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Report Title Elfect of Sulfur on Properties of Ebonite

By MissTawakon Roxipro ID.NO. 47015532
MissPatamaporn Subjaroen ID.NO. 47015540

Advisor Assoc,Prof.Dr.Paisul Nakpipat

Report for Bachelor Degree ot Chemical Engineering

Department of Cheinical Engineering Faculty of Enginecring

King Mongkut's In+titute of Technology Ladkrabang

Abstract

The aim of this project is 10 study the clfect of sulfur on ebonite rubber.
The cxpertmental result was used 10 improve the property of ebonite rubber in rubber
industry,

In this experiment the amount of sulphur in cbonite rubber was fixed at 20 phr,
27 phr, 33 phr, 40 phr and 47 phr. The phy-ical property such as hardness, impact and flexural
strength .11 were mecasure the amount of sulphure is proportionate.it was found that the
hardness of cbonite rubber increased with the amount of sulphur, While the flexural and
impact strength  decreased. When the ebunite rubber with sulphur content greater than
sulphure was used 10 make a roller, signiticant amount of bubble was observed as well as
the roller appcared W be in homogeneous. The hardness, impact and flexural sirength of
the cbonite rubber with sulphur content of 20 phr and 26 phr were less than those
obtained from rubber with 33 phr sulphur content has the best properties for making
roller due to higher hardness, impact and ficxural strength as better rubber with 20 phr and

26 phr.They was no bubble observed in the rubber,
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2. Fan1 (Silica)

s - ad S oaa "% (Siki . . | v

FAm (Silica) H¥onrunili1 Fdnoulaeanled (Silicon Dioxide, Si0,) 1ua1id?
-, 1 1 v A 1 ] [] o VY i A o ¥ o
wunangaluussams@udui Wlsda mswdumsdaduinuanudianseliiues
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- Chaina Clay

- Diphenylguanidine (DP: i)

- 2 - MercaptoBenzThiaz le (MBT)

 siufuau (Linseed Oil)
- B19UEABY (Asphaly)

- ‘JJWIH] {Limestone)
ETRUER (Carbon Black)
- uy'lsad (Barylcs)

- Han (Silica)

312 %ﬂﬂﬂuﬂ'l‘i‘l]ﬂﬂﬂﬁl

AT UUAIUHTUATIATT 197 3.1 A4

@1519% 3.1 auraulumsuaniiues

b

U

m15lsenen simnin (nTansu)
A o 4 EA FA s 4
AN 139N 2 f3dN 3 AN 4 | ATIN 5
_—f;l:iﬁiﬂl‘lﬂﬁ 2 2 2 2 2
ana'lulasa 1 1 1 1 1
#19UTRDY 0.5 0.5 (.5 0.5 0.5
REEL 14 1.2 1.0 0.8 0.6
qriunad ! 1 1 1 !
Fan I I t 1 1
nulsA 0.6 0.6 0.6 0.6 0.6
LA 0.4 0.4 0.4 0.4 0.4
v 0.06 0.06 0.06 0.06 0.06
Yurn 0.1 0.1 0.1 0.1 0.1
MBT 0.03 0.03 0.03 0.03 0.03
DPG 0.01 0.01 0.01 0.01 0.01

T ¥ r
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20 27 33 40 47

0 27 28 24 29 30

5 29 31 30 32 32
10 32 35 34 33 33
15 39 37 39 41 34
20 43 44 51 55 39
25 47 54 59 60 43
30 50 56 62 65 47
35 56 60 65 70 55
a0 el 64 n 77 61
45 62 66 71 77 65
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Tnssadsvesen

CH,

|
- CH, ~C=CH--CH,—
C,Hg, mol. wt. = 68

§1Jﬁ .1 Tasaaaves Isoprene Rubber

MCH?—-C‘H— —CH2 L/CH:, —CH.‘, ——CH,——(EH-—«
CN CH= CH C\H CH=CH,
! Il Hi v
acrytomtrile, s 14 trens- 14 1,2 or vinyl_)
CyHN; Mol wt=53  ° v

butadiene, C Hg: mol. wt = 54

71" n.2 TAsaad 19904 Nitrile Rubber

Tnsaadr9vesm 39 §n3en (Accelerator)

