5.2.7 Long-term failure pressure

5.2.71 Geéneral

For pressurg pipes (see 3.24), determine the long-term failure pressure in.accordance with 1ISO 7509, using
test pieces cpnforming to 5.2.7 4.

5.2.7.2 Requirement

When determined in accordance with ISO 7509, analysing the results in accordance with ISO 10928, the
minimum long-term failure pressure, p, min, at x years (see 4.6) shall not be less than 7 9759 LcL timgs the
nominal pressure (PN) expressed in bars, where 7t 97 5 % L¢L has the applicable value in Table 16.

When determined in accordance with 1ISO 7509, analysing the results in accordance with ISO 10928, the
mean long-tgrm failure pressure, p, mean, at x years (see 4.6) shall not be less than 7 pN, mean times the
nominal pressure (PN) expressed in bars, where 7 pN mean has the applicable value in Table 16.

Carry out thé applicable procedures detdiled in Annex A to ensure conformity to the minimum safety {actor
requirementq detailed in this subclause:

Taljle 16 — Minimum.yalues of long-term safety factors 7 pn 975 % LcL @and 7 PN, mean

Pipe to which|safety factor is,t0.be applied PN 32 PN 25 PN 16 | PN 10 PN 6 PN 4 PN|2,5

Minimum safgty factor, 7, pXi97.5 % LoL, 1O
be applied to fthe long-term 97,5 % LCL 13 13 1.45 1,55 16 1,65 Ly

Minimum safgty facter; 7 pN, mean, to be

applied to the]long-term mean 1.6 1.6 18 1.9 2,0 2,05 21

NOTE 1  The safety factors in this table assume the pipe is buried and operating at a pressure equal to PN and take into account the
combined effects of bending and pressure. The values of 7 pN, mean @re derived assuming a value of 9 % or less for the coefficient of
variation of the initial circumferential tensile strength. If the coefficient of variation is greater than this assumed value, then the safety
factors have to be increased.

NOTE 2 7 pN, mean I8 based on a constant safety factor on combined loading (from pressure and bending) of 1,5. See
ISO/TR 10465-3 for a fuller explanation.
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5.2.7.3 Number of test pieces for determination of the pressure regression ratio, RR, »

Take a sufficient number of test pieces for at least 18 failure points to be obtained so that the analysis can be
carried out in accordance with method A of ISO 10928:1997.

5.2.7.4 Length of the test pieces

The length of the test pieces between the end-sealing devices shall conform to Table 15.

5.2.7.5 Distribution of failure times

The fmes to failure of the 18 or more test pieces shall be between 0,1 h and over 104 h, and the

teno

5.3

5.3.1

For
ISO 1

Test
that i
end-|

The mean pressure during the test shall be equal to the’nominal pressure expressed in bars. ]

ampl
cycle

5.3.2

f these results shall conform to the limits given in Table 13.
Resistance of pressure pipes to cyclic internal pressure

General

pressure pipes (see 3.24), determine the resistance to cyclic internal pressure in acc
5306, using test pieces conforming to 5.3.4.

pressure pipes that are intended to be used with non-end-logad-bearing joints with end-se

hduce only a uni-axial stress in the test pieces. Test pressure pipes that are intended to
bad-bearing joints with end-sealing devices that induce a bi-axial stress in the test pieces.

tude shall be equal to + 0,25 times the nominal \pressure expressed in bars, i.e. the speci
d between 0,75 x PN and 1,25 x PN.

Requirements

Histribution of

prdance with

bling devices
be used with

[he pressure
men shall be

When tested in air in accordance with ISO“15306, using water as the pressure-transmitting fluid, fhe test piece

shall
ISO 1

5.3.3

Use one test piece.

5.3.4

The |

not show signs of leakage or weeping for at least 108 cycles. The cycling frequency shall b
5306.

Number of test pieces for type testing

Length and diameter of the test piece

ength_of the test piece between the end-sealing devices shall be as given in Table 15.

The r||ominal diameter of the test piece shall not exceed DN 600.

e as given in

5.4

Marking

Marking details shall be printed or formed directly on the pipe in such a way that the marking does not initiate
cracks or other types of failure.

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

The following marking shall be on the outside of each pipe:

a) the number of this International Standard;

© IS0
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b) the nominal size (DN) and the diameter series, e.g. A, B1, B2;

c) the stiffness rating in accordance with Clause 4 of this International Standard;

d) the pressure rating in accordance with Clause 4 of this International Standard;

e) for pipes intended for the conveyance of drinking water, the code-letter “P”;

f) the manufacturer's name or identification;

g) the date of manufacture, in plain text or code;

h) the codetletter “R” to indicate that the pipe is suitable for use with axial loading, if applicable.
6 Fittings

6.1 All types

6.1.1 Gengqral

In addition tp the particular requirements detailed for each type of fitting,) all fittings shall conform t

requirementg

specified in 6.1.2 t0 6.1.9.

