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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.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par

The main| task of technical committees is to prepare International Standards. Draft Intétnatio
Standardg adopted by the technical committees are circulated to the member bodies-for voti
Publicatign as an International Standard requires approval by at least 75 % of the member bodfies
casting a yote.

In other c
technical

— an IS

rcumstances, particularly when there is an urgent market requirementfor’such document
fommittee may decide to publish other types of document:

D Publicly Available Specification (ISO/PAS) represents an agreement between techni

experlts in an ISO working group and is accepted for publication if it is-approved by more than 5(
of thefmembers of the parent committee casting a vote;

— an IS
techn

D Technical Specification (ISO/TS) represents an agreement between the members o
ical committee and is accepted for publication if it istapproved by 2/3 of the members of

comnjittee casting a vote.

An ISO/PAS or ISO/TS is reviewed after three years in order to decide whether it will be confirmed

a further
ISO/TS is

three years, revised to become an Internatienal Standard, or withdrawn. If the ISO/PAS
confirmed, it is reviewed again after afurther three years, at which time it must either

transforn]ed into an International Standard or berwithdrawn.

Attention
patent rig

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

ISO/TS 16479 was prepared by Techinical Committee ISO/TC 138, Plastics pipes, fittings and valves for

transport

pf fluids, Subcommittee'SC 5, General properties of pipes, fittings and valves of plastic materi

and their qgccessories — Test méthods and basic specifications.
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Introduction

At the present time ISO/TC 138 provides several test methods for determining the resistance to slow
cracking which are essential for assessing properties and durability of thermoplastics pipes and fittings.
In fact, they constitute a basis for determining the long term performance characteristics of these parts.
In line with the development of better slow crack resistant materials, new accelerated test methods
for evaluating slow crack resistance of thermoplastic piping parts are frequently under investigation
[1-3]. In consideration of this, the Notched Ring Test (NRT) method has been developed and applied
to determlne its apphcablhty as the standard test method and has demonstrated 1ts effectlveness in

. 2 3 i 4 ecifteation provides
de alls of the NRT method in terms of test 1mplementat10n its SCG performance evaluation, and the
application of the method utilizing the stress intensity factor approach.

© IS0 2012 - All rights reserved \%
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TECHNICAL SPECIFICATION

ISO/TS 16479:

2012(E)

Thermoplastics pipes for the conveyance of fluids —
Determination of the slow cracking resistance of pipes and
fittings using the Notched Ring Test (NRT)

1
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is Technical Specification determines the slow cracking resistance of pipes and fittings
ched Ring Test (NRT) which is a method for determining the slow crack resistance of ther

ecimen can be cutand notched. The testis performed under sustained constantloadinginate
L specified temperature and the time to the on-set of slow cracking is measured{This method

rings from pipes or fittings having a wall thickness greater than 5 mm, This Technical Sp
ecifies the method of testing using notched ring specimens directly obtained from pipes or {

Normative references

e following referenced documents are indispensable for theyapplication of this document.

reflerences, only the edition cited applies. For undated reférences, the latest edition of the 1

do
IS(
IS(

3

3.1
sld
SC
Cra

pr
NO

fai
chd

3.3
rix

rument (including any amendments) applies.
6108, Double equal angle cutters with plain bore afd key drive

13479, Polyolefin pipes for the conveyance of fluids — Determination of resistance to crack pr
Test method for slow crack growth on notched-pipes (notch test)

Terms and definitions

w crack growth
¢
ck growth that occurs‘below the critical stress intensity factor at which the unstable r
pagation takes place

TE The craekZgrowth is stable and hence can grow to a substantial length before causing

either by rapid fracture or ligament yielding. In some polyolefin materials, distinct fracture surfa
racteristic of.slow crack growth are apparent and are often used as an indicator of slow crack groy

1g deflection curve

using the
oplastics

ins and compounds in pipe form and/or finished products (e.g. pipes and fittings)from wrhtlich aring

5t medium
applies to
pcification
ittings.

