LAMPIRAN

FORMULASI KOMPON EBONIT
SERAT

FORMULASI
KOMPON

0%

20%

40%

phr

gr

phr

gr

phr

gr

RSS I

100

263,852

100

238,663

100

217,864

BLACK
CARBON

40

105,540

40

95,465

40

87,145

ZnO

5

13,192

5

11,933

5

10,893

ASAM
STEARAT

1

2,638

1

2,386

1

2,178

MINERAL OIL

5

13,192

5

11,933

5

10,893

MBTS

2

5,277

2

4,773

2

4,357

TMT

0,5

1.319

0,5

1,193

0,5

1,089

SULFUR

35

92,348

35

83,532

35

76,252

BHT

1

2,638

1

2,386

1

2,178

SERAT

0

0

20

47,732

40

87,145

JUMLAH
TOTAL

189.5

498,678

209.5

499,996

229.5

499,994

Di asumsikan pembuatan kompon sebesar 500gr :
kompon per 500 gr =

100 phr
189,5 phr

X 500 gr = 263,85 gr

HASIL PENGUJIAN TARIK KOMPOSIT
Tebal

Lebar

LuasArea

(mm)

(mm)

(mm2)

1

2.16

6.07

13.111

7.612

58.057

5.693

2

2.17

6.22

13.497

8.582

63.583

6.235

3

2.29

6.16

13.798

9.196

66.645

6.535

No

Beban (kg)

Tegangan
(kg/cm2)

Contoh perhitungan pengujian tarik (standart ASTM D 638) pada pengujian
spesimen variasi 20 phr, no 1.
Diketahui :
Tebal spesimen (d)

:2,16 mm

Lebar spesimen (b)

: 6,07 mm

Gaya (F)

: 7,612 Kg

Panjang awal (L0)

: 25 mm

Panjang akhri (L)

: 38 mm

a. Tegangan tarik

b. Regangan tarik
(

(

)

)

MPa

C. Modulus Elastisitas

HASIL PENGUJIAN TARIK SERAT TUNGGAL PADA RAMI
Perlakuan Alkali 2 Jam
D1

D2

D3

Diameter Rata-rata

Gaya

Jari-jari

Luas Area

Tegangan

(mm)

(mm)

(mm)

(mm)

(N)

(mm)

(mm²)

(N/mm²)

1

0.140

0.124

0.123

0.129

7.46

0.064

0.0131

571.070

2

0.140

0.107

0.119

0.122

7.32

0.061

0.0116

626.500

3

0.120

0.140

0.140

0.133

7.32

0.066

0.0139

524.522

NO

Tegangan Rata-rata = 574.031 N/mm²
Perlakuan Alkali 4 Jam
D1

D2

D3

Diameter Rata-rata

Gaya

Jari-jari

Luas Area

Tegangan

(mm)

(mm)

(mm)

(mm)

(N)

(mm)

(mm²)

(N/mm²)

1

0.134

0.14

0.12

0.131

4.6

0.065

0.014

339.733

2

0.141

0.141

0.147

0.143

4.83

0.071

0.016

300.888

3

0.10

0.120

0.127

0.115

4.10

0.057

0.010

390.389

NO

Tegangan Rata-rata = 343.670 N/mm²

Perlakuan Alkali 6 Jam
D1

D2

D3

Diameter Rata-rata

Gaya

Jari-jari

Luas Area

Tegangan

(mm)

(mm)

(mm)

(mm)

(N)

(mm)

(mm²)

(N/mm²)

1

0.140

0.149

0.150

0.146

3.75

0.073

0.016

223.087

2

0.140

0.127

0.119

0.128

3.85

0.064

0.012

296.250

7

0.140

0.140

0.159

0.146

3.73

0.073

0.016

221.897

NO

Tegangan Rata-rata = 247.078 N/mm²
Non Perlakuan Alkali
D1

D2

D3

Diameter Rata-rata

Gaya

Jari-jari

Luas Area

Tegangan

(mm)

(mm)

(mm)

(mm)

(N)

(mm)

(mm²)

(N/mm²)

1

0.123

0.131

0.131

0.128

5.29

0.064

0.012

409.173

2

0.143

0.128

0.125

0.132

5.56

0.066

0.013

406.496

3

0.121

0.128

0.150

0.133

5.18

0.066

0.014

373.041

NO

Tegangan Rata-rata = 396.237 N/mm²
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HASIL PENGUJIAN IZOD IMPACT
Komposit Ebonit Tanpa Serat 0 phr
Panjang Spesimen

Lebar Spesimen

(mm)

(mm)

1

63.5

10.19

2

63.5

5

63.5

No

Energi Serap

Harga Impact

(J)

(J/mm²)

647.065

967

1.494

10.62

674.37

967.1

1.434

10.74

681.99

967

1.417

Luas (mm²)

Harga Impact Rata-rata = 1.448 J/mm²

Komposit Ebonit Serat Rami 20 Phr
Panjang Spesimen

Lebar Spesimen

(mm)

(mm)

1

63.5

10.15

2

63.5

3

63.5

No

Energi Serap

Harga Impact

(J)

(J/mm²)

644.525

960.9

1.491

10.12

645.16

958.1

1.485

10.17

645.16

957.7

1.484

Luas (mm²)

Harga Impact Rata-rata = 1.486 J/mm²

Komposit Ebonit Serat Rami 40 phr
Panjang Spesimen

Lebar Spesimen

(mm)

(mm)

1

63.5

10.11

3

63.5

6

63.5

No

Energi Serap

Harga Impact

(J)

(J/mm²)

641.985

957.7

1.492

10.14

643.89

966.86

1.502

10.12

642.62

967.2

1.505

Luas (mm²)

Harga Impact Rata-rata = 1.499 J/mm²

Designation: D 638 - 02a
INTERNATIONAL

Standard Test Method for

Tensile Properties of Plastics
Ths standard is issued under the fixed designation D 638; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (E) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This test method covers the determination of the tensile
properties of unreinforced and reinforced plastics in the form
of standard dumbbell-shaped test specimens when tested under
defined conditions of pretreatment , temperature, humidity, and
testing machine speed.
1.2 This test method can be used for testing materials of any
thickness up to 14 mm (0. 55 in. ). However , for testing
specimens in the form of thn sheeting, including film less than
1.0 mm (0. 04 in. ) in thickness, Test Methods D 882 is the
preferred test method. Materials with a thickness greater than
14 mm (0. 55 in. ) must be reduced by machining.

1.3 This test method includes the option of determning
Poisson s ratio at room temperature.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applica-

bility of regulatory limitations prior to use.

2. Referenced Documents
1 ASTM Standards:

D 229 Test Methods for Rigid Sheet and Plate Materials
Used for Electrical Insulation
D 412 Test Methods for Vulcanized Rubber and Thermoplastic Elastomers- Tension

D 618 Practice for Conditioning Plastics for Testing
D 651 Test Method for Tensile Strength of Molded Electrical Insulating Materials

tech;.cally equivalent.

D 882 Test Methods for Tensile Properties of Thin Plastic

cover precise physical

wide differences may exist between rate of crosshead movement and rate
of strain between gage marks on the specimen, and that the testing speeds

Sheeting
D 883 Terminology Relating to Plastics
D 1822 Test Method for Tensile- Impact Energy
Plastics and Electrical Insulating Materials

specified disguise important effects characteristic of materials in the
plastic state. Furter, it is realized that varations in the thicknesses of test
specimens, which are permtted by these procedures , produce varations in

D 4000 Classification System for Specifying Plastic Mate-

NOTE I-This test method and ISO 527- 1 are
NOTE 2-This test method is not intended to

procedures. It is recognized that the constant rate of crosshead movement
type of test leaves much to be desired from a theoretical standpoint, that

the surface-volume ratios of such specimens, and that these varations may
influence the test results. Hence, where directly comparable results are
desired , all samples should be of equal thckness. Special additional tests
should be used where more precise physical data are needed.
NOTE 3- This test method may be used for testing phenolic molded
resin or lamnated materials. However, where these materials are used as
electrcal insulation ,

such materials should be tested in accordance with

Test Methods D 229 and Test Method D 651.
NOTE 4-For tensile properties of resin-matrx composites reinforced
20- GPa
with oriented continuous or discontinuous high modulus
0 X 10 psi) fibers ,

tests shall be made in accordance

with Test

Method D 3039/D 3039M.

1.4 Test data obtained by this test method are relevant and
appropriate for use in engineering design.
5 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.
1 This test method is under the jurisdiction of ASTM Commttee D20 on Plastics

and is the direct responsibilty of Subcommttee D20. 1O on Mechancal Propertes.
Current edition approved November 10 , 2002. Published Januar 2003. Originally approved in 1941. Last previous edition approved in 2002 as D 638 - 02.

* A Sumary
Copyright

to Break

D 3039/D 3039M Test Method for Tensile Properties of

Polymer Matrix Composite Materials
rials 7

D 4066 Classification System for Nylon Injection and Extrusion Materials 7

D 5947 Test Methods for Physical Dimensions of Solid
Plastic Specimens
E 4 Practices for Force Verification of Testing Machines
E 83 Practice for Verification and Classification of Extensometer

E 132 Test Method for Poisson s Ratio at Room Temperature
E 691 Practice for Conducting an Interlaboratory Study to

Annual Book of ASTM Standards Vol 10. 01.
Annual Book of ASTM Standards Vol 09. 01.
4 Annual Book of ASTM Standards Vol 08. 01.
5 Discontinued; see 1994 Annual Book of ASTM Standards Vol 10. 01.
Annual Book of ASTM Standards Vol 15. 03.
Vol 08. 02.
Annual Book of ASTM Standards,
Annual Book of ASTM Standards Vol 08. 03.
9 Annual Book of ASTM Standards Vol 03. 01.

of Changes section appears at the end of this standard.

ASTM International , 100 Barr Harbor Drive , PO Box C700, West Conshohocken , PA 19428- 2959 , United States.

o D638- 02a
Determe the Precision of a Test Method

modulus of the usualy
arbitrar nature and

ISO' Standard:

defined type. Such a constant is useful if its

dependence on time, temperatue, and simlar factors

are realized.

ISO 527- 1 Determation of Tensile Propertes

s Ratio-When uniaxial tensile force is applied
the solid stretches in the direction of the applied
force (axially), but it also contracts in both diensions lateral
to the applied force. If the solid is homogeneous and isotropic
and the material remains elastic under the action of the applied
force , the lateral strain bears a constant relationship to the axial
4.4 Poisson

to a solid ,

i Termnology

of terms applying to ths test
1 Definitions-Definitions
TermnologyD
883 and Anex A2.
method appear in

4. Signcance and Use
1 Ths test method is designed to produce tensile property
data for the control and specification of plastic materials. These
data are also useful for qualitative characterization and for
if the

the
oproJlica-

research and development. For many materials , there may be a
specification that requires the use of ths test method , but with
precedence when
advisable to refer
.
it
is
adhering to the specification. Therefore,
some procedural modifications that take

to that material specification before using ths test method.
Table 1 in Classification D 4000 lists the ASTM materials

stadards. that curently exist.
2 Tensile properties may var with specimen preparation
rials
:rmo-

ctri -

lastic

Ireak

:s of
1ate-

Ex-

testing. Consequently,
where precise comparative results are desired , these factors
must be carefully controlled.
4.2. 1 It is realzed that a material canot be tested without
also testing the method of preparation of that material. Hence,
and with speed and environment of

when comparative tests of materials per se are desired ,

the

NOTE 6-The accuracy of the determnation of Poisson s ratio is
usually limited by the accuracy of the transverse strain measurements
because the percentage errors in these measurements are usualy greater

than in the axal strain measurements. Since a ratio rather than an absolute
quantity is measured, it is only necessar to know accurately the relative
value of the calbration factors of the extensometers, Also , in general , the
value of the applied loads need not be known accurately.

5. Apparatus

1 Testing Machine-

testig machine of the constat-

greatest care must be exercised to ensure that al samples are
prepared in exactly the same way, unless the test is to include
the effects of sample preparation. Similarly, for referee pur-

rate-of-crosshead-movement type and comprising essentialy

poses or comparsons withn any given series of specimens,
care must be taken to secure the maxmum degree of uniormity in details of preparation, treatment , and handlg.
4.3 Tensile propertes may provide useful data for plastics
engineering design puroses. Bowever, because of the high
degree of sensitivity e bitedby many plastics to rate of
straining and environme tal conditions , data obtained by ths
test method canot be considered valid for applications involv-

member caring one

ing load- time

scales or environments widely different from

)olid

those of ths test method. In cases of such dissimilarty,
reliable estiation of the limit of usefulness can be made for

(ten-

most plastics. Ths sensitivity to rate of straining and environment necessitates testig over a broad load- time scale (including impact and creep) and range of environmental conditions

)era -

tensile properties are to suffce for engineering design pur-

poses.
ly to

strain. Ths constant , called Poisson s ratio , is defined as the
negative ratio of the transverse (negative) to axial strain under
uniaxial stress.
4.4. 1 Poisson s ratio is used for the design of strctues in
which all dimensional changes resulting from the application
of force need to be taken into account and in the application of
the generalized theory of elasticity to strctual analysis.

NOT 5-Since the existence of a tre elastic limit in plastics (as in
many other organc materials and in many metas) is debatable, the
propriety of applying the term "elastic modulus " in its quoted, generaly
accepted definition to describe the " stiess " or "rigidity" of a plastic has
been seriously questioned. The exact stress-strain characteristics of plastic
materials are highly dependent on such factors as rate of application of
stress , temperatue, previous history of specimen , etc. However, stressstrai cures for plastics,. determed as described in ths test method
almost always show a liear region

at low stresses, and a straight line

drawn tangent to this porton of the cure permts calculation of an elastic

10

Annual Book of ASTM Standrds Vol 14. 02.
Avaiable from American National Stadards Institute , 25 W. 43rdSt. , 4th
Floor, New York, NY 10036.
11

the following:

1.1 Fixed Member- fixed or essentially stationar
grp.
1.2 Movable Member- movable member caring a

second grp. .

1.3 Grips-Grips

for holding the test specimen between

the fixed member and the movable member of the testing
machie can be either the fixed or self- algng type.
1.. 1 Fixed grps are rigidly attached to the fixed and
movable members of the testig machie. When ths type of
grip is used extreme care should be taken to ensure that the test
specimen is inserted and clamped so that the long axis of the

test specimen coincides with the diection of pull though the
center line of the grip assembly.
1.3. 2 Self- algnng grps are attached to the fixed and
movable members of the testing machine in such a maner that

they wil move freely

into

algnent as soon as any load is

applied so that the long axs of the test specimen wil coincide
with the diection of the applied pull though the center line of
the grp assembly. The specimens should be aligned as per-

fectly as possible with the diection of pull so that no rotar
motion that may induce slippage wil occur in the grps; there
is a lit to the amount of misalgnent self- alignig grps wil
accommodate.
1.3. 3 The test specimen shal be held in such a way that
slippage relative to the grps is prevented insofar as possible.

Grip suraces that are deeply scored or serrated with a pattern
simar to those of a coarse single-cut file , serrations about 2.4
mm (0. 09 in. ) apar and about 1.6 mm (0. 06 in. ) deep, have

been found satisfactory for most thermoplastics. Finer serrations have been found to be more satisfactory for harder
plastics, such as the thermosettig materials. The serrations

cO

should be kept clean and shar.

D638- 02a

Breakng in the grips may

occur at ties ,

even when deep serrations or abraded specimen
surfaces are used; other technques must be used in these cases.
Other technques that have been found useful , parcularly with
smooth-faced grips , are abrading that portion of the surface of
the specimen that wil be in the

grips, and interposing thin

pieces of abrasive cloth, abrasive paper, or plastic , or rubbercoated fabric, commonly called hospital sheeting, between the
specimen and the grp surface. No. 80 double-sided abrasive
paper has been found effective in many cases. An open-mesh
fabric, in which the theads are coated with abrasive , has also
been effective. Reducing the cross-sectional area of the specimen may also be effective. The use of special types of grips is
sometimes necessar to eliminate slippage and breakage in the

grps. /

1.4 Drive Mechanism- drve mechanism for imparing
to the movable member a uniform, controlled velocity with
respect to the stationar

member, with this velocity to be

regulated as specified in Section 8.

testing. Extensometers shall be classified and their calibration

periodically verified in accordance with Practice E 83.

Measurements-For modulus,
an
extensometer
with a maximum
of-elasticity measurements
1 Modulus-of- Elasticity

0002 rnmm (in./in. ) that automatically and
continuously records shall be used. An extensometer classified
by Practice E 83 as fulfilling the requirements of a Bclassification within the range of use for modulus measurestrain error of 0.

ments meets this requirement.
2 Low- Extension Measurements-For

elongation-at-

yield and low-extension measurements (nominally 20 % or
less), the same above extensometer, attenuated to 20 % extension , may be used. In any case , the extensometer system must

meet at least Class C (Practice

E 83) requirements , which

include a fixed strain error of 0. 001 strain or :! 1.0 % of the
indicated strain , whichever is greater.
making mea3 High- Extension Measurements-For
surements at elongations greater than 20 % , measuring tech-

niques with error no greater than:! 10 % of the measured value
are acceptable.

mechacared
by the
nism capable of showing the total tensile load
test specimen when held by the grips. Ths mechansm shall be
essentially free of inertia lag at the specified rate of testing and
shall indicate the load with an accuracy of:! 1 % of the
indicated value , or better. The accuracy of the testing machine
shall be verified in accordance with Practices E 4.

extensometer or axial and
transverse extensometers capable of recording axial strain and
transverse strain simultaneously. The extensometers shall be
capable of measuring the change in strains with an accuracy of
1 % of the relevant value or better.

NOTE 7-Experience has shown that many testing machines now in use
are incapable of maintaing accuracy for as long as the periods between
inspection recommended in Practices E 4. Hence, it is recommended that
each machie be studied individually and verified as often as may be
found necessar. It frequently wil be necessar to perform this function

strain gages are crucial to obtaining accurate data. Consult strain gage

1.5 Load Indicator-

suitable load- indicating

daily.

1.6 The fixed member, movable member, drive mechanism, and grps shall be constrcted of such materials and in
such proportions that the total elastic longitudinal strain of the
system constituted by these pars does not exceed 1 % of the

total longitudinal strain between the ,two gage marks on the test
specimen at any time during the test and at any load up to the
rated capacity of the machine.
7 Crosshead Extension Indicator- suitable extension
indicating mechanism capable of showing the amount of
change in the separation of the grips, that is, crosshead

movement. This mechansm shal be essentially free of inertial

lag at the specified rate of testing and shall

indicate the

crosshead movement with an accuracy of :! 10 % of the

2.4 Poisson

s Ratio-

Bi-axial

NOTE 8- Strain gages can be used as an alternative method to measure

axial and transverse strain; however ,

proper techniques for mounting

suppliers for instruction and training in these special techniques.

micrometers for measuring the
3 Micrometers- Suitable
width and thickness of the test specimen to an incremental
discrimination of at least 0. 025 mm (0. 001 in. ) should be used.
All width and thickness measurements of rigid and semirigid
plastics may be measured with a hand micrometer with ratchet.
A suitable instrument for measuring the thickness of nonrgid
test specimens shall have: (1) a contact measuring pressure of
25 :! 2. 5 kPa (3. 6 :! 0. 36 psi), (2) a movable circular contact
foot 6. 35 :! 0. 025 mm (0. 250 :! 0. 001 in. ) in diameter , and (3)
a lower fixed anvil large enough to extend beyond the contact

foot in all directions and being

parallel to the contact foot

within 0. 005 mm (0. 0002 in. ) over the entire foot area. Flatness

of the foot and anvil shall conform to Test Method D 5947.
1 An optional instrument equipped with a circular contact foot 15. 88 :! 0. 08 mm (0. 625 :! 0. 003 in. ) in diameter is
recommended for thickness measuring of process samples or
larger specimens at least 15. 88 mm in minimum width.

indicated value.