6.1.2 Diamleter series

The diamete
in the piping

- series of the fitting shall be that of the straight length(s) of pipe to which the fitting is to be |
System.

6.1.3 Nominal pressure (PN)

The nominal
International
in the piping

pressure rating (PN) of the fitting shall be selected from the values given in Clause 4 g
Standard and shall not be less than that of the straight pipe(s) to which the fitting is to be j
System.

6.1.4 Nominal stiffness (SN)

The nominal
International

NOTE Fd
diameter will K
not necessary

stiffness rating (SN) of the fitting shall be selected from the values given in Clause 4 o
Standard.

r a given material, a fitting for which the wall thickness and construction is the same as a pipe of the
ave a stiffness equal to or greater than that of the pipe. This is due to the geometry of the fitting. Hen
to test'such fittings.

6.1.5 Joint

b the

bined

f this
bined

f this

same
e itis

[ W04
ypPe

The type of joint shall be designated as flexible or rigid as defined in 3.57 or 3.58, and whether or not it is end-
load-bearing.

6.1.6 Pipe type

The type(s) of pipe with which the fitting is intended to be used shall be indicated, i.e. whether or not the pipes
are suitable for resisting the longitudinal load produced by internal pressure.

36
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Mechanical characteristics of fittings

Fittings shall be designed and manufactured in accordance with relevant design practices to have a
mechanical performance equal to or greater than that of a straight GRP pipe of the same pressure and
stiffness rating when installed in a piping system and, if appropriate, supported by anchor blocks or
encasements.

The manufacturer of the fitting shall document their fitting design and manufacturing procedures.

6.1.8

Installed leaktightness of fittings

Wheffe a specific site installation test is declared by the purchaser or is agreed befween the man

the p

6.1.9
The
GRP

taker
decld

6.2
6.2.1

6.2.1

Bend

Lirchaser, the fitting and its joints shall be capable of withstanding that test without leakage:

Alternative dimensions

broad design and process flexibility afforded by GRP materials makes it difficult to totally
fitting dimensions. The tolerances and dimensions that are specified as-minima in 6.2 tg

ifacturer and

standardize
6.6 shall be

as only being indicative of common practice, and other dimensions and-tolerances may b¢ supplied by

ration and agreement between purchaser and manufacturer.
Bends
Classification of bends

1 General

s shall be designated in respect of the following:

a)
b)
c)
d)
e)
f)
9)
h)

e nominal size (DN);

e diameter series, e.g. A, B1, B2;

e nominal pressure (PN);

e nominal stiffness (SN);

e joint type, i.e. flexible or rigid and whether or not end-load-bearing;
e fitting anglé,n degrees;

e bend\type, i.e. moulded or fabricated;

e-pipe type, if applicable.

6.2.1

.2  Nominal size (DN)

The nominal size (DN) of the fitting shall be that of the straight length of pipe to which it is to be joined in the
piping system and shall be one of the nominal sizes given in Table 3.

6.2.1

.3 Bend type

The type of bend shall be designated as either moulded or fabricated, as shown in Figure 2 and Figure 3.
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6.2.2 Dimensions and tolerances of bends

6.2.2.1

Tolerance on diameter

The tolerance on the diameter of the bend at the spigot positions shall conform to 5.1.1.4.

6.2.2.2

Fitting angle and angular tolerances

The fitting angle, «, is the angular change in direction of the axis of the bend (see Figure 2 and Figure 3).

The deviationof the actual change in direction of a bend shall nat exceed either (4 0 5)° if the joint is flz

nged

or (e £ 1)° fo

NOTE In
45°, 60° and
manufacturer.

6.2.2.3

6.2.2.3.1

The radius o
millimetres, ¢

The dimensi
1,5 x DN, in
Standard or

6.2.2.3.2 |

Bends made
for each seg
ensure that 4

The radius o
the pipe to w|

The dimensi
1,5 x DN, in
Standard or

Radius of curvature, R

Moulded bends

[ all other types of joint in which it is intended to be used.

the interests of rationalization, preferred values for the fitting angles of bends are 11,25°, 1567,22,5

» 30°,

90°, but fitting angles other than these may be supplied by agreement between the purchaser and the

f curvature, R, of moulded bends (see Figure 2) shall not be 4ess than the nominal size (D
f the pipe to which the bend is to be joined in the piping system.

bns specified for bends in this International Standard _are based on a radius of curvature,

N), in

R, of

millimetres. The dimensions of a bend shall comply-either with the values in this International

ith values agreed between the purchaser and the ntanufacturer.