For dated
eferenced

opagation

hpid crack

material to
ce features
vth

specimen

tinpé dependentdeflection curve obtained from the sustained constantflexureloading of the ring

NOTE1 See AnnexA.

NOTE 2  The curve may have similar features of a creep curve, normally consisting of primary, steady state
secondary and tertiary regions. Deflection is normally taken at the notch position and directly above the line of
load application.

3.3

on-set slow cracking time

ti (h)

time for first noticeable abnormal change to appear on the recorded ring deflection curve

NOTE1 See AnnexA.
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NOTE 2

EXAMPLE

3.4

For this definition to be complete, the fracture surface must show features of slow cracking in any
degree or features defined otherwise.

Examples of abnormal change are discontinuity, slope change etc.

applied load

L(N)

load applied in three point flexure mode

3.5

applied stress intensity factor

Ko (N/m3
crack-tip §

4 Prin

A suitable
or fittingg
between t
are allin t
strain sloy
maintain

of the cra
controlled
ring defle
relatively
and the Id
gross yiel

%)

tress intensity factor calculated based on the initial notch dimension
cCiple

(see Figure 1), having features that include an inner wall notch ,along the sample wi
he tips of two coplanar sidewall notches (see Figure 5). The innepwall and sidewall notc
he same plane and the notch and specimen dimensions are such¢hat conditions for the pla

NRT specimen is an undisturbed full ring of certain width directly remgved from the piEes

th
es
he-

v crack growth are met at the notch tip. Coplanar sidewall not€hes are introduced to further

Fhe plane strain condition as well as to act to guide the loading rod accurately along the 1

ne

'k tip. NRT specimens are subjected to sustained and cofistant flexure load in a temperatyire
medium and the time to on-set cracking as defined in3.3 is determined from the measuied

ction curve (see 3.2 and Annex A). In the NRT specimen, the slow cracking can be initiated i
shorter time due to the possibility of constrained efack tip deformation induced by the sam
ading geometry, hence allowing higher stress intensity to develop at the crack tip with
ling.

na
ple
but
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Key
W | width of the ring
Wy width between sidewall notches

R1| inside radius

span lefigth
razephetch depth

applied load

S~ Q U

Ry | outside radius diameter of loading and supporting rods

t | wall thickness

Figure 1 — The diagram and‘loading configuration of NRT specimen

5 | Apparatus

5.1 Loading apparatus

A quitable device for lodding the ring specimen in a sustained and constant manner under flexure mode
shall be used. The device may utilize dead weights, pneumatically actuated loading or any other means
for] producing a sustained constant load with accuracy better than +1,0 % of the applied|load. The
lodding, supporting and guiding rods (see Figure 1) are made from a 316 stainless steel having the same
ground surfage-and they are positioned parallel to each other. The guiding rod guides the lqading rod
right on top of the inner wall notch by means of adapting the sidewall notches (see Figures 1 aond 5). An
impressieh of a typical loading jig is shown in Figure 2.

D= | g ] 3 =
5.‘. Rl UCTTICCUUIT INITASUT'IIIE UCVILT

Ring deflection of the mid-span containing the plane of the crack front (see Figure 1) shall be measured
by means of a suitable device that will not influence the specimen in any way. Particular caution should
be practiced to ensure the stability of the measuring device with time, temperature and humidity. The
device shall be capable of deflection measurement with accuracy better than +1,0 % and a resolution
of 0,01 mm. Since it is important to continuously monitor the deflection, it is recommended to use an
automatic deflection measuring system. An example of an electronic displacement gauge and its assembly
to an overall loading-measuring device is shown in Annex A. The measurement shall not be influenced
by any mechanical and/or electric disturbances that may end up in the deflection curve being obtained.

© IS0 2012 - All rights reserved 3
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5.3 Ten

A suitable
of the sp4d
versa. The
the loadin
specimen
evaporati

5.4 Tes

The tests

5.5 Timing device

A suitablg

measurement is recommehnded to be better than +1 % of the elapsed time.