(extensometer)-A suitable instrment shall be used for determning the distance between two
2 Extension Indicator

6. Test Specimens
1 Sheet, Plate, and Molded Plastics:
1 Rigid and Semirigid Plastics-The

test specimen shall

designated points within the gage length of the test specimen as
the specimen is stretched. For referee purposes , the extensom-

conform to the dimensions shown in Fig. 1. The Type

eter must be set at the full gage length of the specimen , as
shown in Fig. 1. It is desirable, but not essential, that this

specimen is the preferred specimen and shall be used where
suffcient material having a thickness of 7 mm (0. 28 in. ) or less

record ths distance , or any change in
, as a function of the load on the test specimen or of the
elapsed time from the star of the test , or both. If only the latter
is obtained, load- time data must also be taken. This instrment

instrment automatically

shall be essentially free of inerta at the specified

speed of

1

is available. The Type II specimen may be used when a
material does not break in the narow section with the preferred

Type I specimen. The Type V specimen shall be used where
only limited material having a thickness of 4 mm (0.16 in. ) or
less is available for evaluation

, or where a large number of
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Specimen Dimensions for Thickness, T, mm (in.
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7 (0.28)

Dimensions (see drawings)
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section
W-Width of narrow
L-Length of narrow section
Wo-Width overall , min
Wo-Width overall, min
Lo-Length overall, min

G-age length'
G-age length

D-Distance between grips
R-Radius of filet
RO-uter

Type I
13 (0. 50)
57 (2. 25)
19 (0. 75)

Over 7 to 14 (0. 28 to 0. 55),

or under

Type III

Type II

19 (0. 75)
57 (2. 25)
29 (1. 13)

6 (0.25)

57 (2. 25)
19 (0. 75)

incl

4 (0.16)

Type IV
6 (0.25)
33 (1. 30)
19 (0. 75)

or under

Tolerances

Type

18 (0. 125)
53 (0. 375)

+ 6.4

53 (0. 375)
165 (6.
50 (2. 00)
115 (4.
76 (3. 00)

246 (9.
50 (2. 00)

183 (7.
50 (2. 00)

115 (4.
76 (3. 00)

135 (5.
76 (3. 00)

radius (Type IV)

115 (4.

63. 5

(2.

62 (0. 300)

25 (1. 00)
65 (2.
14 (0. 56)
25 (1. 00)

:!0. (:!0. 02)B,
:!0. (:!0. 02)c

25. 4

(1.

12. 7

(0.

+ 3.

( + 0. 25)

18 (+ 0. 125)

no max (no max)

:!0. 25 (:!0. 010)c
:!0. 13 (:!0. 005)
:!5 (:!0.
:!1

(:!0. 04)c

:!1 (:!0.04)

A Thickness,
shall be 3. 2:! 0.4 mm (0. 13 :! 0. 02 in. ) for all types of molded specimens , and for other Types I and II specimens where possible. If specimens are
may be the thickness of the sheet or plate provided this does not exceed the range stated for the intended specimen type.
machined from sheets or plates , thickness,
For sheets of nominal thickness greater than 14 mm (0. 55 in. ) the specimens shall be machined to 14 :! 0. 4 mm (0. 55 :! 0. 02 in. ) in thickness, for use with the Type III
specimen. For sheets of nominal thickness between 14 and 51 mm (0. 55 and 2 in. ) approximately equal amounts shall be machined from each surface. For thicker sheets
both surfaces of the specimen shall be machined , and the location of the specimen with reference to the original thickness of the sheet shall be noted. Tolerances on
thickness less than 14 mm (0. 55 in. ) shall be those standard for the grade of material tested.
For the Type IV specimen , the intemal width of the narrow section of the die shall be 6. 00 :! 0. 05 mm (0. 250:! 0. 002 in. ). The dimensions are essentially those of Die
C in Test Methods D 412.
The Type V specimen shall be machined or die cut to the dimensions shown , or molded in a mold whose cavity has these dimensions. The dimensions shall be:
W=
18 :! 0. 03 mm (0. 125 :! 0. 001 in.
= 9. 53 :! 0. 08 mm (0. 375 :! 0. 003 in.
G = 7. 62 :! 0. 02 mm (0. 300 :! 0. 001 in. ), and
R= 12. 7 :! 0.08 mm (0. 500 :! 0. 003 in.
The other tolerances are those in the table.
Supporting data on the introduction of the L specimen of Test Method D 1822 as the Type V specimen are available from ASTM Headquarters. Request RR:D20- 1 038.
004 in. ) compared with width Wat other parts of the reduced section. Any reduction in
The width at the center
shall be +0. 00 mm, - 10 mm ( +0. 000 in.
at the center shall be gradual, equally on each side so that no abrupt changes in dimension result.
For molded specimens, a draft of not over 0. 13 mm (0. 005 in. ) may be allowed for either Type I or II specimens 3. 2 mm (0. 13 in. ) in thickness, and this should betaken
into account when calculating width of the specimen. Thus a typical section of a molded Type I specimen , having the maximum allowable draft , could be as follows:
G Overall widths greater than the minimum indicated may be desirable for some materials in order to avoid breaking in the grips.

Overall lengths greater than the minimum indicated may be desirable either to avoid breaking in the grips or to satisfy special test requirements.
Test marks or initial extensometer span.
When self-tightening grips are used, for highly extensible polymers, the distance between grips wil depend upon the types of grips used and may not be critical if

maintained uniform once
chosen.
;":)X '''''......... O

13 mm)

or 0. 005 in. max
(0.

hall

eI

-n..... (12.50 in.

70 mm)

Lere

less

FIG. 1 Tension Test Specimens for Sheet, Plate, and Molded Plastics

n a

Ted
Lere

) or

specimens are to be exposed in a limited space (thermal and
environmental stabilty tests , etc. ). The Type IV specimen

should be used when diect comparsons are requied between
materials in

different rigidity cases (that is, nonrgid and

D638- 02a
semigid). The Type II specimen must be used for all

materials with a thickness of greater than 7 mm (0. 28 in. ) but
not more than 14 mm (0. 55 in.

test specimen shall conform
to the dimensions shown in Fig. 1. The Type IV specimen shall
1.2 Nonrigid Plastics-The

be used for testing nonrgid plastics with a thickness of 4 mm
(0. 16 in. ) or less. The Type II specimen must be used for all
materials with a thckness greater than 7 mm (0. 28 in. ) but not
more than 14 mm (0. 55 in.
1.3 Reinforced Composites-The

89 mm, min.
(3. 50 in.

51 mm, min.
(2. 00 in,

test specimen for rein-

forced composites , including highly ortotropic laminates

S.

shall conform to the dimensions of the Type I specimen shown
in Fig. 1.
1.4

Preparation-Test

57 mm 0

specimens shall be prepared by

machining operations , or die cutting, from materials in sheet
plate, slab , or similar form. Materials thicker than 14 mm (0.
in. ) must be machined to 14 mm (0. 55 in. ) for use as Type

Machine to
60% of

ci ,

-c
ro- '

(2. 25 in. )

r-

Original Nominal
Diameter

C( .

S.

specimens. Specimens can also be prepared by molding the

material to be tested.
NOTE 9-Test results have shown that for some materials such as glass
cloth , SMC , and BMC laminates , other specimen types should be
considered to ensure breakage within the gage length of the specimen , as

51 mm, min.
(2. 00 in.

mandated by 7.

NOTE 100When preparng specimens from certain composite lami-

nates such as woven roving, or glass cloth, care must be exercised in
cutting the specimens parallel to the reinforcement. The reinforcement
wil be significantly weakened by cuttng on a bias, resulting in lower

laminate properties, unless testing of specimens in a direction other than
parallel with the reinforcement constitutes a varable being studied.
NOTE II- Specimens prepared by injection molding may have different
tensile propertes than specimens prepared by machining or die-cutting
because of the orientation induced. Ths effect may be more pronounced
in specimens with narow sections.

test specimen for rigid tubes shall be
shall be as shown in the table
as shown in Fig. 2. The length
in Fig. 2. A groove shall be machined around the outside of the
specimen at the center of its length so that the wall section after
machining shall be 60 % of the original nominal wall thickness. This groove shall consist of a straight section 57. 2 mm
(2. 25 in. ) in length with a radius of 76 mm (3 in. ) at each end
joining it to the outside diameter. Steel or brass plugs having

2 Rigid Tubes-The

diameters such that they wil fit snugly inside the tube and
having a length equal to the full jaw length plus 25 mm (1 in.
shall be placed in the ends of the specimens to prevent
crushing. They can be located conveniently in the tube by
separating and supporting them on a theaded metal rod.
Details of plugs and test assembly are shown in Fig. 2.
3 Rigid Rods-The test specimen for rigid rods shall be as
shown in Fig. 3. The length,

shall be as shown in the table

in Fig. 3. A groove shall be machined around the specimen at
the center of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. Ths
groove shall consist of a straight section 57. 2 mm (2. 25 in. ) in
length with a radius of 76 mm (3 in. ) at each end joining it to

89 mm , min.
(3. 50 in.

DIMENSIONS OF ROD SPECIMENS

eter

Nominal Diam- Length of Radial
Sections, 2R.

Total Calculated
Minimum

Length of Specimen

Standard Length

Specimen to Be Used
for 89-mm (3'1- in.

Jaws

mm (in.
(0.773)

2 (Ve)

19. 6

7 ('116)

24. 0 (0.946)
27. 7 (1.091)
33. 9 (1.333)
39. 0 (1.536)
43. 5 (1.714)
47. 6 (1.873)
51. 5 (2.019)
54. 7 (2.154)
60. 9 (2.398)
66.4 (2. 615)
71.4 (2. 812)
76. 0 (2.993)

4 (V.)

5 (3f)
12. 7 ('1)
15. 9 (S/)
19. 0(%)

22. 2 (7e)
25.4 (1)
31. 8 (1V.)
38. 1 (1 V2)
42. 5 (1%)
50. 8 (2)

356 (14. 02)
361 (14. 20)
364 (14. 34)
370 (14. 58)
376 (14. 79)
380 (14. 96)
384 (15. 12)
388 (15. 27)
391 (15.40)
398 (15. 65)
403 (15. 87)
408 (16. 06)
412 (16. 24)

381 (15)
381 (15)
381 (15)
381 (15)
400 (15. 75)
400 (15. 75)
400 (15. 75)
400 (15. 75)
419 (16.
419 (16.
419 (16.
419 (16.
432 (17)

A For other jaws greater than 89 mm (3. 5 in. ), the standard length shall be
increased by twice the length of the jaws minus 178 mm (7 in. ). The standard
length permits a slippage of approximately 6.4 to 12. 7 mm (0. 25 to 0. 50 in. ) in each
jaw while maintaining the maximum length of the jaw grip.

FIG. 3 Diagram Showing Location of Rod Tension Test Specimen
in Testing Machine

the outside diameter.

shall be made in a direction parallel to the long axis of the test
specimen. All flash shall be removed from a molded specimen,

6.4 All surfaces of the specimen shall be free of visible
flaws , scratches, or imperfections. Marks left by coarse ma-

machining a specimen , undercuts

chining operations shall be carefully removed with a fine file or
abrasive , and the filed surfaces shall then be smoothed with
abrasive paper (No. 00 or finer). The finishing sanding strokes

takng great

care not to

disturb the molded surfaces. In

that would exceed the

dimensional tolerances shown in Fig. 1 shall be scrupulously
avoided. Care shall also be taken to avoid other

machining errors.

common

o D638- 02a
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6 When testing materials that are suspected of anisotropy,
duplicate sets of test specimens shall be prepared, having their
long axes respectively parallel with, and normal to , the
suspected direction of anisotropy.

I Plugs

7. Number of Test Specimens
1 Test at least five specimens for each sample in the case

50 in. , min.

(89mm)

of isotropic materials.

2 Test ten specimens ,

five normal to, and five parallel

with, the principle axis of ansotropy, for each sample in the
00 in. , min.
(51 mm)

case of ansotropic materials.

063 in. Rad.

7.3 Discard specimens that break at some flaw, or that break

(1. 6mm)

outside of the narow cross-sectional

-- 3. 00 in. Rad.
S. (70

dimension "

mm)

test section (Fig. 1

), and make retests , unless such flaws constitute

a varable to be studied.
Machine to

60%of

25 in.

NOTE 12-Before testing, all transparent specimens should be inspected
show atypical or concentrated strain

Original
Nominal

(57mm)

in a polarscope. Those which

patterns should be rejected, unless the effects of these residual strains

Wan Thickness

constitute a varable to be studied.

00 in. Rad.
S. (70 mm)

8. Speed of Testing

063 in. Rad.

1 Speed of testing shall be the relative rate of motion of
the grips or test fixtures during the test. The rate of motion of
the drven grip or fixtue when the testing machine is running
idle may be used , if it can be shown that the resulting speed of
testing is. withn the limits of varation allowed.

(1. 6 mm)
00 in., min.
(51 mm)

2 Choose the speed of testing from Table 1. Determne
50 in., min.
(89 mm)

, L,

! Used
in.

DIMENSIONS OF TUBE SPECIMENS
Nominal Wall

Thickness

Length of Radial
Sections
2R.

Total Calculated
Minimum

Length of Specimen

Standard Length

of Specimen to Be
Used for 89-mm
(3.

in. )

this chosen speed of testing by the specification for the material
being tested , or by agreement between those concerned. When
the speed is not specified , use the lowest speed shown in Table
1 for the specimen geometr being used , which gives rupture
within 1/2 to 5- min testing time.
3 Modulus determnations may be made at the speed
selected for the other tensile properties when the recorder
response and resolution are adequate.

Jaws

TABLE 1 Designations for Speed of Testing

mm (in.
79 (Y32)
1.2

(364)

6 (V's)

2.4 (%2)
2 (Va)
8 (3/1S)
6.4 (V4)
9 (SAs)

5 (3/)

11. (7As)
hall be
:andard
in each

:imen

12. 7

(V2)

13. 9
17. 0
19. 6

(0.547)

(0:670)

(0.773)
24. 0 (0.946)
27. 7 (1.091)
33. 9 (1.333)
39. 0 (1.536)
43. 5 (1.714)
47. 6 (1.873)
51. 3 (2.019)
54. 7 (2.154)

350 (13. 80)
354 (13. 92)
356 (14. 02)
361 (14. 20)
364 (14. 34)
370 (14. 58)
376 (14. 79)
380 (14. 96)
384 (15. 12)
388 (15. 27)
391 (15.40)

381 (15)
381 (15)
381 (15)
381 (15)
381 (15)
381 (15)
400 (15. 75)
400 (15. 75)
400 (15. 75)
400 (15. 75)
419 (16.

Ie test
s. In

d the

lously

nmon

Rigid and Semirigid

Specimen Type

, II , III rods and

tubes

5 (0.2)

5 If it is necessar to place gage marks on the specimen
ths shall be done with a wax crayon or India ink that wil not
afect the material being

tested. Gage marks shall not be

scratched , punched , or impressed on the specimen.

Nominal
Strain C Rate at
Start of Test
min
(in.lin. .min)

mmlmm.

:' 25 %

50 (2) :' 10 %
5 (0.2) :' 25 % 0.
50 (2) :' 10 % 1 .

500 (20) :' 10 %

500 (20) :' 10 %

05) :' 25 % 0.

1 (0.

A For other jaws greater than 89 mm (3. 5 in. ), the standard length shall be
increased by twice the length of the jaws minus 178 mm (7 in. ). The standard
length permits a slippage of approximately 6.4 to 12. 7 mm (0. 25 to 0. 50 in. ) in each
jaw while maintaining the maximum length of the jaw grip.

FIG. 2 Diagram Showing Location of Tube Tension Test
Specimens in Testing Machine

imen,

Classification

Speed of Testing,
mm/min (in.lmin)

10 (0.

Nonrigid

III

5) :! 25 %

100 (5):! 25 %
50 (2) :! 10 %
500 (20) :! 10 %
50 (2) :! 10 % 1 .
500 (20) :! 10 %

A Select the lowest speed that produces rupture in V2 to 5 min for the specimen

geometry being used (see 8. 2).
See Terminology D 883 for definitions.

The initial rate of straining cannot be calculated exactly for dumbbell-shaped
specimens because of extension , both in the reduced section outside the gage
length and in the filets. This initial strain rate can be measured from the initial slope

of the tensile strain-versus- time diagram.

cO

D638- 02a

s ratio determnations shall be made at the same
speed selected for modulus determnations.
8.4 Poisson

9. Conditioning

the test specimens at 23
1 Conditioning- Condition
C (73.4 :! 3. F) and 50 :! 5 % relative humidity for not less
than 40 h prior to test in accordance with Procedure A of
Practice D 618, unless otherwise specified by contract or the
relevant ASTM material specification. Reference pre- test conditioning, to settle disagreements , shall apply tolerances of
:! 1 C (1.8 F) and ::2 % relative humidity.
the tests at 23 :! 2 C (73.4 :!
2 Test Conditions-Conduct

F) and 50 :! 5 % relative

humidity, unless otherwise

specified by contract or the relevant ASTM material specification. Reference testing conditions , to settle disagreements

Poisson s Ratio Determination:
1.1 When Poisson s ratio is determned , the speed of
testing and the load range at which it is determined shall be the
same as those used for modulus of elasticity.
10. 1.2 Attach the transverse strain measuring device. The
transverse strain measuring device must continuously measure
10.
10.

the strain

simultaneously with the axial strain measuring

device.
psi, for Eight Laboratories

TABLE 3 Tensile Stress at Yield,

Three Materials
Mean

Polypropylene
Cellulose acetate butyrate

10.4

Acrylic

022
058
067

161

227
317

062
164
190

0.456
642
897

shall apply tolerances of :! 1 D C (1.8 F) and ::2 % relative
humidity.

10. Procedure
10. 1 Measure the width and thckness of rigid flat specimens (Fig. 1) with a suitable micrometer to the nearest 0. 025
mm (0. 001 in. ) at several points along their narow sections.

TABLE 4 Elongation at Yield, %, for Eight Laboratories, Three
Materials
Mean
Cellulose acetate butyrate

Acrylic

0.45

Polypropylene

16.

Measure the thckness of nonrgid specimens (produced by a

Type IV die) in the same maner with the required dial
micrometer. Take the width of ths

specimen as the distance

between the cutting edges of the die in the narow section.
d the inside and
Measure the diameter of rod specimens,
outside diameters of tube specimens , to the nearest 0. 025 mm
(0. 001 in. ) at a minimum of two points 90 apar; make these
measurements along the groove for specimens so constrcted.
Use plugs in testing tube specimens, as shown in Fig. 2.
TABLE 2 Modulus, 10 psi, for Eight Laboratories, Five Materials

Mean S
Polypropylene
Cellulose acetate butyrate

Acrylic
Glass-reinforced nylon
Glass-reinforced polyester

210
246
0.481

0089
0179
0179
0537
0894

SR

071

025

201

035
063
217
266

051
051

144
144
614
753

152
253

10.

1.3 Make simultaneous

measurements of load and

strain and record the data. The precision of the value of
Poisson s ratio wil depend on the number of data points of
axial and transverse strain taken.
10.4 Set the speed of testing at the proper rate as required in
Section 8, and star the machine.
10. 5 Record the load-extension curve of the specimen.
10. 6 Record the load and extension at the yield point (if one

exists) and the load and extension at the moment of rupture.
NOTE 14-If it is desired to measure both modulus and failure properties (yield or break , or both), it may be necessar, in the case of highly
extensible materials , to run two independent tests. The high magnification
extensometer normally used to determine properties up to the yield point

may not be suitable for tests involving high extensibility. If allowed to
remain attached to the specimen , the extensometer could be permanently
damaged. A broad-range incremental extensometer or hand-rule technique
may be needed when such materials are taken to rupture.

