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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 10471:2018(E)

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

1 $cope

This|document specifies a method for determining by extrapolation the long-term ultimate ring
bending strain and the calculation of the long-term ultimate relative ring deflection of glass-reinforced
theriosetting plastics (GRP) pipes, under wet conditions.

Two methods of loading are given, one using plates the other beam bars.

2 Normative references

The following documents are referred to in the text in such @'way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced doctiment (including any amendmehpts) applies.

ISO 3126, Plastics piping systems — Plastics components~- Determination of dimensions

[SO 7685, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes — Dg¢termination
of initial specific ring stiffness

ISO 10928, Plastics piping systems — Glass-reinforced thermosetting plastics (GRP) pipes and fittings —
Methjods for regression analysis and their. Uise

3 Terms and definitions

For the purposes of this doctnient, the following terms and definitions apply.
ISO gnd [EC maintain teérminological databases for use in standardization at the following dddresses:

— IEC Electropediat available at http://www.electropedia.org/

— SO Online-browsing platform: available at https://www.iso.org/obp

3.1
vertical compressive force
F
vertical force, applied to a horizontal pipe to cause a vertical deflection

Note 1 to entry: Vertical compressive force is expressed in newtons.

3.2

mean diameter

dm

diameter of the circle corresponding with the middle of the pipe wall cross-section and given by either
of the following formulae:

© ISO 2018 - All rights reserved 1


http://www.electropedia.org/
https://www.iso.org/obp
https://standardsiso.com/api/?name=4eb3e3f40c67d2621f638c4558a6e335

ISO 10471

dy,=d.

where
dj
de
e

Note 1 to ent

:2018(E)

—e

is the internal diameter, in metres (m);
is the external diameter, in metres (m);

is the wall thickness of the pipe, in metres (m).

ry: Mean diameteris expressed in metres
T

3.3
vertical def

y
vertical chq

force (3.1)
Note 1 to ent

3.4
relative vel

Y/dm
ratio of the \

3.5

lection

nge in diameter of a pipe in a horizontal position in response to a vertical compre

ry: Vertical deflection is expressed in metres.

tical deflection

bertical deflection, y (3.3), to the mean diameter (3.2) ofthe pipe, dnm

ultimate vertical deflection under wet conditions

Yu, wet
vertical deflq

Note 1 to ent

3.6
ultimate re

B4 wet/dm
ratio of the
the pipe, dm

3.7
long-term y

Yu, wet, x
extrapolate
failure is ex

Note 1 to ent

bction (3.3) of the pipe, y, when failure occurSunder wet conditions (see Clause 4)

Fy: Ultimate vertical deflection under wet'conditions is expressed in metres.

lative vertical deflection underwet conditions

pltimate vertical deflectiofiunder wet conditions, yy, wet (3.5), to the mean diameter (3|

jltimate ring deflection under wet conditions

1 value of thetultimate vertical deflection under wet conditions (3.5) of the pipe, yy, wet, \
bected tg occur at a time, x, specified in the referring standard

"y: Jiohg-term ultimate ring deflection under wet conditions is expressed in metres.

3.8

ssive

2) of

when

long-term ultimate relative ring deflection under wet conditions

JYu, wet, x/dm

ratio of the long-term ultimate ring deflection under wet conditions (3.7) of the pipe, yu, wet, x, to the mean
diameter (3.2) of the pipe, dpy

3.9
failure

loss of the structural integrity of a test piece as evidenced by the inability of the test piece to carry the load

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=4eb3e3f40c67d2621f638c4558a6e335

ISO 10471:2018(E)

3.10

time to failure

tu

time elapsed until failure (3.9) occurs

Note 1 to entry: Time to failure is expressed in hours.

3.11

specific ring stiffness

S

physical characteristic of a pipe, that is a measure of the resistance to ring deflection per metre length

d 4 11 | dic dafs Al ila £o11 3 £, |
undaegr-excerharroaaanaisaerifea Dy tIrc oo w g ToTrraratc

. EXI
h ——3
dm
where
E is the apparent modulus of elasticity, in newtons per square metre, determined by testing in

accordance with ISO 7685;

1 is the second moment of area in the longitudinal direction per metre length, in njetres to the
fourth power per metre (m4/m), i.e.

