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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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Plastics — Determination of tensile properties —

Part 1:
General principles
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This document specifies the general principles for determining the tensile prepertic
lastic composites under defined conditions. Several different types of test spe¢imen a
ifferent types of material which are detailed in subsequent parts of ISO 527\

The methods are used to investigate the tensile behaviour of the test specimens and for!
nsile strength, tensile modulus and other aspects of the tensile stresS)/strain relationsh
tions defined.

The methods are selectively suitable for use with the following materials:

s of plastics
e defined to

determining
ip under the

igid and semi-rigid moulding, extrusion and cast thermoplastic materials, including filled and

einforced compounds in addition to unfilled types; rigid and semi-rigid thermoplg
nd films;

igid and semi-rigid thermosetting mouldingimaterials, including filled and reinforced
igid and semi-rigid thermosetting sheets, including laminates;

ibre-reinforced thermosets and ther¥moplastic composites incorporating unidirecti

stics sheets

compounds;

bnal or non-

nidirectional reinforcements, sucli’as mat, woven fabrics, woven rovings, chopped strands,

ombination and hybrid reinforcement, rovings and milled fibres; sheet made from pre-i
haterials (prepregs);

hermotropic liquid crystalpolymers.

nethods are not normally suitable for use with rigid cellular materials, for which ISO
sandwich structures containing cellular materials.

ISO 2

ormative references

mpregnated

1926 is used,

heir content
applies. For

91, Plastics — Standard atmospheres for conditioning and testing

ents) applies.

ISO 2602, Statistical interpretation of test results — Estimation of the mean — Confidence interval

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Calibration and verification of the force-measuring system

[SO 9513:2012, Metallic materials — Calibration of extensometer systems used in uniaxial testing

[SO1

6012, Plastics — Determination of linear dimensions of test specimens

[SO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods
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3 Terms

and definitions

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

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

— ISO Onli
— IECElec

31
gauge lengt

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

tropedia: available at http://www.electropedia.org/

h

Ly
initial distar

Note 1 to ent]

Note 2 to ent;
ISO 527 repre

3.2
thickness

h

smaller initi

Note 1 to ent

3.3
width
b
larger initial

Note 1 to ent

3.4

cross-section

A
product of i

Note 1 to ent]

3.5

test speed
14

rate of sepa

Note 1 to ent]

1ce between the gauge marks on the central part of the test specimen
y: Itis expressed in millimetres (mm).

y: The values of the gauge length that are indicated for the specimen types in the different pd
sent the maximum relevant gauge length.

h1 dimension of the rectangular cross-section in the centrdl part of a test specimen

y: Itis expressed in millimetres (mm).

dimension of the rectangular cross-section:in the central part of a test specimen

y: Itis expressed in millimetres (mm).

itial width (3.3) and thickness (3.2), A = bh, of a test specimen

y: Itis expressed in square millimetres, (mm?2).

ation ofthe gripping jaws

y: lis'expressed in millimetres per minute (mm/min).

3.6
stress
o

normal force per unit area of the original cross-section (3.4) within the gauge length (3.1)

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

rts of

Note 2 to entry: In order to differentiate from the true stress related to the actual cross-section of the specimen,
this stress is frequently called “engineering stress”.

© ISO 2019 - All rights reserved
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stress at yield

o

y
stress at the yield strain (3.7.1)

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

Note 2 to entry: It may be less than the maximum attainable stress (see Figure 1, curve 2).

3.6.2

strength

Um

stresp at the first local maximum observed during a tensile test

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

Note P to entry: This may also be the stress at which the specimen yields or breaks (see Figure 1).
3.6.3

stregs at x % strain

O-X

stresp at which the strain, g, reaches the specified value x expressed@s a percentage

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

Note P to entry: Stress at x % strain may, for example, be useful if'the stress/strain curve does not
point|(see Figure 1, curve 4).

3.6.4

stregs at break

Op

stresp at which the specimen breaks

Note [ to entry: It is expressed in megapascdls'(MPa).

Note P to entry: It is the highest value of stress on the stress-strain curve directly prior to the sep
specimen, i.e directly prior to the load'drop caused by crack initiation.

3.7

strain

£

increpse in length perunit original length of the gauge

Note [ to entry: Itis'expressed as a dimensionless ratio, or as a percentage (%).

3.71

strain atyield

exhibit a yield

aration of the

yield strain

&

Y . . .. . .
first occurrence in a tensile test of strain increase without a stress increase

Note 1 to entry: It is expressed as a dimensionless ratio, or as a percentage (%).

Note 2 to entry: See Figure 1, curves (2) and (3).

Note 3 to entry: See Annex A for computer-controlled determination of the yield strain.