10. 2 Place the specimen in the grps of the testing machie,

takng care to algn the long axs of the specimen and the grps
with an imaginar line joinng the points of attachment of the
grps to the machine. The distance between the ends of the

11. Calculation
11. 1 Toe compensation shall be made in accordance with
Annex AI , unless it can be shown that the toe region of the

gripping suraces, when using flat specimens,

shall be as

curve is not due to the take-up of slack , seating of the

indicated in Fig. 1. On tube and rod specimens, the location for

specimen , or other artifact , but rather is an authentic material
response.

the grps shall be as shown in Fig. 2 and Fig. 3. Tighten the
grps evenly and firmy to the degree necessar to prevent

slippage of the specimen during the test , but not to the point
where the specimen would be crushed.
10.3 Attach the extension indicator. When modulus is being
determned, a Class B- 2 or better extensometer is required (see
1).
NOTE 13-Modulus of materials is determned from the slope of the

linear porton of the stress-strain cure. For most plastics, ths linear
porton is very smal , occurs very rapidly, and must be recorded automatically. The change in jaw separation is never to be used for calculating
modulus or elongation.

the tensile strength by
11. 2 Tensile Strength- Calculate
dividing the maximum load in newtons (or pounds- force) by
the original minimum cross-sectional area of the specimen in
square metres (or square inches). Express the result in pascals

(or pounds- force

per square inch) and report

it to three

significant figures as tensile strength at yield or tensile strength
at break , whichever term is applicable. When a nominal yield

or break load less than the maximum is present and applicable,
it may be desirable also to calculate , in a similar manner, the
corresponding tensile stress at yield or tensile stress at break
and report it to thee significant

figures (see Note A2. 8).
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l be the

11.3 Elongation values are valid and are reported in cases
where uniformty of deformation within the specimen gage
lengt is present. Elongation values are quantitatively relevant
and appropriate for

;e. The

leasure
lsuring

engineerig design. When non-uniform

deformation (such as necking) occurs within the specimen gage
length nominal strain values are reported. Nominal strain
values are of qualtative utility only.

shall be calculated whenever possible. However, for materials
where no proportionalty is evident, the secant value shall be
calculated. Draw the tangent as directed in A1.3 and Fig. A1.
and mark off the designated strain from the yield point where
the tangent line goes though zero stress. The stress to be used
in the calculation is then determned by dividing the loadextension curve by the original average cross-sectional area of

tories
Axial Strain, Ea

0.456
642
897

rhree

-0 Transverse Strain, Et
16.

Applied Load, P
d and

FIG. 4 Plot of Strains Versus Load for Determination of Poisson s

Ratio

lue of

ints of

11.3. 1

Percent Elongation-Percent

elongation is the

the specimen.

11. Poisson Ratio-The axal strain , Ea' indicated by the
axial extensometer, and the transverse strai , E , indicated by

change in gage length relative to the original specimen gage
length , expressed as a percent. Percent elongation is calculated
using the apparatus described in 5.
the percent
11.3. 1.1 Percent Elongation at Yield-Calculate
elongation at yield by reading the extension (change in gage
lengt) at the yield point. Divide that extension by the original

lines are determned. Poisson s ratio

proper -

gage length and multiply by 100.

follows:

. highly
fication

cent elongation at break by reading the extension (change in

ired in

:n.

(if one
Jture.

d point

Iwed to
anently
:hnique

11.3. 1.2

Percent Elongation at Break-Calculate

the transverse extensometers, are plotted against the applied

load
as shown in Fig. 4. A straight line is drawn though
of these
dP
and
each set of points , and the slopes

the per-

gage length) at the point of specimen rupture. Divide that
extension by the original gage length mid multiply by 100.
11.. 2 Nominal Strain-Nomial
strain is the change in grp
using the apparatus

is then calculated as

(1)

(de 1 dP)/(de l dP)

J1

where:

separation relative to the original grp separation expressed

a percent. Nominal strain is calculated

1.,

dP

= change in transverse strain
= change in axial strain , and
= change in applied load;

described in 5. 1.7.
with
of the

)f the

aterial
th by

;e) by
len in
ascals

thee
:ength

yield
cable,
, the
break

11.3. 1 Nominal strain at break-Calculate
the nominal
strai at break by reading the extension (change in grip

separation) at the point of rupture. Divide that extension by the
original grp separation and multiply by 100.
11.4
the modulus of elasModulus of Elasticity-Calculate
ticity by extending the intial linear porton of the loadextension curve and dividing the difference in stress corre-

sponding to any segment of section on this straight lie by the
correspondig difference in strain.
All
elastic modulus values
shall be computed using the average initial cross-sectional area
of the test specimens in the calculations. The result shall be

J1

11. 1 The errors that may be introduced by drawing a
straight line though the points can be reduced by applying the
method of least squares.
. 11.7 For each series of tests, calculate the arthmetic mean
of all values obtained and report it as the " average value" for
the paricular property in question.

11. 8

Calculate the standard deviation (estimated) as follows

and report it to two significant figures:
2 -

nX2)

expressed in pascals (pounds- force per square inch) and

reported to thee significant figures.

11.5 Secant Modulus-At

a designated strai, ths shall be

calculated by dividing the corresponding stress (nominal) by
the designated strain. Elastic modulus values are preferable and

(2)

(de ) I (de

where:
estimated standard deviation

= value of single observation

I (n -

1)

(3)

. D638- 02a
= number of observations , and

X = arthetic mean of
11.9 See

12. 1.9 Tensile strength at yield or break , average value
, and

the set of observations.

Anex Al for information

standard deviation

on toe compensation.

TABLE 5 Tensile Strength at Break, 10 psi , for Eight
Laboratories, Five Materials

12. 1. 0 Tensile stress at yield or break , if applicable
average value , and standard deviation
12. 1.11 Percent elongation at yield , or break , or nominal
strain at break , or all three , as applicable , average value , and
standard deviation

Mean

Polypropylene 2. 97 1. 54 1. 65 4.37 4.

Acrylic 9.

82 0. 058 0. 180 0. 164 0. 509
09 0. 452 0. 751 1. 27 2.
Glass-reinforced polyester 20. 8 0. 233 0.437 0. 659 1.
Glass-reinforced nylon 23. 6 0. 277 0. 698 0. 784 1.
Cellulose acetate butyrate 4.

12. 1.12 Modulus of elasticity, average value ,
deviation
12. 1.3 Date of test , and
12. 1.4 Revision date of Test Method D 638.

and standard

A Tensile strength and elongation at break values obtained for unreinforced

propylene plastics generally are highly variable due to inconsistencies in necking
or "drawing " of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and relate in most cases to the practical
usefulness of a molded part, they are generally recommended for specification

purposes.

TABLE 6 Elongation at Break, %, for Eight Laboratories, Five
Materials
Mean

13. Precision and Bias 12
13.1

Precision-Tables

conducted in 1984 ,

6 are based on a round-robin test

involving five materials tested by eight

laboratories using the Type I specimen , all of nominal 0. 125- in.
thickness. Each test result was based on five individual
determnations. Each laboratory obtained two test results for
each material.

68 0. 20 2. 33 0. 570 6.
Glass-reinforced nylon 3. 87 0. 10 2. 13 0. 283 6.
Acrylic 13.

TABLE 8 Tensile Yield Elongation, for Eight Laboratories, Eight
Materials

Cellulose acetate butyrate 14.

Material

Glass-reinforced polyester 3.

21 2.
3. 65 5. 80 10.
1. 05
87 6. 62 5. 29
18.
Polypropylene 293. 0 50. 9 119. 0 144.

Test
in.lmin

0 337.

A Tensile strength and elongation at break values obtained for

unreinforced

propylene plastics generally are highly variable due to inconsistencies in necking
or " drawing" of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and relate in most cases to the practical
usefulness of a molded part , they are generally recommended for specification

purposes.

Values Expressed in Percent Units

Speed

LOPE
LOPE
LLOPE
LLOPE
LLOPE
LLOPE
HOPE
HOPE

Average
17.
14.
15.
16.
11.
15.

1.02

1.27
1.40
1.23

TABLE 7 Tensile Yield Strength, for Ten Laboratories, Eight
Materials
Test
Material

in.lmin

LOPE
LOPE
LLOPE
LLOPE
LLOPE
LLOPE
HOPE
HOPE

TABLE 9 Tensile Break Strength, for Nine Laboratories, Six
Materials

Values Expressed in psi Units

Speed.
Average
1544
1894
1879
1791

2900
1730
4101
3523

Test
52.
53.
74.
49.
55.
63.
196.
175.

64.
61.2
99.
75.
87.
96.
371.
478.

146.
148.

207.

179.
171.
279.

137.
155.
178.
549.
492.

212.
246.
268.
1041.3
1338.

12. Report
12. 1 Report the following inormation:
12. 1 Complete identification of the material tested, including type , source , manufactuer s code numbers , form , principal
dimensions , previous history, etc.,
12. 1.2 Method of preparg test specimens
12. 1.3 Type of test specimen and dimensions
12. 1.4 Conditioning procedure used
12. 5 Atmospheric conditions in test room
12. 1.6 Number of specimens tested,
12. 1.7 Speed of testing,
12. 1.8 Classification of extensometers used.

in.lmin

LOPE
LOPE
LLOPE
LLOPE
LLOPE
LLOPE

Values Expressed in psi Units

Speed
Average
1592
1750
4379
2840
1679
2660

52.
66.
127.
78.
34.
119.

74.
102.

219.
143.
47.
166.

146.4
186.
355.
220.
95.
333.

209.
288.
613.
401.
131.
465.

13. 1.1 Tables 7- 10 are based on a round-robin test conducted by the poly olefin subcommttee in 1988 , involving eight
polyethylene materials tested in ten

laboratories. For each

material , all samples were molded at one source , but the
individual specimens were prepared at the laboratories that
tested them. Each test result was the average of five individual
determnations. Each laboratory obtained three test results for

each material. Data from some laboratories could not be used
for varous reasons , and this is noted in each table.
13. 1.2 In Tables 2- , for the materials indicated , and for
test results that derived from testing five specimens:

A description

of measurng technque and calculations employed instead of a

minimum Class- C extensometer system

Material

12 Supporting data are available from

ASTM Headquarers. Request RR:D201125 for the 1984 round robin and RR:D20- 1170 for the 1988 round robin.

). ).

o D638- 02a
and

TABLE 10 Tensile Break Elongation , for Nine Laboratories, Six

Materials

Test

icable
Material

in.!min

, and
andard

value
for that material and condition. (This applies between different
laboratories or between different equipment within the same
laboratory.
13. 1.2. 5 Any judgment in accordance with 13. 1.2.3 and
13. 1.2.4 wil have an approximate 95 % (0. 95) probability of

Values Expressed in Percent Units

Speed

ominal

Average

567
569
890
64.4
803
782

lOPE
LDPE
LLDPE
LLDPE
LLDPE
LLDPE

31.
61.
25.
25.
41.

ent equipment on different days , those test results should be
judged not equivalent if they difer by more than the

59.
89.
113.
11.7
104.4
96.

166.
249.
318.
32.
292.
270.

88.
172.
71.
18.
71.
116.

being correct.
13. 1.2. 6 Other formulations may give somewhat different

results.
13. 1.2. 1 Sr is the within- laboratory standard deviation
= 2. 83 r. (See 13. 1.2.3 for application of
the average;

,in test

. eight
25- in.

vidual
Its for

13. 1.2. 2

of

SR is the between- laboratory standard deviation of
= 2. 83

the average;

SR'

(See 13. 1.2.4

13. 1.2. 3 Repeatability-In
the same material , obtained

for application of

comparng two test results for
by the same operator using the

same equipment on the same day, those test results should be
value

judged not equivalent if they differ by more than the

for that material and condition.
Eight

13. 1.2.4

Reproducibility-In comparng two test results for

the same material , obtained by different operators using differ-

13. 1.2. 7

For furter information on the

ths section ,

methodology used in

see Practice E 691.

13. 1.2. 8 The precision of ths test method is very dependent
upon the uniformty of specimen preparation ,

standard practices for which are covered in other documents.
13. Bias-There
are no recognized standards on which to
base an estimate of bias for this test method.
14. Keywords
14. 1 modulus of elasticity; percent elongation; plastics;
tensile propertes; tensile strength

ANNEXES
. (Mandatory Inormation)

At. TOE COMPENSATION

ALl In a typical stress-strain cure (Fig. ALl) there is a
toe region

AC,

that does not represent a property of the

Six

material. It is an arifact caused by a takeup of slack and

alignment or seating of the specimen. In order to obtain correct
values of such parameters as modulus, strain , and offset yield
point this arifact must be compensated for to give the
corrected zero point on the strain or extension axis.

A1.2 In the

case of a

material exhbiting a region of

Hookean (linear) behavior (Fig. ALl), a
09.
88.
13.

linear

(CD)

zero-stress axis. Ths intersection

(B)

is the corrected zero-

strain point from which all extensions

01.
31.
65.

continuation of the

region of the curve is constrcted through the
or

strains must be

measured , including the yield offset
(BE),
if applicable. The
elastic modulus can be determed by dividig the stress at any

point along the line CD (or its extension) by the strain at the
same point (measured from Point

coneight
each

A1.3 In the case of a material that does not exhibit any
linear region (Fig. A1. 2), the same kind of toe correction of the

zero-strain point can be made by constrcting a tangent to the
maximum slope at the inflection point
(H' This is extended to

t the

. that
idual
ts for
used
d for

intersect the strai axis at Point
point. Using Point

B'

on the cure can be

this graph.

the corrected zero-strain

as zero strain , the stress at any point
(C'
divided by the strain at that point to obtain

a secant modulus (slope of Line

Strain
NOTE I-Some char recorders plot the mior image of
FIG. A1. 1 Material with Hookean Region

:D20-

defined as zero-strain).

B' C'

For those materials

with no linear region , any attempt to use the tangent though
the inflection point as a basis for determnation of an offset
yield point may result in unacceptable error.

D638- 02a

Strain
NOTE I-Some char recorders plot the mior image of
FIG. A1. 2 Material with No Hookean Region

ths graph.

A2. DEFINTIONS OF TERMS AND SYMOLS RELATING TO TENSION TESTING OF PLASTICS
A2.
elastic limit-the greatest stress whic.h a material is
capable of sustaining without any permanent strain remaining
upon complete release of the stress. It is expressed in force per
unit area , usually pounds- force per square inch (megapascals).
NOTE A2.

Measured values of proportonal lit and

elastic limit

var greatly with the sensitivity and accuracy of the testing equipment,

in plastics is debatable , the propriety of applying the term " modulus of
elasticity " to describe the stiffness or rigidity of a plastic has been
seriously questioned. The exact stress-strain characteristics of plastic
materials are very dependent on such factors as rate of stressing,
temperature , previous specimen history, etc. However, such a value is

useful if its arbitrar nature and dependence on time, temperature, and
other factors are realized.

eccentrcity of loading, the scale to which the stress-strain diagram is
plotted , and oiler factors. Consequently, these values are usualy replaced
by yield strengt.

A2.

elongation-the increase in length produced in the
by a. tensile load. It is

gage length of the test specimen

expressed in units oflength , usually inches (millimetres). (Also
extension.

known as

NOTE A2.

Elongation and strain values are vald only in cases where

uniormty of specimen behavior withn the gage length is present. In the
case of materials exhbiting neckig phenomena , such values are only of
qualitative utility afer attainment of yield point. Ths is due to inability to
ensure that necking wil encompass the entire length between the gage
marks prior to specimen failure.

lus

or

Young s modulus).

NOTE A2. 3- The stress-strain relations of many plastics do not conform to Hooke s law thoughout the elastic range but deviate ilerefrom
even at stresses well below the elastic lit. For such materials the slope
of the tagent to the stress-strain curve at a low stress is usualy taken as
the modulus of elasticity. Since the existence of a tre proportionallirt

section

NOTE A2. 4- This measurement is useful for materials whose stressstrain curve in the yield range is of gradual curvature. The offset yield
strength can be derived from a stress-strain curve as follows (Fig. A2.l):
OM

On the strain axis layoff
OA

equal to the specified offset.

tangent to the initial straight- line portion of the stress-strain

curve.
Though
MN

A2.4
modulus of elasticity-the ratio of stress (nominal) to
corresponding strain below the proportional limit of a material.
It is expressed in force per unit area, usualy megapascals
(pounds- force per square inch). (Also known as
elastic modu-

localized reduction in cross

A2.
offset yield strength-the stress at which the strain
exceeds by a specified amount (the offset) an extension of the
initial proportional portion of the stress-strain curve. It is
expressed in force per unit area , usually megapascals (poundsforce per square inch).

Draw
A2.3
gage length-the original length of that portion of the
specimen over which strain or change in length is determned.

necking-the

A2.5

which may occur in a material under tensile stress.

draw a line

MN

parallel to OA

and locate the intersection of

with the stress-strain curve.

The stress at the point of intersection
is the " offset yield strength. " The
specified value of the offset must be stated as a percent of the original gage
length in conjunction with the strength value.

Example:

1 % offset yield

strength = ... MPa (psi), or yield strength at 0. 1 % offset ... MPa (psi).

A2. percent elongation-the elongation of a test specimen
expressed as a percent of the gage length.
A2.
A2.

percent elongation at break and yield:

percent elongation at break-the percent elongation

at the moment of rupture of the test specimen.

---------_
cO D638- 02a
square inch) per minute. The initial rate of stressing can be
calculated from the initial slope of the tensile stress (nominal)

----1---

versus time diagram.
NOTE A2. 6-The

initial rate of stressing as determned in this manner

has only limited physical significance. It does, however, roughly describe
the average rate at which the intial stress (nomial) cared by the test
specimen is applied. It is afected by the elasticity and flow characteristics
of the materials being tested. At the yield point , the rate of stressing (tre)

may continue to have a positive value if the cross-sectional area is

/ OM =

decreasing.

Specified

Offset

A2. 15

secant modulus-the

ratio of stress (nominal) to

corresponding strain at any specified point on the stress-strain
curve. It is expressed in force per unit area , usually megapascals (pounds- force per square inch), and reported together with
the specified stress or strain.

Strain
FIG. A2. 1 Offset Yield Strength

A2,

percent elongation at yield-the

NOTE A2.
This measurement is usually employed in place of modulus of elasticity in the case of materials whose stress-strain diagram does
not demonstrate proportionality of stress to strain.

percent elongation

at the moment the yield point (A2. 21) is attained in the test
specimen.
A2.

percent reduction of area (nominal)-the difference

measured at the point
of rupture after breakng and afer all retraction has ceased
between the original cross-sectional area

expressed as a percent of the original area.
,Ius of

been

A2.10

percent reduction of area (true)-the

plastic

between the original cross-sectional area of the test

:ssing,

and the minimum cross-sectional area withn

,lue is

ares prevailing at the

, and

difference
specimen

the gage bound-

moment of ruptue ,

expressed as a

percentage of the original area.

:ction

,trai
)f the

A2. 11

proportional limit-the

greatest stress which a

material is capable of sustaining without any deviation from
proportonalty of stress to strain (Hooke s law). It is expressed
in force per unit area, usually megapascals (pounds-force per

square inch).

It is

mds-

;tressyield

A2.12

rate of loading-the change in tensile load cared

by the specimen per unit time. It is expressed in force per unit
time , usually newtons (pounds-force) per minute. The initial
rate of loading can be calculated from the intial

slope of the

"2. 1):

load versus time diagram.

