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Foreword

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

1 S
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1.1 This document specifies two methods (method A and method B) for the determination of the
tensile-impact strength of plastics under defined conditions. The tests can be described as tensile tests
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ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

[SO 294-1, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 1: General

princi

ples, and moulding of multipurpose and bar test specimens

ISO 294-2, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 2: Small
tensile bars

ISO 295, Plastics — Compression moulding of test specimens of thermosetting materials

ISO 472, Plastics — Vocabulary
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ISO 1268 (all parts), Fibre-reinforced plastics — Methods of producing test plates

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

ISO 2818, Plastics — Preparation of test specimens by machining

ISO 13802, Plastics — Verification of pendulum impact-testing machines — Charpy, 1zod and tensile

impact-testing

3 Terms and definitions

For the purppses of thisdocunrentthetermsanddefinitions giverrrtS6472 atd-the funuvvius a Jply
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

31
tensile-impact strength of unnotched specimens

Ay
energy absofbed in breaking an unnotched specimen under specified" conditions, referred to the

original crosg-sectional area of the specimen

Note 1 to entrjy: It is expressed in kilojoules per square metre (kJ/m?2).

3.2
tensile-impact strength of notched specimens
awN
energy absorbed in breaking a notched specimen unider specified conditions, referred to the orjiginal
cross-sectional area of the specimen at the notch

Note 1 to entrjy: It is expressed in kilojoules per square metre (k]J/m?).

4 Principle

A specimen ik broken by a single.impact at the bottom of the swing of the pendulum of a tensile-inpact
machine. The specimen is horizental at the moment of rupture. One end of the specimen, at ihpact,
is held eithef by the frame-0¥'the pendulum and the other end by the crosshead. The two methods
described are based on{€wdo different ways of positioning the specimen held by the crossheagl: the
specimen may be either’mounted stationary on the support frame (method A) or carried downward
together with the pendulum (method B).

The energy tp fracture is determined by the kinetic energy extracted from the pendulum in the prjocess
of breaking the-specimen. Corrections are made for the energy to toss (method A) or bounce (method B)
the crosshead.

5 Apparatus

5.1 Test machine

The principles, characteristics and verification of suitable test machines are detailed in ISO 13802.
5.2 Pendulum and striker

5.2.1 The pendulum shall be constructed of a single- or multiple-membered arm holding the head,
in which the greatest mass is concentrated. A rigid pendulum is essential to maintain the proper

2 © IS0 2023 - All rights reserved
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clearances and geometric relationships between related parts and to minimize energy losses, which
are always included in the measured impact-energy value.

5.2.2 The strikers for method A and method B are described in detail in ISO 13802.

5.3 Crosshead

5.3.1 Aspointed out in ISO 13802, in order to reduce bouncing due to the impact of the metal striker
on the metal crosshead, the material used for the crosshead shall be one which gives an essentially
inelastic impact (e.g. aluminium). The mass of the crosshead, both for method A and for method B, shall
be selectedfromr the vatues giverrim Tabte 1

5.3.2] Ajig or other device shall be used to assist in clamping the crosshead in the)specified position,
at right angles to the longitudinal axis of the specimen.

Table 1 — Crosshead masses

Pptential energy Crosshe;d mag
] Method A Method B
2,0 15+10r30%1 15+1
4,0 15+10or30+1 15+1
7,5 30x1lor60=+1 301
15,0 30x1or60=+1 120+1
25,0 60+ 1or120&1 1201
50,0 60+x1ord20+1 1201
NOTE| For method A, use the lighter crosshead whenever possible.

5.4 |Clamping devices/jaws

Clamps and jaws for tensile-impact testing are described in ISO 13802.

5.5 |Micrometers and 'gauges

Micrdmeters and gauges suitable for measuring the dimensions of test specimens to an accuracy of
0,01 fnm are required. In measuring the thickness of the specimen, the measuring face [shall apply a
load of 0,01 MPa'to'0,05 MPa. For notched specimens, see the requirements of 7.4.

6 Testspecimens

6.1 Shape and dimensions

Five types of test specimen, as specified in Table 2 and shown in Figure 1, may be used. In general, all
types can be used with either of the two methods.

Method A: the preferred specimen types are type 1 and type 4.
Method B: the preferred specimen types are type 2 and type 4.

The test result depends on the type of specimen used and its preparation and thickness. For
reproducible results, or in cases of dispute, the type of test specimen and its preparation and thickness
shall be agreed upon.