© ISO
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3.7.2

strain at break

&y

strain at the last recorded data point before the stress (3.6) is reduced to less than or equal to 10 % of

the strength

(3.6.2) if the break occurs prior to yielding

Note 1 to entry: It is expressed as a dimensionless ratio, or as a percentage (%).

Note 2 to entry: See Figure 1, curves (1) and (4).

3.7.3

strain at strength

sm
strain at wh

Note 1 to ent

3.8
nominal st
&t
representatf
of the methd

Note 1 to ent]

Note 2 to enti]
on the increa
(preferred fo

3.8.1
nominal sty

€t

nominal stra
10 % of the s
Note 1 to ent
Note 2 to ent

3.8.2
nominal sty

€tm
nominal stra

Note 1 to ent]

Note 2 to ent]

ch the strength (3.6.2) is reached

y: Itis expressed as a dimensionless ratio, or as a percentage (%).

ain

on of strain (3.7) calculated from grip displacement and the gripping distance (3.11) b
dsin 10.2.2

y: Itis expressed as a dimensionless ratio, or as a percentage (%)«

y: It may be calculated either based on the grip displacemeritfrom the beginning of the test or

Ge of grip displacement beyond the strain at yield, if the latter is determined with an extenso
F multipurpose test specimens).

ain at break

1in at the last recorded data point béfere the stress (3.6) is reduced to less than or eqy
trength (3.6.2) if the break occurs-after yielding

y: Itis expressed as a dimensionless ratio, or as a percentage (%).

y: See Figure 1, curves (2)and (3).

ain at strength

in at which the'strength (3.6.2) is reached
y: Itis expressed as a dimensionless ratio, or as a percentage (%).

y: See'Figure 1, curves (2), (3) and (4).

[y one

based
meter

hal to

39

tensile modulus

modulus of
Et

elasticity under tension

slope of the stress/strain curve o(g) in the interval between the two strains £; = 0,05 % and €, = 0,25 %

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

Note 2 to entry: It may be calculated either as the chord modulus or as the slope of a linear least-squares
regression line in this interval (see Figure 1, curve 4).

Note 3 to entry: This definition does not apply to films.

© ISO 2019 - All rights reserved
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3.10

Poisson's ratio

u

negative ratio of the strain change 4¢,, in one of the two axes normal to the direction of extension,
to the corresponding strain change 4e¢; in the direction of extension, within the linear portion of the
longitudinal versus normal strain curve

Note 1 to entry: It is expressed as a dimensionless ratio.

Note 2 to entry: Since the lateral strain change Ag, is a negative number and the longitudinal strain change Ag, is
positive, the Poissons ratio as defined in 3.10 is a positive number.

3.11]L
gripping distance
L

initidl length of the part of the specimen between the grips

Note [ to entry: It is expressed in millimetres (mm).

3.12
rigid plastic
plastjc that has a modulus of elasticity in flexure (or, if that is not applicable, in tension) greater than
700 NPa under a given set of conditions

3.13
semitrigid plastic
plastjc that has a modulus of elasticity in flexure (or, if that is not applicable, in tension) betyeen 70 MPa
and 700 MPa under a given set of conditions

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=8f9b327f80266ab0e148bd5680871062

ISO 527-1:

2019(E)

Y
O Oy @D
1
o, 2
2
Oy, Om [ 7 INL
o / /
y / / N 3
c L/ \
L/
0, > > 4
D2
D'l
51 52 Em Sy Sy E=X gtb gtb Em, Etm X
fb Em Em Eb'stb
€tm €tm

he yield point.

/or nominal strain

Figure 1 — Typical stress/strain curves

represents a brittle materialiibreaking without yielding at low strains. Curve (4) represents
e material breaking at largerstrains (>50 %).

) and (3) represent materials that have a yield point with (2) or without (3) stress increasg
Curves (2) and (3) are-eurves “stress vs. strain” up to the yield point and “stress vs. nominal §

may be either-$tress vs. strain or stress vs. nominal strain depending on equipment used.

a soft

after
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Key

X  strain an
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1  Curve (1
rubberliK

2,3 Curves (]
yielding.
beyond t

4 Curve (4]

4 Princij

4.1 Principle

ple and methods

The test specimen is extended along its major longitudinal axis at a constant test speed until the
specimen fractures or until the stress (load) or the strain (elongation) reaches some predetermined
value. During this procedure, the load sustained by the specimen and the elongation are measured.

4.2 Method

4.2.1 The methods are applied using specimens which may be either moulded to the chosen dimensions
or machined, cut or punched from finished and semi-finished products, such as mouldings, laminates,
films and extruded or cast sheet. The types of test specimen and their preparation are described in the

6
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relevant part of ISO 527 typical for the material. In some cases, a multipurpose test specimen may be
used. Multipurpose and miniaturized test specimens are described in ISO 20753.