Fabricated bends
by fabrication from straight pipe (see-Figure 3) shall not provide more than 30° angular ch
ment of the bend. The base of each segment shall have sufficient length adjacent to each jq
xternal wrapping can be accommodated.

f curvature, R, of fabricated bends shall not be less than the nominal size (DN), in millimetr:
hich the bend is to be joined in the piping system.

bns specified for bends in this International Standard are based on a radius of curvature,

ange
int to

ps, of

R, of

millimetres. The-dimensions of a bend shall comply either with the values in this International

with values agreed between the purchaser and the manufacturer.
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[aa}
~
~
Key
Lg hody length
L  lpying length
L; ipsertion depth
a  fitting angle
R nadius of curvature

Figure 2 — Typical moulded bend
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40
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body leng

fitting ang

radius of fcurvature

th
laying lerjgth
insertion depth

e

Figure 3 — Typical fabricated bend
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6.2.2.4 Length

6.2.2.4.1 General

Lengths of individual bends are dependent upon the designated fitting angle, the radius of curvature, and the
length of any linear extensions provided for jointing or other purposes. The declared or specified laying length,
L (see 6.2.2.4.2), shall conform to the tolerances given in 6.2.2.4.4.

Minimum body lengths shall be taken from Table 17 for both moulded and fabricated bends. Values other than
those given in Table 17 may be used by agreement between the purchaser and the manufacturer.

Table 17 — Minimum body length, Lg, for bends (see Figures 2 and 3)

Fitting angle, a
DN 90° | 60° | 45° | 30° | 22,5° | 15° | 11,25°
Minimum body length, L
mm
100 155 90 65 45 35 25 20
125 190 110 80 55 40 30 20
150 230 135 95 65 50 35 25
200 305 180 130 85 65 45 35
250 380 225 160 105 80 55 45
300 455 265 190 125 95 65 50
350 530 310 225 145 110 75 60
400 605 350 255 165 125 85 65
450 680 395 285 185 140 95 70
500 755 440 315 205 155 105 80
600 905 525 380 245 185 125 95
700 1055 615 440 290 215 145 105
800 1205 700 505 330 245 165 125
900 1355 785 565 370 275 185 140
1000 1505 875 670 410 305 200 155

6.2.2}4.2, \’kaying length

Th || 2¥wr=e aloanath I £ il bhana cbhaoll ha tolian oo tha Aiotaonan fromas A nd-of-th nd deali A th i t
el yrrg eyt o UT e DT STIaim VT TaRC T I aS e UrStano o O CTrU OT TG O T T, TATTOU g e SpIgO

insertion depth of a socket end where applicable, projected along the axis of that end of the bend to the point
of intersection with the axis of the other end of the bend.

For an end of a bend containing a spigot, the laying length, L, shall be taken as the body length, Lg, plus the
insertion depth, L; (see Figure 3).

6.2.2.4.3 Body length

The body length of the bend, Lg, shall be taken as the distance, from the point of intersection of the two axes
of the bend to a point on either axis, equal to the laying length minus one insertion depth, Z;. The values in
Table 17 are minimum lengths, which are determined by the fitting geometry and may need to be increased to
provide sufficient length for over-wraps at the mitres and joints.
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6.2.2.4.4 Tolerances on laying length
For moulded bends, the permitted deviation of the laying length from the declared value is (L = 25) mm.

For fabricated bends, the permitted deviation of the laying length from the declared value is [L + (15 x the
number of mitres of the bend)], in millimetres.

6.3 Branches

6.3.1 Classification of branches

6.3.1.1 GLneraI

Branches shall be designated in respect of the following:
a) the nomjnal size (DN);

b) the dianeter series, e.g. A, B1, B2;

c) the nomjnal pressure (PN);

d) the nomjnal stiffness (SN);

e) the jointftype, i.e flexible or rigid and whether or not end-load-bearing;
f)  thefitting angle, in degrees;

g) the branh type, i.e. moulded or fabricated;

h) the pipeltype, if applicable.

6.3.1.2 Nominal size (DN)

The nominal[size (DN) of the fitting shall be that of the straight length of pipe to which the fitting is to be jpined
in the piping pystem and shall be one of(the nominal sizes given in Table 3.

6.3.1.3  Fitting angle

The fitting angle, «, which is the angular change in direction of the axis of the branch (see Figure 4), shpll be
90° for presspre pipes.

6.3.1.4 Branch type

The type of granch shall be designated as shown in Figure 4.

6.3.2 Dimensions and tolerances of branches

6.3.2.1 Tolerances on diameter

The tolerances on the diameter of the branch at the spigot positions shall conform to 5.1.1.4 of this
International Standard.

6.3.2.2 Angular tolerances

Any deviation from the declared change in direction of a branch shall not exceed either (« + 0,5)° if the joint is
flanged or (a £ 1)° for all other types of joint with which the branch is intended to be used.
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@ Q
a) Equal tee branch b) Unequal tee branch
L
LI LB LI
c) Unequal oblique branch

Key
a  fitting angle
B laying length.of branch pipe
Bg ¢ffset lengthvof branch pipe
B, gpigot insertion depth of branch pipe
L  lpying length of main pipe

Lg body length of main pipe
L; spigot insertion depth of main pipe

©180

Figure 4 — Typical branches
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6.3.2.3 Length

6.3.2.3.1 General
NOTE Only tee branches are covered by the dimensional requirements in this International Standard.

Dimensions other than those specified can be used by agreement between the purchaser and the
manufacturer (see 6.1.9).

