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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International

Electrotechni

International

cal Commission (IEC) on all matters of electrotechnical standardization.

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

The main tag
adopted by
International

Attention is d

rights. ISO shall not be held responsible for identifying any or all such patent rights.
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75 mm. |
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relative {

where sfrains up to the yield point-are’ determined using an extensometer, as the sum of yield strai

nominal
ISO 527 cong
— Part1: g
— Part 2T
— Part 3: 7
— Part4: T

k of technical committees is to prepare International Standards. Draft International Stan
he technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the\subject of

5 prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 2, Mechanical prop¢

pdition cancels and replaces the first edition (ISO 527-1:1993), which-has been technically re
s 1ISO 527-1:1993/Cor 1:1994 and ISO 527-1:1993/Amd 1:2005. The main changes are as fg

d for the determination of Poisson’s ratio has been introddced. It is similar to the one
D638, but in order to overcome difficulties with precisien of the determination of the |
on at small values of the longitudinal strain, the strain_interval is extended far beyond the
r the modulus determination.

s and methods have been optimized for computer controlled tensile test machines.

[his is used especially in ISO 527-2.

strain in general will be calculated as crosshead displacement from the beginning of the
o the gripping distance, or_as\the preferred method if multipurpose test specimens are

Strain increment after the'yield point, the latter also relative to the gripping distance.

ists of the following.parts, under the general title Plastics — Determination of tensile prope
eneral principles

bst conditions for moulding and extrusion plastics

st conditions for films and sheets

dards
S an

atent

priies.

Vised.
lows.

used
ateral
strain

brred gauge length for use on the multipurpese test specimen has been increased from 50 mm to

strain and especially nominal strain at break will be determined relative to the gripping distance.

test,
used,
n and

rties:

st’caonditions for isotronic and orthotronic fibre-reinforced nlastic comnosites
SHGOREHHOARSHOIHSOHOPIc—aRa-6HROH ORI HPFo-FeHRHOF6O6-PraSHE-GEHIPOSHES

— Part 5: Test conditions for unidirectional fibre-reinforced plastic composites
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Plastics — Determination of tensile properties —

Part 1:
General principles

1 Scope

1.1

plasti
types

1.2

streng

1.3

The methods are not normally sditable for use with rigid cellular materials, for which 1ISO 1926 i
sand

2 N

The
referd
(including any-amendments) applies.

ISO 2

This part of ISO 527 specifies the general principles for determining the tensile properties
C composites under defined conditions. Several different types of test specimen are defined t4
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 determin
th, tensile modulus and other aspects of the tensile stress/strain relationship-under the condition|

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

—

gid and semi-rigid (see 3.12 and 3.13, respectively) moulding,/eXtrusion and cast thermoplas
ncluding filled and reinforced compounds in addition to unfilled types; rigid and semi-rigid tH
gheets and films;

-

gid and semi-rigid thermosetting moulding materials,'including filled and reinforced compou
emi-rigid thermosetting sheets, including laminates;

(7))

—h

bre-reinforced thermosets and thermoplastic composites incorporating unidirectional or non-
binforcements, such as mat, woven fabries, woven rovings, chopped strands, combinatid
reinforcement, rovings and milled fibres; sheet made from pre-impregnated materials (prepr

—

thermotropic liquid crystal polymers.

vich structures containing.cellular materials.
ormative references

ollowing refefenced documents are indispensable for the application of this documern

nces, only the edition cited applies. For undated references, the latest edition of the referend

94~ Plastics — Standard atmospheres for conditioning and testing

f plastics and
suit different

ing the tensile
s defined.

stic materials,
ermoplastics

nds; rigid and

Lnidirectional
n and hybrid

£gs),

5 used, or for

t. For dated
ed document

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

ISO 7500-1:2004, Metallic materials — Verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Verification and calibration of the force-measuring system

ISO 9513:1999, Metallic materials — Calibration of extensometers used in uniaxial testing

ISO 16012, Plastics — Determination of linear dimensions of test specimens

ISO 20753, Plastics — Test specimens

ISO 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.