©1S0 2023 - All rights reserved 3
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Specimens are tested at their original thickness up to and including 4 mm. The preferred specimen
thickness is 4 mm #* 0,2 mm for type 1 specimens and 3 mm # 0,2 mm for type 4 specimens. Within
the gauge area, the thickness shall be maintained to within a tolerance of +5 %. Above 4 mm, the test
methods described in this document are inapplicable, and ISO 179 or ISO 180 shall be used to determine
the impact properties of specimens.

Table 2 — Specimen types and dimensions

Dimensions in millimetres

Specimen type 1 2 3 4 5
Length ] 80,0+ 2,0 60,0+2,0 80,0+ 2,0 60,0+2,0 80,0+ 2,0
Free length between grips [, 2 30,0+2,0 25,0+2,0 30,0+2,0 25,0+2,0 50,0 %P,0
Preferred valjue of dimension I, — 10,0 £ 0,2 10,0+ 0,2 — 100+ D,2
Radius of curjvature r — 10,0 £ 1,0 20,0+1,0 15,0+1,0 20,0 +[1,0
Width b 10,0+ 0,2 10,0 £ 0,2 15,0+ 0,2 10,0 £ 0,2 15,0+p,2
Preferred valjue of dimension x 6,0+0,2 3,0+0,2 10,0 £ 0,2 3,0 0,2 50+0,2
b’ — — — — 23,0+R,0
r’ — — — — 4,0+0,5
r — — — — 11,0 0,0
Thickness h ([Preferred value) | <4 (4,0 £0,2) <4 <4 <4(3,0£0,2) <4
All tolerances for [, Iy, 1, b, x, b’, r’, I’, h identical with tolerances given in ISO 20753,
a Free length Yetween grips [, is not a sample dimension but a test dimensian,

4 © IS0 2023 - All rights reserved
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6.2 Preparation

6.2.1 Moulding and extrusion compounds

Specimens shall be prepared in accordance with the relevant material specification. When none
exists or when otherwise specified, specimens shall be directly extruded or compression or injection
moulded from the material in accordance with ISO 293, ISO 294-1, ISO 294-2 or ISO 295, or machined in
accordance with ISO 2818 from sheets or plates compression or injection moulded from the compound.

Type 1 specimen can be prepared from type A1l or B1 test specimen described in ISO 20753.

© IS0 2023 - All rights reserved 5
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Type 2 specimen can be prepared from type D1 test specimen described in [SO 20753.

Type 3 specimen is identical with type CP described in ISO 20753 and can be prepared from type F1
test specimen described in ISO 20753.

Type 4 specimen is identical with type CW described in ISO 20753 and can be moulded directly in
accordance with ISO 294-2 or machined from plates moulded in accordance with ISO 294-3.

Type 5 specimen can be prepared from type F1 test specimen described in ISO 20753.

Other preparation methods than those described above are also permitted if no standard or
specification is available.

6.2.2 Shedts

Specimens shall be machined from sheets in accordance with ISO 2818.

6.2.3 Fibrg-reinforced resins

A panel shal 1268

(series), and

be prepared from the compound in accordance with the relevant part of the ISO
kpecimens shall be machined in accordance with ISO 2818.

6.3 Notchjing of specimens

6.3.1 Notc
specimens p

hes (for type 1 specimens) shall be machined in accordance with ISO 2818 on unndtched
repared in accordance with 6.2.

6.3.2 Thet
profile of the
axis, two not]
length direct
Particular at
shall be imp
largely detet
maintenanceg
base of the n
by a particul

adius of the notch base shall be 1,0 mm * 0,05 mm and its angle 45° + 1° (see Figure 1
cutting tooth shall be such as to produce’in the specimen, at right angles to its pri
ches of the contour and depth shown in‘Figure 1. The two lines drawn perpendicular
ion of the specimen through the apex of each notch shall be within 0,2 mm of each
tention shall be given to the accuracy of the dimension x (see Table 2). Close toler
bsed on the contour and the radius of the notch for most materials because these f3
mine the degree of stressteoncentration at the base of the notch during the tes
of a sharp, clean-edged-cutting tool is particularly important since minor defects
ptch can cause large deviations in the test results. The profile of the notch being pro
hr cutting tool shalbbe’checked at regular intervals.

