INTERNATIONAL ISO
STANDARD 16770

Second edition
2019-09

Plastics — Determination'of
environmental stress cracking (ESC)
of polyethylene — Full-notch creep

test (FNCT)

Plastiques — Détermination'de la fissuration sous contrajnte dans un
environnement donné (ESC) du polyéthylene — Essai sur gprouvette
entierement entaillée {ENCT)

Reference number
1SO 16770:2019(E)

©1S0 2019



https://standardsiso.com/api/?name=93d6bdc6759ca1e96844426a58d7d6dc

ISO 16770:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=93d6bdc6759ca1e96844426a58d7d6dc

IS0 16770:2019(E)

Contents Page

FOT@WONM ... oottt iv

00T 00 X0 ) ot o (0) o VOSSOSO \ 14

Principle

APPATATUS ...t T e 3

S U1 A W N =

TEST SPECIIMEIIS........ooooccciiiii et neses kg T
6.1 (155 ) ) OO G S
6.2 Test specimens geometry ...
6.3 Test specimen preparation....
6.3.1  GENETAL ... e

6.3.2  Test specimens machined from compression moulded sheets

6.3.3  Test specimens machined from injection-moulded type 1A multipurplose

EEST SPECIMEI ...oooiiciceece s S

6.3.4  Test specimens machined from finished products

6.4 Test specimen notching
6.5 Conditioning of the test specimens

7 R AEY 00740 00 000 1) 0 L T S S 9
7.1 (O3 0 =) = T S FR 9
7.2 Recommended teSt @NVIFONIMENT . ..ol . ceeeeeeeeeeeeesesssssssssssssssessssssssseseeseseesseseeseessessesseseeesesse s 9

7.2.1 Test environment No. 1
7.2.2 Test environment No. 2
7.3 Other test environments

8 Test procedure
8.1 Selection of detergent, reference tensile stress and test temperature
8.2 Number of test specimens to be tested. ...
8.3 Calculation of the TSt 10Ad ...
8.4  Application ofithe load to the test SPeCIMEn ...
8.5 Removing individual specimens from a chamber
8.6  Measurement of the ligament area after failure ...
9 EXPresSiOnOf TESULLS ...

9.1 Calculation of the actual tensile stress
9.2 Galculation of time to failure at the reference tensile stress

10 PI@EESION ..ot 15
11 TEEST TEPIOT L ... 15
Annex A (informative) PreciSion StAt@IMENL. ... 17
Annex B (informative) Example of a recommended test report for FNCT determination..... 20

Annex C (informative) Practical examples of fracture surfaces and corresponding definition
of failure mode

BIDLEOZTAPIY . ...

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=93d6bdc6759ca1e96844426a58d7d6dc

ISO 16770

:2019(E)

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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Introduction

Since mid-2000, the full-notch creep test (FNCT) has been widely used as one of the tests characterizing
the environmental stress cracking (ESC) of polyethylene (PE) materials used in demanding applications.
Among current ESC tests, the FNCT is relatively simple, easy to perform and still a sensitive laboratory
scale test method to characterize ESC resistance of PE materials. The advantage of FNCT is that it
enables the evaluation of the whole PE product range by variation of test conditions (test specimen
geometry, temperature, medium and load conditions).

The FNCT method was standardlzed in 2004 asaPE materlal property, with partlal prec151on statement
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laboratory tests have been performed resulting in a repeatablllty statement for 10

-sectional test specimen (Type A). Type A specimen is prepared by using modified ¢
ding conditions, which give more consistent test results compared to the origin
itions.

dition, due to recent development of new PE pipe materials, known as.PE 100 RC, w
Fantially improved crack resistance, it became necessary to definge test conditioy
rials. Testing of these materials using the conditions specified ity the previous ed
ent (i.e. ISO 16770:2004) resulted in failure times of one year‘or longer. As a conse|
ent includes extended test conditions to cover PE materials with substantially incy
tance. This accelerated test procedure using extended test)conditions allows failure
red substantially compared to conventional test conditions given in ISO 16770:2004. |
correlation between accelerated and conventional test' methods was derived; see Re
hd [9].

FNCT is a material characterization and produgtion monitoring test, which, by strictly
est conditions defined, enables relevant and;reliable comparison among similar PE
p of PE materials.
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Plastics — Determination of environmental stress cracking
(ESC) of polyethylene — Full-notch creep test (FNCT)

1 Scope

This document specifies a method for determining the environmental stress cracking (ESC) resistance
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ucts, such as pipes, fusion welds/fittings and blow-moulded PE containers to study

Normative references

tyethylermre(PETmatertats ima defimed testenvironmernt. T e test s carried out o
mens machined from moulded sheets/specimens or from finished products. The test
cted to a static tensile load when immersed into an environment such as a surfactant §
pecified temperature. The time to failure is measured.

mnethod has been specifically developed for polyethylene materials but can\be used to

bssive environments, i.e. dangerous goods and chemicals.

method is suitable for use with test specimens moulded to*chosen dimensions d

ouldings and pipes. When the test specimens are machined from extruded or mo
esults can be affected not only by properties of the material, but also by stresses oy
duced during processing.