4.2.2 The methods specify preferred dimensions for the test specimens. Tests which are carried out
on specimens of different dimensions, or on specimens which are prepared under different conditions,
may produce results which are not comparable. Other factors, such as the speed of testing and the
conditioning of the specimens, can also influence the results. Consequently, when comparative data are
required, these factors shall be carefully controlled and recorded.

5 Apparatus

5.1 | Testing machine

5.1.1 General

The machine shall comply with ISO 7500-1 and ISO 9513, and meet the.specifications gjven in 5.1.2
to 5.1.6.

5.1.2 Testspeeds

The tensile-testing machine shall be capable of maintaining thétest speeds chosen within the tolerances
specified in Table 1.

Table 1 — Recommended test speeds

Test speed Tolerance
v %
mm/min
0,125
0,25
0,5

1 +20
2
5
10
20
50
100
200
300
500

5.1.3 Grips

Grips for holding the test specimen shall be attached to the machine so that the major axis of the test
specimen coincides with the direction of extension through the centre line of the grip assembly. The
test specimen shall be held such that slip relative to the gripping jaws is prevented. The gripping system
shall not cause premature fracture at the jaws or squashing of the specimen in the grips.

© IS0 2019 - All rights reserved 7
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For the determination of the tensile modulus, it is essential that the strain rate is constant and does not
change, for example, due to motion in the grips. This is important especially if wedge action grips are used.

NOTE

and to avoid a toe region at the start of the stress/strain diagram, see 9.4.

5.1.4 Force indicator

The force measurement system shall comply with class 1 as defined in ISO 7500-1.

5.1.5 Stra

in indicator

For the prestress, which can be necessary to obtain correct alignment (see 9.3) and specimen seating

5.1.5.1 Extensometers

Contact extd
in the strain|

used, provided they meet the same accuracy requirements.

The extenso
any time duzi
automatical

For the dete
the gauge le
lengths of 5
length of 50

For smaller
Figure 2 and

nsometers shall comply with ISO 9513, class 1. The accuracy of this class shall-be att
range over which measurements are being made. Non-contact extensométers may all

neter shall be capable of determining the change in the gauge length-of the test specin
ing the test. It is desirable, but not essential, that the instrument should record this ch
y. The instrument shall be essentially free of inertia lag at the specified speed of testi

rmination of tensile modulus, the instrument shall be capable of measuring the chary
hgth of the specimen with an accuracy of 1 % of the relevant value or better for all g

mm or higher, corresponding to a requirement of absolute accuracy of +1 pm for a g
mm and to 1,5 pm, in case a gauge length of 75 min is used.

bauge lengths between 20 mm and 50 mm antabsolute accuracy of +1 pm is sufficien
Annex C.)

NOTE Dd
accuracies fo
the measurer
2,5 % for gau

pending on the gauge length used, the acctiracy requirement of 1 % translates to different ab
" the determination of the elongation within the gauge length. The constant absolute accura
hent of change in gauge length leads\toe relative accuracies of 2 % for gauge length 25 mm 4§
be length 20 mm (see Figure 2).

hined
so be

en at
ange
Ng.

ge in
rauge
rauge

[ (see

tolute
cy for
nd of
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o
0,05 % 0,25 % €
? | (150 + 1,5) um
0,037 5 mm 0,187 5 mm &
a) AL for Ly =75 mm
‘ | (100 + 1,0) pm
0,025 mm 0,125 mm &
b) AL for L, =50 mm
‘ | (50 +1,0) pm
0,0125:mim 0,0625 mm £
¢) AL for L, = 25 mm
° | (40 + 1,0) pm
0,01 mm 0,05 mm £
d) AL for Ly =20 mm
Figure 2 ~=Accuracy requirements for extensometers for tensile modulus determination at
different gauge lengths

Commonly used opftical extensometers record the deformation taken at one broad test-specimen
surface: In the case of such a single-sided strain-testing method, ensure that low strains are not
falsified by bending, which may result from even faint misalignment and initial warpage of the test
specimen, and which generates strain differences between opposite surfaces of the test specimen. It
is recommended to use strain-measurement methods that average the strains of opposite sides of the
test specimen. This is relevant for tensile modulus determination, but less so for measurement of larger
strains.

5.1.5.2 Strain gauges

Specimens may also be instrumented with longitudinal strain gauges; the accuracy of which shall be
1 % of the relevant value or better. This corresponds to a strain accuracy of 20 x 10~® (20 microstrains)
for the measurement of the tensile modulus. The gauges, surface preparation and bonding agents should
be chosen to exhibit adequate performance on the subject material.

© IS0 2019 - All rights reserved 9
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5.1.6 Recording of data

5.1.6.1 General

The data acquisition frequency needed for the recording of data (force, strain, elongation) shall be
sufficiently high in order to meet accuracy requirements.