). The
hcipal
to the
other.
ances
ictors
. The
nt the
Huced

6.3.3 Spec
Specimens w
notches, and
with machin|

mens with moulded-in notches may be used if specified for the material being t
ith moulded-in notches generally do not give the same results as specimens with mag

allowance' should be made for this difference in interpreting the results. Spec
ed notehes are generally preferred because skin effects and/or localized anisotroy

psted.
hined
mens
y are

minimized. The/profile of the notch being produced shall be checked at regular intervals.

6.3.4 For specimens prepared by cutting them out with a puncher, the notch shall not be punched out
but shall be machined in a second step.

6.4 Number of test specimens

Unless otherwise specified in the standard for the material being tested, a set consisting of ten
specimens shall be tested. When the coefficient of variation (see ISO 2602) has a value of less than 5 %,
a minimum number of five test specimens is sufficient.

6.5 Anisotropy

The impact properties of certain types of sheet material may differ depending on the direction of
measurement in the plane of the sheet. In such cases, it is customary to prepare two groups of test

6 © IS0 2023 - All rights reserved
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specimens with their major axes respectively parallel and perpendicular to the direction of some feature
of the sheet which is either visible or can be inferred from knowledge of the method of manufacture of
the sheet.

6.6 Conditioning

Unless otherwise specified in the standard for the material being tested, the specimens shall be
conditioned in accordance with ISO 291, unless other conditions are agreed upon by the interested
parties. In the case of notched specimens, the conditioning time starts after notching.

7

7.1
are ag

7.2

A
1TULCTUUI©

Conduct the test in the same atmosphere as that used for conditioning, unless-oth
rreed upon by the interested parties (e.g. for testing at high or low temperature).

Check that the impact machine is able to perform the test with the-specified veloc

and that the energy absorbed is in the correct range, i.e. between 20 % and-80 % of the ene

at imj
highe

7.3

7.4
to the
micrd

notch].

In thg
speci
corre
speci

7.5

tightg
insidg
clamp

7.6
corre

7.7

pact. If more than one of the pendulums conform to these requirements, the pendulu
st energy shall be used.

Determine the frictional losses in accordance with ISO 13802.

Measure the thickness h and the width x of the central, parallel-sided section of the t
nearest 0,02 mm. In the case of notched specimens, carefully measure the dimensg
meter fitted with an anvil of width 2 mm to.8smm and of suitable profile to fit the

e case of injection-moulded specimens,-it is not necessary to measure the dimens
men. It is sufficient to measure oné specimen from a set to make sure that the
spond to those requested. With \multiple-cavity moulds, ensure that the dimen
mens are the same for each cavity.

Lift the pendulum to the'prescribed height and arrest it. Insert the specimen in th
n firmly: for method A, place one end of the specimen inside the vice jaw of the frame

the crosshead clamp;’for method B, place one end of the specimen inside the secu
and the other igside the unsecured crosshead/specimen clamp (see ISO 13802 for d

Release the-pendulum. Record the impact energy E_ absorbed by the specime
ctions for frictional losses, if necessary, in accordance with 1ISO 13802.

If-the resulting corrected tensile-impact energy is below 20 % of the capacity

br conditions

ity of impact
rgy available
m having the

pst specimen
ion x using a
shape of the

ions of each
dimensions
sions of the

e holder and
ind the other
ed specimen
etails).

n and apply

of the 2,0 ]

pendm]nm, the data should he considered suspect

In cases where the specimen is weak, rigid multi-layered specimens may be used. Use of such specimens
shall be by agreement between the interested parties and shall be clearly documented in the test report.

7.8 If various materials are to be compared, pendulums with the same velocity at impact shall be
used for each. In cases of dispute, it is recommended that test results be compared only with results
obtained with pendulums of identical nominal energy and specimens of the same geometry.

7.9 Immediately after the test has been completed, a check shall be made to ensure that the specimen
was firmly clamped or whether it had slipped in one of the two grips, and that the failure occurred
in the narrow, parallel-sided part of the specimen. If any of the specimens tested do not meet these
requirements, the results for these specimens shall be discarded and additional specimens tested.
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8 Determination of energy corrections

8.1 Method A — Correction E; due to the plastic deformation and the Kinetic energy of
the crosshead

The correction Eqis determined using Formula (1), in accordance with Annex A:

g :EmaXxux(Sﬂz)zi><

E X 1
q 2><(1+‘U) 2 max < H ( )

where

E, ik the energy correction, in joules, due to the plastic deformation and the kinetic.enefgy of

the crosshead;

E..« ip the maximum impact energy, in joules, of the pendulum;

u is the mass of the crosshead divided by the reduced mass of the pendulum (i.e. m.,/m}).
The reduced|mass of the pendulum m, is given by Formula (2):

E
m. = max (2)

gxLp X(1-cosar)
where
g isthe acceleration, in m-s'2, due to gravity;
Lp is the pendulum length, in metres, determined-as indicated in ISO 13802;
a  is the angle between the positions of the\pendulum at its maximum and minimum height.