.strai

unit time. It is expressed either as strain per unit time , usually

A2.13

rate of straining-the change in tensile strai

per

metres per metre (inches per inch) per minute, or percent
ion of
The

I gage

yield
Isi),

elongation per unit time , usually percent elongation per minute.
The initial rate of straining can be calculated from the initial

slope of the tensile strain versus time diagram.
NOTE A2. 5-

The initial rate of strainig is synonymous with the rate of
crosshead movement divided by the initial distance between crossheads

A2. 16 strain-the ratio of the elongation to the gage length
of the test specimen , that is , the change in length per unit of
original length. It is expressed as a dimensionless ratio.
A2. 16. nominal strain at break-the strain at the moment
of rupture relative to the original grp separation.

Iii
ill

A2. 17
tensile strength (nominal
the maximum tensile
stress (nominal) sustained by the specimen during a tension
test. When the maximum stress occurs at the yield point
(A2. 21), it shall be designated tensile strength at yield. When
the maximum stress occurs at break , it shall be designated
tensile strength at break.

A2. 18

tensile stress (nomina I)-the

tensile load per unit

minimum original cross section , within the gage
boundares , cared by the test specimen at any given moment.
area of

It is expressed in force per unit area , usually

megapascals

(pounds- force per square inch).
NOTE A2. 8-

The expression of tensile properties in terms of the

minimum original cross section is almost universally used in practice. In

the case of materials exhbiting high extensibility or necking,

or both

(A2. 15), nominal stress calculations may not be meanngful beyond the
yield point (A2. 21) due to the extensive reduction in cross-sectional area

that ensues. Under some circumstances it may be desirable to express the
tensile properties per unit of minimum prevailing cross section. These
properties are called tre tensile propertes (that is, tre tensile stress, etc.

A2. 19

tensile stress-strain

curve-a

diagram in which

:I!

ill

values of tensile stress are plotted as ordinates against corre-

sponding values of tensile strain as abscissas.
A2. 20

true strain

(see Fig. A2. 2) is defined by the follow-

ing equation for E

only in a machine with constant rate of crosshead movement and when the

imen

specimen has a uniform original cross section

does not slip in the jaws.
A2.14

ation

, does not " neck down, " and

rate of stressing (nominal)-the change in tensile

stress (nominal) per unit time. It is
area per unit time

) I

expressed in force per unit

, usually megapascals (pounds- force per

FIG. A2. 2

Ilustration of True Strain Equation
,r.

D638- 02a
L dUL

. L

eT

(A2.

= In

where:
= increment

dL

of elongation when the distance between

the gage marks is

original distance between gage marks, and
distance between gage marks at any time.

yield point-the first point on the stress-strain curve
at which an increase in strain occurs without an increase in

r--------

A2. 21

YIELD

POINT

stress (Fig. A2. 2).
NOTE A2. 9-Only materials whose stress-strain cures exhibit a point
of zero slope may be considered as having a yield point.
NOTE A2. 10-ome materials exhbit a distinct "break" or discontinuity in the stress-strain cure in the elastic region. Ths break is not a yield
point by definition. However, ths point may prove useful for material
characterization in some cases.

L______-

yield strength-the stress at which a material exhibA2.22
its a specified limiting deviation from the proportonalty
stress to strain. Unless otherwise specified ,

A a E' TENSILE STRENGTH AT BREAI
ELONGATION AT BREAK

ths stress wil be

B. TENSILE STRENGTH AT YIELD
ELONGATION AT YIELD
C. TENSILE STRESS AT BREAK
ELONGATION AT BREAK

the stress at the yield point and when expressed in relation to
the tensile strength shall be designated either tensile strength at
yield or tensile stress at yield as required in A2. 17 (Fig. A2. 3).
(See

D D TENSILE STRESS AT YIELD
ELONGATION AT YIELD

offset yield strength.

Symbols-The

A2. 23

following symbols may be used for

STRAIN

FIG. A2. 3 Tensile Designations

the above terms:
Symbol
LiW

Term
Load
Increment of load
Distance between gage marks at any time
Original distance between gage marks
Distance between gage marks at moment of rupture
Increment of distance between gage marks = elongation
Minimum cross-sectional area at any time
Original cross-sectional area
Increment of cross-sectional area
Cross-sectional area at point of rupture measured after

24

Relations between these varous terms may be
A2.
defined as follows:
crT

cru
crUT

WIA
WIA
WIA (where W
WIA where W
LiUL
(L

)/L

breaking specimen
Cross-sectional area at point of rupture, measured at the

moment of rupture

lime
Lit
Licr

crT

cru
crUT

liE

%El

Increment of time
Tensile stress
Increment of stress
True tensile stress
Tensile strength at break (nominal)
Tensile strength at break (true)

Strain
Increment of strain
Total strain , at break
True strain
Percentage elongation
Yield point

Modulus of elasticity

is breaking load)
is breaking load)
)/L

%EI

It. dUL
((L

In UL
)/L

x 100 = EX 100

Percent reduction of area (nominal) = ((A o - A )/ A 1 x 100
Percent reduction of area (true) = ((A o - AT )/A J x 100
Rate of loading. = LiW/Li
Rate of stressing (nominal) = Licr/Li= (LiWj/A )/Li
Lit = (LiUL )Lit
Rate of straining = Lie!

For the case where the volume of the test specimen does not
change during the test , the following three relations hold:
fYT = fY(1 + e) =
fYUT

(A2.

fYUL

fYu (1

u IL
o /(1

+ e)

r::m

divulkanisasi untuk menarik karet pada perpan]angan
Dari garnbar tersebut tampak bahrra sebelum
gaya
gaya sebesar 1 MPa, sedangkan setelah divulkanisasi diperlukan
kalinya (6000/o) hanya diperlukan

FlPa'
;exltar 22

A. VULKANISASI BELEzuiNG
Belerang sebagai bahan pemvulkanisasi

l.

pembuatan kompon setidaknya diperlukan bahan
sebagaimana d.rjelaskan sebelumnya bahwa dalam

.::agaiberikut:elastomer,bahanpemvulkanisasi,pencepat,danpenggiat'
pertama kali dan terutama digunakan
Belerang merupakan bahan pemvulkanisasi yang ditemukan
BR,
jenis karet yang molekulnya mengandung ikatan rangkap seperti karet alam, sBR,

,-:rk memvulkanisasi
::.. EPDM'

can paca pendinginan terbentuk partikel padat
Belerang secara komersil dihasilkan dari pencairan sulfur
yang
(so/uble) dalam hidrokarbon termasuk molekul karet' Belerang

:.-:entuk rhombic yang bersifat larut

adhesi'

:--i dapat bermigrasi ke permukaan kompon mentah (green compound) sehingga menghambat
tidak larut juga ditemui di pasar hanya harganya
- €iang dalam bentuk ailotrophic. yang bersifat

lebih tinggi

:,-- cigunakan untuk tujuan khusus-

-.

NlekanismeVulkanisasiBelerang
t'lekanisine vulkanisasi belerang ditunjukkan pada Gambar 3.2.
belerang (Se) yang kemudian membentuk
Pada awat reaksi terjadi pemutusan lingkaran molekul

:

-:leks pengaktifan beleranq dengan

ini
bahan pencepat dan ZnO. Bahan pengaktifan perantara

melibatkan

R

+ Pencepat
(Acc-R)
+

ZnO

-

'=l'

-<-I
Belerang

I

Acc-S;2n-Su-Acc
R

Kompleks Pengaktifan
belerang

-Pencepat

f- s" [x,*t ]

Acc

t-s t.z-1
Gambar 3.2. Mekanisme vulkanisasi dengan belerang

F{,:

T,

*"rt r"r""t"'' "'

i.'

mengandung
eai6elepaska6rantaibe|erangoligomerYangreaktifdanmenyerangposisiatomCalilikdarimolekulkaret,dan
terbe:rtuk merupakan ikata! polisulfida Yang
ikatan srlang, lkatan siiafig,'ang
pada.pemasakan'
pemanasan
proses
B,+ernuent.rt<
ikatan energi rendah' selama
atom beterang dan mempunyai
rn
pendek' Sebagai akibatnva monomolekuler
pun
&i
ikatan silaflg yang lebih
membentuk
or,r,
polisulfida
$. ,*urn

"*u|,

Gambar 3'4'
l..oelerangyangputusmembentukikatansilangbaruatauikaEnbeleranEinterrnolekularsepanjangmolekul
ditunjul&an oleh Gambar 3'3 dan
rangkap terkonjugasi seperti
ikatan
terbentu:..n'a
ir. l,ret dan

Gambar

3'3' Struktur

\J a

pada vulkanisat belerang
ikatan silang dan ikatan intermolekuler

.!'

co5

'#;1

AO
2v

U0

Gambar

3'4.

selama vulkanisast
Perubahan ikatao silang
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Parameter vulkanisasi
Parameter yang kritis selama vutkanisasi adalah waktu yang cliperlukan untuk memulai vulkanisasi, laju
lama Proses vulkanisasi. Waktu sebelum vulkanisasi disebut scorch rr'rne (waktu scorch) yang digunakan

ilidu! rneog?lir- n€ogisi dan pengernpaan kompon. Segera setelah vulkanissei berlaflgsung, proses ilarus
gangguan dan cepat, sehingga waktu scorch harus,cukup memadai untuk
berjalan lancar tanpa
proses pengaliran, pengisisan dan pengempdi..'korr,pon.

berlangsungnya

Berlangsungnya proses vulkanisasi ditandai dengafl fieningkatnya rnodulus torsi. Alat yang digunakan
untuk memonitor parameter vulkanisasi adalah curemeter {curometer atau rheometer). Kompon diletakkan
pada rotor yang bergerak osilasi. Alaitersebut mencatat tEhaftan kompon terhadap gerak osilasi imodulus
torsi) sebagai fungsi waktu dari mulai hingga vulkanisasi sempurna dan disajikan dalam bentuk kurva seperti
Garnbar 3.5.

. Kurva tersebut terbagi meniadi tiga bagian:

't

^'
,ii
Xl
t
a
l
I

t

I

llllaktu

(menitf

Gambar 3.5. Kuna rheqmeter

Fasa

I

;

fa$e prayclkanisar$, yang dipEngaruhi oleh tahap penc;lrnpuran dan pengolahan dan
dapat rnernpengaruhi pembenalkan barang Jadi.
vulkanisssi bertangsung der8gan karal<teristik yang dipengaruhi oteh sistern vulkanisasl.

:
: p€neEBE t tifrt filii€ yanE dipengaruhi olGh ungEi rendahnya rnodulus torsi dan ada atru
' tidaknya proses revsrsi.
4 : lrlfiaktu matang optimum
tgo
1: lilrsi ndnimum i Mr
'
: \o-tr
:t,
5 : Laju vulkanisasi
Z: Walftu scorch
3: Torsi maksimum : M,

Fasa

II

Fasa

trI
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viskositas kompon menurun dengan
,
pud. awal pengoperasian rheometer yang telah diatur suhunya,
suhu alat. Pada saat ini kurva menurun hingga rninimum
$l
-,-.*,nra suhu kompon menyesuaikan. dengan
:fipnlrrv'--,,---:r--:
h^ir'^acrrnn
rriskn<itas mtJlai meninokat dan

'.r:;:;,
dao

meningkat
saat vurkanisasi murai
-..r-i berrangsung, viskositas murai
naik kembari disebut waktu scorch (t.) atal
mendatar setelah vur,.cnisas,
vurkanisasi berrangsung hingga mencapai maksimum kemudian
;."="s
'
/r, \ rAr^t.|,, pemasakan rrmrrmnv=
alitpntttkan
-umumnya ditentukan
- (Mn). Waktu ^^m:c:lz>n
,.", kurva mendatar, disebut torsi maksimum

,orsi minimum (M.).

pada

t:::::".:t:'l_,li::::":'::-:,:::':::lj::::

1l*r';;,r'
::,:;"
5eto"'-

il;;.'ouo_

oarioptimumcuretimeatauwaktuvulkanisasioptimum(t90).
2 unit torsi di atas
waktu (menit) yang menunjukkan peningkatan kurva sebesar

t,

=

L^

=waktu(menit)yangmenunjukkang0o/otingkatkematangandihitungberdasarkan
persamaan: 0.9 (MH-Mr) +

litik

t{L'

ML

potongtorsiYangCliperolehdaripersamaandengankurvadiplo,tkanpadasumbuwaktudiperoleh
dengan tr. - tr'
pacia fasa II meneniukan laju vuikanisasi (n) yang dinyatakan

Lc. beniuk kurva

yang mendatar maka disebut ptateau (datar' kurva B)'
Bita pada pemasakan lebih lanjut diperoleh kurva

tjanbi|aterjadip€nui.unandisebutreversi(kuruaC),.yangm€nunjukkanDah.,l'aikatansilangyangdibentuk
pada pemasakan
oleh sistem ,yulkanisasi tersebut tidak mantap
(kurva D)'
marching
menunjukkan s€dikit peninqkatan disebut

4.

lanjut. 5€baliknya bila kurva masih

Pengairrh jumlah belerang
]umlahbelerangyangditambahkanpadaprosespembuatankomponberpengaruhterhadap
pengaruh kadar
sifai-sifai vulkanisatnYa' Tabel 3'1' berikui rnenYaiikan data

karakteristik.rulkanisa-si serta

belerangterhadapkarakteristikvulkanisasidansifat-sifatvulkanisatnya'

Tabel 3.1.

Pengaruhkadarbelerangterhadapkarakteristikvulkanisasidansifat_sifatVulkanisatyang
dihasilkan

412

Sulfur (Phr)

1,35

1,95

2,5

(phr)

O,45

0,65

0,85

1,4

!o (menit)

2t
+,

15,5

15,5

CBS

Ac,f"{il

-

i'{L (lb.ih)

Modulus 1OO (MPa)
Kuat

tarik (MPa)

Resilience fo/o)

Perpaniangan Putus (o/o)
Ketahanan sobek (kN/m)

Kompon

:

alam
-N330
-ZnO
- Asam stearat
- PPD

-

Karet

17

57

0,

YA

2,7

3r6

4,6

6,9

23

27

28

58

60

61

26
65

450

440

390

275

20

22

15

6

100
50
5

2r5
1,5
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SOL KARET CETAK

1.

RUANG LINGKUP

standar ini meliputi definisi, syarat mutu, cara pengambilan contoh, cara uji,
syarat lulus uii dan cara penandaan.sol karet eetak.
2. DEFINISI

Sol karet cetak adalah salah satu komponen

bagian bawah alas kaki yang dibuat dari kompon karet dengan sistem cetak vulkanisasi.

3. SYARAT MUTU

Mutu soi karet cetak dibagi menjadi 3 (tiga) kelas : kelas A, kelas B, dan kelas c
dengan syarat mutu tereantum pada tabel I.
Tabel
Syarat

Nomor
Urut.
1)

Uraian

Persyaratarl

Satuan

Klas A

Klas

B

KIas C

Fisika
Tegangan putus
Perpajangan

-

kglcm2

putus (7o)
Kekerasan

Kbtahanan sobek

Shore A
kg/em1

Perpanjangan

tetap 6Wo, (7o\
Bobot jenis
Ketahanan hikis

Ketahananretak lentur

{50 kcs
2)

Organoleptis
-'Keadaan dan
atau kenampak.
an sol

4.
'

I

Mutu

lUir,i-rr- rso

I

Minimum 100 Minimum 50

irr,riri*r,,, zro Minimum 150

55-80
l1
lMini*u*

Maksimurn
Maksimum

g/cin3

I

i

um 100

55-80

Minimum 40 Minimtrni

ao

4

55-80

25

I

i

Maksimum ? Maksimum 10
1,4
1,6

1,21 Maksimum

mm2kgm lMaksimum r,ol Maksimum 1,6 Maksimum 2,5

r"t

ltiarx

r.

tidak retak
I

Tidak cacat dan atau r usak yang seru n sobek,
Iubang ;, retak, goresan

CABA PENGAMBILAN CONTOH

?t

Jika tidak ada ketentuan lain, maka cara pengambilan contoh dilakukan
acak dengan ketentuan sebagai berikut

seeara

:

sampai 500 pasang diambil minimum 1 pasang
1000 pasane diambil minimum 2 pasang
50L

di

-

2000 pasang diambil ririnimum 3 pasang
atas 2000 pasang diambil minimum 4 pasang.

1001

,t:
1
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5.

CARA

UJI
I

Semua penguiian dilakukan dal{m ruaRgan dengan'suhu 27 )- 2" C dan kelembab.

65 x57o.
Cuplikan harusdikondisikan dahulu minimal 24 iam.
an

5.1 Fisika
5.1.1 Tegangan putus dan perpanjangan putus
Pengujian dilakukan dengan alat uji ketahanan tarik.
Potong contoh uji dalam bentuk dayung (durnbell) mernakai pisau pons D,
dengan bentuk dan ukuran sebagai berikut :

Tetnl 2 mm

Gamhar

1

Bentuk Contoh Uji

tanda dua garis sejajar pada cuplikan berjarak 25,4 mm simehis di tengah'.
tengah dayung.
Ukur lebar dan tebal euplikan di tempat an b, dan c, kemudian pasang pada
alat sehingga iarak antara ke duaiepitan 50 mm.
Penarikan dikerjakan dengan kecepatan 25 x l cm/menit mmpai cuplikan
putus.
Perhitungan : (yang dicapai dan beban yang diperlukan).

Bsi

Tegangan

putus

Perpanjangan

=

putus

txrY
r

-T

kg/cm2

x lA\Vo

t:.

di mana :
F = beban yang diperlukan untuk menarik cuplikan sampai putus, kg.

t = tebal euplikan, cm.
r = lebar cuplikan, cm.
Lo = paniang mula-mula cuplikan antara 2 tanda garis
Lr = panjangeuplikan antara 2 garis, pada waktu putus.
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5.1.2 Kekerasan

untuk pengujian kekerasan digunakan arat Sh.re
kekerasan tidak memerrukan ir:plikan Jnngrrr--,,,i A Durometer. pengujian
uran telte,tu, asal me_
menuhi syarat-syarat sebagai berikut :

-

Ketebalan contoh sekurang-kurangnya 6,3
contoh yang tipis boleli distisun- uniul<mm.
mencapai ketebalan tersebut.
- Lebar contoh sekurang_kurangnya 2,b4 cm
- Pengujian tidak boleh dilakukan pada tempat yang kura,g dari L2,7 mm
dari tepi permukaan contoh dan ruas p"i."LJ*
hi tidaf uot"t Lr.urg
dari luas permukaan kaki penekan.
- Permukaan coltoh harus rata, karena kaki penekan alat harus sejajar benar
dengan permukaan contoh.
Pengujian dilakukan sebagai berikut
:

l,etakkan contoh di atas dasar vang keras
dan d;ttar. pegang arat tegak rurus
dengan erat oleh ib"" jT! qan;ari
pada bagian alas arat. Tbkankan 1""srr, r"J, r"ri -rris. Letakkan terunjuk
arat
peneka4 alat menyentuh dan r"juju. i"a, o*i";t;'rn contr:h sampai kaki
u"nr. J"ie"r'p"i*rr.urn contoh.
Besarnya tekanan yang diberikan kaki penehan
pada pennukaan contoh
harus menurut siandar kekuata., penekan
turt".,iu
(60 shore). pembacaan
skala dilakukan segera seterah diperoreir
k."rr,r."v.rg erat dan se,jajar tadi.
Lakukan pengujian 3 kali pada tempat yang
berlainan dan tidak terlalu
.
dekat dengan tempat yang'sudah
dil"k";
"
kelelahan (fatique) contoh.
"i?*,"i"r* untuk menghindari

Hasil

uji

Shore A.

adalah rata-rata B ka_li pengukuran. dinyatakan
dengan satuan

5.1.3 Ketahanan sobek
Ketahanan sobek adalah beban yang diperlukan
untuk menarik sampai putus
suatu cuplikan vang terah dilubingimemak^i
Ji tengah_tengah cuplikan
;.;.sepanjang b mm
lurus padi.uruh ;u.i:k: aiut-iunc digunakan
legak
Tensiometer Zwik (atau shopper kecli), pisau pons
,i"*buat cuplikan, peng_
ukur tebal, mikroskop- dengan'p"rtungtup;.-;ik;;eier
------o"*rs."nt.rr,
untuk mengukur
'rrNvr
lebar cuplikan yang tersobekka,r.'
.
Buat cuplikan berbentuk empat persegi panjang
dengan ukuran :
panjang : 6 cm.

lebar : 1 cm
tebal : t2rrrm

l

Buat tantla arah sejajar dengan panjang
cuplikan
di iengrh-;""rsr[-.*iilrr, regak lurus parta
sumbu panjang
3.H"Ifilan

llkur tebal cuplikan pada bagian yang terdapat
keratan.
Pasang kedua ujung-cuplit ni-puin'p"unj.pii-punj"piiniur;n

ff',rL"t",

dan selanjut,va

kerjakui-**, seperti pada

zwickatau shop_
pengujian tegangan

Tarik cuplikan sampai putus dan catat beban
vang diperiukan. Ukur
cuplikan yang tersobett un
-.rut ri *it ror.t"r mikroskop.

