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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting.CPublication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 18872 was prepared by Technical Committee ISO/TC 61, PlastieS) “Subcommittee SC 2, Mechanical
properties.
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Plastics — Determination of tensile properties at high strain
rates

1

cope

This [International Standard specifies procedures for determining the tensile properties, of
extrugion plastics over a wide range of strain rates, including high rates appropriate to i

situa
rates
deten
then
meas

The measurement of properties at low and moderate strain rates is-based on ISO 527-2, which

types

2 Normative references

The

refergnces, only the edition cited applies. For-undated references, the latest edition of th

docu
ISO §

ISO §
extru

ISO ?

3 1|

the use of mathematical functions to model these results, the rate-dependence of param
mination of parameters at high strain rates by extrapolation. Tensile preperties at high str
derived by calculation. In this way, the experimental problems @nd associated err
urement of properties at high rates are avoided.

of plastics materials to which this International Standard is applicable.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.
27-1:1993, Plastics — Determination.of tensile properties — Part 1: General principles

27-2, Plastics — Determination -of tensile properties — Part 2: Test conditions for m
ion plastics

818, Plastics — Preparation of test specimens by machining

Principle

Tens

necegsary to pay attention to certain features of the design of the test assembly as described

range 0,1 mm/s to 100 mm/s. In order to maximize the accuracy of these results at the higher
Mea}urements are also made of the variation of Poisson's ratio with strain. From these results,

le stress\versus strain curves are measured in accordance with ISO 527-2 at selected s

oulding and
pact-loading

ions. Properties are determined through a combination of measurements atClow and moderate strain

ters and the
ain rates are
brs  with the

identifies the

t. For dated
b referenced

oulding and

peeds in the
speeds, it is
in Clause 5.

alues of true

stress and true plastic strain are calculated at each strain rate. A mathematical function is used to accurately
model the shape of each stress/plastic strain curve. The variation of parameters in this function with strain rate
is also modelled to enable the values of parameters at higher strain rates to be determined by extrapolation.

Stres

s/strain curves at these higher strain rates can then be derived by calculation.

4 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 527-1 and the following apply.

©I1SO
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41
true stress
oT

2007(E)

force divided by the cross-sectional area of the specimen within the gauge length at the same time as the
force is measured

4.2
true strain

i

incremental increase in the gauge length divided by the gauge length at the same time as the increase is

measured

4.3
true plastic

“Tp .
true strain at

5 Appar;

5.1

See I1SO 527
to be employ
arise in the 1

transducer, t

measuremer|

assembly so

mass and hig

5.2 Exten

To maximizg
extensomete
specimen, dg

5.3 Data-

The data-ac

enough to ag

6 Tests

6.1

Test 3

Low-s

strain

any true stress o minus the elastic component of true strain &y, at that stress

Atus

ssembly

-1:1993, 5.1, for general guidance on apparatus. Servo-hydraulic testing machines usually
ed to achieve test speeds above 10 mm/s. At test speeds above around 10 mm/s, errors
heasurement of force. These are associated with the ptesence of resonance modes in the
ne test specimen and components in the test assembly;, To maximize the speed range over
ts of satisfactory accuracy can be made, attention should be paid to the design of the
that it incorporates a high stiffness (e.g. piezoelectric) force transducer and components g
h rigidity.

lsometers

the upper limit for the test speed jat which accurate measurements are possible, light-w
rs or non-contacting devices should be employed. For the measurement of large strains
vices capable of defining a,small gauge length (typically 4 mm) should be used (see 6.2).

ecording equipment

uisition rate of.the equipment used to record force and extensometer signals shall be
curately record'the shape of the force/extension curve at all test speeds.

hecimens

need
may
force
which
test
f low

eight
n the

high

train-meastrements

For the measurement of properties at strains below the yield strain (see ISO 527-1:1993, 4.7), ISO specimen
geometries 1A, 1B or 1BA shall be used. Where specimens are cut from sheet or mouldings, the machining

shall be carri

ed out in accordance with ISO 2818.