5.6 Mic

A travelli
accurately

Figure 2 — Flexure apparatus for loading notched ring specimen

hperature chamber

chamber should contain the environment needed for this test and ensure complete immers
cimen. The construction material of this chamber shall not affect the environment or v
chamber can usually be closed with a lid to prevent;medium evaporation as well as to prot
g-measuring apparatus. The temperature of the.eénvironment is controlled to maintain {
b within £1,0 °C of the specified test temperature. Replenishment of the lost medium due

t medium

hre usually performed in water, unless stated otherwise.

e timing device thab can monitor time accumulation shall be used. The accuracy of {

roscope

hg mieroscope or an equivalent device is used to measure the initial razor notch leng
r after'the slow crack test. The recommended resolution for this method is +100 pum.

on
ice
pct
he
to

bn is achieved best through the use of an auxiliary container using gravity feeding to minimfize
temperatyre variation during feeding.

he

rth

NOTE

A combination of digital camera and image processing software is considered a readily available
solution. This method can provide a razor notch depth measurement with required accuracy and convenience.
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5.7 Notching apparatus

5.7.1 Inner wall notching device

The device shall be capable of producing a sharp notch at the inner wall of the ring specimen at a cutting
speed of less than 300pum per minute.

NOTE Such cutting speeds are generally available in a typical universal testing machine and the load-
displacement curve can be readily obtained simultaneously by installing the notching device on such machines
[see Figure 3b)]. Higher notching speed is known to create abnormality at the notch tip which can affect the slow

I PRI TP PN
Cracrctttatiohs

It s recommended that the device utilized is also able to produce load-razor blade displacenjent curve
dufing notching for the purpose of checking consistency and uniformity of notching. The|notch| tip radius
produced depends on the type of razor blade (blade thickness not exceeding 0,2 mm),and shall b less than
10|um. A broaching device is also acceptable provided that the notch tip radius is-also less than 10 um.

Figure 3 shows an inner wall notching device. It consists of a removable arm for accommoglating the
razor blade holder, depth adjusting parts and the ring specimen, a base to\hold the arm perpendicular
to the compression load and a mechanism for firmly holding the base t¢ the universal testinglmachine.

5.7.2 Sidewall notching device

A suitable device capable of machining a 90° angle “V”-nofch at each sidewall of the ring|specimen
opposite each other and the notch tips in the same plane (see Figure 1) shall be used. The devjice should
provide anotching rate 0of 0,010 + 0,002 (mm/rev)/tooth (See SO 13479 for details) and the cutter subject
to f pre-treatment amounting to 10 m of notching prioyp,to its first use. It is strongly recommenided to use
the cutter solely for this purpose and only on this material, to be replaced after 100 m of notthing. The
90p-included-angle “V”-cutter employed shall conform to ISO 6108.

© IS0 2012 - All rights reserved 5
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<39%
sov
/\?“
Key S

1 razor blade
2 notched ring specimen

b) Notching on a universal testing machine

Figure 3 — Inner wall notching device
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6 Test specimen

6.1 Specimen geometry and dimensions

The specimen configuration and the loading geometry of the NRT specimen is illustrated in Figure 1
and their dimensions are shown in Table 1 for 63, 110, 250 and 400 mm nominal diameter SDR 11 ring
specimens. Other ring dimensions may also be used. The sidewall notches shall be made parallel to the
pipe axis and the angle between the surfaces in the V-notch is 90°. The depth of the inner wall notch is
30 % of the sample wall thickness.

Table 1 — NRT specimen dimensions in mm

SOR 112 63a 110 250 400
wp > 35 >50

WINc >25+0.2

S 25 50 125 200
ad 0.3xe

D 6.0 12 14

a Other dimensions can also be used.
b Dimension chosen shall be at least WN + D.

¢ | The crack tip stress intensity factor value varies with WN.

d | e=actual wall thickness.

6.2 Specimen preparation

Thie NRT specimen may be prepared by the process of direct ring removal from a pipe or a fitting. This
rinjg is dimensioned to size after which the sidewall notching takes place and finally the Inner wall
nofching. At every stage of preparation;the method employed is designed to minimize ring deformation
anfl/or excessive heating of the specimen.