,1 11:il

tn

lebar

sNr 0778__1989_4
Hasil pengujian:
Ketahanan sobek
di mana

F
t
w

=

-+txw

kglemz

:

= tebal,untuk menarik sampai putus, kg.
= tebal cuplikan, cm.
= lebar yaugtersobekkan, cm-

IIasil uii adalah rata-rata tiga kali pengukuran.

5.1.4 Perpa4iangan tetap
AIat zuatu plat logrm bentgk persegi
rebar 3o
BE cm, dengan binikai

paniang berukuran panjang 4E

;;;;j;;s

lebar 2 cm.

r," iini d";

_

S0 cm,

[;;;;unu*j"2.*

Ukuran cuplikan :
panjang : 10cm
lebar : 4 mrn.
tebal : 3 mm.
Buat garissgiaiar neda euplikan dengan
iarak 5 cm.
rasang eupliklT pada alat dengan
klem. Klem yang satu dipindahkan, sehingsa cuplikan ditarik-menggunalan
6A%.
Dalam keadaan tertarik biarkan serama
?a b*. sesridah itu, Iepas dan bhr_
kan selama l jam. Ukuriarak
gari;:[r;.

-fr;i d;;i";*"
:"

"ntarr2

Perhitungan,:

Perpanjangantetap=

'to

tt

,

to

x

100%

di mana :
tr = panjang antara dua garb sejajar pengujian.
to = panjhng antara dua garis sejajar semula.
Ilasil uji adalelh rata-rata tiga kali penguiian.

5.1.5 Bobot jenis
cuglikan tittak ditentukan bentuknya,
an lebih dahulu.

hanya beratnya

r,

*. rr*oang cuprik-

Gantungkan guplikan, masukkan dalam air yang
berada daram gelas piara,

dan tentukan beratnya.

$Ir

=ff, - 6
Wt
Bo3otienis ,mFm
Bobotienis

di mana

xyIbobotjenisair
x

g/cm3

:

IY1 = berat cuplikan di udara
\[l2 = berat euplikan di dalam air.
Ilasil uji adalah rata-rata tiga kali pengujian.
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5.2

Organoleptis

Sebelum dilakuk_an berbagai pengujian, amati contoir
cacat atau kerusakan.

6.

uji

l;erha6ap adanya

SYARAT LULUS I,'JI
Suatu jumlah produksi dinyatakan lulus uji jika contoh yang diambil memenuhi
persyaratan pada pasal 3.

,

7.

CARAPENANDAAN
Penandaan diletakkan dipinggang permukaan luar sol, harus mudah
dibaca dan
'tidak mudah hilang, dengan ukuran sesuai dengan
Keputusan hesiden No. 12
tahun 1991.

,o*;ln

-*r/r{
_,1 *_
1,6

am

Gambar 2
Penandaan Sol Karet Cetak
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An American National Standard

Designation: D 256 – 00e1

Standard Test Methods for

Determining the Izod Pendulum Impact Resistance of
Plastics1
This standard is issued under the fixed designation D 256; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Note 2 was editorially added in April 2002. Title of Table 1 was editorially corrected in April 2002.

1. Scope *
1.1 These test methods cover the determination of the
resistance of plastics to “standardized” (see Note 1) pendulumtype hammers, mounted in “standardized” machines, in breaking standard specimens with one pendulum swing (see Note 2).
The standard tests for these test methods require specimens
made with a milled notch (see Note 3). In Test Methods A, C,
and D, the notch produces a stress concentration that increases
the probability of a brittle, rather than a ductile, fracture. In
Test Method E, the impact resistance is obtained breakage by
flexural shock as indicated by the energy extracted from by
reversing the notched specimen 180° in the clamping vise. The
results of all test methods are reported in terms of energy
absorbed per unit of specimen width or per unit of crosssectional area under the notch. (See Note 4.)

of a plastic’s “notch sensitivity” may be obtained with Test Method D by
comparing the energies to break specimens having different radii at the
base of the notch.
NOTE 4—Caution must be exercised in interpreting the results of these
standard test methods. The following testing parameters may affect test
results significantly:
Method of fabrication, including but not limited to processing
technology, molding conditions, mold design, and thermal
treatments;
Method of notching;
Speed of notching tool;
Design of notching apparatus;
Quality of the notch;
Time between notching and test;
Test specimen thickness,
Test specimen width under notch, and
Environmental conditioning.

1.2 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.
1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.

NOTE 1—The machines with their pendulum-type hammers have been
“standardized” in that they must comply with certain requirements,
including a fixed height of hammer fall that results in a substantially fixed
velocity of the hammer at the moment of impact. However, hammers of
different initial energies (produced by varying their effective weights) are
recommended for use with specimens of different impact resistance.
Moreover, manufacturers of the equipment are permitted to use different
lengths and constructions of pendulums with possible differences in
pendulum rigidities resulting. (See Section 5.) Be aware that other
differences in machine design may exist. The specimens are “standardized” in that they are required to have one fixed length, one fixed depth,
and one particular design of milled notch. The width of the specimens is
permitted to vary between limits.
NOTE 2—Results generated using pendulums that utilize a load cell to
record the impact force and thus impact energy, may not be equivalent to
results that are generated using manually or digitally encoded testers that
measure the energy remaining in the pendulum after impact.
NOTE 3—The notch in the Izod specimen serves to concentrate the
stress, minimize plastic deformation, and direct the fracture to the part of
the specimen behind the notch. Scatter in energy-to-break is thus reduced.
However, because of differences in the elastic and viscoelastic properties
of plastics, response to a given notch varies among materials. A measure

NOTE 5—These test methods resemble ISO 180:1993 in regard to title
only. The contents are significantly different.

2. Referenced Documents
2.1 ASTM Standards:
D 618 Practice for Conditioning Plastics for Testing2
D 883 Terminology Relating to Plastics2
D 3641 Practice for Injection Molding Test Specimens of
Thermoplastics Molding Extrusion Materials3
D 4000 Classification System for Specifying Plastic Materials3
D 4066 Specification for Nylon Injection and Extrusion
Materials3

1
These test methods are under the jurisdiction of ASTM Committee D20 on
Plastics and are the direct responsibility of Subcommittee D20.10 on Mechanical
Properties.
Current edition approved Nov. 10, 2000. Published January 2001. Originally
published as D 256 – 26T. Last previous edition D 256 – 97.

2
3

Annual Book of ASTM Standards, Vol 08.01.
Annual Book of ASTM Standards, Vol 08.02.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 256
TABLE 1 Precision Data, Test Method A—Reversed Notch Izod

NOTE 1—Values in ft·lbf/in. of width (J/m of width).
NOTE 2—See Footnote 10.
Material
Phenolic
Acetal
Reinforced nylon
Polypropylene
ABS
Polycarbonate

Average
0.57 (30.4)
1.45 (77.4)
1.98 (105.7)
2.66 (142.0)
10.80 (576.7)
16.40 (875.8)

SrA
0.024
0.075
0.083
0.154
0.136
0.295

(1.3)
(4.0)
(4.4)
(8.2)
(7.3)
(15.8)

SRB

IrC

IRD

Number of
Laboratories

0.076 (4.1)
0.604 (32.3)
0.245 (13.1)
0.573 (30.6)
0.585 (31.2)
1.056 (56.4)

0.06 (3.2)
0.21 (11.2)
0.23 (12.3)
0.43 (23.0)
0.38 (20.3)
0.83 (44.3)

0.21 (11.2)
1.70 (90.8)
0.69 (36.8)
1.62 (86.5)
1.65 (88.1)
2.98 (159.1)

19
9
15
24
25
25

A

Sr = within-laboratory standard deviation of the average.
SR = between-laboratories standard deviation of the average.
C
Ir = 2.83 Sr.
D
IR = 2.83 SR.
B

4.1.3 Test Method D provides a measure of the notch
sensitivity of a material. The stress-concentration at the notch
increases with decreasing notch radius.
4.1.3.1 For a given system, greater stress concentration
results in higher localized rates-of-strain. Since the effect of
strain-rate on energy-to-break varies among materials, a measure of this effect may be obtained by testing specimens with
different notch radii. In the Izod-type test it has been demonstrated that the function, energy-to-break versus notch radius,
is reasonably linear from a radius of 0.03 to 2.5 mm (0.001 to
0.100 in.), provided that all specimens have the same type of
break. (See 5.8 and 22.1.)
4.1.3.2 For the purpose of this test, the slope, b (see 22.1),
of the line between radii of 0.25 and 1.0 mm (0.010 and 0.040
in.) is used, unless tests with the 1.0-mm radius give “nonbreak” results. In that case, 0.25 and 0.50-mm (0.010 and
0.020-in.) radii may be used. The effect of notch radius on the
impact energy to break a specimen under the conditions of this
test is measured by the value b. Materials with low values of b,
whether high or low energy-to-break with the standard notch,
are relatively insensitive to differences in notch radius; while
the energy-to-break materials with high values of b is highly
dependent on notch radius. The parameter b cannot be used in
design calculations but may serve as a guide to the designer
and in selection of materials.
4.2 Test Method E is similar to Test Method A, except that
the specimen is reversed in the vise of the machine 180° to the
usual striking position, such that the striker of the apparatus
impacts the specimen on the face opposite the notch. (See Fig.
1, Fig. 2.) Test Method E is used to give an indication of the
unnotched impact resistance of plastics; however, results obtained by the reversed notch method may not always agree with
those obtained on a completely unnotched specimen. (See
28.1.)7,8

D 4812 Test Methods for Unnoticed Cantilever Beam Impact Strength of Plastics4
E 691 Practice for Conducting an Interlaboratory Test Program to Determine the Precision of Test Methods5
2.2 ISO Standard:
ISO 180:1993 Plastics—Determination of Izod Impact
Strength of Rigid Materials6
3. Terminology
3.1 Definitions— For definitions related to plastics see
Terminology D 883.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 cantilever—a projecting beam clamped at only one
end.
3.2.2 notch sensitivity—a measure of the variation of impact
energy as a function of notch radius.
4. Types of Tests
4.1 Four similar methods are presented in these test methods. (See Note 6.) All test methods use the same testing
machine and specimen dimensions. There is no known means
for correlating the results from the different test methods.
NOTE 6—Test Method B for Charpy has been removed and is being
revised under a new standard.

4.1.1 In Test Method A, the specimen is held as a vertical
cantilever beam and is broken by a single swing of the
pendulum. The line of initial contact is at a fixed distance from
the specimen clamp and from the centerline of the notch and on
the same face as the notch.
4.1.2 Test Method C is similar to Test Method A, except for
the addition of a procedure for determining the energy expended in tossing a portion of the specimen. The value reported
is called the “estimated net Izod impact resistance.” Test
Method C is preferred over Test Method A for materials that
have an Izod impact resistance of less than 27 J/m (0.5
ft·lbf/in.) under notch. (See Appendix X4 for optional units.)
The differences between Test Methods A and C become
unimportant for materials that have an Izod impact resistance
higher than this value.

5. Significance and Use
5.1 Before proceeding with these test methods, reference
should be made to the specification of the material being tested.
Any test specimen preparation, conditioning, dimensions, and

7
Supporting data giving results of the interlaboratory tests are available from
ASTM Headquarters. Request RR: D20-1021.
8
Supporting data giving results of the interlaboratory tests are available from
ASTM Headquarters. Request RR: D20-1026.

4

Annual Book of ASTM Standards, Vol 08.03.
Annual Book of ASTM Standards, Vol 14.02.
6
Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.
5
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5.3.4 Energy to bend the specimen;
5.3.5 Energy to produce vibration in the pendulum arm;
5.3.6 Energy to produce vibration or horizontal movement
of the machine frame or base;
5.3.7 Energy to overcome friction in the pendulum bearing
and in the excess energy indicating mechanism, and to overcome windage (pendulum air drag);
5.3.8 Energy to indent or deform plastically the specimen at
the line of impact; and
5.3.9 Energy to overcome the friction caused by the rubbing
of the striker (or other part of the pendulum) over the face of
the bent specimen.
5.4 For relatively brittle materials, for which fracture propagation energy is small in comparison with the fracture initiation
energy, the indicated impact energy absorbed is, for all
practical purposes, the sum of factors 5.3.1 and 5.3.3. The toss
correction (see 5.3.3) may represent a very large fraction of the
total energy absorbed when testing relatively dense and brittle
materials. Test Method C shall be used for materials that have
an Izod impact resistance of less than 27 J/m (0.5 ft·lbf/in.).
(See Appendix X4 for optional units.) The toss correction
obtained in Test Method C is only an approximation of the toss
error, since the rotational and rectilinear velocities may not be
the same during the re-toss of the specimen as for the original
toss, and because stored stresses in the specimen may have
been released as kinetic energy during the specimen fracture.
5.5 For tough, ductile, fiber filled, or cloth-laminated materials, the fracture propagation energy (see 5.3.2) may be large
compared to the fracture initiation energy (see 5.3.1). When
testing these materials, factors (see 5.3.2, 5.3.5, and 5.3.9) can
become quite significant, even when the specimen is accurately
machined and positioned and the machine is in good condition
with adequate capacity. (See Note 7.) Bending (see 5.3.4) and
indentation losses (see 5.3.8) may be appreciable when testing
soft materials.

FIG. 2 Relationship of Vise, Specimen, and Striking Edge to Each
Other for Test Method E

NOTE 7—Although the frame and base of the machine should be
sufficiently rigid and massive to handle the energies of tough specimens
without motion or excessive vibration, the design must ensure that the
center of percussion be at the center of strike. Locating the striker
precisely at the center of percussion reduces vibration of the pendulum
arm when used with brittle specimens. However, some losses due to
pendulum arm vibration, the amount varying with the design of the
pendulum, will occur with tough specimens, even when the striker is
properly positioned.

FIG. 1 Relationship of Vise, Specimen, and Striking Edge to Each
Other for Izod Test Methods A and C

5.6 In a well-designed machine of sufficient rigidity and
mass, the losses due to factors 5.3.6 and 5.3.7 should be very
small. Vibrational losses (see 5.3.6) can be quite large when
wide specimens of tough materials are tested in machines of
insufficient mass, not securely fastened to a heavy base.
5.7 With some materials, a critical width of specimen may
be found below which specimens will appear ductile, as
evidenced by considerable drawing or necking down in the
region behind the notch and by a relatively high-energy
absorption, and above which they will appear brittle as
evidenced by little or no drawing down or necking and by a
relatively low-energy absorption. Since these methods permit a
variation in the width of the specimens, and since the width
dictates, for many materials, whether a brittle, low-energy
break or a ductile, high energy break will occur, it is necessary

testing parameters covered in the materials specification shall
take precedence over those mentioned in these test methods. If
there is no material specification, then the default conditions
apply.
5.2 The excess energy pendulum impact test indicates the
energy to break standard test specimens of specified size under
stipulated parameters of specimen mounting, notching, and
pendulum velocity-at-impact.
5.3 The energy lost by the pendulum during the breakage of
the specimen is the sum of the following:
5.3.1 Energy to initiate fracture of the specimen;
5.3.2 Energy to propagate the fracture across the specimen;
5.3.3 Energy to throw the free end (or ends) of the broken
specimen (“toss correction”);
3
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pendulum holding and releasing mechanism and a pointer and
dial mechanism for indicating the excess energy remaining in
the pendulum after breaking the specimen. Optionally, an
electronic digital display or computer can be used in place of
the dial and pointer to measure the energy loss and indicate the
breaking energy of the specimen.
6.2 A jig for positioning the specimen in the vise and graphs
or tables to aid in the calculation of the correction for friction
and windage also should be included. One type of machine is
shown in Fig. 3. One design of specimen-positioning jig is
illustrated in Fig. 4. Detailed requirements are given in
subsequent paragraphs. General test methods for checking and
calibrating the machine are given in Appendix X1. Additional
instructions for adjusting a particular machine should be
supplied by the manufacturer.
6.3 The pendulum shall consist of a single or multimembered arm with a bearing on one end and a head,
containing the striker, on the other. The arm must be sufficiently rigid to maintain the proper clearances and geometric
relationships between the machine parts and the specimen and
to minimize vibrational energy losses that are always included
in the measured impact resistance. Both simple and compound
pendulum designs may comply with this test method.
6.4 The striker of the pendulum shall be hardened steel and
shall be a cylindrical surface having a radius of curvature of
0.80 6 0.20 mm (0.031 6 0.008 in.) with its axis horizontal
and perpendicular to the plane of swing of the pendulum. The
line of contact of the striker shall be located at the center of
percussion of the pendulum within 62.54 mm (60.100 in.)
(See Note 9.) Those portions of the pendulum adjacent to the
cylindrical striking edge shall be recessed or inclined at a
suitable angle so that there will be no chance for other than this
cylindrical surface coming in contact with the specimen during
the break.

that the width be stated in the specification covering that
material and that the width be reported along with the impact
resistance. In view of the preceding, one should not make
comparisons between data from specimens having widths that
differ by more than a few mils.
5.8 The type of failure for each specimen shall be recorded
as one of the four categories listed as follows:
C
H

P

NB

Complete Break—A break where the specimen
separates into two or more pieces.
Hinge Break—An incomplete break, such that one
part of the specimen cannot support itself above
the horizontal when the other part is held vertically
(less than 90° included angle).
Partial Break—An incomplete break that does not
meet the definition for a hinge break but has fractured at least 90 % of the distance between the
vertex of the notch and the opposite side.
Non-Break—An incomplete break where the fracture extends less than 90 % of the distance between the vertex of the notch and the opposite
side.

For tough materials, the pendulum may not have the energy
necessary to complete the breaking of the extreme fibers and
toss the broken piece or pieces. Results obtained from “nonbreak” specimens shall be considered a departure from standard and shall not be reported as a standard result. Impact
resistance cannot be directly compared for any two materials
that experience different types of failure as defined in the test
method by this code. Averages reported must likewise be
derived from specimens contained within a single failure
category. This letter code shall suffix the reported impact
identifying the types of failure associated with the reported
value. If more than one type of failure is observed for a sample
material, then the report will indicate the average impact
resistance for each type of failure, followed by the percent of
the specimens failing in that manner and suffixed by the letter
code.
5.9 The value of the impact methods lies mainly in the areas
of quality control and materials specification. If two groups of
specimens of supposedly the same material show significantly
different energy absorptions, types of breaks, critical widths, or
critical temperatures, it may be assumed that they were made
of different materials or were exposed to different processing or
conditioning environments. The fact that a material shows
twice the energy absorption of another under these conditions
of test does not indicate that this same relationship will exist
under another set of test conditions. The order of toughness
may even be reversed under different testing conditions.
NOTE 8—A documented discrepancy exists between manual and digital
impact testers, primarily with thermoset materials, including phenolics,
having an impact value of less than 54 J/m (1 ft-lb/in.). Comparing data
on the same material, tested on both manual and digital impact testers,
may show the data from the digital tester to be significantly lower than
data from a manual tester. In such cases a correlation study may be
necessary to properly define the true relationship between the instruments.