6.2 High-strain measurements

6.2.1 At strains above the yield strain, where the stress reaches a maximum or increases only slowly with
strain, the strain distribution in the gauge region in standard specimens becomes non-uniform. In extreme
situations, this is visible as a neck, and is the reason that International Standards refer to recording the
nominal strain (see ISO 527-1:1993, 4.10) through measurements of changes in the grip separation. These
strain values have an unknown error which, for some materials, can be very large. Where higher accuracy is

© 1SO 2007 — All rights reserved
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required, an alternative specimen geometry shall be used as shown in Figure 1. This specimen has a uniform
thickness but the width is reduced from 10 mm to 8 mm by a circular waist cut at the centre of the specimen
length. The specimen thickness is not critical, so it can be machined from the central region of type 1A or 1B
specimens or from sheet or mouldings (see ISO 2818). The region of strain localization is now in the centre of
the specimen, which is where axial and transverse strains are measured. A gauge length of 4 mm + 1 mm
shall be used for the measurement of axial strain (see 6.2.2). Transverse strains are needed for the
determination of true stresses and these can be measured using transverse extensometers applied to the
specimen width or thickness.

6.2.2 Because of strain localization at strains beyond yield, a small gauge length shall be used in order to
ach|eve a fairly umform strain d|str|but|on in the gauge reglon ThIS small gauge Iength will give rise to a
i pn, standard
). At strains
surements of

satisf ctory accuracy.

7 Conditioning

See SO 527-1:1993, Clause 8.

8 Test procedure

8.1 | General

See [SO 527-1:1993, 9.1 to 9.5.

8.2 | Test speeds

Specimens shall be tested at speeds of 04 mm/s, 1 mm/s, 10 mm/s and 100 mm/s. If results gt the highest
speefl are unreliable, or if greater copfidence is required in the analysis of results (see 11.2), additional
speefls may be used which should be.sefected from the values 0,3 mm/s, 3 mm/s and 30 mm/s.

8.3 | Recording of data

Record the force and the-changes in the gauge length and width or thickness of the specimgn at suitable
interyals of time throughout'the test.

9 Calculation and expression of results

9.1 | Low-=strain measurements

9.1.1 Determination of engineering stresses o, engineering strains &, tensile moduli £ and Poisson's
ratio u

Using results from type 1A, 1B or 1BA specimens, determine the stress and strain values up to the yield strain
for each test speed (see 1SO 527-1:1993, 10.1 and 10.2). From these results, calculate the tensile modulus
values at each strain rate using the method of ISO 527-1:1993, 10.3. Calculate also an average value for
Poisson's ratio for each test over this range of strain (see Note below and ISO 527-1:1993, 10.4).

NOTE Whilst tensile modulus and stress/strain curves will vary with the speed of testing, Poisson's ratio will be
essentially constant with the test speed and strain up to the yield strain (see Note in 9.2.1).

© 1SO 2007 — All rights reserved 3
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9.1.2 Determination of true stress, ot

Calculate val

ues for the true stress oy at each strain s using the equation

o

or = — 9 (1)
2
(1— pe)

where o is an engineering stress and y is Poisson's ratio calculated from engineering strains.
9.1.3 Determination of true strain, s
Calculate values for the true strain &7 using the equation

et =loge (1+¢) 2)
9.1.4 Detefmination of true plastic strain, &Tp
NOTE Fqr the determination of properties at high strain rates, it is proposed to model measured stress/strain gurves
and extrapolafe parameters to higher strain rates. For this purpose, it is constructive to separate the effects of eldsticity
and plasticity.|lt is then possible to identify a function that describes the shape of the cufves over a wide range of|strain
and whereby pnly one parameter shows any significant variation with strain rate. Furthermore, the separation of glastic
and plastic bepaviour produces data in a form (hardening functions) required by finiteelement analyses of deformation of
ductile materigls.
Calculate values for the true plastic strain er, at each strain er using theyequation

o
ETp = G —Ep = ET —— 3
Tp = 4T ~e =T % 3)

where & is the elastic component of strain and there is ‘a*small approximation in Equation (3) based gn the
fact that g, <§ 1 so there is no need to calculate true elastic strains.
9.1.5 Detefmination of plastic strain rate, &7,
Calculate a VYalue for the effective plastic strain rate for each test by determining the gradient of a plot ¢f the
true plastic sfrain against time at the valug for plastic strain corresponding to the peak in stress or, if no|peak
is observed, the yield stress (see Note below).
NOTE THe plastic strain rate will.vary throughout a test and will generally increase at a maximum rate in the region of
the peak in stress or the yield stresSs,
9.1.6 Determination of elastic strain rate, ¢,
Where necegsary, a-alle for the elastic strain rate for each test can be calculated by determining the grgdient
of a plot of sfrain,against time at small strains where behaviour is linear.
9.2 High--strah'l-measu-cmcuta
9.21 Determination of stresses, strains and Poisson's ratio x vs strain

Using results from specimens of the geometry shown in Figure 1, determine the stress and strain values for
each test speed (see ISO 527-1:1993, 10.1 and 10.2). Also, determine curves of Poisson's ratio against strain
(see 1SO 527-1:1993, 10.4). Select a single curve of Poisson's ratio against strain that is typical of
measurements made at each test speed (see Note below).