5.1.6.2 Recording of strain data

The minimum data acquisition frequency f,;,, needed for integral transmission from the sensor to the

indicator, ca

fimin = g%x%
where
fmin  is|the frequency, expressed in hertz (Hz);
1% is|the test speed, expressed in mm/min;
Ly / L is|the ratio between the gauge length L, and initial grippingistance L;
r is{the minimum resolution, expressed in millimetre (mm), of the strain signal requin

(0]

The recordi

5.1.6.3 Re

The require

gripping dis
of force. The
below for ex

Rise rate of {

I

n then be calculated as shown in Formula (1):

tain accurate data. Typically, it is half the accuracy.value or better.

g frequency of the test machine shall be at least'equal to this data rate f, ;.

cording of force data

1 recording rate depends on the testispeed, the strain range, the accuracy and the i
fance. The tensile modulus, the testspeed and the gripping distance determine the ris
ratio of rise rate of force to the‘accuracy needed determines the recording frequenc
amples.

orce is given by Formula (2):

v
/,

thecrise rate of force, expressed in newtons per second (N/s);

ey

ed to

nitial
b rate
7. See

(2)

o

60
where

F is

E; is

A

1% is

L is

the tensile modulus, expressed in megapascals (MPa);

the test speed, expressed in millimetres per minute (mm/min);

the gripping distance, expressed in millimetres (mm).

is the cross-sectional area of the test specimen, expressed in square millimetres (mm?2);

Using the force difference in the tensile modulus range to define accuracy requirement in the same way
as for the extensometer, Formulae (3) to (5) apply, assuming that the relevant force is to be determined
to within 1 %.

10
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Force difference in the tensile modulus determination range:

AF=E -A-(g;-&1)=E -A-Ae )
Accuracy (half of 1 %):

r=5.10"2.AF=5.10"E, -A-A¢ 4

Recording frequency:

, F E -Av
Sforce =—

r E.-A-Ae-60-L-5-107
EXAMPLE Withv=1mm/min, Ae = 2 x 10-3 and L = 115 mm, a recording frequency\of f;, ... = 14|5 Hz is found.

(5)

5.2 [Devices for measuring width and thickness of the test specimens

See IFO 16012 and ISO 23529, where applicable. Use measurement tips/knife edges of sfich size and
orientation as to allow the precise determination of the dimension in-the desired location.

6 Test specimens

6.1 [Shape and dimensions

See the part of ISO 527 relevant to the material being tested.

6.2 | Preparation of specimens

See the part of ISO 527 relevant to the-material being tested.

6.3 | Gauge marks
See the appropriate part of ISO'527 for the relevant conditions of the gauge length.

If optlical extensometersatre used, especially for thin sheet and film, gauge marks on the specimen may
be ngcessary to defingthe gauge length. These shall be equidistant from the midpoint (1 fam), and the
gauge length shall’be‘measured to an accuracy of 1 % or better.

Gaugp marksshall not be scratched, punched or impressed upon the test specimen in any way that may
damage the'material being tested. It shall be ensured that the marking medium has no|detrimental
effecf on‘the material being tested and that, in the case of parallel lines, they are as narrow as possible.

Extension of the gauge marks due to stretching shall not influence the strain measurements.

6.4 Checking the test specimens

Ideally, the specimens should be free of twist and should have mutually perpendicular pairs of parallel
surfaces (see NOTE 1, NOTE 2 and Figure 3). The surfaces and edges shall be free from defects that may
influence the test results like scratches, pits, sink marks and flash. Draft angles of up to 2° and sink
marks with a thickness difference of Ah < 0,1 mm are acceptable, as are purely optical effects that do
not affect the test result.

The specimens shall be checked for conformity with these requirements by visual observation against
straight-edges, squares or flat plates, or with micrometer callipers.

© IS0 2019 - All rights reserved 11
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Specimens showing observed or measured departure from one or more of these requirements shall be
rejected. If non-conforming specimens are tested, report the reasons.

NOTE1 Injection-moulded specimens typically have draft angles of 1° (in the gauge section) to 2° (at the
shoulders) to facilitate demoulding. Also, injection-moulded test specimens are never absolutely free of sink
marks. Due to differences in the cooling history, generally the thickness in the centre of the specimen is smaller
than at the edge.

NOTE2 ISO 294-1:2017, Annex D gives guidance on how to reduce sink marks in injection-moulded test
specimens.

width determination

thickness determination
> ""min
greatest thickness, h,,,

1

2

3 smallest thickness, h
4

5 micromefer tip

a

The edge of the micrometey; tip shall have contact to the specimen within # 0,5 mm from the centre.
b The micrpmeter tip shall have contact to the specimen within + 3,25 mm from the centre.