6.3.2.3.2 Body length

6.3.2.3.2.1 General

The body lerlgth, Lg, of the fitting (see Figure 4) shall be equal to the laying length of the main pipe minus two
insertion depths, L;.

6.3.2.3.2.2 Moulded tee branches

The body length, Lg, of moulded equal tees shall not be less than the applicable valué given in Table 18.

Table 18 — Minimum body length, Lg, of moulded-equal tees

DN te DN ‘e
mm mm
100 206 450 650
125 220 500 700
150 290 600 800
200 360 700 900
250 430 800 1000
300 510 900 1120
350 540 1000 1220

6.3.2.3.2.3 Fabricated tee-branches
For fabricatefl equal tees,,the minimum body length, Lg, shall be as follows:

a) 750 mm|for DN&*250;

b) 1250 mmTier 250 > DN < 600;

c) 1750 mm for 600 > DN < 1000.

6.3.2.3.3 Offset length

The offset length, Bg, of the branch pipe (see Figure 4) shall be taken as the distance from the end of the
branch pipe (excluding, where applicable, the spigot insertion depth) to the point of intersection of the straight-
through axis of the fitting with the extended axis of the branch pipe.

The offset length, Bg, of the branch pipe of equal tee branches shall be 50 % of the body length, Lg.
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For the main pipe of a branch containing a spigot and a socket, the laying length, L, is the body length, Lg,
plus the insertion depth, L;, at the spigot end (see Figure 4). For the main pipe of a branch containing two
spigots, the laying length, L, is the body length, Lg, plus two insertion depths, L;.

6.3.2.3.5 Tolerances on length

6.3.2.3.5.1 Branches for use with rigid joints

The permissible deviation from the manufacturer's declared offset length and body length of the branch is

given

6.3.2

The
+25

6.4
6.4.1

6.4.1

Redu

in Table 19.
Table 19 — Deviation from declared length of branches for use with rigid jointg
Limits of deviation from declareddength
Nominal size (DN)
mm
100 < DN < 300 +1,5
300 < DN <600 +25
600 < DN < 1000 +4,0
3.5.2 Branches for use with flexible joints
bermissible deviation from the manufacturer'scdeclared offset length and body length of the branch is

mm or + 1 % of the laying length, whichever is\the larger.

Reducers

Classification of reducers

1 General

cers shall be designated in respect of the following:

a)
b)

c)

e nominal sizés (DN 1 and DN 2);

e diameter ‘series, e.g. A, B1, B2;

e nominal pressure (PN);

d) the nominar stiifness (SN)J;

e) the joint type, i.e. flexible or rigid and whether or not end-load-bearing;

f)  the reducer type, i.e. concentric or eccentric;

g) the pipe type, if applicable.

© 1SO 2004 - All rights reserved
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6.4.1.2 Nominal size (DN)

The nominal sizes DN, and DN, of the reducer shall be the same as those of the straight lengths of pipe to
which it is to be joined in the piping system and shall conform to the nominal sizes given in Table 3.

6.4.1.3 Reducer type

The type of reducer shall be designated as either concentric or eccentric (see Figure 5).

6.4.2 Dimensions and tolerances of reducers

6.4.2.1 Tglerance on diameter

The tolerange on the diameter of the reducer at the spigot positions shall conform to 5.M14 of this
International|Standard.

6.4.2.2 Wall thickness

6.4.2.2.1 Except where 6.4.2.2.2 applies, the wall thickness of the tapered sectionyof the reducer shall not
be less than the greater of the following:

a) the dimgnsion given in Table 20 for the nominal size (DN) of the larger-diameter straight section (ON, in
Figure 5));

b) the wall thickness determined using Equation (29):

p. 9
€min :GXEXO,O'I—W (29)
where
6 is|a safety factor,
p is|the internal pressure correspohding to the nominal pressure, expressed in bars,
d, is| the internal diameter of the larger-diameter straight section (DN, in Figure 5), expressed in

meetres,
emin is|the minimum wallthickness of the tapered section of the reducer, expressed in millimetres,

et is|the short-term ctircumferential tensile strength of the tapered section (see 6.4.2.4), expresded in
ngwtons persquare millimetre.

6.4.2.2.2 f a manufacturer wishes to use thicknesses less than those given in 6.4.2.2.1, then they|shall
prove that the performance of the laminate is proportionately higher than the value given in 6.4.2.4.

6.4.2.3 Length

6.4.2.3.1 General

The lengths L, Lg and Lt in Figure 5 shall be as declared by the manufacturer and be subject to the
tolerances givenin 6.4.2.3.5.

6.4.2.3.2 Laying length

The laying length, L, of the reducer shall be taken as the total length, excluding the spigot insertion depth of a
socket end, where applicable.
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The body length, Lg, of the reducer (see Figure 5) is the laying length, L, minus two spigot insertion depths, L;.