TEST METHOD A—CANTILEVER BEAM TEST
6. Apparatus
6.1 The machine shall consist of a massive base on which is
mounted a vise for holding the specimen and to which is
connected, through a rigid frame and bearings, a pendulumtype hammer. (See 6.2.) The machine must also have a

FIG. 3 Cantilever Beam (Izod-Type) Impact Machine
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ft·lbf). This pendulum shall be used with all specimens that
extract less than 85 % of this energy. Heavier pendulums shall
be provided for specimens that require more energy to break.
These may be separate interchangeable pendulums or one basic
pendulum to which extra pairs of equal calibrated weights may
be rigidly attached to opposite sides of the pendulum. It is
imperative that the extra weights shall not significantly change
the position of the center of percussion or the free-hanging rest
point of the pendulum (that would consequently take the
machine outside of the allowable calibration tolerances). A
range of pendulums having energies from 2.7 to 21.7 J (2 to 16
ft·lbf) has been found to be sufficient for use with most plastic
specimens and may be used with most machines. A series of
pendulums such that each has twice the energy of the next will
be found convenient. Each pendulum shall have an energy
within 6 0.5 % of its nominal capacity.
6.8 A vise shall be provided for clamping the specimen
rigidly in position so that the long axis of the specimen is
vertical and at right angles to the top plane of the vise. (See Fig.
1.) This top plane shall bisect the angle of the notch with a
tolerance of 0.12 mm (0.005 in.). Correct positioning of the
specimen is generally done with a jig furnished with the
machine. The top edges of the fixed and moveable jaws shall
have a radius of 0.25 6 0.12 mm (0.010 6 0.005 in.). For
specimens whose thickness approaches the lower limiting
value of 3.00 mm (0.118 in.), means shall be provided to
prevent the lower half of the specimen from moving during the
clamping or testing operations (see Fig. 4 and Note 11.)

FIG. 4 Jig for Positioning Specimen for Clamping

NOTE 9—The distance from the axis of support to the center of
percussion may be determined experimentally from the period of small
amplitude oscillations of the pendulum by means of the following
equation:
L 5 ~g/4p 2!p 2

NOTE 11—Some plastics are sensitive to clamping pressure; therefore,
cooperating laboratories should agree upon some means of standardizing
the clamping force. One method is using a torque wrench on the screw of
the specimen vise. If the faces of the vise or specimen are not flat and
parallel, a greater sensitivity to clamping pressure may be evident. See the
calibration procedure in Appendix X2 for adjustment and correction
instructions for faulty instruments.

where:
L = distance from the axis of support to the center of percussion, m
(or ft),
g = local gravitational acceleration (known to an accuracy of one
part in one thousand), m/s2 (or ft/s 2),
p = 3.1416 (4p 2 = 39.48), and
p = period, s, of a single complete swing (to and fro) determined by
averaging at least 20 consecutive and uninterrupted swings. The
angle of swing shall be less than 5° each side of center.

6.9 When the pendulum is free hanging, the striking surface
shall come within 0.2 % of scale of touching the front face of
a standard specimen. During an actual swing this element shall
make initial contact with the specimen on a line 22.00 6 0.05
mm (0.87 6 0.002 in.) above the top surface of the vise.
6.10 Means shall be provided for determining energy remaining in the pendulum after breaking the specimen. This
may consist of a pointer and dial mechanism which indicate the
height of rise of the pendulum beyond the point of impact in
terms of energy removed from that specific pendulum. Since
the indicated remaining energy must be corrected for
pendulum-bearing friction, pointer friction, pointer inertia, and
pendulum windage, instructions for making these corrections
are included in 10.3 and Annex A1 and Annex A2. Optionally,
an electronic digital display or computer can be used in place
of the dial and pointer to measure the energy loss and indicate
the breaking energy of the specimen. If the electronic display
does not automatically correct for windage and friction, it shall
be incumbent for the operator to determine the energy loss
manually. (See Note 12.)

6.5 The position of the pendulum holding and releasing
mechanism shall be such that the vertical height of fall of the
striker shall be 610 6 2 mm (24.0 6 0.1 in.). This will produce
a velocity of the striker at the moment of impact of approximately 3.5 m (11.4 ft)/s. (See Note 10.) The mechanism shall
be so constructed and operated that it will release the pendulum
without imparting acceleration or vibration to it.
NOTE 10—
V 5 ~2gh!0.5
where:
V = velocity of the striker at the moment of impact (m/s),
g = local gravitational acceleration (m/s2), and
h = vertical height of fall of the striker (m).
This assumes no windage or friction.

6.6 The effective length of the pendulum shall be between
0.33 and 0.40 m (12.8 and 16.0 in.) so that the required
elevation of the striker may be obtained by raising the
pendulum to an angle between 60 and 30° above the horizontal.
6.7 The machine shall be provided with a basic pendulum
capable of delivering an energy of 2.7 6 0.14 J (2.00 6 0.10

NOTE 12—Many digital indicating systems automatically correct for
windage and friction. The equipment manufacturer may be consulted for
details concerning how this is performed, or if it is necessary to determine
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result in an equivalent accuracy. Appendix X1 also describes a
dynamic test for checking certain features of the machine and
specimen.

the means for manually calculating the energy loss due to windage and
friction.

6.11 The vise, pendulum, and frame shall be sufficiently
rigid to maintain correct alignment of the hammer and specimen, both at the moment of impact and during the propagation
of the fracture, and to minimize energy losses due to vibration.
The base shall be sufficiently massive that the impact will not
cause it to move. The machine shall be so designed, constructed, and maintained that energy losses due to pendulum air
drag (windage), friction in the pendulum bearings, and friction
and inertia in the excess energy-indicating mechanism are held
to a minimum.
6.12 A check of the calibration of an impact machine is
difficult to make under dynamic conditions. The basic parameters are normally checked under static conditions; if the
machine passes the static tests, then it is assumed to be
accurate. The calibration procedure in Appendix X2 should be
used to establish the accuracy of the equipment. However, for
some machine designs it might be necessary to change the
recommended method of obtaining the required calibration
measurements. Other methods of performing the required
checks may be substituted, provided that they can be shown to

A
B
C
D
E

7. Test Specimens
7.1 The test specimens shall conform to the dimensions and
geometry of Fig. 5, except as modified in accordance with 7.2,
7.3, 7.4, and 7.5. To ensure the correct contour and conditions
of the specified notch, all specimens shall be notched as
directed in Section 8.
7.2 Molded specimens shall have a width between 3.0 and
12.7 mm (0.118 and 0.500 in.). Use the specimen width as
specified in the material specification or as agreed upon
between the supplier and the customer. All specimens having
one dimension less than 12.7 mm (0.500 in.) shall have the
notch cut on the shorter side. Otherwise, all compressionmolded specimens shall be notched on the side parallel to the
direction of application of molding pressure. (Due to the draft
of the mold, the notched surface and the opposite surface may
not be parallel in molded specimens. Therefore, it is essential
that the notched surface be machined parallel to its opposite
surface within 0.025 mm (0.001 in.), removing a minimum of

10.16 6 0.05
32 6 1
64 6 2
0.25R 6 0.05
12.7 6 0.2

0.400 6 0.002
1.26 6 0.04
2.50 6 0.08
0.010R 6 0.002
0.500 6 0.008

FIG. 5 Dimensions of Izod-Type Test Specimen
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material in the process, so as to remain within the allowable
tolerance for the specimen depth). (See Fig. 5.)
7.2.1 Extreme care must be used in handling specimens less
than 6.4 mm (0.250 in.) wide. Such specimens must be
accurately positioned and supported to prevent twist or lateral
buckling during the test. Some materials, furthermore, are very
sensitive to clamping pressure (see Note 11).
7.2.2 A critical investigation of the mechanics of impact
testing has shown that tests made upon specimens under 6.4
mm (0.250 in.) wide absorb more energy due to crushing,
bending, and twisting than do wider specimens. Therefore,
specimens 6.4 mm (0.250 in.) or over in width are recommended. The responsibility for determining the minimum
specimen width shall be the investigator’s, with due reference
to the specification for that material.
7.2.3 Material specification should be consulted for preferred molding conditions. The type of mold and molding
machine used and the flow behavior in the mold cavity will
influence the impact resistance obtained. A specimen taken
from one end of a molded plaque may give different results
than a specimen taken from the other end. Cooperating
laboratories should therefore agree on standard molds conforming to the material specification. Practice D 3641 can be
used as a guide for general molding tolerances, but refer to the
material specification for specific molding conditions.
7.2.4 The impact resistance of a plastic material may be
different if the notch is perpendicular to, rather than parallel to,
the direction of molding. The same is true for specimens cut
with or across the grain of an anisotropic sheet or plate.
7.3 For sheet materials, the specimens shall be cut from the
sheet in both the lengthwise and crosswise directions unless
otherwise specified. The width of the specimen shall be the
thickness of the sheet if the sheet thickness is between 3.0 and
12.7 mm (0.118 and 0.500 in.). Sheet material thicker than 12.7
mm shall be machined down to 12.7 mm. Specimens with a
12.7-mm square cross section may be tested either edgewise or
flatwise as cut from the sheet. When specimens are tested
flatwise, the notch shall be made on the machined surface if the
specimen is machined on one face only. When the specimen is
cut from a thick sheet, notation shall be made of the portion of
the thickness of the sheet from which the specimen was cut, for
example, center, top, or bottom surface.
7.4 The practice of cementing, bolting, clamping, or otherwise combining specimens of substandard width to form a
composite test specimen is not recommended and should be
avoided since test results may be seriously affected by interface
effects or effects of solvents and cements on energy absorption
of composite test specimens, or both. However, if Izod test data
on such thin materials are required when no other means of
preparing specimens are available, and if possible sources of
error are recognized and acceptable, the following technique of
preparing composites may be utilized.
7.4.1 The test specimen shall be a composite of individual
thin specimens totaling 6.4 to 12.7 mm (0.250 to 0.500 in.) in
width. Individual members of the composite shall be accurately
aligned with each other and clamped, bolted, or cemented
together. The composite shall be machined to proper dimensions and then notched. In all such cases the use of composite

specimens shall be noted in the report of test results.
7.4.2 Care must be taken to select a solvent or adhesive that
will not affect the impact resistance of the material under test.
If solvents or solvent-containing adhesives are employed, a
conditioning procedure shall be established to ensure complete
removal of the solvent prior to test.
7.5 Each specimen shall be free of twist (see Note 13) and
shall have mutually perpendicular pairs of plane parallel
surfaces and free from scratches, pits, and sink marks. The
specimens shall be checked for compliance with these requirements by visual observation against straightedges, squares, and
flat plates, and by measuring with micrometer calipers. Any
specimen showing observable or measurable departure from
one or more of these requirements shall be rejected or
machined to the proper size and shape before testing.
NOTE 13—A specimen that has a slight twist to its notched face of 0.05
mm (0.002 in.) at the point of contact with the pendulum striking edge will
be likely to have a characteristic fracture surface with considerable greater
fracture area than for a normal break. In this case the energy to break and
toss the broken section may be considerably larger (20 to 30 %) than for
a normal break. A tapered specimen may require more energy to bend it
in the vise before fracture.

8. Notching Test Specimens
8.1 Notching shall be done on a milling machine, engine
lathe, or other suitable machine tool. Both the feed speed and
the cutter speed shall be constant throughout the notching
operation (see Note 14). Provision for cooling the specimen
with either a liquid or gas coolant is recommended. A singletooth cutter shall be used for notching the specimen, unless
notches of an equivalent quality can be produced with a
multi-tooth cutter. Single-tooth cutters are preferred because of
the ease of grinding the cutter to the specimen contour and
because of the smoother cut on the specimen. The cutting edge
shall be carefully ground and honed to ensure sharpness and
freedom from nicks and burrs. Tools with no rake and a work
relief angle of 15 to 20° have been found satisfactory.
NOTE 14—For some thermoplastics, cutter speeds from 53 to 150
m/min (175 to 490 ft/min) at a feed speed of 89 to 160 mm/min (3.5 to 6.3
in./min) without a water coolant or the same cutter speeds at a feed speed
of from 36 to 160 mm/min (1.4 to 6.3 in./min) with water coolant
produced suitable notches.

8.2 Specimens may be notched separately or in a group.
However, in either case an unnotched backup or “dummy bar”
shall be placed behind the last specimen in the sample holder
to prevent distortion and chipping by the cutter as it exits from
the last test specimen.
8.3 The profile of the cutting tooth or teeth shall be such as
to produce a notch of the contour and depth in the test
specimen as specified in Fig. 5 (see Note 15). The included
angle of the notch shall be 45 6 1° with a radius of curvature
at the apex of 0.25 6 0.05 mm (0.010 6 0.002 in.). The plane
bisecting the notch angle shall be perpendicular to the face of
the test specimen within 2°.
NOTE 15—There is evidence that notches in materials of widely varying
physical dimensions may differ in contour even when using the same
cutter. If the notch in the specimen should take the contour of the cutter,
then the contour of the tip of the cutter may be checked instead of the
notch in the specimen for single-tooth cutters. Under the same condition,
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tions are not selected.9 The notching parameters used shall not
alter the physical state of the material such as by raising the
temperature of a thermoplastic above its glass transition
temperature. In general, high cutter speeds, slow feed rates, and
lack of coolant induce more thermal damage than a slow cutter
speed, fast feed speed, and the use of a coolant. Too high a feed
speed/cutter speed ratio, however, may cause impacting and

multi-tooth cutters may be checked by measuring the contour of a strip of
soft metal shim inserted between two specimens for notching.

8.4 The depth of the plastic material remaining in the
specimen under the notch shall be 10.16 6 0.05 mm (0.400 6
0.002 in.). This dimension shall be measured, with a micrometer or other suitable measuring device. (See Fig. 6.)
8.5 Cutter speed and feed speed should be chosen appropriate for the material being tested since the quality of the notch
may be adversely affected by thermal deformations and
stresses induced during the cutting operation if proper condi-

NOTE
NOTE
NOTE
NOTE
NOTE
NOTE
NOTE

9
Supporting data are available from ASTM Headquarters. Request RR: D201066.

1—These views not to scale.
2—Micrometer to be satin-chrome finished with friction thimble.
3—Special anvil for micrometer caliper 0 to 25.4 mm range (50.8 mm frame) (0 to 1 in. range (2-in. frame)).
4—Anvil to be oriented with respect to frame as shown.
5—Anvil and spindle to have hardened surfaces.
6—Range: 0 to 25.4 mm (0 to 1 in. in thousandths of an inch).
7—Adjustment must be at zero when spindle and anvil are in contact.
FIG. 6 Early (ca. 1970) Version of a Notch-Depth Micrometer
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cracking of the specimen. The range of cutter speed/feed ratios
possible to produce acceptable notches can be extended by the
use of a suitable coolant. (See Note 16.) In the case of new
types of plastics, it is necessary to study the effect of variations
in the notching conditions. (See Note 17.)

pendulum that is expected to break each specimen in the group
with a loss of not more than 85 % of its energy (see Note 19).
Check the machine with the proper pendulum in place for
conformity with the requirements of Section 6 before starting
the tests. (See Appendix X1.)

NOTE 16—Water or compressed gas is a suitable coolant for many
plastics.
NOTE 17—Embedded thermocouples, or another temperature measuring device, can be used to determine the temperature rise in the material
near the apex of the notch during machining. Thermal stresses induced
during the notching operation can be observed in transparent materials by
viewing the specimen at low magnification between crossed polars in
monochromatic light.

NOTE 19—Ideally an impact test would be conducted at a constant test
velocity. In a pendulum-type test, the velocity decreases as the fracture
progresses. For specimens that have an impact energy approaching the
capacity of the pendulum there is insufficient energy to complete the break
and toss. By avoiding the higher 15 % scale energy readings, the velocity
of the pendulum will not be reduced below 1.3 m/s (4.4 ft/s). On the other
hand, the use of too heavy a pendulum would reduce the sensitivity of the
reading.

8.6 The specimen notch produced by each cutter will be
examined, at a minimum, after every 500 notches. The notch in
the specimen, made of the material to be tested, shall be
inspected and verified. One procedure for the inspection and
verification of the notch is presented in Appendix X1. Each
type of material being notched must be inspected and verified
at that time. If the angle or radius does not fall within the
specified limits for materials of satisfactory machining characteristics, then the cutter shall be replaced with a newly
sharpened and honed one. (See Note 18.)

10.3 If the machine is equipped with a mechanical pointer
and dial, perform the following operations before testing the
specimens:
10.3.1 With the excess energy indicating pointer in its
normal starting position but without a specimen in the vise,
release the pendulum from its normal starting position and note
the position the pointer attains after the swing as one reading of
Factor A.
10.3.2 Without resetting the pointer, raise the pendulum and
release again. The pointer should move up the scale an
additional amount. Repeat (10.3.2) until a swing causes no
additional movement of the pointer and note the final reading
as one reading of Factor B (see Note 20).
10.3.3 Repeat the preceding two operations several times
and calculate and record the average A and B readings.

NOTE 18—A carbide-tipped or industrial diamond-tipped notching
cutter is recommended for longer service life.

9. Conditioning
9.1 Conditioning—Condition the test specimens at 23 6
2°C (73 6 3.6°F) and 50 6 5 % relative humidity for not less
than 40 h after notching and prior to testing in accordance with
Procedure A of Practice D 618, unless it can be documented
(between supplier and customer) that a shorter conditioning
time is sufficient for a given material to reach equilibrium of
impact resistance.
9.1.1 Note that for some hygroscopic materials, such as
nylons, the material specifications (for example, Specification
D 4066) call for testing “dry as-molded specimens.” Such
requirements take precedence over the above routine preconditioning to 50 % relative humidity and require sealing the
specimens in water vapor-impermeable containers as soon as
molded and not removing them until ready for testing.
9.2 Test Conditions—Conduct tests in the standard laboratory atmosphere of 23 6 2°C (73 6 3.6°F) and 50 6 5 %
relative humidity, unless otherwise specified in the material
specification or by customer requirements. In cases of disagreement, the tolerances shall be 61°C (61.8°F) and 6 2 %
relative humidity.

NOTE 20—Factor B is an indication of the energy lost by the pendulum
to friction in the pendulum bearings and to windage. The difference A – B
is an indication of the energy lost to friction and inertia in the excess
energy indicating mechanism. However, the actual corrections will be
smaller than these factors, since in an actual test the energy absorbed by
the specimen prevents the pendulum from making a full swing. Therefore,
the indicated breaking energy of the specimen must be included in the
calculation of the machine correction before determining the breaking
energy of the specimen (see 10.7). The A and B values also provide an
indication of the condition of the machine.