341

gauge length

Lo

initial distance between the gauge marks on the central part of the test specimen

NOTE 1 It is expressed in millimetres (mm).

NOTE 2  The values of the gauge length that are indicated for the specimen types in the different parts of ISO 527
represent the felevant maximum gauge Tength.

3.2
thickness
h

smaller initialldimension of the rectangular cross-section in the central part of a test specimen

NOTE Itjs expressed in millimetres (mm).

3.3
width
b
larger initial dimension of the rectangular cross-section in the central partof a test specimen

NOTE It js expressed in millimetres (mm).

3.4
cross-sectign
A
product of inifial width and thickness, 4 = bh, of a test specimen.

NOTE It s expressed in square millimetres, (mm2)

3.5

test speed
v

rate of separation of the gripping jaws

NOTE It is expressed in millimetfes per minute (mm/min).

3.6
stress
o
normal force |per unitiarea of the original cross-section within the gauge length

NOTE 1 It jstexpressed in megapascals (MPa)

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

3.6.1

stress at yield

Oy

stress at the yield strain

NOTE 1 It is expressed in megapascals (MPa).

NOTE 2 It may be less than the maximum attainable stress (see Figure 1, curves b and c)

2 © 1S0 2012 — All rights reserved
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3.6.2

strength

Om

stress at the first local maximum observed during a tensile test

NOTE 1 It is expressed in megapascals (MPa).
NOTE 2  This may also be the stress at which the specimen yields or breaks (see Figure 1).

3.6.3

stress at x % strain

Ox

stres$ at which the strain reaches the specified value x expressed as a percentage

NOTH 1 It is expressed in megapascals (MPa).

NOTH2  Stress at x % strain may, for example, be useful if the stress/strain curve does not.exhibit a yield point (see
Figurd 1, curve d).

3.6.4
stresis at break

Ob
stres$ at which the specimen breaks

NOTH1 It is expressed in megapascals (MPa).

NOTH 2 It is the highest value of stress on the stress-strain curve-directly prior to the separation of thg specimen, i.e
directly prior to the load drop caused by crack initiation.

3.7
strain
&
incregse in length per unit original length of the\gauge.

NOTHE It is expressed as a dimensionless\ratio, or as a percentage (%).

3.71
strain at yield
yield|strain

&
y

the fifst occurrence in a ténsile test of strain increase without a stress increase
NOTH 1 It is expressed as a dimensionless ratio, or as a percentage (%).

NOTH 2 SeeFigure 1, curves b and c.

NOTH 3 , See Annex A (informative) for computer-controlled determination of the yield strain.

3.7.2
strain at break

24)

strain at the last recorded data point before the stress is reduced to less than or equal to 10 % of the strength
if the break occurs prior to yielding

NOTE 1 It is expressed as a dimensionless ratio, or as a percentage (%).
NOTE 2 See Figure 1, curves a and d.

3.7.3

strain at strength

&m

strain at which the strength is reached

NOTE It is expressed as a dimensionless ratio, or as a percentage (%).

© 1S0O 2012 — All rights reserved 3
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3.8

nominal strain

&

crosshead dis

NOTE 1 It

NOTE 2  Iti

NOTE 3

placement divided by the gripping distance
is expressed as a dimensionless ratio, or as a percentage (%).

s used for strains beyond the yield strain (see 3.7.1) or where no extensometers are used.

It may be calculated based on the crosshead displacement from the beginning of the test, or based on the

increment of crosshead displacement beyond the strain at yield, if the latter is determined with an extensometer (preferred
for multipurpose test specimens).

3.81

nominal strain at break

&b
nominal strai

h at the last recorded data point before the stress is reduced to less than or equal to 10 %

strength if the break occurs after yielding

NOTE 1 Iti

NOTE2  Ssg

3.9
modulus

Et

slope of the {
NOTE 1 Iti

NOTE2 It
interval (see F
NOTE3 TH

3.10

5 expressed as a dimensionless ratio, or as a percentage (%).

e Figure 1, curves b and c.

tress/strain curve o(e) in the strain interval between g1 =<0;05 % and ¢2 = 0,25 %

5 expressed in megapascals (MPa).

gure 1, curve d).

is definition does not apply to films.