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document(For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

94-1, Plastics — Injection moulding of test specimens of thermoplastic materials — Pa
iples, and moulding of multipurpese and bar test specimens

818, Plastics — Preparaqtien of test specimens by machining

500-2, Metallic materials — Verification of static uniaxial testing machines — Part 2: ]

testifg machines — Verifieation of the applied force

ISO 17855-2, Plastics/— Polyethylene (PE) moulding and extrusion materials — Part 2: Prepa
specimens and determination of properties
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1otched test
specimen is
olution held

evaluate PE
the effect of

r machined

compression moulded sheets or injection moulded specimens, or from finished products, such

ilded parts,
orientation

heir content
applies. For
nts) applies.

rt 1: General

ension creep

ration of test

3

T PN
ICTTIILS dITU UCIIIIILOIID

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

|

|

3.1
failu

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

EC Electropedia: available at http://www.electropedia.org/

re

complete separation of the two halves of the test specimen
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brittle failure
failure (3.1), in which the fracture surface exhibits no permanent material deformation to the naked
eye, e.g. stretching, elongation or necking down

Note 1 to entry: If the brittle area is less than 20 % of the total ligament, the failure is ranked as ductile.

Note 2 to entry: See Annex C for examples.

Note 3 to entry: The beginning of the transition to ductile failure (3.3) behaviour may be indicated by an extended
ligament, which may form in the centre (see Annex C for examples).

3.3
ductile faily
failure (3.1)
stretching, 4

Note 1 to ent

3.4
nominal lig
A

n

cross-sectional area of the test specimen remaining after notching

Note 1 to ent

3.5

measured ligament area

Ay
actual cross|

Note 1 to ent

3.6
nominal te]
O-Il

normal forc

Note 1 to ent

3.7

actual tens
oy,

normal forc

Note 1 to ent

3.8

ire
in which the fracture surface clearly exhibits permanent material deformation
tlongation and necking down

"y: See Annex C for examples.

ament area

Fy: It is expressed in square millimetres (mm?).

-sectional area of the test specimen remaining after notching determined after testing

Fy: It is expressed in square millimetres (mm#).

nsile stress

b per unit area of the nominafligament area (3.4) of the test specimen

Fy: It is expressed in megapascals (MPa).

jle stress

b per unitatea of the measured ligament area (3.5) of the test specimen

"y It is_ expressed in megapascals (MPa).

reference t

GL,ref

ensille stress

with

selected normal force per unit area of the measured ligament area (3.5) of the test specimen used for

determinati

on of comparable time to failure (3.1)

Note 1 to entry: It is expressed in megapascals (MPa).

39

time to failure at the reference tensile stress

tﬁref

time to failure corresponding to the reference tensile stress (3.8), calculated by interpolating in the
measured dependence of time to failure vs. actual tensile stress (3.7) for individual tested specimens

Note 1 to entr

y: Itis expressed in hours (h).
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4 Principle

A test specimen in the form of a square-section bar with coplanar notches in each face at the centre,
is subjected to a static load in a temperature-controlled environment containing a surface-active
detergent solution. The geometry of the test specimen is such that plane strain conditions are obtained,
and brittle failure occurs under appropriate tensile load and temperature conditions. The time for this

brittle failure to occur after loading is recorded.

NOTE 1

NOTE 2

Distilled water is also a suitable environment for carrying out this test.

For testing of PE-based container materials, other environments can also be used, such

as dangerous

good

5

5.1

s and chemicals or suitable ]ir}niﬂ tost media

Apparatus

Loading device, constructed and maintained in accordance with ISO-7500-2. The

appajratus shall be stated and reported.

A su
and
Whe
i.,e.b

Othe

The
load
bend|
show|

In a

table device for applying the load is a lever-arm loading maching-with an arm ratio
10:1. A typical example of such device is shown in Figure 1. The lever-arm ratio R is eq|
h the lever-arm is fitted with the top specimen grip and the weight carrier, it shall bg
hlanced.

r suitable loading mechanisms are permitted.

specimen grips shall be designed to prevent slippage of the test specimen and to ens
s transmitted axially through the test specimen,for example via a low-friction couplin
ing and torsion of the test specimen during the'test. An example of test specimen grip

nin Figure 2.