3
1=—
12
where
é is the wall thickness of the pipe, inrmetres (m);

dm  is the mean diameter of the pipe, in metres (m) (see 3.2).
Note [l to entry: Specific ring stiffness is expressed in newtons per square metre.

3.12
initial specific ring stiffness
So
valug of specific ring stiffaess S (3.11), determined by testing in accordance with ISO 7685

Note [l to entry: Initial specific ring stiffness is expressed in newtons per square metre.

3.13
strain facter
Dy
dimdnsionless factor used to transform a deflection value into a strain value

4 Principle

Each of several cut lengths of pipe is supported horizontally and loaded throughout its length to
compress it diametrically to achieve a desired level of strain. The force application surfaces are either
bearing plates or beam bars.

The pipe isimmersed in water at a given temperature for a period of time during which the force remains
constant and the increasing vertical deflection is measured at intervals until failure (see 3.9) occurs.
The relative vertical deflection at failure [ultimate relative vertical deflection, yy, wet/dm (see 3.6)] is
converted into a bending strain at failure (ultimate bending strain, &y, wet, in percent), either calculated
using Formula (1) or determined from a strain-deflection calibration curve (see 10.3).

© ISO 2018 - All rights reserved 3
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The strain may also be measured directly by the use of waterproofed strain gauges.

The following strain calculations assume that the neutral axis is at the pipe wall midpoint. For pipe
wall constructions that produce an altered neutral axis position, it is necessary to evaluate results by
substituting 2y for the wall thickness e where y is the distance from the appropriate pipe surface to the
neutral axis. The neutral axis position shall be determined using an appropriate method, e.g. calculation
or use of strain gauge couples.

Eqwet =Dy xdix%xmo )
m

m

where for cfjown or Invert railures:
Dg is calculgted using Formula (2):

4,28
Dy =———— (2)

" yu,wet
2xd
where for spring line failures:

Dg is calculgted using Formula (3):

D - 2,44 (3)

g 2
1k yu,wet ]

2xd
where

Yu,wet | isthe ultimate vertical deflection undéy wet conditions, in metres (m);

dm is the mean diameter of the pipe:(see 3.2), in metres (m);
e is the mean wall thickness,of the pipe at crown, invert or spring-lines as appropriate, in
metres (m).

These values of ultimate bending strain and the applicable times, ¢, (see 3.10), are used in the procedures
described infISO 10928 to determine the long-term ultimate bending strain under wet conditions, €y, jvet, x-

It is assumef that values for.the following test parameters will be set by the referring standard:
a) the timg, x, to which-the values are to be extrapolated (see 3.7 and 3.8);
b) the test{temperature (see 5.3 and 10.1);

c) thelengthiand number of test pieces (see Clauses 6 and 7);

d) the distribution of the times to failure (see 10.8);
e) the pH of the test water.

This standard test procedure is to determine and analyse the bending strains induced by the vertical
deflections. This procedure accommodates sample to sample variation and results in a strain versus
time expression applicable to a range of pipe classifications.

4 © ISO 2018 - All rights reserved
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5 Apparatus

5.1 Compressive loading machine

The machine shall comprise a system capable of applying a force, without shock, through two parallel
force application surfaces in accordance with 5.2 so that a horizontally orientated test piece of pipe in
accordance with Clause 6 and immersed in water can be compressed vertically and maintained under a

constant force for the duration of the test in accordance with 10.7.

Ensu

re that the applied force is not affected by buoyancy effects or friction.

Fort
recoj
for a

5.2

5.2.1

The
repo
up tq
limit
The
bars

pst pieces subjected to high torces, tor which tailure 1s expected to occur within 100 h, g
rding device can help in recording failure times and deflections accurately. Such devieg
] test samples.