7141 n.4 TA3993199084 Diphenyl Guanidine (DPG)



gashlFlun1swaues (phr)

MANHIN U

asdsznan aselt 1 | mfedl 2 | mfefl3 | mfeita | aduii s
Natural Rubber : NR 67 67 67 67 67
Acryloniirile butadiene : NBR 33 33 33 33 33
Sulphure 20 27 33 40 47
Chaina Clay 33 33 33 33 33
Diphenyl guamidine : DPG 0.33 0.33 0.33 0.33 0.33
2 — Mercaptobenzthiazole : MBT 1 1 i 1 1
Linsecd o1l 2 2 2 2 2
Asphahe 17 17 17 17 17
Limestone 3 3 3 3 3
Carbon black 13 13 13 13 13
Barylcs 20 20 20 20 20
Silica 33 33 33 33 33




MARUIN A

ﬁ[p Designation: D 2240 - 91

Standard Test Method for

Rubber Property—Durometer Hardness'

This eandand i isued under the fived designation [ 2240; the oumber | di

Ty following the indicales the year of

uﬁmmminm“dmhmahﬂrﬂiﬁm A number in parentheses indicates Lhe year of last reapproval. A
supercriph epailon () indicates an nditonal change sinot the b1 pevixion or reapproval.

1. Scope

1.1 This test method describes seven types of durometers

LB C D DO O and 00, and the procedure for

ining indentation hardoess of subsiances classified as

nbber, cellular materials, elastomeric materials, thermo-
i elastomers and sonte hard plastics.

1.2 This wst method is not applicable to the testing of
fabrics.

1.3 The values sated in SI units are to be regarded as
andard. The valucs given in parentheses are for informa-
soa ooly.

1.4 This standard does not purport to address all of the
swiety problenss, if any, associated with ils use. It is the
miponsibility of the user of this siandard 1o establish appro-
wiate safety and heaith practices and determine the applica-
Wity of regulatory limitations prier to use.

1. Referenced Documents

L1 ASTM Standards.

D618 Practice for Conditioning Plastics and Electnical
Insulating Materials for Testing?

D785 Test Method for Rockwell Hardness of Plastics and
Flectrical Insulating Matenals®

D 1349 Practice for Rubber—Standard Temperatures For
Testing?

D4483 Practice for Determining Precision for Test
Method Standards in the Rubber and Carbon Bilack
Industries*

). Summary of Test Method

3] This test method permils bardness measurements
based on either initial ipdentation or indentation afler a
pecified period of time, or both.

Nomt | —Durometers with matimum reading podaters used 1o
trermine initial hardness values may yield lower hardpess when the
mAnimum pointes 15 wsed.

4. Significance and Use

41 This test method is based on the penetration of a
tpecific type of indentor when forced into the material under
mecified conditions. The indentation hardness is inversely
rlfled 1o the penewration and is dependent on the elastic
modulus and viscoelastic behavior of the matedial. The shape

' Tk oem method » under the of ASTM C DLl ow
Rybbeer and is (e direct respontibality of Subcommittor DI 1.10 on Phytcal Tests.

Current edition approved May 13, 1991, Published Febmary 1952, Originally
Pebluahed s D 2240 - 84 T. Lant previous odition D 2240 - 86.

1 aramal Book of ASTM Standards, Yot 08411

1 Arniad Boask of ASTA Standardy, Vol 09.01.

* Ancual Book of ASTA Standards, Vol 03.47,

of the indentor and the applied force influence the results
oblained so there moy be no simple relationship between the
results obiained with one Lype of durometer and those
obtained with ancther type of durometer or other instru-
ments for measuring hardoess. This test method is an
empirical test intended primarily for control purposes. No
simple relationship is known to exist between indentation
hardness determined by this test method and any funda-
mental property of (be material tested. For specification
purposes it is recommended that Test Method D 785 be used
for hart material.