8.2 Methqd B — Crosshead-bounce energy £,

The crosshead-bounce energy Ey is détermined for each specimen and pendulum from the crosghead-
bounce energy curve. This curve is determined only once for each crosshead and pendulum combination
(see Annex B]).

9 Calcul3ation and expression of results

9.1 Calculationofcorrected tensile-impact energy

9.1.1 General

In order to calculate the tensile-impact strength of the specimens, the consumed energy E; shall first be
corrected for the toss energy E, in method A and for the crosshead-bounce energy E}, in method B.

9.1.2 Energy correction for method A
The corrected tensile-impact energy E, in joules, is calculated using Formula (3):
E.=E,-E, (3)

8 © IS0 2023 - All rights reserved
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where

. istheimpactenergy, in joules, absorbed during the impact, as measured by the instrument (see
7.6);

E_ isthe toss energy, in joules, due to the plastic deformation and the kinetic energy of the cross-
head, calculated as specified in 8.1.

9.1.3 Energy correction for method B

The corrected tensile-impact energy E., in joules, is calculated using Formula (4):

E :ES+Eb (4‘)

wher¢

El isthe impact energy, in joules, measured by the instrument (see 7.6);

E}, is the crosshead-bounce energy, in joules, of the crosshead, as*determined from the measured
value of E; and the graph prepared for the particular impactdester used, as specified in 8.2 and
Annex B.

9.2 |Calculation of tensile-impact strength

The tpnsile-impact strength a,; or the tensile-impact.strength (notched) a,y, expressed|in kilojoules
per square metre, is calculated using Formula (5):

Q

(ap)=—% x103 (5)
U tN xxh
wher¢

E}. isthe corrected impact ehergy, in joules, calculated in accordance with 9.1;

x| isthe width, in millimetres, of the narrow, parallel-sided section of the specimen (ffor specimen
types 2, 3, 4 and/5\in Figure 1) or the distance between the notches (for specinten type 1 in

Figure 1);

h[ is the thickness, in millimetres, of the narrow, parallel-sided section of the spedimen [or, for
multilayef specimens (see 7.7), the total thickness].

9.3 |Statistical parameters

If required, calculate the arithmetic mean of test results, the standard deviation of the mean and the
coefficient of variation using the procedure given in ISO 2602.

9.4 Number of significant figures

Report all calculated mean values to three significant figures.

10 Precision

The precision of this test method is not known at the date of publication.

©1S0 2023 - All rights reserved 9
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11 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 8256:2023

b)

f)
g)

h)

j)

10

the method (A or B) and specimen type (see Table 2) used

all infoimation necessary for identification of the material tested, including type; 'S
manufadturer’s code, grade and history, where these are known;

a description of the nature and form of the material, i.e., whether a product, semi-finished pr

sheet or

are known;

the thickness of moulded specimens or, for sheets, the thickness of the sheet and, if applicab
directions of the major axes of the specimens in relation to some featuré of the sheet;

the method of test specimen preparation;

the stanglard atmosphere used for conditioning and testing, plus\any special conditioning trea

if requir

the nom

the masg of the crosshead used;

the tens

reported as the arithmetic mean of the results on notched and/or unnotched test specime

applicab|

the indiyfidual test results, if required;

the stan
the type

the date

Tensile impact test IS0 8256/1A

Type of specimen |
Method

specimen, including principal dimensions, shape, method of manufacture, etc., where

bd by the standard for the material or product;

nal pendulum energy;

le-impact strength ay or a,; of the muaterial, expressed in kilojoules per square 1

le;

lard deviation and the coéfficient of variation of the results, if required;
of fracture exhibited by the test specimens;

of the test.

purce,

duct,
these

e, the

fment

netre,
ns, as

© IS0 2023 - All rights re
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Annex A
(normative)