6.2.1 Ringremoval and dimensioning

The test specimens are cutfrom a pipe or a fitting using a suitable method (e.g. band saw cutting) and are
mdchined to a final widthydimension (W) within +0,2 mm tolerance (e.g. lathe machining). In both cases
th¢ method utilized shall produce minimum deformation of the removed ring in addition to hlaving two
sidewalls produced-parallel to each other. It is useful to have a ring holder (see Figure 4) which would
the ring frem.its circumference, as this would cause the ring specimen axis to position themselves
parallel to thepaxis of the holder as well as causing minimum deformation of the ring. When one sidewall
of the ring‘specimen is machined on the holder this wall surface becomes perpendicular tp the ring
sp¢cimenaxis. By removing the ring and reinserting the machined sidewall backed against the holder
the¢ second side wall being machined is ensured to be parallel to the first sidewall producgd. During
pre¢paration, the specimen should not be subjected to excessive heating or to cooling or lubricating agents.

6.2.2 Specimen notching

The specimens are notched (inner wall and sidewall notches) at room temperature (23 + 2 °C). Care must
be exercised to avoid notch tip damage such as blunting and introduction of residual stresses during
notching (e.g. excessive speed/force) as this will compromise the results. In order to obtain accurate
results with NRT specimens, all three notches need to be in the same plane.

© IS0 2012 - All rights reserved 7
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Figure]

is used to conveniently obtain parallel sidewall surfaces as as to cause minimum ring

6.2.2.1

When usi

tooth be uttilized. The sidewall notches are cut parallelto the ring axis and the notch tips are in the sa

plane thrq
is not crif
found tha
specimen

6479:2012(E)

AS
4 — Secondary machining on lathe to obtain final ring wi(@i dimension. The holder

deformation during machini@
N\
QO
Z
&

g a 90° “V”-notch cutter, it is recommended@\lat a cutting rate of 0,010 + 0,002 (mm/re

bidewall notching

ugh the thickness of the specimen (see 8gure 5). It is noted that while the speed of notch
ical, it is important to keep co-planarity of the two machined sidewall notches. It has beg
this can be best done by using a rx&@n d where both notches are made without disturbing
during notching.

v)/

me
Ing
en
he

Figure 5 — Sidewall and inner wall notches

6.2.2.2 Inner wall notching

For razor blade notching the inner wall notch is made by pressing the blade at the inner wall surface at
a speed of less than 300 pm per minute. The notch covers the distance between the tips of two coplanar
sidewall notches (see Figure 5) and shall be radially directed toward the outer surface to a specified
depth [see Figure 3b)] indicated in Table 1. Accuracy of the notch depth produced is recommended to be
+0,1 mm and it is most important that the inner wall notch produced is coplanar with the two sidewall
notches. It is recommended to record the load-razor blade displacement trace during notching and a
typical load-displacement curve is illustrated in Figure 6. In practice, the razor blade is replaced after

8
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three uses (or when noticeable deviation occurs in the load-razor blade displacement trace) and shall
not be used for any other materials or purposes.

Y A
400

350 |

300 |

Ke

250

200

150

100 -

50 |

y
displacement (mm)
load (N)

Figure 6 — Typical load-razor blade displacement curves obtained during inner

notching of 110SDR11 NRT specimens. Three curves are from three separate notchil

Ne|
no
ter

7

the same razor blade

.3 Specimen conditioning

wly machined specimens shall be stored at (23 * 2) °C and although the length of time bet\
Fching and testing’is not important it is recommended to precondition for a minimum of 24
nperature prior.to testing.

Procedure

7.1

wall
ngs using

Wween final
h atroom

Conditioning

Specimens shall be conditioned at the test temperature before applying the constant and sustained load.
The samples shall be cleaned and dried to remove any traces of dirt, oil, wax or other contamination
prior to measuring of the dimensions and temperature conditioning. In the liquid bath (or oven) where
the test is to be performed, the specimens shall be allowed to condition for a minimum of 24 h for
ring specimens of wall thickness up to 25 mm and 48 h for greater wall thickness before loading (it is
convenient to condition the ring specimen as positioned in the loading device).