NOTE 2.~ Durometer scale comparison chart only. This s not and
cannot be used & & converion reference.

Type A 10 10 3 40 50 60 70 KO 90 DD

Trm B 10 20 30 40 30 60 70 50 9¢ 100

Tyoe © 0 030 4 5060700 0

Type D © 20 304D % 60 60 70 K0 %0 100
Type DO 0 20 30 40 30 5 T K %0 100
Tre O 10 20 30 40 50 &0 70 80 %0 100

Type0O 102030 Q00O %0 100

5. Apparstus

5.1 Hardness measuring apparatus or durometer con-
sisting of the following components:

5.1.1 Presser Foof, with a hol¢ having & diameter as
specified in Fig. 1{a), (&), or I{c} with its center 6 mm (0.25
in.) from any edge of the foot.

5.1.2 Indemtor, formed from hardened steel rod and
shaped in accordance with Fig. 1(a), Hb), or 1{c} with full
eatension adjustable beiween 2.46 10 2.54 mm (0.97 10 0.100
in).

5.1.3 Indentor Extension Indicating Device (analog or
electronic), having a scale reading from 0 to 100 with equal
divisions throughout the range. The scale reading is an
inverse function of Lhe indentor eatension. The device shall
have a pointer that moves on the scale al a mate of one
hardness point for each 0.025 mm (0.00] in.) of indentor
movement.

Note 3—Type A Shore Duromewers serial numbers | through
16 300 and 16 351 through 16 900 and Type A-2 Shore Dummeters
numbers | through 8077 do not moet the mquirement of 244 w 2.54
mm (0097 w 0.100 is.} bon of the ind at zero reading. These
d will give readings which are low by amounts ranging from 3
units at 30 hardness 10 | unit ot 90 hardoess.

5.1.4 Timing Device (optional), capable of being sct to a
desired elapsed time, signalling the operator or holding the
hardness reading when the desired elapsed time s becn
reached, The timer should be automatically activated when
the presser foot is in firm contact with the specimen being

5.1.5 Calibrated Spring, for epnlying force to the indentor
in accordance with Fig. 1.
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— —-{1.2/1.3mm
! R | .0501.00%
;‘"1 1.40/ LiSmm

N

V71000
2.5 to04mm
A . §*
READING 3w e}
'l 0a1t.000
0.7910.0) mem

{#} ndentor for Typs A and G Ouromeiars
m _Ju% -
: 1.
=~ P 40 15me

7

et f

2.5 t0.04mm

Al 2RO
READING 004 10005 0.
Q00 1.017 mm R
(b) tncermior for Type B and O Duomiars

F H —<15/27mm

. DA3T ¢.000
.38 1008 mm

7/

0448+ DOT R
119 1003 memi.
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He 1 £—Spring Farce Combanations.
Force. N = 0.550 + 0.075 M,
whare M, = haninots eading on Type A, B and O durometers
Force. N = D445 H,
whare H, = hardnesa reading on Typa C, O and DO duromalers
Force. N = 0.203 + 0.00808 H,,
whare H,,, = hardness readng on Typs 0Q durcmeten.

FIG. 1 Dumwwier, Indenior and Spring Force Combilaations

6. Test Specimen

6.1 The test specimen shall be at least 6 mm (.25 in.} in
thickness unless il is known that results equivalent to the 6
mm values are ohtained witb a thinner specimen (see Note
4). A specimen may be composed of plied pieces to oblain
the necessary thickness, but determinations made on such
specimens may not agree with those made oan solid speci-
mens because the surface faces between plies may not be in
complete contac. The lateral dimensions of the specimen
shall be sulficient to permit measurements at least i2 mm
(0.5 in.) from any edge unless it is known that identical
results are obtained when measurements are made at lesser
distance from an edge. The surfaces of the specimen shall be
flat and parallel over a sufficient area to permit the presser
foot 1o contact the specimen over an area having a radius of

at least 6 mm {0.25 in.} from the indentor point. A suh.'*
hardness detcrmination cannot bc made on a roundy
uneven, or rough surface.