Poisson’s rgtio

U
negative ratid

correspondin
Versus norma

NOTE It

3.

gripping dis
L

initial length
NOTE Iti

312
rigid plastic

of the strain increment Ay, in one of the two axes normal to the direction of extension,
g strain increment Agrin -the direction of extension, within the linear portion of the longit
| strain curve

s expressed as @ dimensionless ratio.

tance

pfthe part of the specimen between the grips

hay be calculated either as the chord modulus or as.the slope of a linear least-squares regression line

of the

in this

o the
idinal

s expressed in millimetres (mm).

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

313
semi-rigid p

lastic

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

© 1SO 2012 — All rights reserved
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)

NOTH
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Figure 1 — Typical stress/strain curves

[like.material breaking at larger strains (>50 %).

Om» Op II / / — 0
oy //a/d
o,
04
1
81 82 gm gm gm X% gm
& g, & &,

Curve (a) represents a brittle material, breaking without yielding at low strains. Curve (d) represents a soft

4 Principle and methods

41

Principle

The test specimen is extended along its major longitudinal axis at a constant 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.

© 18O

2012 — All rights reserved
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4.2 Method

4.21 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 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 d|fferent dimensions, or on spemmens which are prepared under different condltlons may

the specimens, can also |anuence the results Consequently, when comparatwe data are requlred these f
shall be carefully controlled and recorded.

5 Appargtus
5.1 Testing machine

5.1.1 General

The maching shall comply with ISO 7500-1 and ISO 9513, and meet{the” specifications given in 5.1.2 to
5.1.6, as follgws.

5.1.2 Test 1peeds

The tensile-tg¢sting machine shall be capable of maintainingthe test speeds as 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.

6 © 1S0 2012 — All rights reserved
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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

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 7500-1:2004.

5.1.5 Strain indicator

5.1.5/1

Contg
in the)
provigled they meet the same accuracy requirements.

The gxtensometer shall be capable of determining the change in the gauge Jength of the test spe
time during the test. It is desirable, but not essential, that the instrument should record this change automatically.

Thei

For apcurate determination of the tensile modulus Et, an instrument ¢apable of measuring the g
gauge length with an accuracy of 1 % of the relevant value or better shall be used. When using te
of type 1A, this corresponds to a requirement of absolute accuracy of £1,5 ym, for a gauge leng
Smal

NOTH
accur
accur

Cominonly used optical extensometers recerd the deformation taken at one broad test-specime
the cg
may fesult from even faint misalignment.and initial warpage of the test specimen, and which ge
differgnces between opposite surfages of the test specimen. It is recommended to use strain-

Extensometers

ct extensometers shall comply with ISO 9513:1999, class 1. The accuracy of this)class sha
strain range over which measurements are being made. Non-contact extensormeters may

strument shall be essentially free of inertia lag at the specified speed of testing.

er gauge lengths lead to different accuracy requirements, see Figure 2.
Depending on the gauge length used, the accuracy requirement of 1 % translates to diff

hcies for the determination of the elongation within’the gauge length. For miniaturized specimeng
hcies might not be attainable, due to lack of appropriate extensometers (see Figure 2 )

se of such a single-sided strain-testing-method, ensure that low strains are not falsified by bg

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

Il be attained
hlso be used,

cimen at any

hange of the
st specimens
th of 75 mm.

brent absolute
, these higher

n surface: In
ending, which

x}erates strain

easurement

methpds that average the strains\of opposite sides of the test specimen. This is relevant|for modulus
determination, but less so for measurement of larger strains.