NOTE AR = hp,,e=h%in < 0,1 mm.

min =

Figure 3 — Cross-section of injection-moulded test specimen with sink marks and draft angle
(exaggerated) and micrometer tips

6.5 Anisotropy
See the part of ISO 527 relevant to the material being tested.
7 Number of test specimens

7.1 A minimum of five test specimens shall be tested for each of the required directions of testing. The
number of measurements may be more than five if greater precision of the mean value is required. It is
possible to evaluate this by means of the confidence interval (95 % probability, see ISO 2602).
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7.2 Dumb-bell specimens that break or slip inside the grips shall be discarded and further specimens
shall be tested.

8 Conditioning

The test specimen shall be conditioned as specified in the appropriate standard for the material
concerned. In the absence of this information, the most appropriate set of conditions from ISO 291 shall
be selected and the conditioning time is at least 16 h, unless otherwise agreed upon by the interested
parties, for example, for testing at elevated or low temperatures.

the material

The p
are k

referred atmaosphere js (23 + 2} °C and (50 + 10) % RH_except when the properties of
nown to be insensitive to moisture, in which case humidity control is unnecessary.

9 PRrocedure

9.1 | Test atmosphere

s otherwise
ires.

Condpct the test in the same atmosphere used for conditioning the test specimen, unles
agreed upon by the interested parties, for example, for testing at eleyated or low temperaty

9.2 | Dimensions of test specimen
9.2.1
guida
0,1m

Measure the width and the thickness of the test Specimen (see 9.2.2), following]
nce of ISO 16012 or ISO 23529, as applicable, within the limits indicated in Figure 3, t
m for the width and to the nearest 0,01 mm for\the thickness.

the general
the nearest

Avoid measuring the thickness at the edge of the'specimen and directly in the centre (see
rectangular or sharp tip faces the long sidé.of the tip shall be parallel to the width dir
meaguring thickness, and parallel to the thickness direction when measuring width.

NOTE). With
ection when

NOTE
usual
ISO 2

For ijection-moulded test specimens, it is sufficient to determine the width and thickness

midw

9.2.2
the d

For t
of th
The {

This excludes the maximum‘and minimum thickness, which for injection moulded t4g
y is found at the edge and in the centre, respectively. Injection moulded test specimens prepa

b4-1, will generally have thickness differences due to sink marks of Ah = h,, = h,;, < 0,1 mm

ray between the shpulders.

In the case@f)injection-moulded specimens, obtained from multiple-cavity moulds
mensions ef'the specimens do not differ by more than +0,25 % between cavities.

bst spegiitiens cut from sheet or film material, it is permissible to assume that the
b central parallel portion of the die is equivalent to the corresponding width of tH

st specimens
red according

see Figure 3).

within 5 mm

ensure that

mean width
e specimen.

doption of such a procedure should be based on comparative measurements taker|1 at periodic

inter

I
dls.

For the purposes of this document, the test specimen dimensions used for calculating tensile properties
are measured at ambient temperature only. For the measurement of properties at other temperatures,
therefore, the effects of thermal expansion are not taken into account.

9.3 Gripping

Place the test specimen in the grips, taking care to align the longitudinal axis of the test specimen with
the axis of the testing machine. Tighten the grips evenly and firmly to avoid slippage of the test specimen
and movement of the grips during the test. Gripping pressure shall not cause fracture or squashing of
the test specimen (see NOTE 2).

NOTE1 Stops can be used to facilitate alignment of the test specimen, especially in manual operation.
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For gripping test specimens within a temperature chamber, it is recommended to close initially only
one grip and to tighten the second one only after the temperature of the test specimen is equilibrated,
unless the machine is capable of continuously reducing thermal stress if it arises.

NOTE 2  Fracture in the grips can happen, for example, when testing of specimens after heat aging. Squashing
can occur in tests at elevated temperatures.

9.4 Prestresses

The specimen shall not be stressed substantially prior to testing. Such stresses can be generated
during centring of a film spec1men or can be caused by the grlppmg pressure espec1ally w1th less rigid
materials. T [
(see 5.1.3). The prestress lop at the start of a test shall be p051tlve but shall not exceed the followmg Nalue:

a) for tensfle modulus measurement:

0<0y <[E, /2000 (6)

which cprresponds to a prestrain of £, < 0,05 %, and

b) for measuring relevant stresses o*, for example, o* = 0y, Or Opy:

0<oy<p*/100 (7)

If, after gripping, stresses outside the intervals given by Farmulae (6) and (7) are present ih the
specimen, r¢move these by slow movement of the crosshead, for example with 1 mm/min, untjl the
prestress is within the allowed range.

If the tensile modulus or the stress value needed.to* adjust the prestress is not known, perfom a
preliminary|test to obtain an estimate of these values.