L

Lg

Ly

= =
[mm] (=]
L L
a) Concentric reducer
L
Lg
Ly
=
(mm] ~
&
L
L

L laying length

Lg body length

L length of tapered section
L, spigot insertion depth
DN, larger nominal size

DN, smaller nominal size
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Table 20 — Minimum wall thickness for reducers (see 6.4.2.2)

Nominal size Minimum wall thickness Nominal size Minimum wall thickness
(DN) mm (DN) mm
300 or less 2,8 1600 15,0

350 3,3 1700 15,9

400 3,8 1800 16,9

450 4,2 1900 17.8

500 47 2000 1838

6po 5,6 2100 19,7

7p0 6,6 2200 2056

8po 7,5 2300 21,6

9po 8,4 2400 22,5

1900 9,4 2500 23,4

1100 10,3 2600 24,4

1200 11,3 2700 25,3

1300 12,2 2800 26,3

1400 13,1 2900 27,2

1800 14,1 3000 28,1
NOTE 1 The| above minimum wall thicknesses only apply for nominal pressures up to PN 2,5. For higher pressureq, use
Equation (29) tp determine the applicable minimum wall thickness.
NOTE 2 The|above wall thicknesses assume an initial circumferential'tensile strength, o, of 80 N/mmZ.

6.4.2.3.4 lLength of tapered section

The length, 1+, of the tapered section (see Figure 5) shall not be less than 1,5 x (DN 1 — DN 2), expresged in
millimetres.

NOTE Fqr reasons of hydraulicteapacity, it is normal practice when designing a non-pressure eccentric reducer|for Lt
to be lower than that for an equivalent concentric reducer.

6.4.2.3.5 Tolerances+on laying lengths

6.4.2.3.5.1 Reducers for use with rigid joints

The permissjble,deviation from the manufacturer's declared laying length, L, of the reducer is as givien in
Table 19 for branches:

6.4.2.3.5.2 Reducers for use with flexible joints

The permissible deviation from the manufacturer's declared laying length, L, of the reducer is (L + 50) mm or
(L £ 1) %, whichever is the greater.

6.4.2.4 Mechanical characteristics of tapered-section laminate

To verify the properties of the laminate used in the tapered section, make panels using the same materials
and lay-up as used for the tapered section of the reducer.
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When tested in accordance with ISO 527-4 or ISO 527-5, as applicable, test pieces taken from the panel shall
have an initial circumferential tensile strength, o;, of at least 80 N/mm?2.

6.5

6.5.1

Saddles

Classification of saddles

6.5.1.1 General

Saddles shall be designated in respect of the following:

a)
b)
c)

d)

f)

e nominal size (DN);
e diameter series, e.g. A, B1, B2;
e nominal pressure (PN);

e joint type, i.e. flexible or rigid and whether or not end-load-bearing;

e) Ie fitting angle, «;

e pipe type, if applicable.

6.5.112 Nominal size (DN)

The

mominal size (DN) of the saddle shall be a combination of the nominal size of the main pipe

to be| connected in the pipeline and the nominal size«of the branch pipe. The nominal size of t

shall

be one of the nominal sizes given in Table 3;.The nominal size of the branch pipe shall be

giver| in the appropriate standard for the pipe to which the branch pipe is to be joined.

NOTH The designation DN 600/150 indicates:a saddle for connecting a DN 150 branch line to a DN 60

6.5.1{3  Fitting angle

The fjtting angle, «, is the nominal.angular change in direction of the axis of the saddle (see Figur

6.5.2| Dimensions of saddles and associated tolerances

6.5.2|1 Tolerance on diameter

The
Inter

folerance{ on the diameter of the branch pipe at the joint position shall conform to 5
nmationakkStandard, if applicable.

6.5.2|20) Length

to which it is
ne main pipe
one of those

D pipeline.

1)
(02}
Puid

1.1.4 of this

The length of the branch, Lg, depends upon the fitting angle, o, and the length provided for jointing or other
purposes. The length of the branch pipe shall not normally be less than 300 mm, although other lengths may
be used by agreement between the purchaser and the manufacturer.
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DN,
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[ ° R

[ \ \\\ I ///
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- _»I

Key

DN, nominal gize of branch pipe
DN, nominal gize of main pipe
Lg length of pranch pipe

a fitting angle

Figure 6 — Typical non-pressure saddle
6.6 Flangped adaptors

6.6.1 Clasgification of flanged adaptors

6.6.1.1  General

Flanged adaptors shall be designated in respect of the following:

a) the nomjnal size (DN);

b) the diameter series, e.g A, B1, B2;

c) the nomjnalpressure (PN):

d) the nominal stiffness (SN);
e) the joint type, i.e. flexible or rigid and whether or not end-load-bearing;
f)  the flange drilling;

g) the pipe type, if applicable.
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.2  Nominal size (DN)

The nominal size (DN) of the fitting shall be that of the straight length of pipe to which it is to be joined in the
piping system and shall be one of the nominal sizes given in Table 3.