7.2 Load application

After conditioning at the test temperature, with the specimen completely immersed in the test medium,
the load shall be applied to the specimen gradually and progressively, so as to avoid shock loading that

© IS0 2012 - All rights reserved
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may blunt the notch as well as cause other damages. The load application shall be achieved within 60 s,
without exceeding the required load. The applied and sustained load shall be controlled to an accuracy
of better than +1,0 % of the magnitude. Since it is important that the flexure load is applied exactly and
uniformly on top of the inner wall notch front, sidewall notches are very useful means of achieving this
requirement. Also, they work to conveniently hold the ring specimen in position during conditioning and
testing. It is noted that the load magnitude applied shall be low enough to cause slow cracking and large

enough to shorten the test duration time in the case of quality control testing.

7.3 On-set slow cracking time detection

Together yith the sustained load application, the flexure displacement gauge and timing device shall
activatedThe first noticeable abnormality to appear on the ring deflection curve (see Figures A:2'3
A.3) isinterpreted as the “on-set” of the slow cracking time. The accuracy of the deflection measurem
is recomnjended to be better than +1,0 % of the measured deflection and the time measuredisnormg
within 1|0 % of the elapsed time. The slow cracking shall be confirmed, whenever possible, throy
fracture sprface observation on every specimen tested.

NOTE In case the on-set of the cracking time is not readily apparent on the ring defléction versus time cu
(see Figurg A.4) other ways of detecting on-set cracking time can be used. One such/technique is the “modif}

be
nd
bnt
1y
gh

rve
ied

displacemgnt” method [6], which is found to bring out information regarding on-set ¢tacking time with reasonapble

accuracy a hd success.

7.4 Notch depth measurement

After completion of the test, the specimen is removed from the testmedium and cooled down to ambi
temperature. A half section of the ring containing the notch atthe centre is cut out and cooled do
for impact fracturing to reveal the fracture surface containifig a clear view of the inner wall notch. T
depth of the razor produced notch shall be measured to.an accuracy of +0,1 mm with a microscope
equivalenf means. The notch depth is reported as thé“average of measurements from at least th

different locations. For accurate results, the notch depth measured shall be within 0,29 to 0,31 of 4.

this is not{the case, it is recommended to repeat the test.

7.5 Numnber of specimens

In order tdbe able to draw unambiguousconclusions, itis common practice to testatleast three specime]

8 Testfreport

The test report includes thefollowing information:

a) areference to this‘Technical Specification, i.e. ISO/TS 16479:2012;

b) all dgtails necessary for complete identification of the product (e.g. resin, type of prody
manuffacture; production date, etc.);

d) all details of sample preparation - cutting, dimensioning, notching, etc.;

ent
vn
he
or
Fee
If

e) the load-razor blade displacement curves if using razor blade compression method for the inner

wall notching (should also include the razor blade information including thickness);
f) the machined notch depth measurement after the completion of testing;
g) the test temperature and the test medium;

h) all details of the type loading equipment, deflection measuring device, etc.;

i) the description of the method used to ensure line loading the crack front (should include deviation

of the loading line in relation to two sidewall notches, if observed);

10 © IS0 2012 - All rights reserved
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k)

D)

ISO/TS 16479:2012(E)

the load and corresponding on-set slow cracking time data (should also include all ring deflection
curves used to determine on-set cracking time) as well as the fracture surface photograph indication
of the slow crack growth. If another method other than direct observation of the deflection versus
time curve was used, provide the working description of the method;

the stress intensity factor and corresponding on-set slow cracking time data (if applicable). Specimen
dimensions for which the equation given in Annex B is not applicable, the stress intensity factor
needs to be determined and the details of the stress intensity factor calculation shall be reported;

details of any factors which may have affected the results, such as any incidents or any operations not

cpnr‘iﬁ'nﬂ inthisdocumentand rnfprring standardsor any pnccih]n deviation from these documents;

number of samples tested;

the date of the test.