9.5 Setting of extensometers

After setting the prestress, set and adjust a calibrated extensometer to the gauge length of the test
specimen, or provide longitudinal strain gauges, in accordance with 5.1.5. Measure the initial disfance
(gauge length) if necessary. For them€asurement of Poisson's ratio, two elongation- or strain-measpring
devices shal| be provided to actin-the longitudinal and transverse axes simultaneously.

For optical measurementscf elongation, place gauge marks on the specimen in accordance with 6.3, if
required by the system used.

Extensometers shallbe positioned symmetrically about the middle of the parallel portion and on the
centre line df thettest specimen. Strain gauges shall be placed in the middle of the parallel portion and
on the centrg line of the test specimen.

9.6 Testspeed

Set the test speed in accordance with the appropriate standard for the material concerned. In the
absence of this information, the test speed shall be selected from Table 1 or agreed upon between the
interested parties.

For the measurement of the tensile modulus, the selected test speed shall provide a strain rate as near
as possible to 1 % of the gauge length per minute. The resulting testing speed for different types of
specimens is given in the part of I[SO 527 that is relevant to the material being tested.

It may be necessary or desirable to adopt different speeds for the determination of the tensile modulus,
of the stress/strain diagram up to the yield point, and of properties beyond the yield point. After
determining stresses for the tensile modulus determination (up to the strain of €, = 0,25 %), the same
test specimen can be used to continue the test.
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It is preferable to unload the test specimen before testing at a different speed, but it is also acceptable
to change the speed without unloading after the tensile modulus has been determined. When changing
the speed during the test, make sure that the change in speed occurs at strains € < 0,3 %.

For any other testing purposes, separate specimens shall be used for different test speeds.

9.7 Recording of data

Preferably record the force and the corresponding values of the increase of the gauge length and of the
distance between the grips during the test. This requires three data channels for data acquisition. If
only two channels are available, record the force signal and the extensometer signal. It is preferable to
use ajn automatic recording system.

10 (Calculation and expression of results

10.1| Stress
Calcylate all stress values, defined in 3.6, using Formula (8):

C-zg (8)
wherje

q is the stress value in question, expressed inmegapascals (MPa);

H is the measured force concerned, expressed in newtons (N);

A is the initial cross-sectional area@fthe specimen, expressed in square millimetres (mm?2).

When determining stress at x % strain,sxshall be taken from the relevant product standafd or agreed
upon|by the interested parties.

10.2[ Strain

10.2J1 Strains determined with an extensometer

For materials and/er test conditions for which a homogeneous strain distribution is preyalent in the
parallel section of’the test specimen, i.e. for strains prior and up to a yield point, calculgte all strain
valuds, defined.in 3.7, using Formula (9):

ALy

I 9

where

€ isthe strain value in question, expressed as a dimensionless ratio, or as a percentage;
Ly isthe gauge length of the test specimen, expressed in millimetres (mm);
AL, istheincrease of the specimen length between the gauge marks, expressed in millimetres (mm).

The determination of strain values using an extensometer averages strains over the gauge length.
This is correct and useful, as long as the deformation of the test specimen within the gauge length
is homogeneous. If the material starts necking, the strain distribution becomes inhomogeneous and
strains determined with an extensometer are strongly influenced by the position and size of the neck
zone. In such cases, use nominal strain to describe the strain evolution after a yield point.
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10.2.2 Nominal strain

10.2.2.1 General

Nominal strain is used when no extensometer is used, for example, on miniaturized test specimens
or when strain determination with extensometers becomes meaningless due to strain localization
(necking) after a yield point. Nominal strain is based on the increase of distance between the grips
relative to the initial gripping distance. Instead of measuring the displacement between the grips, it is
acceptable to record crosshead displacement.

NOTE

Depending on the type of grips used and other sources of compliance such as load cells and fixtures,

crosshead dig
this is of cond

Nominal str

10.2.2.2 My

Record the
nominal stra

bq

Zt
L

is thq

is th¢
reley

is th
milli

Ly

10.2.2.3 M

Method B is
where the st
between thq

Formula (11):

pracement cam be different fTomnr grip diSpitacement especiatly at the DegITmng of the test.
ern, it is intended to correct crosshead displacement for compliance effects.

hin may be determined using Method A (see 10.2.2.2) and Method B (see 10.2.2.3).

bthod A

lisplacement between the grips of the machine from the beginning of the test. Calg

in using Formula (10):

e nominal strain, expressed as a dimensionless.ratio or percentage;

ant parts of ISO 527;

e increase of the gripping distanceoccurring from the beginning of the test, express
metres (mm).