Idition to the above example, the tensile load may be applied directly using

pneujmatically actuated loading or any.@ther means of producing a constant load. The loz

shall
desc

be capable of applying the load)to an accuracy of +*1 %. The balanced loading a
ribed in 1SO 22088-2[3] can also be used.

class of the

between 4:1
[ual to L,/L,.
b horizontal,

ure that the
b, to prevent
assembly is

deadweight
1ding device
pparatus as

As the applied load is a critical parameter, the operation and calibration of the equipment shall be

chec
then

The
spec
The |
oper

In ca

ked on a regular basjs, oading rate shall be kept as steady as possible to avoid shoq
otched test specimen-Motor-driven loading system with speed control should be pref

Calibration of a~lever-arm machine can be checked by hanging a series of known we
men side ofthé’lever-arm and counterbalancing these in turn with weights on the we
atio of the former to the latter provides a direct measure of the arm ratio and hence a
htion of the equipment.

se 0f multiple specimens testing, care shall be taken to ensure that when one or mor

fail, 1

héremaining test specimens remain unaffected.

k-loading of
erably used.

ights on the
ight hanger.
Check on the

b specimens

NOTE

Measurement of the extension of the test specimen or movement of the lever-arm can p

rovide useful

information. The rate of extension of the test specimen increases when the initiation of the crack from the notch

haso
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L, Ly

Dimensions in millimetres

Key

1 2 3
4
51 8 6
2 9
| i ,

counterweight

low-frictjon roller on hinge

balance-|lever arm

example(of environmental chamber

weights

weight crrier

grip

1
2
3
4
5 environment
6
7
8
9

test spedimen

NOTE

Figure 1 — Loading device

The distaricesbetween the grips is 50 mm corresponding with the specimen length of 100 mm.
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mall environmental chamber (example)
oupling pin

rub screw to prevent slipping

lamp bolt

lass tube

otch

eat-shrink tube

est specimen

Figure 2 — Specimen grip assembly

Thermostatically controlled chamber, designed to contain the test environment
brsionyof at least the notched area of the test specimen(s). The chamber shall be co
rial(s) which do not affect the environment, and which are not affected by it. The ten

the

and ensure
hstructed of
hperature of

41 .0 17 £ 4+l
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temperature throughout the duration of the test.

ecified test

The homogeneity and uniform dispersal of the environment shall be ensured. If the cloud point of the
environment solution is lower than the test temperature, phase separation occurs and so moderate
laminar flow or adequate stirring equipment is required. It shall also be ensured that the results
achieved at each location in the immersion bath are the same.

5.3 Temperature-measuring device. A calibrated thermometer, thermocouple or thermistor with an
accuracy of +0,2 K is suitable.

5.4 Timing device, with an accuracy of the timing device shall be +1 min. The timing device shall
automatically indicate or record the point when the test specimen fails by excessive displacement of

the g

© ISO
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5.5 Notching device, designed so that the notches in the specimen are coplanar and the plane of the
notching is perpendicular to the tensile axis of the test specimen. The machine shall have a device to
ensure that the notches are placed in the centre of the test specimen. The notch tip radius shall be less

than 10 um.

Indentation using a razor blade of appropriate thickness is a preferred method for notching the tests
specimens. Recommended razor blade thickness is 0,15 mm to 0,25 mm.

Alternatively, a cutting machine with a tool as broaching device can also be used to machine the notches,
provided that the notch tip radius is less than 10 pm.

5.6 Optic
device, is re
the notches)

juired to allow accurate measurement of the actual ligament area (area between thet
after failure. The accuracy of the measurement shall be better than +0,01 mm?.

6 Test specimens

6.1 Gene

The method
specimens (
different co
the test sped
and recorde

6.2 Tests

The test spe

ral

nditions, may give results which are not comparable. Othigr+factors, such as conditioni

d.

pecimens geometry

cimen geometry, showing notch and the ligament area is given in Figure 3.

1l device. A sultable optical device, such as a measuring microscope, comparator or 51Jnilar
P

s of

specifies preferred dimensions of the test specimens. TestSOwhich are carried olit on
f different dimensions or with different notches, or speciméns which are prepared ynder

Ing of

imens, can also influence the test results. Consequently;all these factors shall be contrplled

© ISO 2019 - All rights reserved
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d
Key
1 ljgamentarea
2 n[otches
w  Width
b  thickness
I length
d 1otch depth

Figure 3 — Test specimen,showing the notch and the ligament area

The dimensions of the test specimen§ are given in Table 1. The appropriate test specimen type will be
seledted according to polymer end-use application.

Table 1 — Dimensions of the test specimens

Test specimen Length Width Thickness Notch depth
type mm mm mm mm
A 100 £ 2 10,0 £0,1 10,0 £0,1 1,6
B 902 6,0+0,1 6,0+0,1 1,0
C 100+ 2 10,0+ 0,1 40201 1,6/0,6

Type A test specimen is intended for pipe or sheet materials.