Determination of correction factor for method A

A.1 Energy terms used
In calgulating the correction E, the following energy terms [see Formulae (A.1) to (A.4)] afe used:
1 2
E}ax :Exmvao (A1)
_ 2
E}, ==xmy xvy (A.2)
EL =Ena—Ep (A.3)
1 2

Ecr,kin = Exmcr XVer (A4)
As thp elastic energy of the impact can be neglected (as required by 5.3.1, the impact {s essentially
inelagtic), v, = v, and the kinetic energy of the crosshead is given by Formula (A.5):

1 2

E}rxin = Exmcr XVp (A.5)
wher¢

Bl ax is the maximum impact energy, in joules, of the pendulum;

E}, is the residuaternergy, in joules, of the pendulum after the impact;

EL is the measured energy, in joules, consumed during the impact;

El in  is thekinetic energy, in joules, of the crosshead lost;

n, is\the reduced mass, in kilograms, of the pendulum (see 8.1);

1% is the velocity, in m-s-1, of the pendulum immediately before impact;

Vp is the velocity, in m-s1, of the pendulum immediately after impact;

me, is the mass, in kilograms, of the crosshead;

Ver is the velocity, in m-s-1, of the crosshead immediately after impact.

In addition,

E
E

C

cr,pl

© IS0 2023 - All rights reserved

is the energy, in joules, needed for deformation and fracture of the specimen (to be calculated);

is the energy, in joules, consumed by the plastic deformation of the crosshead.
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A.2 Determination of Ecnkin

The energy equation for the impact is given by Formula (A.6):
Es=E . +E 1+Ecr,kin (A.6)

cr,p

Furthermore, from Formula (A.2) and (A.4), it follows that:

E

cr,kin

Ey

=U (A7)

Combining this equation with Formula (A.3) gives Formula (A.8):

Ecr,kin =pX(Epax —Es) (A.8)
where
My

A.3 Determination of £,

To calculate fthe energy E ; consumed by the plastic deformatignrof the crosshead, it is necessary to
consider thejmomentum equation at impact without a specimew(i.e. E. = 0).

This case is indicated by an asterisk (*).

The momentjim equation (considering that the impact is essentially inelastic) can be written as follows:

My, Xvq 3 (mp +Mme, )xv; [A.10)

Using Formulla (A.9),

1
vV, =—FXV, [A.11
Pt 0 i )

Considering Formula (A.3),

Eq=Epnd —E, A12)
where
* 1 *9
E, ZEX T, XV, (A.13)

and substituting Formulae (A.1) and (A.13) in Formula (A.12) and using Formula (A.11), the consumed
energy measured without a specimen is then given by:

E —F XM

max (A.14)
(1+u)*

12 © IS0 2023 - All rights reserved
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With

E

ISO 82

E.=0, Formula (A.6) becomes:

*

* *
s = Ecr,pl + Ecr,kin

From Formulae (A.5), (A.11) and (A.9), it follows that:
* H
Ecr,kin =E nhax X—2
(1+u)

56:2023(E)

(A.15)

(A.16)

Finally, from Formulae (A.14), (A.15) and (A.16), the energy due to the plastic deformation of the

Cross

El

Since

El

A4

E|

This ¢
defor

head, without any specimen, is given by:
* H
cr,pl :Emaxx(1+u) (A.17)
the crosshead is plastically deformed by the same amount with and without a specimen,
crpl ~ Ecr,pl (A.18)
Energy correction
Considering Formula (A.6), the energy correction can be written as follows:

Emax
quS —ECZ‘UX m"'(Emax_Es) (Alg)
orrection consists of a dominant constant'part (representing the energy consumed by the plastic
mation of the crosshead E. ) and a.gmaller part (E,, - E;) which decreases from uE,,, to

Zero
suffid

El

gives

The c

vith increasing consumed energy (when E; ~ E, ..). In view of measurement uncer]

tainties, it is

(A.20)

(A.21)

given by:

(A.22)

ient to use a constant correction.assan approximation; assuming that
— Emax
P2
the correction
_ o _Enks XUX(3+u)
i s ¢ 2x(1+u)
prrected'value of the energy consumed by the impact with the specimen is therefore
E o XUX(3+u) 3
=E,-E,=F, ——& ~E, —=xXUxE
C S q S 2X(1 +‘“) S 2 lu’ max

© IS0 2023 - All rights reserved
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