NoTe 4—The minimum requirement for the thickness of the gy,
imen is dependant on the extent of penctration of the indentor inty gy
specimen; that is, thinner specimens may be used for materialy
handness values at the upper end of the scale. The minimum digpyy,
from the odge at which measurements mey be made kewise decrgy
as the hardness increases. For materials having hardness values ahgve y
Type D durometer, the thickpess of the specimen should be a1 leamy
mm (0.12 in.} and measurements should not be made closer Lhan 6 gy
(.25 in.) 1o any edge. .

7. Calibration

7.1 The durometer spring shall be calibrated by oy
porting the durometer in a vertical position and applying
measurable force to the indentor tip (see Fig. 2). The devip
used to apply the force may be a dead weight or electnoni
load cell device capable of measuring applied force at 50%
of the calibration tolerance. Care should be taken to ensum
that the force is applied vertically 1o the indentor tip, 2s side
loads will cause errors in calibration. Spring catibration shal
be verified on all durometer at scale readings of 20, 30, 4,
50, 60, 70, 80 and 90. The measured force (9.8 X mass in
kilograms) shall be equivalent lo the force calculated by the
equation in Fig. 1. The measured force for Type A, B and O
durometers shall be within +0.08 N. For Type C, D and D)
durometers it shall be within £0.44 N, and for Type 00
durometers it shall be within £0.025 N.

NimE S—Insiruments specifically desigmed for 1he calibvation o
duromelers may be used.?

7.2 Indentor extepsion and shape musi be in accordance
with 5.1.2. With the durometer piaced firmly on 2 fln
surface the indicator should read a number equal to the
indentor extension measured in inches X 1000, within 0.5
durometer points.

NOTE 6—When periorming the procedure in 7.2 on Type B and D
durometers care shoukd be used not 10 damage Lhe indentor tp.

7.3 Test blocks {rubber or spring type] provided for
checking durometer operation are not to be relied upon
calibration standards. The calibration procedures outlined
7.1 and 7.2 are the only valid calibration methods.

B. Conditioning

B.1 Tests shall be made at 23 + 2°C {73.4 £ 1.6°F). For
materials whose hardness depends on relative humidity, the
specimen shall be conditioned in accordance with Procedure
A of Practice D 618 and tested under the same conditions.

NOTE 7—No conclugive evaluation has been made on durometars B
temperatures other than 23 + 2°C (73.4 * 1.6°F). Conditioning &
femperalures othér than the dbove may show changes in calibratios.

D 1er use At ures other than the above should be decidal
Yocally (see Practice D 1349)
9. Procedure

9.1 Place the specimen on & hard, horizontal surfacs.

3 Zwick and Ca.. Contrel Equiptent 7501 with serial numbers higher than WA
J0MH of Lhe Shore Dorocalibrnor, avubibic from Shore frstrament Manute:
ring Co., 80 Commercial $1., Freepon, NY 11520, have heew: ound satisfactol!
for this purpose,
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ihe durometer in a vertical position with the point of
the indentor at least 12 mm (0.5 in.) from any edge of the
imen, unless it 15 known that identical results are
obeained when measurements are made with the indentor at
3 lesser distance. Apply the presser foot 1o the specimen as
ppidly as possible, without shock, keeping thell'ool panalic
p the surface of the specimen. Apply just sufficient pressure
o oblain firm contact between presser foot and specimen.
NOTT §—Betier repratability may be obtgined by using a mass
vn the axis of the indentor. Recommended masscs arc | kg for
Type A. B and O durometers, 5 kg for Type C, D and DO durometens,
snd 400 g for Type OO durometers. Durometer stands using Use masses
shove i & cvastaat losd and a controlled desoeat speed, without shock,
peoduce maLimum repeatability.

9.2 For any material covered in 1.1, after the presser foot
#in firm contact with the specimen, the scale reading is to be
Fuken within | s or after any period of time agreed -upon
petween supplier and user uniess the durometer has a
meximum indicator, in which case the maximum reading is
wmken. The hardness readiog may progressively decrease with
ime delay.