Type B test specimen isintended for extrusion or hlow mnnlding materials

Type C Test specimen is intended for injection moulding materials.

If other test specimens are used, these shall be made such that the ligament area is approximately 50 %
of the total cross-sectional area of the specimen. This is to make sure that test specimen failure will

occur under the prescribed conditions of brittle mode.

NOTE 1
material.

NOTE 2

conditions and test conditions are used.

© IS0 2019 - All rights reserved
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6.3 Test specimen preparation

6.3.1 General

The test specimens shall be prepared from compression moulded sheets, from injection moulded
multipurpose test specimen type 1A according to ISO 20753, or from finished products (pipes,
fittings, etc.).

6.3.2 Test specimens machined from compression moulded sheets

For compression moulding, the moulding conditions given in Table 2 shall be used. ISQ 293[1]

1SO 17855-2 and 1SO 11542-2[2] give additional general guidelines for moulding and cooling conditjons.
Table 2 — Conditions for compression moulding of the test specimens
Thickneks Moulding Average cooling | Preheating time Full pressure Full pressyre

temperature rate time

mm °C °C/min min MPa min
6+8,§ 180 15+2 20 5 10
10+g.§ 200 35+15 25 10 40

NOTE 1 Highler value of upper tolerance of the thickness enables adopting the sheet thickness to its nominal value.

NOTE 2 Prel
Use of a positi
The demouldj

The control o
cooling rates
machine is ca

eating pressure is 0,5 MPa.
ve mould is necessary.
ng temperature shall be < 40 °C.

F moulding parameters, especially the cooling rateis critical during test specimen preparation. Incons
an lead to significant deviations in test results‘due to the effect on crystallinity. It is critical that the mouy
bable of maintaining a constant cooling rate}

stent
Iding

After compi
test specim

temperature.

If the tested
the compres
is done. The

The test spd
with 1SO 28

6.3.3 Tesf

ession moulding, annealing of the test specimens shall be carried out by conditionin
bns for 3 h in an oven at a temperature of 100 °C and then slowly cooled down to

PE material is a powgder, it may be necessary to calendar or compound the material pr

use of different moulding conditions will affect the test results.

cimens shall/b€ machined to size from the moulded sheet or test specimen in accord
|8 at least-24'h after moulding.

| specimens machined from injection-moulded type 1A multipurpose test specim

o the
foom

orto

sion moulding step:ltis essential to make sure that the powder is heat-stabilized when this

ance

211

The test spe

: 1111 11 h P £ AP - . : - A
HIICIIS STIdIT UT pIepdicua Dy HIdUINITHITE IT O HITUILTPpUT pUST LESUSPCLIICIT LY PpC 11‘\, prep

in accordance with ISO 294-1 and ISO 17855-2.

6.3.4 Test specimens machined from finished products

ared

When testing finished products, the test specimens shall be cut from extruded or moulded products in
accordance with ISO 2818.

6.4 Test specimen notching

For notching the test specimens, a suitable notching device (5.5) shall be used. The test specimens shall
be notched at room temperature. Notching shall be performed at least 24 h after the test specimen
preparation to allow for stress relaxation. Care shall be taken to avoid blunting the notch during this
operation, e.g. to avoid use of excessive speed and/or force, as this will invalidate the test results.

8 © IS0 2019 - All rights reserved
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When a razor blade is used, the speed of razor indentation shall not be higher than 0,5 mm/min. One
razor blade shall be used for producing no more than 64 notches.

For any notching device used, the tolerance on the required notch depth shall be +0,1 mm.

Notch integrity shall be checked microscopically after performing the test. Test specimens with non-
conforming notches shall be discarded.

6.5

Conditioning of the test specimens

Unless otherwise specified, the notched test specimens shall be stored at (23 + 2) °C, or at (27 = 2) °C

fort
16 h
shall

Opical COUTITTES, amd conditioned i the teStenvIiTonment at teSt teMperature for a per

be started at least 24 h after notching the specimens.

od between

and 24 h after clamping in the loading apparatus, prior to loading. Conditioning the.tegt specimens

Matgrials containing fillers or additives that are susceptible to moisture uptake-shall bg stored and

cond

7

7.1

The
matd

To nf

itioned at the appropriate temperature at (50 = 10) % relative humidity.

Test environment

General

pffect of a detergent on polyethylene varies with density‘of the PE material. For lowe
rials, this effect can be more severe than if water oraixalone is used.

aintain constant bath conditions, the activity of the detergent solution shall be m

suitable technique, for example by measuring the pH value or other relevant parameter d

the d

etergent nature.