Force application surfaces

General arrangement

method allows the use of either bearing plates or beam bars fof]loading the test piec
Fting the choice used. Either method may be used for measufements of relative vertic
28 %. When it is expected that 28 % deflection is going 10 be exceeded then the f
ed to the use of at least one beam bar.

surfaces shall be provided by a pair of bearing plates,in accordance with 5.2.2, or a
in accordance with 5.2.3, or a combination ofene such plate and one such bar. Hoy

applied force is expected to cause a relative deflegtion in excess of 28 %, at least one of

shall

be a beam bar. The surface’s major axes shall'be perpendicular to and centred on the

application of force F by the compressive loading machine, as shown in Figure 1. The surf:

n automatic
bs are useful

e, subject to
hl deflection
rocedure is

air of beam
vever, if the
the surfaces
direction of
hices to be in

contact with the test piece shall be flat, smooth, clean and parallel.

5.2.2 Plates

The plate(s) shall have a width efiat least 100 mm and a length at least equal to the length of the test
piecq (see Clause 6). They shall be sufficiently stiff so that they do not visibly bend or otherWise deform
durinpg the test.

5.2.3 Beam bars

Each{beam bar shall be sufficiently stiff that it does not visibly bend or otherwise deform during the
test.[Each beam'bar shall have a length at least equal to the length of the test piece (see Clause 6) and a
flat face (see'Figure 1) without sharp edges. The width of the flat face shall be 15 mm to 55mm.

The bedm bars shall be constructed and supported so that no other surface of the beam bar structure
comds into contact with the test piece during the test

5.3 Water container

A container large enough is required to accommodate submerged test pieces in accordance with
Clause 6 while they are subject to the compressive force in accordance with 10.6 and containing test
water maintained at the specified temperature (see Clause 4).

The water level shall be maintained sufficiently constant to avoid any significant effect on the value of
the vertical force applied to the test piece.

© ISO 2018 - All rights reserved
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5.4 Measuring devices
The requirements for the measuring devices are as follows:

a) The devices used to measure dimensions (length, diameter, wall thickness) as specified in Clause 8
shall have a calibrated accuracy of within *1 % of the dimension being measured.

b) The devices used to measure deflection of the test piece in the vertical direction during the test
shall have a calibrated accuracy of within £1 % of the initial deflection value.

c) The devices used to measure load shall have a calibrated accuracy of #1 % of the value applied.

When selectling the device to measure the change in diameter of the test piece, consideration Sl‘%ﬂld be
given to the|potentially corrosive environment in which the device is to be used.

N~ = D

INNEN

|

?ate loading b) Beam bar loading

Key é

1  water container 6  bearing plate
2 deflection-measuring device 7  beam bar

3 water level 8 testpiece

4  dead-weights 9 flatface

5

direction of compressive force, F

Figure 1 — Typical test arrangements
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6 Test piece

The test piece shall be a complete pipe ring. The length, L, in metres, of the test piece shall be as specified
in the referring standard, subject to permissible deviations of +5 %. If not specified in the referring
standard, the length of the test piece shall be (300 + 15) mm.

The ends shall be smooth, shall be cut perpendicular to the axis of the pipe and may be sealed.

Four straight lines shall be drawn on either the inside or the outside along the length of the test piece at
90° to each other, to serve as reference lines.

7 Number of test pieces
Unles otherwise specified in the referring standard, at least 18 test pieces shall be tised tp obtain the

distrjibution of failure times specified in the referring standard (see the numberedHist in Clpuse 4).

8 Determination of the dimensions of the test piece

8.1 | Length

Meagure the length of each test piece along each reference line“in accordance with ISO 3126. Trim or
repldce, as applicable, the test piece if it does not conform.

Calcylate the mean length, L, in metres, of each test piecesfrom the six measured values.

8.2 | Wall thickness

Meagure in accordance with ISO 3126 the wall thickness of each test piece at four equally spaced
locatfions on each reference line.

For dach reference line, calculate the mean wall thickness, e, in metres, of the four measured values.

Calcuylate the sample mean wall thickness using all thickness values.