NOTE Poisson's ratio is a difficult quantity to measure accurately, and large variations in measurements can occur

from one test to another. Through repeated measurements of Poisson's ratio, it should be possible to obtain a single curve
that is representative of the variation of Poisson's ratio with strain at each strain rate.

© 1SO 2007 — All rights reserved
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9.2.2 Determination of true stress, o

Calculate values for the true stress o at each strain & using Equation (1) in 9.1.2, where 4 is now the value for
Poisson's ratio at the strain ¢.

9.2.3 Determination of true strain, s

Calculate values for the true strain using Equation (2) in 9.1.3.

9.2.4 Determination of true plastic strains and plastic strain rates

Calcylate values for the true plastic strain at each strain & and the effective plastic strain rate.forl each test as
described in 9.1.4 and 9.1.5, respectively.

Dimensiong in millimetres
10

A
Y

¢

a8  Qrip separation = 50 mm.
b Qut radilis = 35 mm.

© 1SO 2007 — All rights reserved 5
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10 Modelling stress versus plastic strain curves

See Note in 9.1.4.

10.1 Low-strain measurements

Derive values for the model parameters oy, o, &5, and S that give the best fit, at each test speed, to the data

for true stresses or against true plastic strains &y, determined as described in 9.1 (see Annex A and
Note below) by using the equation

_ B
oT = OpT \Uf—o()}{'l—c (#Tp “ap) —| (4)

where

oy is the stress at zero plastic strain and its value is determined by the gradient (£) ghosen to reprgsent
the Jinear region of a stress/strain curve [see Equation (3)];

o; is the limiting stress at high plastic strains;

parameters Eop and g determine the mean plastic strain and the strain.range over which the incregse in
ot With &r, occurs.

NOTE THe parameters in Equation (4) have physical significance. For most plastics, o; will be the only parameter that
changes significantly with strain rate. The parameter o, is expected to increase to a lesser extent with strain rate angl, to a
good approxirpation, the ratio oy/o; can be assumed constant. Likewisg the parameters ¢, and S are generally copstant
within experimental error although, for some materials, small changes in curve shape with strain rate cgn be
accommodatef through changes in Eop-
10.2 High-strain measurements

Use Equation (4) to obtain best fits to the dataforfrue stress and true plastic strains determined over a| wide
range of strgins as described in 9.2. If the fits*to the experimental results are not satisfactory at the Higher
strains, then small changes to Equation (4).can be made to improve the fit (see Annex B).

11 Determination of properties over a wide range of strain rates

11.1 Tensile modulus

The variation of tensile~modulus with strain rate is small for plastics materials at temperatures remote filom a
relaxation region. Ferthose applications where accurate values are needed at high strain rates, these shpll be
determined Ry extrapolation of measured E values obtained by 9.1.1. For this purpose, the variation of £ with
elastic strainrate ¢ (see 9.1.6) shall be modelled using the equation

E =Ey(1-k/&") (5)

where Ey, k and n are parameters that are determined by obtaining the best fit of Equation (5) to experimental
data.

11.2 Stress/plastic strain curves

11.2.1 General
Stress against plastic strain curves at high strain rates are determined by calculation using Equation (4) in

10.1, or Equation (B.1) or (B.2) in Annex B, with appropriate values for the parameters o, oy, op and g at that
strain rate. The calculation of curves involves the determination of values for these parameters at high strain

6 © 1SO 2007 — All rights reserved
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rates by extrapolation as described in 11.2.2 or, if appropriate, 11.2.3. The results of research studies indicate
that the extrapolation procedure described gives properties of satisfactory accuracy for at least 2 decades of
strain rate above the maximum rate at which measurements are made. This limit, although somewhat arbitrary,
is adopted in the analyses that follow. However for some materials, this may be an unnecessarily low limit for
the acquisition of valid data.