I density PE

onitored by
epending on

e in activity.

Specimens of a control material can be tested.in the solution to verify that there is no chang
The test results using different detergents are not comparable.
7.2 | Recommended test environment
7.2.1 Test environmentNe. 1
Non4ionic neutral type nonylphenol ethoxylate detergents (CAS No. 9016-45-9)1)
The general formula-of this type of detergent is shown in Figure 4:
H
o) C
S
/\/ C O1H
L

X
CgH19

Figure 4 — Formula of the test environment No. 1

The value of n can be 10 or 11.

1) Arkopal® N100, N110 is an example of a suitable product available commercially. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of this product.

© ISO
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The test environment No. 1 is suitable for use in testing at elevated temperatures and is sufficiently
aggressive to produce failures in reasonable times for standard PE materials defined in this document.
A detergent with a value of n = 11 gives shorter failure times than one for which n = 10.

Using distilled water, a sufficient quantity of solution shall be prepared, of a concentration equivalent
to 2 % mass fraction of detergent. A complete immersion of the test specimens shall be ensured. The
concentration and designation of the environment shall be clearly specified in the test report, as the
test result may depend on the surfactant used.

The solution shall be aged for 14 days at the test temperature before use to ensure consistent results.
After a maximum of 2 000 h use, the solutlon shall be renewed due to ac1d1f1cat10n of the detergent

the test, to limit the dlsturbance of the non- falled test spec1mens For test spec1mens with a very|long
failure time} renewing the solution during the test is allowed, but disturbance shall be prévent¢d as
much as pogsible. If the solution is renewed during the test, it shall be stated in the test report. Aging is
not required for the renewed solution while the test is running. New test specimens shall'riot be placed
in the renewed solution before 14 days of aging at the test temperature.

Suggestion is to use a buffer to maintain the pH value of the solution at a level bétween 9 and 10. As an
example, nafrium carbonate can be used.

7.2.2 Test environment No. 2

Aqueous so¢lution containing alkyl dimethyl amine oxide type of detergents, e.g. Lauramine
oxide (CAS No. 85408-49-7)2)

The general|formula of this type of detergent is shown in Figure’'5:

H
H;C_ | 2 CH
C
H;C H, n H2

Figure 5% Formula of the test environment No. 2

Test environment No. 2 isdnigre stable at elevated temperature and is a more aggressive detergenf and
gives shortdr failure tinfes<Compared to the test environment No. 1€, For these reasons, such aqyeous
solution corftaining atkyl dimethyl amine oxide type of detergents is suitable for testing PE matgrials
with substaptially<ncreased resistance to ESC, such as bimodal or multimodal PE pipe grades.

The test enyironment No. 2 has a non-ionic character when the pH value is higher than 7 and a catjionic
character withZa p” value up to 3 The a]lzy] chain ]nngfh has 2 range fromn=-4to8withn=54nd 6

being predominant.

Using distilled water, a sufficient quantity of solution shall be prepared, of a concentration equivalent to
2 % mass fraction of detergent. A complete immersion of the test specimens shall be ensured.

The tests carried out by using freshly made up solutions of some detergents may give variable results,
so the solution shall be aged for 4 days at the test temperature before using.

NOTE Changes in pH at the start of the test are not an indication of changes in aggressiveness of the detergent
mixture.

2) Dehyton® PL is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Itis recommended to renew the detergent solution after each test, so that each test specimen is tested in a
freshly made solution. If this is not possible or undesirable, it is recommended that the solution is renewed
after 2 000 h to exclude possible variations even though aging is limited for test environment No. 2.

7.3 Other test environments

Other surface-active environments may be used, if specified in the relevant product or material
standards or agreed upon between interested parties.

Generally, FNCT is suitable for comparative testing of PE materials with other chemicals, including
distilled water. Therefore, tests addressing the ESC behaviour of PE-based container materials in

cont

The
used
give
itself

If su
be ag

8

8.1

The
detel
the H

NOTH
know

Test procedure

ct with potentially aggressive environments, such as dangerous goods, can be perfori

Lest report shall contain full details of the identity, concentration and produgcerof 4
as well as the PE designation. Environments at higher temperatures, especially’aboy
different results due to absorption, chemical attack or crystalline changes-in the f
, which shall be taken into consideration when carrying out the test.

face-active environments other than those described in 7.2 are uséd) the ageing con
reed between the interested parties.

Selection of detergent, reference tensile stress-and test temperature

fest parameters as given by the relevant produgct standard shall be used. If none af]
'gent, reference tensile stress and test temperature shall be selected from Table 3, d
E material type to be tested, unless otherwisé agreed upon between interested partie

Table 3 — Test specimens and test conditions

ned.

he chemical
e 80 °C, can
olyethylene

Hitions shall

e given, the
bpending on
S.