10.3.4 If excessive friction is indicated, the machine shall be
adjusted before starting a test. If the machine is equipped with
a digital energy indicating system, follow the manufacturer’s
instructions to correct for windage and friction. If excessive
friction is indicated, the machine shall be adjusted before
starting a test.
10.4 Check the specimens for conformity with the requirements of Sections 7, 8, and 10.1.
10.5 Measure the width and depth to the nearest 0.025 mm
(0.001 in.) after notching of each specimen. Measure the width
in the region of the notch. A micrometer or other measuring
device is necessary for measuring the depth. (See Fig. 6.)
10.6 Position the specimen precisely (see 6.7) so that it is
rigidly, but not too tightly (see Note 11), clamped in the vise.
Pay special attention to ensure that the “impacted end” of the
specimen as shown and dimensioned in Fig. 5 is the end
projecting above the vise. Release the pendulum and record the
excess energy remaining in the pendulum after breaking the
specimen, together with a description of the appearance of the
broken specimen (see failure categories in 5.8).
10.7 Subtract the windage and friction correction from the

10. Procedure
10.1 At least five and preferably ten or more individual
determinations of impact resistance must be made on each
sample to be tested under the conditions prescribed in Section
9. Each group shall consist of specimens with the same
nominal width (60.13 mm (60.005 in.)). In the case of
specimens cut from sheets that are suspected of being anisotropic, prepare and test specimens from each principal direction (lengthwise and crosswise to the direction of anisotropy).
10.2 Estimate the breaking energy for the specimen and
select a pendulum of suitable energy. Use the lightest standard
9
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(kJ/m 2 (ft·lbf/in.2)) may also need to be reported (see Appendix
X4), and
11.1.11 The percent of specimens failing in each category
suffixed by the corresponding letter code from 5.8.

indicated breaking energy of the specimen, unless determined
automatically by the indicating system (that is, digital display
or computer). If a mechanical dial and pointer is employed, use
the A and B factors and the appropriate tables or the graph
described in Annex A1 and Annex A2 to determine the
correction. For those digital systems that do not automatically
compensate for windage and friction, follow the manufacturer’s procedure for performing this correction.
10.7.1 In other words, either manually or automatically, the
windage and friction correction value is subtracted from the
uncorrected, indicated breaking energy to obtain the new
breaking energy. Compare the net value so found with the
energy requirement of the hammer specified in 10.2. If a
hammer of improper energy was used, discard the result and
make additional tests on new specimens with the proper
hammer. (See Annex A1 and Annex A2.)
10.8 Divide the net value found in 10.7 by the measured
width of the particular specimen to obtain the impact resistance
under the notch in J/m (ft·lbf/in.). If the optional units of kJ/m
2
2 (ft·lbf/in. ) are used, divide the net value found in 10.7 by the
measured width and depth under the notch of the particular
specimen to obtain the impact strength. The term, “depth under
the notch,” is graphically represented by Dimension A in Fig.
5. Consequently, the cross-sectional area (width times depth
under the notch) will need to be reported. (See Appendix X4.)
10.9 Calculate the average Izod impact resistance of the
group of specimens. However, only values of specimens
having the same nominal width and type of break may be
averaged. Values obtained from specimens that did not break in
the manner specified in 5.8 shall not be included in the average.
Also calculate the standard deviation of the group of values.

TEST METHOD C—CANTILEVER BEAM TEST FOR
MATERIALS OF LESS THAN 27 J/m (0.5 ft·lbf/in.)
12. Apparatus
12.1 The apparatus shall be the same as specified in Section
6.
13. Test Specimens
13.1 The test specimens shall be the same as specified in
Section 7.
14. Notching Test Specimens
14.1 Notching test specimens shall be the same as specified
in Section 8.
15. Conditioning
15.1 Specimen conditioning and test environment shall be
in accordance with Section 9.
16. Procedure
16.1 The procedure shall be the same as in Section 10 with
the addition of a procedure for estimating the energy to toss the
broken specimen part.
16.1.1 Make an estimate of the magnitude of the energy to
toss each different type of material and each different specimen
size (width). This is done by repositioning the free end of the
broken specimen on the clamped portion and striking it a
second time with the pendulum released in such a way as to
impart to the specimen approximately the same velocity it had
attained during the test. This is done by releasing the pendulum
from a height corresponding to that to which it rose following
the breakage of the test specimen. The energy to toss is then
considered to be the difference between the reading previously
described and the free swing reading obtained from this height.
A reproducible method of starting the pendulum from the
proper height must be devised.

11. Report
11.1 Report the following information:
11.1.1 The test method used (Test Method A, C, D, or E),
11.1.2 Complete identification of the material tested, including type source, manufacturer’s code number, and previous
history,
11.1.3 A statement of how the specimens were prepared, the
testing conditions used, the number of hours the specimens
were conditioned after notching, and, for sheet materials, the
direction of testing with respect to anisotropy, if any,
11.1.4 The capacity of the pendulum in joules, or foot
pound-force, or inch pound-force,
11.1.5 The width and depth under the notch of each specimen tested,
11.1.6 The total number of specimens tested per sample of
material,
11.1.7 The type of failure (see 5.8),
11.1.8 The impact resistance must be reported in J/m
(ft·lbf/in.); the optional units of kJ/m2 (ft·lbf/in.2) may also be
required (see 10.8),
11.1.9 The number of those specimens that resulted in
failures which conforms to each of the requirement categories
in 5.8,
11.1.10 The average impact resistance and standard deviation (in J/m (ft·lbf/in.)) for those specimens in each failure
category, except non-break as presented in 5.8. Optional units

17. Report
17.1 Report the following information:
17.1.1 Same as 11.1.1,
17.1.2 Same as 11.1.2,
17.1.3 Same as 11.1.3,
17.1.4 Same as 11.1.4,
17.1.5 Same as 11.1.5,
17.1.6 Same as 11.1.6,
17.1.7 The average reversed notch impact resistance, J/m
(ft·lbf/in.) (see 5.8 for failure categories),
17.1.8 Same as 11.1.8,
17.1.9 Same as 11.1.9,
17.1.10 Same as 11.1.10, and
17.1.11 Same as 11.1.11.
17.1.12 The estimated toss correction, expressed in terms of
joule (J) or foot pound-force (ft·lbf).
17.1.13 The difference between the Izod impact energy and
the toss correction energy is the net Izod energy. This value is
10
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b 5 192.17 J/m 0.75 mm
5 256.23 J/m
of notch per mm of radius

divided by the specimen width (at the base of notch) to obtain
the net Izod impact resistance for the report.
TEST METHOD D—NOTCH RADIUS SENSITIVITY
TEST

24. Report
24.1 Report the following information:
24.1.1 Same as 11.1.1,
24.1.2 Same as 11.1.2,
24.1.3 Same as 11.1.3,
24.1.4 Same as 11.1.4,
24.1.5 Same as 11.1.5,
24.1.6 Same as 11.1.6,
24.1.7 The average reversed notch impact resistance, in J/m
(ft·lbf/in.) (see 5.8 for failure categories),
24.1.8 Same as 11.1.8,
24.1.9 Same as 11.1.9,
24.1.10 Same as 11.1.10, and
24.1.11 Same as 11.1.11.
24.1.12 Report the average value of b with its units, and the
average Izod impact resistance for a 0.25-mm (0.010-in.)
notch.

18. Apparatus
18.1 The apparatus shall be the same as specified in Section
6.
19. Test Specimens
19.1 The test specimens shall be the same as specified in
Section 7. All specimens must be of the same nominal width,
preferably 6.4-mm (0.25-in.).
20. Notching Test Specimens
20.1 Notching shall be done as specified in Section 8 and
Fig. 5, except those ten specimens shall be notched with a
radius of 0.25 mm (0.010 in.) and ten specimens with a radius
of 1.0 mm (0.040 in.).
21. Conditioning
21.1 Specimen conditioning and test environment shall be
in accordance with Section 9.

TEST METHOD E—CANTILEVER BEAM REVERSED
NOTCH TEST
25. Apparatus
25.1 The apparatus shall be the same as specified in Section
6.

22. Procedure
22.1 Proceed in accordance with Section 10, testing ten
specimens of each notch radius.
22.2 The average impact resistance of each group shall be
calculated, except that within each group the type of break
must be homogeneously C, H, C and H, or P.
22.3 If the specimens with the 0.25-mm (0.010-in.) radius
notch do not break, the test is not applicable.
22.4 If any of ten specimens tested with the 1.0-mm
(0.040-in.) radius notch fail as in category NB, non-break, the
notch sensitivity procedure cannot be used without obtaining
additional data. A new set of specimens should be prepared
from the same sample, using a 0.50-mm (0.020-in.) notch
radius and the procedure of 22.1 and 22.2 repeated.

26. Test Specimens
26.1 The test specimen shall be the same as specified in
Section 7.
27. Notching Test Specimens
27.1 Notch the test specimens in accordance with Section 8.
28. Conditioning
28.1 Specimen conditioning and test environment shall be
in accordance with Section 9.
29. Procedure
29.1 Proceed in accordance with Section 10, except clamp
the specimen so that the striker impacts it on the face opposite
the notch, hence subjecting the notch to compressive rather
than tensile stresses during impact (see Fig. 2 and Note 21,
Note 22, and Note 23).

23. Calculation
23.1 Calculate the slope of the line connecting the values for
impact resistance for 0.25 and 1.0-mm notch radii (or 0.010
and 0.040-in. notch radii) by the equation presented as follows.
(If a 0.500-mm (0.020-in.) notch radius is substituted, adjust
the calculation accordingly.)

NOTE 21—The reversed notch test employs a standard 0.25-mm (0.010in.) notch specimen to provide an indication of unnotched impact
resistance. Use of the reversed notch test obviates the need for machining
unnotched specimens to the required 10.2 6 0.05-mm (0.400 6 0.002-in.)
depth before testing and provides the same convenience of specimen
mounting as the standard notch tests (Test Methods A and C).
NOTE 22—Results obtained by the reversed notch test may not always
agree with those obtained on unnotched bars that have been machined to
the 10.2-mm (0.400-in.) depth requirement. For some materials, the
effects arising from the difference in the clamped masses of the two
specimen types during test, and those attributable to a possible difference
in toss energies ascribed to the broken ends of the respective specimens,
may contribute significantly to a disparity in test results.
NOTE 23—Where materials are suspected of anisotropy, due to molding
or other fabricating influences, notch reversed notch specimens on the face
opposite to that used for the standard Izod test; that is, present the same
face to the impact blow.

b 5 ~E2 2 E 1!/~R2 2 R1!

where:
E 2 = average impact resistance for the larger notch, J/m of
notch,
E1 = average impact resistance for the smaller notch, J/m
of notch,
R2 = radius of the larger notch, mm, and
R 1 = radius of the smaller notch, mm.
Example:
E1.0 5 330.95 J/m; E0.25 5 138.78 J/m
b 5 ~330.95 2 138.78 J/m!/~1.00 2 0.25 mm!
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30. Report
30.1 Report the following information:
30.1.1 Same as 11.1.1,
30.1.2 Same as 11.1.2,
30.1.3 Same as 11.1.3,
30.1.4 Same as 11.1.4,
30.1.5 Same as 11.1.5,
30.1.6 Same as 11.1.6,
30.1.7 The average reversed notch impact resistance, J/m
(ft·lbf/in.) (see 5.8 for failure categories),
30.1.8 Same as 11.1.8,
30.1.9 Same as 11.1.9,
30.1.10 Same as 11.1.10, and
30.1.11 Same as 11.1.11.

NOTE 24—Caution: The following explanations of Irand IR (see 31.331.3.3) are only intended to present a meaningful way of considering the
precision of this test method. The data in Tables 1-3 should not be
rigorously applied to acceptance or rejection of material, as those data are
specific to the round robin and may not be representative of other lots,
conditions, materials, or laboratories. Users of this test method should
apply the principles outlined in Practice E 691 to generate data specific to
their laboratory and materials, or between specific laboratories. The
principles of 31.3-31.3.3 would then be valid for such data.

31.3 Concept of Ir and IR—If Sr and SR have been calculated
from a large enough body of data, and for test results that were
averages from testing five specimens.
31.3.1 Repeatability, Ir (Comparing Two Test Results for the
Same Material, Obtained by the Same Operator Using the
Same Equipment on the Same Day)—The two test results
should be judged not equivalent if they differ by more than the
Ir value for that material.
31.3.2 Reproducibility, IR (Comparing Two Test Results for
the Same Material, Obtained by Different Operators Using
Different Equipment on Different Days)—The two test results
should be judged not equivalent if they differ by more than the
IR value for that material.
31.3.3 Any judgment in accordance with 31.3.1 and 31.3.2
would have an approximate 95 % (0.95) probability of being
correct.
31.4 Bias—There is no recognized standards by which to
estimate bias of these test methods.

31. Precision and Bias
31.1 Table 1 and Table 2 are based on a round robin10 in
accordance with Practice E 691. For each material, all the test
bars were prepared at one source, except for notching. Each
participating laboratory notched the bars that they tested. Table
1 and Table 2 are presented on the basis of a test result being
the average for five specimens. In the round robin each
laboratory tested, on average, nine specimens of each material.
31.2 Table 3 is based on a round robin8 involving five
materials tested by seven laboratories. For each material, all the
samples were prepared at one source, and the individual
specimens were all notched at the same laboratory. Table 3 is
presented on the basis of a test result being the average for five
specimens. In the round robin, each laboratory tested ten
specimens of each material. (See Note 24.)
10

NOTE 25—Numerous changes have occurred since the collection of the
original round-robin data in 1973.10 Consequently, a new task group has
been formed to evaluate a precision and bias statement for the latest
revision of these test methods.

32. Keywords
32.1 impact resistance; Izod impact; notch sensitivity;
notched specimen; reverse notch impact

Supporting data are available from ASTM Headquarters. Request RR: D20-

1034.

TABLE 2 Precision Data, Test Method C—Reversed Notch Izod

NOTE 1—Values in ft·lbf/in. of width (J/m of width).
NOTE 2—See Footnote 10.
Material
Phenolic

Average

SrA

SRB

IrC

IRD

0.45 (24.0)

0.038 (2.0)

0.129 (6.9)

0.10 (5.3)

0.36 (19.2)

A

Sr = within-laboratory standard deviation of the average.
B
SR = between-laboratories standard deviation of the average.
C
Ir = 2.83 Sr.
D
IR = 2.83 SR.
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TABLE 3 Precision Data, Test Method E—Reversed Notch Izod

NOTE 1—Values in ft·lbf/in. of width (J/m of width).
NOTE 2—See Footnote 8.
Material
Acrylic sheet, unmodified
Premix molding compounds laminate
acrylic, injection molded
compound (SMC) laminate
Preformed mat laminate

SrA

Average
3.02 (161.3)
6.11 (326.3)
10.33 (551.6)
11.00 (587.4)
19.43 (1037.6)

0.243
0.767
0.878
0.719
0.960

(13.0)
(41.0)
(46.9)
(38.4)
(51.3)

SRB
0.525
0.786
1.276
0.785
1.618

(28.0)
(42.0)
(68.1)
(41.9)
(86.4)

IrC

IRD

0.68 (36.3)
2.17 (115.9)
2.49 (133.0)
2.03 (108.4)
2.72 (145.2)

0.71 (37.9)
2.22 (118.5)
3.61 (192.8)
2.22 (118.5)
4.58 (244.6)

A

Sr = within-laboratory standard deviation of the average.
SR = between-laboratories standard deviation of the average.
Ir = 2.83 Sr.
D
IR = 2.83 SR.
B

C

ANNEXES
(Mandatory Information)
A1. INSTRUCTIONS FOR THE CONSTRUCTION OF A WINDAGE AND FRICTION CORRECTION CHART

A1.1 The construction and use of the chart herein described
is based upon the assumption that the friction and windage
losses are proportional to the angle through which these loss
torques are applied to the pendulum. Fig. A1.1 shows the
assumed energy loss versus the angle of the pendulum position
during the pendulum swing. The correction chart to be described is principally the left half of Fig. A1.1. The windage
and friction correction charts should be available from commercial testing machine manufacturers. The energy losses
designated as A and B are described in 10.3.
A1.2 Start the construction of the correction chart (see Fig.
A1.2) by laying off to some convenient linear scale on the
abscissa of a graph the angle of pendulum position for the
portion of the swing beyond the free hanging position. For
convenience, place the free hanging reference point on the
right end of the abscissa with the angular displacement
increasing linearly to the left. The abscissa is referred to as
Scale C. Although angular displacement is the quantity to be
represented linearly on the abscissa, this displacement is more
conveniently expressed in terms of indicated energy read from
the machine dial. This yields a nonlinear Scale C with indicated
pendulum energy increasing to the right.

FIG. A1.2 Sample Windage and Friction Correction Chart

starting with zero at the bottom and stopping at the maximum
expected pendulum friction and windage value at the top.

A1.3 On the right-hand ordinate lay off a linear Scale B

A1.4 On the left ordinate construct a linear Scale D ranging
from zero at the bottom to 1.2 times the maximum ordinate
value appearing on Scale B, but make the scale twice the scale
used in the construction of Scale B.
A1.5 Adjoining Scale D draw a curve OA that is the focus
of points whose coordinates have equal values of energy
correction on Scale D and indicated energy on Scale C. This
curve is referred to as Scale A and utilizes the same divisions
and numbering system as the adjoining Scale D.
A1.6 Instructions for Using Chart:
A1.6.1 Locate and mark on Scale A the reading A obtained
from the free swing of the pendulum with the pointer prepositioned in the free hanging or maximum indicated energy
position on the dial.

FIG. A1.1 Method of Construction of a Windage and Friction
Correction Chart
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A1.6.2 Locate and mark on Scale B the reading B obtained
after several free swings with the pointer pushed up close to the
zero indicated energy position of the dial by the pendulum in
accordance with instructions in 10.3.
A1.6.3 Connect the two points thus obtained by a straight
line.

A1.6.4 From the indicated impact energy on Scale C project
up to the constructed line and across to the left to obtain the
correction for windage and friction from Scale D.
A1.6.5 Subtract this correction from the indicated impact
reading to obtain the energy delivered to the specimen.

A2. PROCEDURE FOR THE CALCULATION OF WINDAGE AND FRICTION CORRECTION

A2.1 The procedure for the calculation of the windage and
friction correction in this annex is based on the equations
developed by derivation in Appendix X3. This procedure can
be used as a substitute for the graphical procedure described in
Annex A1 and is applicable to small electronic calculator and
computer analysis.

hM
b max

A2.7 Measure specimen breaking energy, Es, J (ft·lbf).

A2.2 Calculate L, the distance from the axis of support to
the center of percussion as indicated in 6.3. (It is assumed here
that the center of percussion is approximately the same as the
center of gravity.)

A2.8 Calculate b for specimen measurement Es as:
b 5 cos 21 $1 2 @~hM/L!~1 2 E s/EM!#%

where:
b = angle pendulum travels for a given specimen, and
Es = dial reading breaking energy for a specimen, J (ft·lbf).

A2.3 Measure the maximum height, hM, of the center of
percussion (center of gravity) of the pendulum at the start of
the test as indicated in X2.16.
A2.4 Measure and record the energy correction, EA, for
windage of the pendulum plus friction in the dial, as determined with the first swing of the pendulum with no specimen
in the testing device. This correction must be read on the
energy scale, EM, appropriate for the pendulum used.

A2.9 Calculate total correction energy, ETC, as:
ETC 5 ~EA 2 ~E B/ 2!!~b/bmax! 1 ~E B/2!

where:
ETC = total correction energy for the breaking energy, Es,
of a specimen, J (ft·lbf), and
EB
= energy correction for windage of the pendulum, J
(ft·lbf).