6.6.1

.3 Flange designation

The mating characteristics of the flange shall conform to the purchaser's requirements, e.g. bolt circle, bolt
hole diameter, flat or raised face, flange O.D. and washer diameter.

NOTE

Flanges are frequently specified by reference to a specification that includes PN. This PN is not necessarily

the s4

The j
natur

6.6.2

6.6.2

me das the FN T0I the Tlahge adaptor.

e of the bolt lubrication, and the bolt-tightening sequence.
Dimensions of flanged adaptors and associated tolerances

1 Tolerance on diameter

pint manufacturer shall supply full information on the flange, the gasket, the bolt torqaée, thé¢ degree and

The folerance on the diameter of the flanged adaptor at the spigot pdsition, if applicable, shajl conform to
5.1.1}4 of this International Standard.
6.6.2]2  Wall thickness
The wall thickness of the adaptor shall nowhere be less.than the minimum wall thickness of the pipe with
which the adaptor is intended to be used.
6.6.2|13 Length
The Iength, L, of the fitting (see Figure 7) shall not be less than the value given in Table 21. The nanufacturer
shall [declare the actual length.
NOTH The length of a flanged adaptor depends upon the diameter, loading requirements and method of manufacture.
Table 21 — Minimum lengths, L, of flanged adaptors
L L L
DN DN DN
mm mm mm
100 100 300 250 600 350
125 150 350 250 700 400
150 150 400 300 800 400
266 266 4560 366 966 4560
250 200 500 350 1000 500
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1 2 3
‘e
L
Key
1 flange
2  GRP ovef-wrapping
3  spigot
L  length of pdaptor
Figure 7 — Flanged adaptor
6.6.2.3.1 Tolerances onlength
6.6.2.3.1.1 Flanged adaptors for use with rigid joints
The permissible_deviation from the manufacturer's declared length of the fitting, L, is given in Table 22.
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The permissible deviation from the manufacturer's declared length of the fitting is (L + 25) mm.

Table 22 — Deviation from declared length of adaptors for use with rigid joints

Nominal size (DN)

Limits of deviation from declared length

6.7

Mark
crack

mm

DN < 400 +2
A00<DN<600 5
600 < DN 10

Marking

ng details shall be printed or formed directly on the fitting in such a way:that the marking dogs not initiate

s or other types of failure.

If primting is used, the colouring of the printed information shall differ<from the basic colouring of the product
ne printing shall be such that the marking is readable without'magnification.

and t

The f

pllowing marking shall be on the outside of each fitting:

a)
b)
c)

d)

e number of this International Standard;

e nominal size (DN) and the diameter series;'€-g. A, B1, B2;

r bends, branches and saddles, the designated fitting angle;

r reducers, the nominal sizes DN{ and DNy;

e stiffness rating in accordance with Clause 4 of this International Standard;

e pressure rating in aecardance with Clause 4 of this International Standard;

e joint type in accordance with Clause 4 of this International Standard, and whether or not it is end-load-

earing;

r fittings/intended for the conveyance of drinking water, the code-letter “P”;

e mantfacturer's name or identification;

k) the code-letter “R” to indicate that the fitting is suitable for use with axial loading, if applicable.
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7 Joint performance

7.1

711

General

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 formed conforms to the relevant performance requirements in this clause.

71.2 Requi

A joint mad
so thatits p
the compon

7.1.3 Dim

between pipes conforming to Clause 5 and/or fittings conforming to Clause 6 shall be-des
rformance is equal to or better than the requirements of the piping system, but not necessa
nts being joined.

nsions

All dimensions which may influence the performance of the joints tested shall be recorded.

7.2 Flexik

le joints

7.21 Gen

ral

For each depign of joint, the maximum allowable values of draws’D (see 3.54 and Figure 1), total dr
(see 3.55 and Figure 1), and angular deflection, § (see 3.53 "and Figure 1), for which the joint has

gned
rily of

aw, 7'
been

designed to e used shall be as declared by the manufacturer:

7.2.2 Maximum allowable draw

The manufagturer's maximum declared allowable” draw, D, which shall include Poisson contractiorl and
temperature gffects, shall not be less than 0,3 %-of the laying length of the longest pipe which it is intended to
use in the cape of pressure pipes and 0,2 %:in the case of non-pressure pipes.

7.2.3 Maximum allowable angular'deflection

The manufagturer's declared maximum allowable angular deflection, &, shall not be less than the value given
in 4.7.3.1 for|the particular piping system concerned.

7.2.4 Flexiple non-end-load-bearing joints with elastomeric sealing rings

7.241 General

Flexible non-emd-toad=bearingjoints withetastomericseatsshatt-betested; usingtestpiecestonformming to

7.2.4.4, for conformity to the requirements for performance under hydrostatic pressure detailed in 7.2.4.2,
using methods of test given in ISO 8639, as appropriate, 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 4.1.4.