bthod B

preferred for use with multipurpose test specimens that show yielding and neckin
rain at yield has been precisely determined with an extensometer. Record the displace
b grips of the machine from the beginning of the test. Calculate nominal strain

AL,

L

here

ulate

(10)

e gripping distance, expressed in millimetnes (mm); the gripping distance is defined in the

ed in

r, but
ment
using

(11)

is the nominal strain, expressed as a dimensionless ratio or percentage;

is the yield strain, expressed as a dimensionless ratio or percentage;

relevant parts of ISO 527;

AL,
mil

16

limetres (mm).

is the gripping distance, expressed in millimetres (mm); the gripping distance is defined in the

is the increase of the gripping distance from the yield point onwards, expressed in
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10.3 Tensile modulus

10.3.1 General

Calculate the tensile modulus, defined in 3.9, using one of the following alternatives [see Formulae (12

to (13]].

10.3.2 Chord slope

0,—-0
E,=22"°1 (12)
€27&1
wherje
H, is the tensile modulus, expressed in megapascals (MPa);

d; is the stress, expressed in megapascals (MPa), measured at the strainvalue £; =0,000 5 (0,05 %);

d> is the stress, expressed in megapascals (MPa), measured at thé'strain value £, = 0,002 5 (0,25 %).

10.3.3 Regression slope

With|computer-aided equipment, the determination of the tensile modulus, E;, using two didtinct stress/
strain points can be replaced by a linear regression procedure applied on the part of the cufve between
thesq mentioned points.

_do
b de

Iy

(13)

do . o . .
wherje Ze is the slope of a least-squares.vegression line fit to the part of the stress/strain|curve in the
e

strain interval 0,000 5 < £ £ 0,002,5, expressed in megapascals (MPa).

10.4| Poisson's ratio

Plot the width or thickress of the specimen as a function of the length of the gauge sectidn, excluding
the t¢nsile modulus région, those sections that may be influenced by changes in test speed and the yield
point, if present.

Determine theslope An/AL of the change-in-width (thickness) versus the change-in- length curve by
using a linearléast-squares regression analysis. Poisson's ratio is determined from Formulh (14):

Ae L
4220 Lo An (14)
Agl no AL

where

u  is Poisson's ratio; it is dimensionless;

Ag, isthe changeinstrainin the selected transverse direction, while the longitudinal strain increases

by Ag, expressed as a dimensionless ratio or percentage;

Ag; is the change in strain in the longitudinal direction, expressed as a dimensionless ratio or per-
centage;

L, isthe gauge length in the longitudinal direction, expressed in millimetres (mm);
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An
nes

AL

is the gauge length in the transverse direction, expressed in millimetres (mm);

s), expressed in millimetres (mm);

millimetres (mm).

is the decrease of the specimen length in the transverse direction: n = b (width) or n = h (thick-

is the corresponding increase of the length in the longitudinal direction, expressed in

Poisson's ratio is indicated as p, (width direction) or u; (thickness direction) according to the
relevant axis.

If extensom eters-are-used—itisrecommended-to-determine-Poisson-sratio-n-a-strain Fange 0 3% -<c<¢
tersaraused s recommendedtodetermine Poisson'srationasteainronge 0.3 06 < Y

(see Annex [B). The validity of the evaluation region can be determined from a plot of An‘¥s. AL,

(dimension thange in transverse direction vs. dimension change in longitudinal direction Within the

relevant gage section). Poisson's ratio is determined from the slope of the linear part of this plot.

If strain gauges are used to determine Poisson’s ratio, measurement can also be done in the dtrain

region wherf the tensile modulus is determined (0,05 % < £ < 0,25 %).

NOTE Plastics are viscoelastic materials. As such, Poisson's ratio is dependent on the stress range whefe it is

determined. Therefore, the width (thickness) as a function of length might not be a straight line.

10.5 Statistical parameters

Calculate th¢ arithmetic means of the test results and, if required, the standard deviations and the(95 %

confidence intervals of the mean values in accordance with the procedure given in ISO 2602.

10.6 Significant figures

Calculate thp stresses and the tensile modulus to three significant figures. Calculate the strain and

Poisson's ratlio to two significant figures.

11 Precisjon

See the part|of [SO 527 relevant to the/material being tested.