9.3 Make five measurements of hardness at different
positions on the specimen at keast 6 mm (0.25 in.) apart apd
determine the arithmetic mean.

Note 9—The rype of durometer should be selected with the knawl-
edge L readings below [0 or above 90 are not considered reliable by
the manufacturer. 1t is suggesied that readings in these ranges not be
recorded.

410. Report

10.1 Repon the following information:
10.1.1 Hardness value obtained,
10.1.2 Complete identification of the matenal tested,
10.1.3 Vulcanization date,
10.1.4 Description of specimen, including thickness and
oumber of picces plied, if less than 5 mm (0.25 in.),
10.1.5 Temperature of test if other than 23°C,
10.1.6 Relative humidity when bardness of materal is
epcndent on huemidity.
10.1.7 Type and serial number of durometer,
10.1.8 Indentativn hardness time interval
ing was taken, and
10.1.9 Date of test.

MoTE 10—Readings may he ceported in the form: A745/13 where A
b Lhe vvpe of durometer, 45 the reading, and 15 the time in weconds that
pressure foat is in firm contact with the specimen. Similady, D76/ 1
gudicates a reading of 60 on the Type D durometer obazined either
vithin 1 < br from a maximum indicator

E

at  which

1. Precision and Bias®

1.1 These precision and bias statements have been pre-
in accordance with Practice D 4483. Refer to this

ice for terminology and other testing and statistical

s.

11.2 The Type 1 oprecision for both Type A and D
ethods was determined from an interlaboratory program

ith three materials of varying hardncss, with six partici-

lng laboratories. Tests were conducted on two separate

* Supparting data arc avalable fram ASTM Headquanicrs. Royuwest RR:D11-
029
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TABLE 1 Type 1 Precision—Type A Durometer Mathod )
‘Within

' Avarnge Laboratones Betwaen Laboratones
Lavel Sea o we SRA RE Ry
1 514 Q.646 1.53 56 11.58 441 859
2 as.3 Qa8 2.48 s 2214 606 027
3 680 0433 1.3 180 22.78 G645 B49
Pookad 1.6 11.1r4 1.02 3.9 .02 572 1.m

# 8¢ = fep y stanciend dewiation, m W Lrits.

By = ropaalabilty = 2.8 x Sr, measurenaT units.
zg-mm.m.mh.hmnn.
£ R = roproducilty = 2,83 x S, maesuremant Lits.
# {R) = reproduciditty, ratative, {thel i, In percent).

units.

TABLE 2 Type 1 Precision—Type D Duromeatsr Mythod
Within Lalx

. Aversge -
Mztorial
Laval Sra s e SARY RE R
1 28 OMe naM 2.0 282 98 187
2 M5 07 2. 41 354 10.0 18.4
3 223 1.01 2.85 3.47 354 mne 12.2
Pooled 588 0782 216 A6 ] 240 157
ASrmr Kty o 1, MSASUAEMBNT wills

£ A « roproducibibty = 2 A
F (A} = repmducility, raigtve, (thal i, i percen].

days in each laboratory for both A and D testing programs,
All matenials were supplicd from a single source.

TE3 A test result for hardness (both A and D) was the
median of five individual hardness readings on cach day in
each laboratory.

IL.4 Table 1 shows the precision resulis for Type A
method. Table 2 gives the preasion results for Type D
method.

11.5 The precision results in this precision and bias
section give an estimate of (he precision of this test method
with the materials (rubbers) used in the particular
interlaboratory program as described gbove. The precision
parameters should not be used for acceptance or rejection
testing, or bath, of any group of materals without documen-
tation that they are applicable 10 those particular materials
and the specific testing protocols that include this test
method.

1.6 Precision-—The precision of this test method may be
expressed in the format of the following statements which
use as appropriate value r, K, {r) or {R), that is, that value to
be used in decisions about test results {obtained with the test
method). The appropriate value is that value of r or R
associated with a mean level in Tables | and 2 closest to the
meaq level under consideration (at any given time, for any
given material) in routine testing operations.