7.2.4.2 Performance requirements

7.2.4.21 Initial leaktightness test 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 7.2.4.2.2,
7.24.23,72424and 7.2.4.2.5.
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Failure at the end closures shall not constitute failure of the test.

7.2.4.

2.2 Leaktightness when subjected to a negative pressure at maximum draw

When the joint is subjected to the manufacturer's declared maximum allowable draw, D (see 7.2.2), 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 23.

7.24.

2.3 Leaktightness when simultaneously subjected to angular deflection and draw

When the joint is subjected to the manufacturer's declared maximum allowable angular deflection in

acco

dance with 7.2.3 and a total draw, 7, equal to the manufacturer's declared maximum alle

ble draw, D

(see |7.2.2), plus the longitudinal movement, J (see 3.55 and Figure 1), resulting from appligation of the
manyfacturer's declared allowable angular deflection, it shall not show any visible signs-of damage to its
components nor leak when tested by the appropriate method given in 1ISO 8639 at_the: presslires given in
Tablg 23.

7.2.4]2.4 Leaktightness 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 §.2.2), and a
total force, F, of 20 N per millimetre of the nominal size (DN) in millimétres, it shall not show any Yisible sign of
damdge to its components nor leak when tested by the appfopriate method given in 1SO|8639 at the
presgures given in Table 23.

7.2.4]2.5 Leaktightness when subjected to misalignment and draw under a cyclic pressuye

When the joint is subjected to the manufacturer's declared maximum allowable draw, D (see §.2.2), and a
total force, F, of 20 N per millimetre of the nominal'size (DN) in millimetres, it shall not show any Yisible sign of
damage to its components nor leak when tested)by the appropriate method given in ISO 8639 at the positive
cyclig pressure given in Table 23.

Table 23 — Summary of test requirements for flexible non-end-load-bearing joints
Test pressure
Test Pressure sequence Duration
bar

Initia| leaktightness test " .
(1S0(8639:2000, 7.2) Initial pressure 1,5 x PN 15 min
Extefnal pressure differential .

(150(8639:2000, 7:3) Negative pressure? — 0,8 bar (- 0,08 MPa) 1h
Misalignmentiand draw under static " .

presgure{ISO 8639:2000, 7.5) Positive static pressure 2,0 x PN 24 h
Misalighment and draw under cyclic A " Atmospheric to 1,5 x PN 10 cyclés of 1,5 min
pressure (ISO 8639:2000, 7.6) TSI Ry PTESSEE and back to atmospheric to 3 min each
Angular deflection and draw Initial pressure 1,5 x PN 15 min

(ISO 8639:2000, 7.4) Positive static pressure 2,0 x PN 24 h

@  Relative to atmospheric, i.e. approximately 0,2 bar (0,02 MPa) absolute.
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7.2.4.3 Number of test pieces for type testing
The number of joint assemblies to be tested for each test shall be one.

It is permissible for the same assembly to be used for more than one of the tests detailed in Table 23.

7.244 Test pieces

A test piece shall comprise a joint and two pieces of pipe such that the total laying length, L, is not less than
the applicable value given in Table 15 or that which is necessary to meet the requirements of the test method.

7.2.5 Flexi

7.2.5.1
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tested, using
hydrostatic f
specific cong
which the pa
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When assenpbled in accordance with the pipe manufacturer'sxfecommendations and subjected to a
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Misalignment with internal pressure and end thrust

ble end-load-bearing joints with elastomeric sealing rings

test pieces conforming to 7.2.5.4, for conformity to the requirements for performance
ressure detailed in 7.2.5.2, using methods of test given in ISO 7432,2%3) in conjunction
itions, detailed in Table 24, dependent upon the nominal pressure (PN) of the piping syst
ticular type of joint is to be used. Specific values for PN are given in‘4.1.4.

in accordance with 1SO 7432, using a test pressure equal to 1,5 x PN bar for 15 min, the
eaktight and there shall be no visible damage.fo’'the joint components.

L eaktightness when subjected to a pressure differential

ted to a negative-pressure test in(accordance with 1ISO 7432, using a test pressure of — 0
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its components nor shall thete\be a change in pressure greater than 0,08 bar/h (0,008 MPa
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there shall be no visible damage to the joint components.

2) ISO 7432 refers to locked socket-and-spigot joints as rigid, but in this International Standard they are classified as
flexible.
3) ISO 7432 has a transverse bending test with specified bending load and support conditions, but some special

installation conditions may require more severe loads and support conditions to be used. In countries where such special
installation conditions are known to exist, the test loads and support conditions required shall be detailed in the national

foreword.
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7.2.5.2.4 Short-term resistance to internal pressure

When subjected to a short-term static-pressure test in accordance with ISO 7432, using a test pressure equal
to 3,0 x PN bar, for 6 min, the joint shall remain leaktight and there shall be no visible damage to the joint
components.