Reference tensile
stress

MPa

Test specimen

Test environment
type

Test temperature

°C

No. 1 4,0 80

No. 2 5,0 or 4,02 90

No. 1 9,0 50

Ol > >

No. 1 6,0 50

a  If the'tensile stress of 5,0 MPa results in ductile failure (see 8.6), then retesting using tens

streSs of 4,0 MPa shall be performed.

ile

1 « Alternative stress levels are allowed for obtaining reasonable testing times, if an unk
nPE material is being tested. Results of tests using alternative stress levels are not compar

nown or less
hble with the

testr

NOTE 2

14 H £, 4 | 4 H - Toll 2
SUILS ubllls ITTITITIILT LTIISIIT STITSSTS, dS5 SIVCII 1T 1dUIT O.

Lower temperatures increase the failure times, higher temperatures decrease the fai

lure times of

the test specimens. However, when too high temperature is used, ductile failure, changes in crystallinity and an
oxidative ageing can occur. The same applies when different environments are used.

NOTE 3

To ensure brittle failure, it can be necessary to investigate a broader range of stresses under certain

conditions and to identify the transition from ductile behaviour and brittle behaviour, as outlined in 8.2 and
Figure 6.

8.2

Number of test specimens to be tested

For one material, at least eight test specimens shall be tested, i.e. at least two test specimens at each of
four nominal tensile stress levels, with two levels below and two above the selected reference tensile
stress. This is to compensate for possible ligament variation introduced during the notching procedure.

© IS0 2019 - All rights reserved 11
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For example, having selected 4 MPa reference tensile stress, the recommended nominal tensile stress
levels are 3,25 MPa, 3,75 MPa, 4,25 MPa and 4,75 MPa.

For internal, routine testing four test specimens may be used, i.e. one test specimen at four nominal
tensile stress levels, with two below and two above the selected reference tensile stress.

In case of dispute, at least eight test specimens shall be tested.

For all the nominal tensile stress levels, care shall be taken when selecting the upper nominal tensile
stress levels, as these may cause occurrence of ductile failure. Test specimens showing ductile failure
shall be discarded.

For a full material characterization, it may be useful to map out its behaviour over a broader ranlge of
stresses for|a certain test environment at an appropriate test temperature. A typical example. of this
approach isgiven in Figure 6.

Y

@—~_~
10
\
E\\
\% 3R
i \
~
N
\\
1
0,1 1 10 100 1000X
Key
X  failure time (h)
Y actual tepsile stress (MPa)
O  broached notch
v razored notch
Figure 6 — Typical stress/failure time plot
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Calculation of the test load

The test load is calculated from Formula (1):

_Apxo,
9,81xR

where

8.4
The

be ta
lengf

)

is the mass, in grams, of the weights used to apply the load;

is the nominal ligament area, in square millimetres;

is the nominal tensile stress, in megapascals;

is the lever-arm ratio (equal to 1, if the load is applied directly);

.81 is the conversion factor from mass, in kilograms, to applied lead, in newtons.

Application of the load to the test specimen

hotched test specimen is carefully placed into the grips of lever-arm loading machin
ken to avoid bending or twisting the specimen. The test specimen shall be positioned

be immersed, held in the grips, into the test environment, ensuring that the notched area

with
to th

sameg

NOTH

NOTH

For 4

NOTH
little

8.5

Itis
whe
poss

!

time, the timing device shall be started.
1  Applying the load can be a majoersoéurce for error.
2 Ithas been found convenient.to lower the weight carrier using a suitable jack or other m
Iternative loading devices, the load shall be applied analogously.

3
bent. Further guidance can be found in the particular product standard.

Removingindividual specimens from a chamber

h exposed between the grips and with the noteh-plane located at the centre. The sp¢

the environment and is conditioned in accordance with 6.5. After conditioning, the cal
e lever-arm shall be applied gradually and-¢arefully, avoiding shock loading of the sped

If the specimen Hasibeen machined from the finished product, it can contain internal strg

ot recomimended to remove any test specimen from the thermostatically controlled ch
othérnon-failed test specimens are in the same chamber. This is to prevent disturban
ble early failure, of the non-failed specimens. Specimens should be removed from t

b, Care shall
with half its
bcimen shall
s in contact
culated load
imen. At the

Pans.

ssesand be a

amber (5.2)
ce, and thus
he chamber

only

8.6

iahen all cpnr‘imnnc inthe same chamher have failed

Measurement of the ligament area after failure

After allowing the specimen to cool to room temperature, the fracture surface of each tested specimen
is examined to ensure that the fracture is of a brittle type. Use an optical microscope or SEM or laser
microscope to calculate the brittle and ductile areas. If the brittle area is less than 20 % of the total
ligament area, the failure is ranked as ductile and the specimen is discarded.