11.6.1 Repeatability—The repeatability, r, of this tesi
method has been established as the appropriate value tabu-
lated in Tables 1 and 2. Two siiigle test results, obtained
unider normai test method procedures, that differ by more
than this tabulated r (for any given level) must be considered
as derived from different or nomidentical sample popula-
tions.

11.6.2 Reproducibifity—The reproducibility. R, of this
test method has been established as the appropriate value
tabulated in Tables | and 2. Two single test results oblained
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in two different laboratories, under normal test method
pmcedurﬁ. that differ by more than the tabulated R {for any
given level) must be considered to have come from ‘different
or nonidentical sample populations.

11.6.3 Repeatability and reproducibility expressed as a
percentage of the mean level, (r) and (R), have equivalent
application statements as above for r and R. For the {r) and
(R) statements, the difference in the two single test results is

expressed as a percentage of the anthmetic mean of the t'|j+
test results.

11.7 Bios—1In test method terminology, bias is the mmf
ence between an average lest value and the reference (orln!)'p“
test property value, Reference values do not exist for this teg
method since the value (of the test property) is exclusively.
defined by this test method. Bias, thercfore, cannot In
determined.

Thve Amasican Socrely for Tasting and Muorialy mksd no posliion respecting the vaidity of any petent righfa saserted in cannection
wiih any ¥am mentiored in this sancierd. Uaes of this s1arderd an oxpradsiy advised ihat datermination of the valkdey of any such
patert rights. Bl the risk of infringement o such NQINY. aee &NtV thadr 0T rApORERIRY.

This HaNCSC A SUDYOr [T eVIEIoN &f gy Hime by th ras

and musl be reviewed drory live years and

¥ ot revised, MW&W Vmwsnmmuhrhmdrhhsfmanmlm

and shoukd be add to ASTM heedy . Viwar

technical cammittes, Which you may amend. lywlndrh-wa

wiil receive careful idoration af 8
mhnmm-rwmmlmmm e

@ of the ¢

viow3 known ho the ASTAL Commiztse on Standards. 1015 Race 51, Philsoeindxa, PA 19108
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qm}) Designation: D 256 - 97

Standard Test Methods for

An Amercan Metional Beidisu

Determining the 1zod Pendulum Impact Resistance of

Plastics’

s wasdard 15 mducd vnder e fixed designation P 2%4; the number immedels fullowing the designstion indicates Lhe year of
otigirad xdoplion of, 1 the cast ol revisivo, the year of last reviuon. A aurcher 1o parenthescs indicales the year of b reAppToval. A
superscril epsion (47 indivales an odituonal change since the Last revEuon ar reapiroval.

L. Scope

|| These test methods cover the determination of the
resistance of plastics (0 “slandardized™ (see Note 1) pendu-
lem-type hammers. mounted in standardized” machines, in
freabing stindand specimens with one pendulum swing, The
ctanidard tests for these st methods require specimens made
with a milled noteh (see Note 23 In Test Methods A, C. and
I, the notch proxtaces a siress concentrauon that increases
the prubabiiity of a botile, mther than a ductile, fracture. In
l'est Method F. the impact resistance is abtained hreakage by
teaural shock s imbiczted by the enenpy extracted ffom by
reversing the notched specimes 1R0° in the clamping vise.
The resulis of all est methods are reported in terms of enctgy
sbsurbed per unit ot specimen width or per unit of cross-
sectional area unde: the noch, {See Note 3)