7.2.5.2.5 Resistance to bending for pipes up to and including DN 600

With the joint at the manufacturer's declared allowable angular deflection, subject it to the bending test in
accordance with 1SO 7432, using a test pressure equal to 2,0 x PN bar, for 24 h. The joint shall remain
leaktight and there shall be no visible damage to the joint components.

7.2.5|13 Number of test pieces for type testing

The pumber of joint assemblies to be tested for each test shall be one.

It is germissible for the same assembly to be used for more than one of the tests detailed in Tablg 24.

7.2.5|4 Test pieces

A tes} piece shall comprise a joint and two pieces of pipe such that the tatal laying length, L, is noj less than
the value given in Table 15 or that which is necessary to meet the requirements of the test methog.

Table 24 — Summary of test requirements for flexible end-load-bearing joints

Test pressure

Test Pressure sequence Dyration
bar
Initia| leaktightness test o .
(1S0[7432:2002, 7.3) Initial pressure 1,5 x PN 5 min
Extefnal pressure differential .
(1S0|7432:2002, 7.2) Negative pressure — 0,8 bar (- 0,08 MPa) 1h
Maintained pressure 2,0 x PN 24 h

Misalignment with internal pressure

(1ISO[7432:2002, 7.4) Atmospheric to 1,5 x PN 10 cyclgs of 1,5 min

Positive cyclic pressure

and back to atmospheric to 3,0 min each
Resigtance to bending Preliminary pressure 1,5 x PN 5 min
(ISO(7432:2002, 7.5) Maintained pressure 2,0 x PN 24 h
Shor}-term resistange to‘internal o A
presdure (ISO 7432:2002, 7.6) Maintained pressure 3,0 x PN 5 min
NOTEH Nominal pressure (PN) is an alphanumeric designation of pressure related to the resistance of a comporjent of a piping

systen to internal pressure.

7.3 Rigid joints
7.3.1 Wrapped or cemented

7.31.1 General

Wrapped or cemented joints shall be tested for conformity to the requirements for performance under
hydrostatic pressure detailed in 7.3.1.2 and Table 25, using test pieces conforming to 7.3.1.4. The methods of
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test shall be those given in ISO 85334), in conjunction with specific conditions dependent upon the nominal
pressure (PN) for the piping system in which the particular type of joint is to be used. Specific values for PN
are given in 4.1.4.

For joints intended to be capable of resisting end loads, the tests shall be performed with the joint subject to
the load from the end thrust. For joints not intended to be capable of resisting end loads, the tests shall be
performed with the load from the end thrust carried by external supports.

Table 25 — Summary of test requirements for wrapped or cemented joints

Test pressure
—Test Pressure sequence Buration—
bar
Initial leakagge (1SO 8533:2003, 7.3) Initial pressure 1,5 x PN 15 min
External pressure differential .
(1SO 8533:2403, 7.2) Negative pressure — 0,8 bar (- 0,08 MPa) 1h
Resistance tq bending and pressure | Preliminary pressure 1,5 x PN 15 min
(ISO 8533:2403, 7.4) Maintained pressure 1,5 x PN 24 h
Maintained pressure 1,5 x PN 24 h
Resistance tq internal pressure : :
(ISO 8533:2003, 7.5.1 to 7.5.6) Positive cyclic pressure Atmosphericto,1,5 x P!\l 10 cycles qf 1,5 min to
and back ¢ atmospheric 3,0 min each
Short-term resistance . .
(1SO 8533:2403, 7.5.7 0 7.5.9) Maintained pressure 3.0 x PN 6 min
NOTE 1  Norpinal pressure (PN) is an alphanumeric designation of pressure\related to the resistance of a component of a piping
system to interpal pressure.
NOTE 2 Forljoints intended to resist end-thrust loads, the above tests are performed with end loads applied to the joint. For nor}-end-
load-bearing jojnts, the tests are performed without the end loads and.the thrust is transferred to other sections of the test rig.
7.3.1.2  Pérformance requirements
7.3.1.21 Ipitial leakage test
When assenpbled in accordance_with the pipe manufacturer's recommendations and subjected to a gtatic-
pressure tesj in accordance with 1SO 8533, using a test pressure equal to 1,5 x PN bar, for 15 min, thg joint
shall remain Jeaktight and there_shall be no visible damage to the joint components.
7.3.1.2.2 Leaktightness when subjected to an external pressure differential
When subjegted td>a negative-pressure test in accordance with ISO 8533, using a test pressure of — 0J8 bar
(- 0,08 MPa), ji-e."approximately 0,2 bar (0,02 MPa) absolute, for 1 h, the test piece shall not show any \isible
signs of damage to its components nor shall there he a change in pressure greater than 0 08Ibar/h

(0,008 MParh).

4) 1S0O 8533 has a transverse bending test with a specified bending load and support conditions, but some special
installation conditions may require more severe loads and support conditions to be used. In countries where such special
installation conditions are known to exist, the test loads and support conditions required shall be detailed in the national

foreword.
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