The actual ligament area (4,) after failure is measured using a suitable optical device (5.6).

© ISO

2019 - All rights reserved
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9 Expression of results

9.1 Calcu

lation of the actual tensile stress

The actual tensile stress applied, oy, is calculated using Formula (2):

9,81xXRxM
L= (2)
A4y

where

oy, is the actual tensile stress applied, in megapascals;

A; is the measured ligament area, in square millimetres;

M is the mass, in kilograms, of the weights used to apply the load;

R  is the lever-arm ratio.
9.2 C(alculation of time to failure at the reference tensile stress
The time to failure of each test specimen teis plotted against the actual tensile stress applied o; .
It is necessdry that at least 25 % of actual tensile stress levels aresituated below the reference tensile
stress or ahjove it, respectively. If not, the set of experimental‘\points shall be filled in to fulfi] this
condition; ofherwise the test is not valid.
It is recomnended that the time to failure at the referencetensile stress is calculated by plotting fog t;
againstlog q;. A straight line of the form of log t;= A log\o| + Bis then fitted to the data to determinje the
values of 4, B and the correlation coefficient r2.
The time to|failure at the reference tensile stréss is then given by the antilogarithm of log (¢,.¢]- See
Formulae (3) and (4):

log(t f by )= Alog (0 e )+ B (3)

tr r=log™! [10 (¢ )] 4)

f,ref g g f’ref
Alternativel(ﬁ/, a power-lawcurve may be used (see Figure 7). In this case a power-law curve is fitted to
the data to dleterminethe values of the constants C, n and correlation coefficient r2. The time to fdilure
at the refergnce tensile stress o}, ¢ is then given by Formula (5):
5 " 5
tf,ref - X\ﬂL,ICJF/ ( )

14
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The fised evaluation method (log-log or power-law) shall be recorded in the test report.

10 Precision

A précision statement is given in.Annex A.

Majofr sources of error are the following.

a) 1
b) 1
c

d) The telerances on the temperature of the test environment are not respected.

e)

Th&environment has aged or is not homogeneous.

During test speciménypreparation, the moulding conditions are not strictly respected.

'he notch-isitoo blunt after notching, and/or various parts of the notch are not coplang

re 7 — Example of a typical stress/failure time‘plot (PE-grade at 50 C, test environpment No.1)

f the load is applied too quickly, blunting of the notch may occur, invalidating the results.

I.

f) Specimens are removed from the temperature-controlled chamber while other specimens in the
same chamber have not failed yet.

11 Test report

The test report shall include the following information:

a) areference to this document, i.e. ISO 16770:2019;

b) all details necessary for complete identification of the test material, such as manufacturer,
production data, etc,;

© IS0 2019 - All rights reserved
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c) all details necessary for identification of the test specimens, such as test specimens preparation

method

d) the test

and conditions;

specimen dimensions;

e) the method of notching used, i.e. indentation of a razor blade or broaching;

f) all details necessary for complete identification of the test environment used;

g) the temperature and concentration of the test environment;

h) the actual tensile stress, based on the measured ligament area, applied to the test specimens;

i) the timd

j) the evaluation method (log-log or power-law);

k) any dev
1) the datd

An example

e to failure (or duration of test if failure did not occur);

iations from the method specified in this document, such as moulding conditions;
and time of the start and end of the test.

of a recommended test report is given in Annex B.

16
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Annex A
(informative)

Precision statement

A.1 General

A.1.1 Reproducibility for Type A test specimen (10 mm x 10 mm cross-section

A.1.1.1 Interlaboratory tests were performed in 2008 with 10-mm thick test spécimen, ma
compression moulded sheets (see Table 1, type A). The aim of the tests was to verify modified
moulding conditions used. These conditions gave more homogeneous test results, compar
obtajned using moulding conditions from the previous edition of this docurhent (i.e. ISO 1677
results have subsequently been confirmed by smaller-scale interlaboratery'testing performec

A.1.1.2 The 2008 interlaboratory tests included one PE-HD eXtrusion material and 13
from|eight European countries. All the test specimens were compression moulded and not
laboyatory, which also distributed the detergent for dilution:te all participants. The tests stri
the ISO 16770:2004 requirements. The moulding conditiens as given in Table 2 for spec
were used. Three test specimens were tested per each.nominal tensile stress level (3,25 MH
4,25 MPa and 4,75 MPa), i.e. a total of 12 test specimens tested by each participant.