11.2.2 Determination of the parameter o; (see Note in 10.1)

Plot values for the parameter o; (determined as in 10.1 or 10.2) against the logarithm of the plastic strain rate
determined as in 9.1.5 or 9.2.4. Obtain the best linear fit to the data, and extrapolate this for 2 decades in
strain rate beyond the maximum strain rate at which measurements were made. Determine the value for o at

H 4 H Y 4l alaf: ol o lat H N £ £l 1ot £ £l 'H
any uairt 1dtic witrtnm uirc IGIIHU UCTTITTICU Uy Ui PYIiuL, TIUICT TTUTTT UTe Piut Ul TTUTT uic ©Tyuativll

b = Ofg + A IOg éTp (6)
wherg the parameter oy is the intercept of the line on the stress axis and « is the gradient.

11.2.8 Determination of the parameters oy/a;, &, and S

Detefmine a single value for each of these parameters by calculating the 'mean of the values| obtained by
fitting Equation (4) to experimental data at different strain rates (see Note-below).

NOTH As explained in the Note to 10.1, for some materials the parameter &op May show a small, buf| real, variation
with girain rate. This can be modelled by assuming a linear dependénce of ¢ , on log (strain rate). Values for Eop at an
arbitrary strain rate can then be determined by interpolation or extrapolation as described for o;in 11.2.2.

12 Precision

The precision of the properties determined by.this International Standard is unknown. It will depend partly on
the accuracy of experimental data but also on the quality of the analysis and modelling of thede data using
Equations (1) to (6). The accuracy of results at high strain rates will depend on the validity of Equations (5)
and (6) used for obtaining the values‘of parameters by extrapolation. Although based on sound physical
princlples, their validity over a wide range of strain rates and for a variety of plastics materials is ot known but
can he explored through tests attemperatures below ambient. For these reasons, this Internatignal Standard
specifies a limit for the extrapalation procedure of 2 decades in strain rate above the maximum vglue at which
meagurements were madeThis limit is based on available experimental evidence and should b¢ reviewed in
futurg versions of the Intetnational Standard.

© 1SO 2007 — All rights reserved 7
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Annex A
(informative)

Modelling true stress against true plastic strain curves:
Low-strain measurements

Figure A.1 shows measured values for engineering stress against englneerlng straln for a ductile polymer

obtained at tg e rates
shown with ¢ach curve are plastic stra|n rates obtained in accordance with 9.1.5. The P0|ssons ratlo result

was obtaineq at the test speed of 0,1 mm/s.

Figure A.2 shows the measured variation of true stress with true plastic strain derived from the data in
Figure A.1 using Equations (1), (2) and (3). Values for the parameter E in Equation (3) were-obtained from the
gradient to tHe linear fit to results at low strains.

Figure A.2 also shows how experimental data can be accurately modelled using Equation (4). Values for the
parameters in Equation (4) at each test speed are given in Table A.1. It can be seen that only one parameter,

the peak strgss o, varies significantly with the strain rate.

Table A.1 — Values for the parameters in Equation (4).used to obtain the fits
to tensile data in Figure A2

Test speef Strain rate ot o £op B
(mm/s) (s (MPa) (MPa)

0,1 0,004 54,5 25 0,004 0,8

1 0,045 59,5 25 0,004 0,8

10 0,35 64 25 0,004 0,8

100 3 67,5 25 0,004 0,8

© 1SO 2007 — All rights reserved
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Y2
0,5

0,45
04
0,35
03
0,25
0,2
20 I 2 10,15
— o1
— 0,05

0 0,01 002 003 004 005 006 0,07008 0,09 0,1

Key
X epgineering strain

Y1 ehgineering stress, MPa
Y2 Ppisson's ratio

NOTE The Poisson’s ratio values were measured at a-Speed of 0,1 mm/s.

Figure A.1 — Stress/strain curves measured using type 1BA specimens at speeds
of 0,1 mm/s, 1 mim/s, 10 mm/s and 100 mm/s
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Y A
80 1
_________ 08 _
- o sest
’’’’’’’’’ 3s
0,045 0355
~
0,004
10 H
0 I I I I I I
0 0,01 0,02 0,03 0,04 0,05 0,06
X
Key
X true plastip strain
Y true stres$, MPa
megsured values
E— modelled using Equation (4)
———  predicted values using Equations (4) and (6)
NOTE THe two curves at the highest strain rate§ were obtained by calculation using Equations (4) and (6).
Figure A.2 — True stress/true plastic strain curves derived from the data
in Figure A.1 using Equations (1), (2) and (3)
10 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=2d83b16409269df7a27c14964f4c63b2