12 Test rgport

The test report shall inclide the information specified in Items a) to q). Add the word “tensile” to

individual and averageproperties, see Items m), n) and o0):

a) areference to thetelevant part of ISO 527;

b) allthedatanecessary foridentification of the material tested, including type, source, manufactyrer's
code nu‘ﬂbepa-nd-hi-s-t-ep),hw-hepét-hes&a-p%known;—‘r

c) description of the nature and form of the material in terms of whether it is a product, semi-finished
product, test panel or specimen; it should include the principal dimensions, shape, method of
manufacture, succession of layers and any pretreatment;

d) type of test specimen;

e) method of preparing the test specimens, and any details of the manufacturing method used;

f) if the material is in product form or semi-finished product form, the orientation of the specimen in
relation to the product or semi-finished product from which it is cut;

g) number of the test specimen tested;
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h) standard atmosphere for conditioning and testing, plus any special conditioning treatment, if
required by the relevant standard for the material or product concerned;

i) accuracy grading of the test machine and extensometer (see ISO 7500-1, ISO 9513 and 5.1.5);
j) type of elongation or strain indicator, and the gauge length L;

k) type of gripping device, the gripping distance L;

1) testing speeds;

m) for each test specimen width, thickness and test results of the properties defined in Clause 3;

2
=

hean value(s) of width, thickness and of the measured property/(ies);

0) gtandard deviation, and/or coefficient of variation, and/or confidence limits of the mean, if
equired;

—

p) dtatementas to whether any test specimens have been rejected and replaeed, and, if so,{the reasons,
dnd reasons for testing non-conforming specimens;

q) date of measurement.
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Annex A
(informative)

Determination of strain at yield

Historically, strain at yield was determined by drawing a horizontal tangent to a continuously recorded
stress-strain curve. With the advent of computer-controlled machines, the evaluation of stress/strain
curves had fo use a set of discrete data points sampled according to the properties of the recofding
electronics. Due to signal noise (electronic as well as mechanical), there is always some scatter-in the

data set avallable and this should be taken into account when deriving properties.

For the determination of the yield point, the following items are important.

a)

b)

<)

d)

Determining such points from digital data can be doneby different methods.

20

Plastic materials show a wide range of different stress/strain behaviours. The yielding region may
be a narfrow peak (e.g. for ASA) or a wide plateau (e.g. POM, moist PA6).

Determination of the strain at yield involves identifying the highest data.point within the yidlding
region (hecessary condition).

Howeveyf, the point selected should be physically meaningful: Signal noise may cause selectjon of
unsuitable points.

The point should allow meaningful design decisions. For.example, for a material showing a yidlding
plateau,|a useful design limit would be close to its beginning rather than in the centre.

Point-tofpoint comparison for a maximum value: This is a simple procedure, but it needs addifional
checks fo prevent selecting noise-related. haximum values erroneously. This may, for example,
involve lemploying a moving evaluation interval, the width of which will be system deperldent.
System |n this sense means the comhined effects of material behaviour and experimental set-ip.

Slope mgthod: This would be a méthod involving a higher amount of calculation, but feasible within
the conlputing power provided-by current PCs. A slope criterion would also involve a mpving
evaluation interval within which the regression slope of the stress/strain curve is calculated| This
method|has a smoothing/filtering effect and reduces noise influence. Additionally, a criterion
should He defined for which slope would be indicative of having found a yield point, for example:

— centre-point ofithe evaluation interval for which the slope becomes negative for the first fime;

— centre-point of the evaluation interval for which the slope attains some limiting positive yalue
for thefirst time;

FormulaTAIJ1s a proposed criterion, applied to the centre-point of a moving interval, for which the
slope becomes equal to or smaller than the stress value at this point:

£ =8[d—GSG:| (A1)

€

The advantage of such a criterion would be to identify only such yield strains that are close to the
first major slope change of the stress/strain curve. Yield strain values, however, would be smaller
than with the current methods. This method is less useful for broad yielding peaks.

Also, for a slope method, the correct width of the evaluation interval is again system dependent
and identifying it requires the user to have a thorough understanding of the test method and the
material.
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These examples show that there are multiple ways to determine strain at yield. Selecting and imposing
one of them for the sake of comparability of test results would, in principle, be possible but, considering
existing machines and the different software packages, this would be a futile attempt.

One solution could be a verification system. This verification system would involve reference data sets
(stress/strain curves) for which the relevant properties are agreed on by experts. These data sets can
be fed to any evaluation software and used to check whether, or under which parameters, the software
returns the “correct values”. This system would ensure comparability of test results while allowing
different evaluation procedures.

A similar system for tensile testing of metals was worked out. More information on this may be found

unde

For tl

=

>

wher]

The {
data

Reference {5t
ne estimation of the width of strain intervals, Formula (A.3) can be used.
A€
=fAt=f—
£
. n v n60Lr nr
lE=—=—— =—
e
is the number of data points;
is the data rate of the machine, see Formula (1Jan s71;
¢ 1isthe strain interval;

is the strain rate, in s71;
is the crosshead rate, in mm/min;
is the gripping distance, in‘mm;
o Isthe gauge length, in(mm;
is the resolution,(in mm.

train interval according to Formula (A.2) is shown in Figure A.1 as a function of th
points with theesolution r as parameter.

(A.2)

(A.3)

e number of
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