© IS0 2012 - All rights reserved 11
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Annex A
(informative)

On-set slow cracking time detection

With NRT specimens, the on-set slow cracking time is typically determined from the ring deflection

curve. T

curves. H
shown in

One such
regarding
details of

Figure A.
displacem
are acquig

any influe

ring deflection curves are similar In appearance to that ol a typical Creep curve.[
Figure A.1) in that primary, secondary and tertiary regions are often observed on prior deformati
slow cracl initiation, crack growth and failure (see Figure A.2). In case the crack initiation occurs.dur
the seconflary region and growth occurs by the mechanism characteristic of “stick-slip”(growth
deflection curve appears as shown in Figure A.3. Both in Figures A.2 and A.3, the on-set cxacking tim
readily determined by simple observation of the ring deflection versus the time curve, dsindicted on {
wever, where there are cases which the on-set cracking time is not apparent in the curve
Figure A.4, a method other than simple observation from the deflection€urve should be fou
technique is the “modified displacement” method and it is found toybring out informat
on-set cracking time with reasonable accuracy and success in ‘some cases. The compl

the method are given in Reference [6].

nce on the loading accuracy.

YA

b shows an example of a notched ring loading device, having incorporated the electro
ent gauge for monitoring the accumulation of ring deflection'with time. The ring deflection d
itioned automatically at the mid-span deflection by means of a measuring stroke movement
the pneumatic loading actuator. In this particular case the spring in the gauge was removed to prev

b4 |

bee
on,
ng
he
P IS
he
as
nd.
on
bte

nic
hta
of
ent

Key

X  time (h)

Y displacement (mm)

1 primary creep

2 steady-state (secondary) creep
3  tertiary creep

Figure A.1 — A typical creep deflection curve showing the regions of primary, secondary and

12

tertiary creep

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=67c0fa53ef7ce70f6aab751e004bf4f7

ISO/TS 16479:2012(E)

0 TN IS TN N T NN SN [N TN [N TN NN S NN T N T N 1

0 20 40 60 80 100120140160 180200 X
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X | time (h)

Y | displacement (mm)

a [ On-setslow cracking time.

Figure A.2 — A typical deflection graph with on-set slow eracking time readily observed on the

curve

Y A

8

.
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1

o >

0 10 20 30 40 50 60 70 80 X

Key
X | tinte (h)
Y Ldisplacement (mm)

a  On-setslow cracking time.

Figure A.3 — A typical ring deflection curve from stick-slip crack growth
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Figure A.4 — A typical ring deflection graph where the on-set'slow cracking time is not
apparjent on the curve, modified displacement method [6] miay be applied to depict on-set
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Figure A.5 — Pneumatically a

gauge assembly

15

ed

© IS0 2012 - All rights reservi


https://standardsiso.com/api/?name=67c0fa53ef7ce70f6aab751e004bf4f7

ISO/TS 16479:2012(E)

Annex B
(informative)

Stress intensity factor plot

For the purpose of making a comparison of the NRT test to other available slow crack growth

methodol
approach
intensity |

The stress
equation

hgies with different loading geometries, such as NPT (ISU 13479]J, the stress intensity 1ac
is useful and this Annex provides the background for converting applied load intorstr
actor.

intensity factor equation for NRT specimen (see Figure B.1) is shown in Formula/{(B-1) [8]. T
s applicable for sizes from 63 mm up to 400 mm nominal ring diameters and‘the geomet

correction factor for SDR 9, 11 and 13,6 are also given in Formula (B.2). Similarly, Formula (B.3) gi}

the stress

Key
applie
diame

Tt 9 O™~

spanl

intensity factor equation for NPT specimen (Figure B.2) [9].

d load t  wall thickness
fer of loading’and supporting rods Ry inside radius

razor hotch depth R2 outside radius

ength

or
ESS

his
ric
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Figure B.1 — The loading geometry of NRT specimen
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