A.1.1.3 The 2013 interlaboratory tests verified the 2008 test results. These tests included

)

chined from

fompression

bd to results

):2004). The
in 2013.

laboratories
ched by one
'tly followed
men type A
a, 3,75 MPa,

the identical

PE-HD material and identical test conditions. The tests were conducted by five laboratories from five

European countries. An improved moulding-machine was used for compression moulding th
enablling control of the moulding parameters, namely cooling rate. Due to insufficient test
full qtatistics analysis was not performed; however, a lower standard deviation of the av
compared to 2008 results was achieved.

A.1.1
meth
only
analy
pring

4 Table A.1 is based on interlaboratory tests performed in 2008. Due to the nature

considering the Aoltowing assumption: failure times for individual stress levels fron
sis were taken as-arithmetic mean values with corresponding confidence intervals. Ba
iples, the basic-statistics for FNCT were determined and repeatability identified.

A.1.1.5 Table A.2 is based on verification tests performed in 2013 using identical mate

b test sheets,
ng points, a
brage values

of the FNCT

od, a relevant statistical evaluation (95 %-repeatability limit r) could be derived for this test,

I regression
bed on these

rial and test

condrtions.

A.1.2 Reproducibility for type B test specimen (6 mm x 6 mm cross-section)

A.1.2.1 A partial precision statement was included in ISO 16770:2004, based on interlaboratory tests
conducted in 2000 on test specimens machined from compression moulded sheets (see Table 1, type B).
Moulding conditions were used as given in Table 1. In 2005, the 2000 interlaboratory tests results were
verified by a smaller-scale testing programme conducted by four European laboratories. A similar PE-HD

material was used. The test conditions were in both cases identical - three test specimens

were tested

per each nominal tensile stress level of 8,25 MPa, 8,75 MPa, 9,25 MPa and 9,75 MPa, i.e. a total of 12 test
specimens tested by each participant. In both interlaboratory testing programmes, unnotched test

specimens were distributed by one laboratory to the participants for notching and testing,
the detergent for dilution.

© IS0 2019 - All rights reserved
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A.1.2.2 From the 2000 interlaboratory tests: Repeatability for type B test specimens at four different
stresses was identified. For a reference tensile stress of 9 MPa, the failure time was 30,9 h with 95 %
confidence limits of 0,5 h. The standard deviation from the regression line was 1 h.

A.1.2.3 From the 2005 interlaboratory tests: The repeatability for Type B test specimens at four
different stress levels was identified for similar PE-HD material. For a reference tensile stress of 9 MPa,
the failure time was 24, 2 h. The confidence limits and standard deviation from the regression line were
confirmed. Therefore, the compression moulding conditions as defined in ISO 16770:2004 have been
found satisfactory and are maintained in this document.

A.2 Stati

CAUTION —
following e
the approx
should not
to the inte
laboratorie

stical evaluation

- Due to a limited number of laboratories, materials and the specifics of the ENC']
kplanation of r (see A.2.1) is only intended to present a meaningful way of considg
imate precision (repeatability) of this test method. The data in Tables A.1 ang
be rigorously applied to acceptance or rejection of material, as those(data are sp¢
rlaboratory tests and may not be representative of other conditions, materia
S.

A.2.1 Conceptofr

Repeatabilit
differ by mg
between tw
equipment i

y: two test results obtained within one laboratory shall be judged not equivalent if|
re than the r value for that material. r is the intervalxepresenting the critical diffef
o test results for the same material, obtained by.‘the same operator using the
h the same laboratory.

[, the
ring
| A.2
cific
Is or

they
ence
bame

The judgemlents in Tables A.1 and A.2 will have an apptoximately 95 % (0,95) probability of being

correct.

A.2.2 Staf
In Tables A.
s, within

r 95%r

n numbd

A.2.3 Staf

istical properties

| to A.3, the statistical properties used are:

laboratory standard deviation
ppeatability limit = 2,8,s;

r of laboratories

istical parameters for Type A test specimen

Table A.1 — 2008 Precision data for FNCT failure times ¢; .. for o= 4 MPa

Values in hours
Material Evaluation n Fai lure Sy r
time
h h
Power-law function 13 86,4 9,6 26,8
PE-HD1
Log-log scale 13 84,6 6,5 18,3

18
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Table A.2 — 2013 Confirmation of 2008 data for FNCT failure times ¢;..¢for o, = 4 MPa

Values in hours

Material Evaluation n Failure S, r
time
h h
Power-law function 81,9 2,13 6,0
PE-HD1
Log-log scale 81,9 2,07 5,8
A.2.4 Statistical parameters for Type B test specimen
Table A.3 — Precision data for FNCT failure times t;, ¢ for o;= 9 MPa

Material Evaluation n Failure time Sy Sy rel

h %

PE-HD2 Log-log scale 8 30,9 5,3 171
PE-HD3 Log-log scale 4 24,2 3,4 14,0

©1S0 2019 - Allr
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