5.1.5J2 Strain gauges

Spec|mens may also.be instrumented with longitudinal strain gauges; the accuracy of which [shall be 1 %
of the relevant valde or better. This corresponds to a strain accuracy of 20 x 10=6 (20 microsf{rains) for the
measjurement of)the modulus. The gauges, surface preparation and bonding agents should be chosen to
exhibjt adequate performance on the subject material

5.1.6

5.1.6.1

| Recording of data

General

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

5.1.6.2 Recording of strain data

The data acquisition frequency for recording of strain data depends on

v the test speed, in mm/min;

Lo/L the ratio between the gauge length and initial grip-to-grip separation;

© 1SO 2012 — All rights reserved
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the accu

racy value or better.

r the minimum resolution, in mm, of the strain signal required to obtain accurate data. Typically, it is half

The minimum data acquisition frequency fmin, in Hz, needed for integral transmission from the sensor to the

indicator can

v

Jmin ==~

then be calculated as:

The recording frequency of the test machine shall be at least equal to this data rate fmin.

™

5.1.6.3 Reg
The required

The modulus
force to the 3

Rise rate of fi

poE 4
60L

where
E isth
A isth
v isth
L isth

Using the for
extensomete

Force differe

1 £ £ (y
OTuinyg U1 101 Uatla

the test speed and the gripping distance determine the rise rate of force. The ratio.ofrise
ccuracy needed determines the recording frequency. See below for examples.

brce is given by:

v

e Elastic Modulus, expressed in megapascals (MPa);

e cross-sectional area of the test specimen, expressed in square millimetres (mm2);
e test speed, expressed in millimetres per minute (mm/min);

e gripping distance,expressed in millimetres (mm).

ce difference in the modulus range’/to define accuracy requirement in the same way as f

nce in modulus range:

recording rate depends on the test speed, the strain range, the accuracy and the gripping,disfance.

ate of

(2)

br the

[, the following equations applypassuming that the relevant force is to be determined to within 1 %:

AF =E-f-(eg-¢1)=E-A4-A¢ ©)
Accuracy (half of 1 %):
r=5x10 xAF =510 xE- 4-Ae @)
Recording fre¢quency:
F E-A4-v
oo . A-Agx60xLx5x1073
EXAMPLE:

With v = 1 mm/min, Ae =2 x 10-3 and L = 115 mm, a recording frequency of fforce = 14,5 Hz is found.

© 1SO 2012 — All rights reserved
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0,05 % 0,25 % &
(150 £1,5) um AL for Ly=75 mm

0,037 5 mm 0,187 5 mm
P (100 £1) ym AL for L,=50 mm
0,025 mm 0,125 mm .
B (50 +0,5) um AL for L,= 25 mm

0,012 5 mm 0,062 5 mm
(40 £0,4) um AL for L,=20 mm

0,01 mm 0,05 mm

Figure 2 — Accuracy requirements for extensometers for modulus determination at different gauge
lengths, assuming an accuracy of 1 %

5.2

Javices f . idth and thick f the 1 .

See ISO 16012 and ISO 23529, where applicable.

6 Test specimens

6.1

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

6.2

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

Shape and dimensions

Preparation of specimens

© IS0 2012 — All rights reserved
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6.3 Gauge marks

See the appropriate part of ISO 527 for the relevant conditions of the gauge length.

If optical extensometers are used, especially for thin sheet and film, gauge marks on the specimen may be
necessary to define the gauge length. These shall be equidistant from the midpoint (+1 mm), and the gauge
length shall be measured to an accuracy of 1 % or better.

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

6.4 ChecK

Ideally the sp
Note below).

The specime
edges, squar

Use measurd
dimension in

Specimens s
If non-confor

ing the test specimens

ecimens shall be free of twist and shall have mutually perpendicular pairs of parallel surface
The surfaces and edges must be free from scratches, pits, sink marks and flash.

hs shall be checked for conformity with these requirements by visual observation against st
es and flat plates, and with micrometer callipers.

ment tips/knife edges of such size and orientation as to allow the precise determination
the desired location.

5 (see

Aight-

bf the

nowing observed or measured departure from one or more ofthese requirements shall be rejgcted.

Ming specimens have to be tested, report the reasons.

Injection-mo
test specime
thickness in
considered t(

Key

hm largest thig
h  smallest th
Ah = hy—h <

Figure 3

s are never absolutely free of sink marks. Due to differences in the cooling history, genera
h
be acceptable (see Figure 3).