A2.5 Without resetting the position of the indicator obtained in A2.4, measure the energy correction, EB , for
pendulum windage after two additional releases of the pendulum with no specimen in the testing device.
A2.6 Calculate b

max

bmax 5 cos

21

= maximum height of center of gravity of pendulum
at start of test, m (ft), and
= maximum angle pendulum will travel with one
swing of the pendulum.

as follows:

A2.10 Calculate the impact resistance using the following
formula:

$1 2 @~hM/L!~1 2 E A/EM!#%

Is 5 ~Es 2 E TC!/t

where:
EA
= energy correction for windage of pendulum plus
friction in dial, J (ft·lbf),
EM
= full-scale reading for pendulum used, J (ft·lbf),
L
= distance from fulcrum to center of gravity of
pendulum, m (ft),

where:
Is = impact resistance of specimen, J/m (ft·lbf/in.) of width,
and
t = width of specimen or width of notch, m (in.).
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APPENDIXES
(Nonmandatory Information)
X1. PROCEDURE FOR THE INSPECTION AND VERIFICATION OF NOTCH

X1.1 The purpose of this procedure is to describe the
microscopic method to be used for determining the radius and
angle of the notch. These measurements could also be made
using a comparator if available.
NOTE X1.1—The notch shall have a radius of 0.25 6 0.05 mm (0.010
6 0.002 in.) and an angle of 45 6 1°.

X1.2 Apparatus:
X1.2.1 Optical Device with minimum magnification of
603, Filar glass scale and camera attachment.
X1.2.2 Transparent Template, (will be developed in this
procedure).
X1.2.3 Ruler.
X1.2.4 Compass.
X1.2.5 Plastic 45°–45°–90° Drafting Set Squares (Triangles).
X1.3 A transparent template must be developed for each
magnification and for each microscope used. It is preferable
that each laboratory standardize on one microscope and one
magnification. It is not necessary for each laboratory to use the
same magnification because each microscope and camera
combination has somewhat different blowup ratios.
X1.3.1 Set the magnification of the optical device at a
suitable magnification with a minimum magnification of 603.
X1.3.2 Place the Filar glass slide on the microscope platform. Focus the microscope so the most distinct image of the
Filar scale is visible.
X1.3.3 Take a photograph of the Filar scale (see Fig. X1.1).
X1.3.4 Create a template similar to that shown in Fig. X1.2.
X1.3.4.1 Find the approximate center of the piece of paper.
X1.3.4.2 Draw a set of perpendicular coordinates through
the center point.
X1.3.4.3 Draw a family of concentric circles that are spaced
according to the dimensions of the Filar scale.

NOTE 1—Magnification = 100X.
FIG. X1.2 Example of Transparent Template for Determining
Radius of Notch

X1.3.4.4 This is accomplished by first setting a mechanical
compass at a distance of 0.1 mm (0.004 in.) as referenced by
the magnified photograph of the Filar eyepiece. Subsequent
circles shall be spaced 0.02 mm apart (0.001 in.), as rings with
the outer ring being 0.4 mm (0.016 in.) form the center.
X1.3.5 Photocopy the paper with the concentric circles to
make a transparent template of the concentric circles.
X1.3.6 Construct Fig. X1.3 by taking a second piece of
paper and find it’s approximate center and mark this point.
Draw one line through this center point. Label this line zero
degree (0°). Draw a second line perpendicular to the first line
through this center point. Label this line “90°.” From the center
draw a line that is 44 degrees relative to the “0°.” Label the line
“44°.” Draw another line at 46°. Label the line “46°.”
X1.4 Place a microscope glass slide on the microscope
platform. Place the notched specimen on top of the slide. Focus
the microscope. Move the specimen around using the platform
adjusting knobs until the specimen’s notch is centered and near
the bottom of the viewing area. Take a picture of the notch.
X1.4.1 Determination of Notching Radius (see Fig. X1.4):
X1.4.1.1 Place the picture on a sheet of paper. Position the
picture so that bottom of the notch in the picture faces
downwards and is about 64 mm (2.5 in.) from the bottom of the

NOTE 1—100X reference.
NOTE 2—0.1 mm major scale; 0.01 mm minor scale.
FIG. X1.1 Filar Scale
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FIG. X1.3 Example of Transparent Template for Determining
Angle of Notch

FIG. X1.4 Determination of Notching Radius

X1.4.2.1 Place transparent template for determining notch
angle (see Fig. X1.3) on top of the photograph attached to the
sheet of paper. Rotate the picture so that the notch tip is pointed
towards you. Position the center point of the template on top of
Point I established in 0° axis of the template with the right side
straight portion of the notch. Check the left side straight
portion of the notch to ensure that this portion falls between the
44 and 46° degree lines. If not, replace the blade.

paper. Tape the picture down to the paper.
X1.4.1.2 Draw two lines along the sides of the notch
projecting down to a point where they intersect below Notch
Point I (see Fig. X1.4).
X1.4.1.3 Open the compass to about 51 mm (2 in.). Using
Point I as a reference, draw two arcs intersecting both sides of
the notch (see Fig. X1.4). These intersections are called 1a and
1b.
X1.4.1.4 Close the compass to about 38 mm (1.5 in.). Using
Point 1a as the reference point draw an arc (2a) above the
notch, draw a second arc (2b) that intersects with arc 2a at
Point J. Draw a line between I and J. This establishes the
centerline of the notch (see Fig. X1.4).
X1.4.1.5 Place the transparent template on top of the picture
and align the center of the concentric circles with the drawn
centerline of the notch (see Fig. X1.4).
X1.4.1.6 Slide the template down the centerline of the notch
until one concentric circle touches both sides of the notch.
Record the radius of the notch and compare it against the
ASTM limits of 0.2 to 0.3 mm (0.008 to 0.012 in.).
X1.4.1.7 Examine the notch to ensure that there are no flat
spots along the measured radius.
X1.4.2 Determination of Notch Angle:

X1.5 A picture of a notch shall be taken at least every 500
notches or if a control sample gives a value outside its
three-sigma limits for that test.
X1.6 If the notch in the control specimen is not within the
requirements, a picture of the notching blade should be taken
and analyzed by the same procedure used for the specimen
notch. If the notching blade does not meet ASTM requirements
or shows damage, it should be replaced with a new blade which
has been checked for proper dimensions.
X1.7 It is possible that the notching cutter may have the
correct dimensions but does not cut the correct notch in the
specimen. If that occurs it will be necessary to evaluate other
conditions (cutter and feed speeds) to obtain the correct notch
dimension for that material.
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X2. CALIBRATION OF PENDULUM-TYPE HAMMER IMPACT MACHINES FOR USE WITH PLASTIC
SPECIMENS

edge should make contact across the entire width of the bar. If
only partial contact is made, examine the vise and pendulum
for the cause. If the cause is apparent, make the appropriate
correction. If no cause is apparent, remove the striker and shim
up or grind its back face to realign the striking edge with the
surface of the bar.

X2.1 This calibration procedure applies specifically to the
Izod impact machine. However, much of this procedure can be
applied to the Charpy impact machine as well.
X2.2 Locate the impact machine on a sturdy base. It shall
not “walk” on the base and the base shall not vibrate appreciably. Loss of energy from vibrations will give high readings.
It is recommended that the impact tester be bolted to a base
having a mass of at least 23 kg if it is used at capacities higher
than 2.7 J (2 ft·lbf).

X2.10 Check the oil line on the face of the bar for
horizontal setting of striking edge within tan−1 0.002 with a
machinist’s square.
X2.11 Without taking the bar of X2.8 from the vise of the
machine, scratch a thin line at the top edge of the vise on the
face opposite the striking face of the bar. Remove the bar from
the vise and transfer this line to the striking face, using a
machinist’s square. The distance from the striking oil line to
the top edge of the vise should be 22 6 0.05 mm (0.87 6 0.002
in.). Correct with shims or grinding, as necessary, at the bottom
of the vise.

X2.3 Check the level of the machine in both directions in
the plane of the base with spirit levels mounted in the base, by
a machinist’s level if a satisfactory reference surface is
available, or with a plumb bob. The machine should be made
level to within tan−1 0.001 in the plane of swing and to within
tan −1 0.002 in the plane perpendicular to the swing.
X2.4 With a straightedge and a feeler gage or a depth gage,
check the height of the movable vise jaw relative to the fixed
vise jaw. It must match the height of the fixed vise jaw within
0.08 mm (0.003 in.).

X2.12 When the pendulum is hanging free in its lowest
position, the energy reading must be within 0.2 % of full scale.
X2.13 Insert the bar of X2.8 into the vise and clamp it
tightly in a vertical position. When the striking edge is held in
contact with the bar, the energy reading must be within 0.2 %
of full scale.

X2.5 Contact the machine manufacturer for a procedure to
ensure the striker radius is in tolerance (0.80 6 0.20 mm) (see
6.3).
X2.6 Check the transverse location of the center of the
pendulum striking edge that shall be within 0.40 mm (0.016
in.) of the center of the vise. Readjust the shaft bearings or
relocate the vise, or straighten the pendulum shaft as necessary
to attain the proper relationship between the two centers.

X2.14 Swing the pendulum to a horizontal position and
support it by the striking edge in this position with a vertical
bar. Allow the other end of this bar to rest at the center of a load
pan on a balanced scale. Subtract the weight of the bar from the
total weight to find the effective weight of the pendulum. The
effective pendulum weight should be within 0.4 % of the
required weight for that pendulum capacity. If weight must be
added or removed, take care to balance the added or removed
weight without affecting the center of percussion relative to the
striking edge. It is not advisable to add weight to the opposite
side of the bearing axis from the striking edge to decrease the
effective weight of the pendulum since the distributed mass can
lead to large energy losses from vibration of the pendulum.

X2.7 Check the pendulum arm for straightness within 1.2
mm (0.05 in.) with a straightedge or by sighting down the
shaft. Allowing the pendulum to slam against the catch
sometimes bends the arm especially when high-capacity
weights are on the pendulum.
X2.8 Insert vertically and center with a locating jig and
clamp in the vise a notched machined metal bar 12.7-mm
(0.500-in.) square, having opposite sides parallel within 0.025
mm (0.001 in.) and a length of 60 mm (2.4 in.). Check the bar
for vertical alignment within tan−1 0.005 in both directions
with a small machinist’s level. Shim up the vise, if necessary,
to correct for errors in the plane of pendulum swing, using care
to preserve solid support for the vise. For errors in the plane
perpendicular to the plane of pendulum swing, machine the
inside face of the clamp-type locating jig for correct alignment
if this type of jig is used. If a blade-type jig is used, use shims
or grind the base of the vise to bring the top surface level.

X2.15 Calculate the effective length of the pendulum arm,
or the distance to the center of percussion from the axis of
rotation, by the procedure in Note 9. The effective length must
be within the tolerance stated in 6.3.
X2.16 Measure the vertical distance of fall of the pendulum
striking edge from its latched height to its lowest point. This
distance should be 610 6 2.0 mm (24 6 0.1 in.). This
measurement may be made by blocking up a level on the top
of the vise and measuring the vertical distance from the striking
edge to the bottom of the level (top of vise) and subtracting
22.0 mm (0.9 in.). The vertical falling distance may be adjusted
by varying the position of the pendulum latch.

X2.9 Insert and clamp the bar described in X2.8 in a
vertical position in the center of the vise so that the notch in the
bar is slightly below the top edge of the vise. Place a thin film
of oil on the striking edge of the pendulum with an oiled tissue
and let the striking edge rest gently against the bar. The striking

X2.17 Notch a standard specimen on one side, parallel to
the molding pressure, at 32 mm (1.25 in.) from one end. The
17
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depth of the plastic material remaining in the specimen under
the notch shall be 10.16 6 0.05 mm (0.400 6 0.002 in.). Use
a jig to position the specimen correctly in the vise. When the
specimen is clamped in place, the center of the notch should be
within 0.12 mm (0.005 in.) of being in line with the top of the
fixed surface of the vise and the specimen should be centered
midway within 0.40 mm (0.016 in.) between the sides of the
clamping faces. The notched face should be the striking face of
the specimen for the Izod test. Under no circumstances during
the breaking of the specimen should the top of the specimen
touch the pendulum except at the striking edge.

the horizontal and vertical directions within 0.025 mm (0.001
in.). Inserting the machined square metal bar of X2.7 into the
vise in a vertical position and clamping until the jaws begin to
bind may check parallelism. Any freedom between the metal
bar and the clamping surfaces of the jaws of the vise must not
exceed the specified tolerance.
X2.23 The top edges of the fixed and moveable jaws of the
vise shall have a radius of 0.25 6 0.12 mm (0.010 6 0.005 in.).
Depending upon whether Test Method A, C, D, or E is used, a
stress concentration may be produced as the specimen breaks.
Consequently, the top edge of the fixed and moveable jaw
needs to be carefully examined.

X2.18 If a clamping-type locating jig is used, examine the
clamping screw in the locating jig. If the thread has a loose fit
the specimen may not be correctly positioned and may tend to
creep as the screw is tightened. A burred or bent point on the
screw may also have the same effect.

X2.24 If a brittle unfilled or granular-filled plastic bar such
as a general-purpose wood-flour-filled phenolic material is
available, notch and break a set of bars in accordance with
these test methods. Examine the surface of the break of each
bar in the vise. If the break is flat and smooth across the top
surface of the vise, the condition of the machine is excellent.
Considerable information regarding the condition of an impact
machine can be obtained by examining the broken sections of
specimens. No weights should be added to the pendulum for
the preceding tests.

X2.19 If a pointer and dial mechanism is used to indicate
the energy, the pointer friction should be adjusted so that the
pointer will just maintain its position anywhere on the scale.
The striking pin of the pointer should be securely fastened to
the pointer. Friction washers with glazed surfaces should be
replaced with new washers. Friction washers should be on
either side of the pointer collar. A heavy metal washer should
back the last friction washer installed. Pressure on this metal
washer is produced by a thin-bent, spring washer and locknuts.
If the spring washer is placed next to the fiber friction washer
the pointer will tend to vibrate during impact.

X2.25 The machine should not be used to indicate more
than 85 % of the energy capacity of the pendulum. Extra
weight added to the pendulum will increase available energy of
the machine. This weight must be added so as to maintain the
center of percussion within the tolerance stated in 6.3. Correct
effective weight for any range can be calculated as follows:

X2.20 The free-swing reading of the pendulum (without
specimen) from the latched height should be less than 2.5 % of
pendulum capacity on the first swing. If the reading is higher
than this, then the friction in the indicating mechanism is
excessive or the bearings are dirty. To clean the bearings, dip
them in grease solvent and spin-dry in an air jet. Clean the
bearings until they spin freely, or replace them. Oil very lightly
with instrument oil before replacing. A reproducible method of
starting the pendulum from the proper height must be devised.

W 5 Ep/h

where:
W = effective pendulum weight, N (lbf) (see X2.13),
Ep = potential or available energy of the machine, J (ft·lbf),
and
h = vertical distance of fall of the pendulum striking
edge, m (ft) (see X2.16).

X2.21 The shaft about which the pendulum rotates shall
have no detectable radial play (less than 0.05 mm (0.002 in.)).
An endplay of 0.25 mm (0.010 in.) is permissible when a 9.8-N
(2.2-lbf) axial force is applied in alternate directions.

Each 4.5 N (1 lbf) of added effective weight increases the
capacity of the machine by 2.7 J (2 ft·lbf).
NOTE X2.1—If the pendulum is designed for use with add-on weight, it
is recommended that it be obtained through the equipment manufacturer.

X2.22 The clamping faces of the vise should be parallel in

X3. DERIVATION OF PENDULUM IMPACT CORRECTION EQUATIONS
E M 5 hMWpg

X3.1 From right triangle distances in Fig. X3.1:
L 2 h 5 L cos b

(X3.1)

X3.5 The potential energy gained by the pendulum, Ep, is
related to the absorption of energy of a specimen, E s, by the
following equation:

X3.2 But the potential energy gain of pendulum Ep is:
Ep 5 hW pg

(X3.2)

EM 2 E s 5 Ep

X3.3 Combining Eq X3.1 and Eq X3.2 gives the following:
L 2 Ep/Wpg 5 L cos b

(X3.4)

X3.6

(X3.3)

Combining Eq X3.3-X3.5 gives the following:
~EM 2 E s!/EM 5 L/hM ~1 2 cos b!

X3.4 The maximum energy of the pendulum is the potential
energy at the start of the test, EM, or

X3.7 Solving Eq X3.6 for b gives the following:
18

(X3.5)

(X3.6)
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EB/2 5 m~0! 1 b

(X3.9)

b 5 EB/2

(X3.10)

or:
X3.10 The energy correction, EA, on the first swing of the
pendulum occurs at the maximum pendulum angle, bmax.
Substituting in Eq X3.8 gives the following:
E A 5 mbmax 1 ~EB/2!

(X3.11)

X3.11 Combining Eq X3.8 and Eq X3.11 gives the following:
ETC 5 ~EA 2 ~E B/2!!~b/bmax! 1 ~E B/2!

X3.12 Nomenclature:

FIG. X3.1 Swing of Pendulum from Its Rest Position

(X3.7)

b
EA

X3.8 From Fig. X3.2, the total energy correction ETC is
given as:

EB
EM

b 5 cos21$1 2 @~h M/L!~1 2 Es/EM!#%

ETC 5 mb 1 b

X3.9
energy:

(X3.8)

Ep

But at the zero point of the pendulum potential

Es
ETC
g
h
hM
m
L
Wp
b

FIG. X3.2 Total Energy Correction for Pendulum Windage and
Dial Friction as a Function of Pendulum Position

= intercept of total correction energy straight line,
= energy correction, including both pendulum windage plus dial friction, J,
= energy correction for pendulum windage only, J,
= maximum energy of the pendulum (at the start of
test), J,
= potential energy gain of pendulum from the pendulum rest position, J,
= uncorrected breaking energy of specimen, J,
= total energy correction for a given breaking energy,
E s, J,
= acceleration of gravity, m/s2,
= distance center of gravity of pendulum rises vertically from the rest position of the pendulum, m,
= maximum height of the center of gravity of the
pendulum, m,
= slope of total correction energy straight line,
= distance from fulcrum to center of gravity of pendulum, m,
= weight of pendulum, as determined in X2.13, kg,
and
= angle of pendulum position from the pendulum rest
position.

X4. UNIT CONVERSIONS

X4.1 Joules per metre (J/m) cannot be converted directly
into kJ/m2. Note that the optional units of kJ/m2 (ft·lbf/in.2)
may also be required; therefore, the cross-sectional area under
the notch must be reported.

1 ft·lbf/in.
1 ft·lbf/in.
1 ft·lbf/in.

= (39.37)(1.356) J/m
= 53.4 J/m
= 0.0534 kJ/m

X4.2.2 Example 2:
1
1
1
1

X4.2 The following examples are approximations:
X4.2.1 Example 1:
1 ft·lbf/39.37 in.

(X3.12)

= 1.356 J/m
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ft·lbf/1550 in.2
ft·lbf/in.2
ft·lbf/in.2
ft·lbf/in.2

= 1.356 J/m2
= (1550)(1.356) J/m2
= 2101 J/m2
= 2.1 kJ/m2
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SUMMARY OF CHANGES
This section identifies the location of selected changes to these test methods. For the convenience of the user,
Committee D20 has highlighted those changes that may impact the use of this test method. This section may also
include descriptions of the changes or reasons for the changes, or both.
D 256 – 97:
(1) Test Method B (Charpy) has been removed from these test
methods. This test method is being developed as a separate
standard. Research Report D20-1034 will be moved to the new
charpy standard.
(2) The designations for Test Methods A, C, D, or E remain
unchanged due to potential problems with historical data.
(3) These test methods have been extensively revised, edito-

rially and technically, with major emphasis on tolerances and
units.
D 256 – 00:
(1) Notch depth dimensions in 8.4, Fig. 5, and X2.17 changed
to 10.16 6 0.05 mm.
(2) Note 8 added.
(3) Deleted former Appendix X4 on Determination of Clamping Load on Izod Specimens.
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