8.3 | Mean diameter
Meagure in accordance With ISO 3126 either the internal or external diameter (see 3.2).
Using either Formula1) or Formula (2), calculate the mean diameter, dy, (see 3.2), of the test piece

using the value gbtained for the sample mean wall thickness, e, in 8.2.

9 Conditioning

Ifap blicable caondition the test piecesin accordance with the rpﬁnrring standard

10 Procedure

10.1 For each test piece conduct the following procedure at the temperature specified in the referring
standard (see Clause 4).

10.2 To assess the uniformity of the test pieces, determine and record in accordance with the constant
load procedures in ISO 7685 the initial specific ring stiffness, Sg, of each test piece. The measured value
of So at the pair of reference lines (see Clause 6) may also be used to estimate the force required to
compress the test piece to the necessary deflection to achieve a time to failure that, together with those
produced from other test pieces, conforms to the distribution of times to failure specified in the referring
standard.

© ISO 2018 - All rights reserved 7
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10.3 Deflections in excess of 28 % of the diameter may cause local flattening of the pipe and lead to
erratic test results. For deflections approaching 28 %, improved accuracy is obtained by use of strain
gauges to establish, for each pipe product, a calibration scale of deflection versus measured strain. This
calibration technique is useful at all deflection levels. If such a calibration procedure is established then it
shall be used to determine the strains for all test pieces in the test series.

10.4 Place a test piece in the apparatus in contact with the upper and lower plate or beam bar with the
pair of diametrically opposed reference lines vertically aligned. However, if the applied force is expected
to result in relative deflections that can be in excess of 28 %, use at least one beam bar. Ensure that the

contact between the test piece and each bearing plate or beam bar is as uniform as possible and the
p]ates and/ rhbeam bars are not tilted ]qurq]ly Place the apparatusin the water container

10.5 Fill the container with water so that the test piece is fully immersed.

10.6 When|the test piece is fully immersed in the water and taking account, as necessary, of the weight
of the upper plate or beam bar, and of any spacer, apply the vertical compressive force, F, so that the
corresponding vertical deflection is reached within 3 min and record the actual force applied and
deflection achieved.

10.7 Whilelmaintaining the force applied in 10.6, measure and record at predetermined intervals offtime
the elapsed [time and the deflection of the test piece, using either suitable manual devices or automatic
recording equipment. When failure (see 3.9) occurs, the time to failure, t,, and the deflection at fajlure,
yu wet, shall be taken as:

a) either the elapsed time and its associated deflectionctr€corded on the automatic device| (the
preferr¢d, recommended and most accurate method);

b) or thel3strecorded readings, prior to failure occutring, of deflection and its associated time.

NOTE Tdble A.1 gives values of equal lg (time in h) ihcrements which can be useful to the operator.

10.8 Continjue the procedure detailed in 10.2 to 10.7 inclusive until at least 18 test pieces have failed
with the distribution of times to failure specified in the referring specification. However, if 16 test plieces
have failed gnd two others have been on'test for more than 10 000 h without failing, then these tw¢ test
pieces may pe included in the data@tjtheir current elapsed time and deflection if it provides sufficient
data for extfapolation and the diStribution of failure times required by the referring standard wijll be
satisfied.

10.9 Convelrt the relatige-vertical deflection at failure [ultimate relative vertical deflection, yy| wet/
dm (see 3.6)] determined in accordance with 10.7 and 10.8 into a bending strain at failure (ultimate
bending strdin), ey, et/ in percent, using Formulae (1) and (2) or (3) as appropriate or as determingd by
deflection-strain calibration.

11 Calculation

11.1 Extrapolation of the strain data to obtain the x-year value, &x et

Determine Ig (time to failure in h), ¢, (see 3.10), and Ig (bending strain at failure in percent) from the series
of calculated bending strains at failure and their associated times obtained in accordance with 10.9.

From this data, determine, in accordance with ISO 10928, the formula of the strain regression line.
Using this formula, calculate the extrapolated long-term ultimate bending strain under wet conditions
at x years, Ig (€y, wet, x) and then the long-term ultimate bending strain, &y, wet, x, in percent.
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