T'Ided specimens need draft angles of 1° to 2° to facilitate demoulding. Also, injection-mo

hm

kness of test specimen in this cross-section
ickness of test’speCimen in this cross-section
,(1 mm

— Cross-section of injection-moulded test specimen with sink marks and draft ang

ulded
ly the

e centre of the specimen is smaller than at thetedge. A thickness difference of A4 < 0,1 mm is

(exaggerated)

NOTE

6.5 Anisotropy

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

7 Number of test specimens

71

ISO 294-1:1996, Annex D, gives guidance on how to reduce sink marks in injection-moulded test specimens.

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).

10
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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.

Data, however variable, shall not be excluded from the analysis for any other reason, as the variability in such
data is a function of the variable nature of the material being 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

testin

The ¢
know

9 H

9.1

Cond
upon

9.2
Deter

Reco
speci
indica
thickn

For in
centr

In the
It is g
speci

dimensions of the specimens do not differ by more than £0,25 % between cavities.

For tqg
parall
proce

g at elevated or low temperatures.

N to be insensitive to moisture, in which case humidity control is unnecessary.

rocedure

Test atmosphere

uct the test in the same atmosphere used for conditioning thetest specimen, unless othe
by the interested parties, for example, for testing at elevated.or’low temperatures.

Dimensions of test specimen
mine the dimensions of the test specimens in accordance with ISO 16012 or ISO 23529, as

d the minimum and maximum values for width and thickness of each specimen at the
men and within 5 mm of each end of the gauge length, and make sure that they are within t
ted in the standard applicable for the-given material. Use the means of the measure
esses to calculate the cross-sectionef the test specimen.

jection-moulded test specimens, it is sufficient to determine the width and thickness withir
b of the specimen.

case of injection-moulded’specimens, it is not necessary to measure the dimensions of ea
ufficient to measurezane specimen from each lot to make sure that the dimensions corrg
men type selected,(See the relevant part of ISO 527). With multiple-cavity moulds, en

st specimens cut from sheet or film material, it is permissible to assume that the mean width
el portion of the die is equivalent to the corresponding width of the specimen. The adopt
dure should be based on comparative measurements taken at periodic intervals.

For th

referred atmosphere is (23 + 2) °C and (50 + 10) % R.H., except when the properties of th¢ material are

rwise agreed

applicable.

centre of the
ne tolerances
1 widths and

5 mm of the

ch specimen.
spond to the
sure that the

of the central
on of such a

e purposes of this part of ISO 527, the test specimen dimensions used for calculating ten

ile 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).

NOTE 1 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 specimen, or can be caused by the gripping pressure, especially with less rigid materials.
They are, however necessary to avoid a toe region at the start of the stress/strain diagram (see 51.3). The
prestress og jpt the start of a test shall be positive but shall not exceed the following value,

for modulus measurement:

0 < 00 < £/2000 (6)

which corresponds to a prestrain of ¢g < 0,05 %, and
for measuring relevant stresses ¢*, €.g. ¢* = oy Of o
0 <00 <¢*100 (7)
If, after gripping, stresses outside the intervals given by Equations (6) and (7) are present in the specimen, rgmove
these by slow movement of the crosshead, e.g. with 1 mm/min, until the prestress is within the allowed range.

If the modulys or the stress value needed to adjust the prestress is not known, perfom a preliminary test to
obtain an estjmate of these values.

9.5 Setting of extensometers

After setting the prestress, set and adjust a caliprated extensometer to the gauge length of the test spedimen,
or provide lohgitudinal strain gauges, in accordance with 5.1.5. Measure the initial distance (gauge Igngth)
if necessary.| For the measurement of Paisson’s ratio, two elongation- or strain-measuring devices shgall be
provided to aft in the longitudinal and transverse axes simultaneously.

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

Extensometdrs shall be pasitioned symmetrically about the middle of the parallel portion and on the centre line
of the test specimen. Strain'gauges shall be placed in the middle of the parallel portion and on the centie line
of the test spgcimen.

9.6 Test speed

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 ISO 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 an automatic
recorgimgsyster:

10 CGalculation and expression of results

10.1 [Stress

Calcylate all stress values, defined in 3.6, using the following equation:

dq is the stress value in question, expressed in megapascals (MPa);

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

T~

A is the initial cross-sectional area of the specimen, expressed in square millimetres (mm

).
When determining stress at x % strain, x shall be taken from the relevant product standard or agreed upon by
the interested parties.

10.2 |Strain

10.2.1 Strains determined with’an extensometer

For materials and/or test €onditions for which a homogeneous strain distribution is prevalent in the parallel
sectign of the test specimen, i.e. for strains prior and up to a yield point, calculate all strain valugs, defined in
3.7, uping the following equation:

_ AL

- ©)

wher¢

¢ is the strain value in question, expressed as a dimensionless ratio, or as a percentage;
Lo is the gauge length of the test specimen, expressed in millimetres (mm);
ALy is the increase 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 localisation (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. Crosshead displacement shall be corrected for effects of machine compliance.

Nominal strai

n may be determined using the following two methods.

hod A

displacement between the grips of the machine from the beginning of the test/ Caldg
n by:

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

e gripping distance, expressed in millimetres (mm); the gripping distance is defined in the
ant parts of ISO 527;

e increase of the gripping distance occurring from the beginning of the test, expressed in
metres (mm).

hod B

referred for use with multipurpose-test’specimens that show yielding and necking, but whe
has been precisely determined with an extensometer. Record the displacement betwee
achine from the beginning of the test. Calculate nominal strain by:

AL
L

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

e yieldsstrdin, expressed as a dimensionless ratio or percentage;

10.2.2.2 Met
Record the
nominal stra
L
o=t
where
g isth
L isth
rele
Ly isth
milli
10.2.2.3 Met
Method B is
strain at yie’I}
grips of the
& =&y +1
where
g isth
L ist

!

relevapntparsof 1ISQ 527

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

ulate

(10)

re the
n the

(1)

ALt

10.3 Tensile modulus

10.3.1 General

Calculate the

tensile modulus, defined in 3.9, using one of the following alternatives.

10.3.2 Chord slope

14

is the increase of the gripping distance from the yield point onwards, expressed in millimetres (mm).
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_%2-014
€2~ &4

Et is the tensile modulus, expressed in megapascals (MPa);

01

02

10.3.3Regressionstope

is the stress, expressed in megapascals (MPa), measured at the strain value ¢1 = 0,000 5 (0,05 %);

is the stress, expressed in megapascals (MPa), measured at the strain value ¢2 = 0,002 5 (0,25 %).

With fomputer-aided equipment, the determination of the tensile modulus Et using two distinc{ stress/strain

points

can be replaced by a linear regression procedure applied on the part of the cuwe b

mentioned points.

E

_do
de

tween these

(13)

wher¢ do is the slope of a least-squares regression line fit to the part of the stress/strain curve in the strain

de

intervMal 0,000 5 <& < 0,002 5, expressed in megapascals (MPa).

10.4

Poisson’s ratio

Plot the width or thickness of the specimen as a function-of the length of the gauge section for t

stresg
chang

/strain curve before a yield point, if present, and excluding those sections that may be
es in test speed.

Deterimine the slope An/ALg of the change-in-width (thickness) versus the change-in-gauge-leng

slope

shall be calculated by using a linear\least-squares regression analysis between two limi

after the modulus region and an ensuing speed change, if applicable, that are in a linear portion
Poisson’s ratio is determined from the following equation:

ule _Ai _ _L_O An
Ag) ng ALg
wherg
! is Poisson’s-tatio; it is dimensionless;
Aen is thestrain decrease in the selected transverse direction, while the longitudinal strain i

Aspexpressed as a dimensionless ratio or percentage;

AeiZis the strain increase in the longitudinal direction, a dimensionless ratio or percentage;

he part of the
nfluenced by

h curve. This
Is, preferably
of this curve.

(14)

hcreases by

Lo, no

An

expressed in millimetres (mm);

n = h (thickness), expressed in millimetres (mm);

are the initial gauge lengths in the longitudinal and transverse directions, respectively,

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

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

millimetres (mm).

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

It is recommended to determine Poisson’s ratio at higher strains, in a strain range 0,3 % < ¢ < gy (See Annex
B). The validity of the evaluation region can be determined from a plot of An vs. ALg, (dimension change in
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transverse direction vs. dimension change in longitudinal direction). Poisson’s ratio is determined from the
slope of the linear part of this plot.

NOTE

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

10.5 Statistical parameters

Plastics are viscoelastic materials. As such, Poisson’s ratio is dependent on the stress range where it is

Calculate the 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 Signif

Calculate the]
ratio to two s

11 Precisi

See the part

12 Test re

The test repd
average prop

a)

b)

a refererf

all the d4
number

descripti
test pan
success

type of {
maximur

method

if the material is in product form or semi-finished product form, the orientation of the specimen in re

to the pr
number

standard

cant rigures

stresses and the tensile modulus to three significant figures. Calculate the strains and Pois
gnificant figures.

on

pf ISO 527 relevant to the material being tested.

bort

erties, see Iltems m), n) and o):
ce to the relevant part of ISO 527;

ta necessary for identification of the material t€sted, including type, source, manufacturer’s
bnd history, where these are known;

el or specimen; it should include the principal dimensions, shape, method of manufa
on of layers and any pretreatment;

est specimen; the width and thickness of the parallel section, including mean, minimun
n values;

bf preparing the test'specimens, and any details of the manufacturing method used;

pduct or semi<finished product from which it is cut;
Df the test.'specimen tested;

atmosphere for conditioning and testing, plus any special conditioning treatment, if requin

son’s

rt shall include the information specified in ltems a) to q). Add the word “tensile” to individugl and

code

pn of the nature and form of the material\in terms of whether it is a product, semi-finished product,

cture,

n and

lation

ed by

the rele\

nt’standard for the material or prnrh 1ct r\nnr‘nrnnd;

accuracy grading of the test machine and extensometer (see ISO 7500-1, ISO 9513 and 5.1.5);

type of elongation or strain indicator, and the gauge length Lo;

type of g

ripping device, the gripping distance L;

testing speeds;

individual test results of the properties defined in Clause 3;

mean value(s) of the measured property(ies), quoted as the indicative value(s) for the material tested;

standard deviation, and/or coefficient of variation, and/or confidence limits of the mean, if required;
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p) statement as to whether any test specimens have been rejected and replaced, and, if so, the reasons, and
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/straln curves had to

use a set of dise
noise (electrgnic as well as mechanlcal) there is always some scatter in the data set avallable and this

be taken into]Jaccount when deriving properties.

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

Determining such points from digital data can be done by different methods.

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

be a

Determination of the strain at yield involves identifying the highest data point*within the yielding fegion

(necessary condition).

Howevel, the point selected must be physically meaningful: Signal/noise may cause selectipn of

unsuitable points.

The point must allow meaningful design decisions. For example;, for a material showing a yielding pla
a useful design limit would be close to its beginning rather than in the centre.

teau,

Point-to-point comparison for a maximum value. This is a simple procedure, but it needs additional checks

to prevent selecting noise-related maximum values erroneously. This may, for example, involve emp

oying

a moving evaluation interval, the width of which-will be system dependent. System in this sense means the

combined effects of material behaviour and-experimental set-up.

Slope method: This would be a method involving a higher amount of calculation, but feasible with

n the

computing power provided by curréntPCs. A slope criterion would also involve a moving evaluation interval
within which the regression slope of the stress/strain curve is calculated. This method has a smoothing /

filtering ¢ffect and reduces noise influence. Additionally, a criterion must be defined for which slope
be indicgtive of having found“a yield point, for example:

Cenfre-point of the evaluation interval for which the slope becomes negative for the first time.

Centre-pointof'the evaluation interval for which the slope attains some limiting positive value f
first|time.\Fhe working draft for the previous revision of this part of ISO 527 proposed the foll
critdrion,applied to the centre-point of a moving interval, for which the slope becomes equal
sm i At

do
—<o

=

vould

br the
bwing

to or

(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.

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.

18
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