Noki e The macnises with ther penduluni-lype hammers have
been “sandurdired™ in that they must comply with ceman requires
ments, inciushng  fined height of banimer {all that resulis in &
substantiaty fised velwniy of the harmer at the moment of impact
Tiowever, hammers of Jiflerent winial enenpes |produced by varyiog
thewr elfective weighisi wiv recammended for use with specimens of
ditlerent impact cesutance Moreaver, manulacturers of the equiprment
ate pecmitted 10 use chilerent lengths and constructions of pendulums
with prissible differences in penduium Agidites resulung. (See Section
%) PBe aware Lkal uthee Jdilferences 1n machine design may exisi. The
spCCIMERs are ‘slendardived” i than they are requoered 19 have one Fixed
Yengtl. one fived depth. and one particular design of milied nolch. The
width of 1y specunens s permatied o vary between Limily

Nortr 2—The nuech i ihe [zod specimen serves o concentrale the
siress, minimize plastce deformaton, ond direct the fraciure 10 the pan
of the speamen behind the notch, Scauter in caergy-to-break 15 thus
reducerl. Howeved, tocause of differsnces in the elastic and v:scoelastic
Properies ol plastcs, responsc [0 a given nnch vanes among malerials.
A measure of a plastic’s “notch sensiivity™ may e obiained with Test
Methad [ by compuneg the energics to break spevimens having
cifferent rudi at Lhe buse uf the aotch.

Norr 3--Caution must be exercised i interpreting the resubs of
these standard test methodds. The fdlowing testing parameters may aflect
1281 results igmificaniiy

Method af fabncauon, 1nctuding but ot limited to procrssing

rechnology, moiding conditipny, mold derign, and thermal
LrRtaimenis,

Mt of notctung

Spead of mosching 1m:l,

Mcsign of notchi g apparatus.

Ouality of the poach

Time berween notehing amd test,

Lent spevimen UNEETCss,

Plastics apd nre e it ceiponiability of Subcomminice X010 on Mechasical
Properta,

Curtent odincn approvet Apal 10, 1947, Published May 1998, Originally
publushied as 13336 - 267 §au previews edition D 256 - 932

Test specioen width ynder potch, and
Envirenmental conditianing.

1.2 The valucs stated in ST units are to be regarded as the
standard. The values given in parentheses are for informa-
tion only.

1.3 This standard does nat purport (o address all of the
safety concerns, if any. associated wih itr use Nt is the
responsibiliey of the user of this standard to extablish appro-
priate safery and health practices and determine the applica-
bility of regulatory limitations prior to use.

Nt 4—These tesi methods resemble [SO 180 1993 in regard to
ule onty. The contents ure ugnificantly different.

2. Referenced Documents

11 ASTM Standards

D616 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing”

D 882 Terminalogy Relating to Plastics”

D 3641 Practice for Injection Molding Test Specimens of
Vhermoplastics Molding Extrusion Materials'

24000 Classihcation System {nr Specifying Plastic
Materials®

124066 Specification for Nyvlon Injection and Fxtrusion
Materials®

134812 Test Methods for Unooticed Camiilever Beam
Impact Strength of Plastics?

E 69} Practice for Conducting an Interdaboratory Test
Program to Determine the Precision of Test Methods®

2.2 IS0 Siandurd:

1SO 1819933 Plastics—Determination of lzod Impact
Strength of Rigid Materials®

3. Terminology

1.1 Definitions— For definitions related to plastics sec
Terminology D B83. '

1.2 Descriptions of Terms Specific i This Stundurd:

3.2.1 cantilever—a projecting beam clamped at only one
end.

3.2.2 noich sensitivitpy—a measure of the vanation of
impact energy as 8 function of nolch radius.

1 annual Book o ASTM Standards, Vol 08.01.

Y Annual ook of ASTM Standards, Vol 08.02.

& Axnuul Bovib of ANTM Standards, Vol OR.03.

* Annuod Boxk of ASTA Stondards, Yol 1502,

¢ Available from A National Standards |
Flooe, New York, KY 10036,

1L W. 4Ind Se, [3h
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4. Types of Tests

4.1 Four simdar methods are presented in these test
methods (See Note 5.9 All test methods use the same westing
machine and specimen dimensions. There is no known
means for comelatine the results from the differcnl test
mietlinds.

Nertk $—Test Metial § for Charpy has been mmoved and is being
revised undes a oew standard

411 In Test Methad A, the specimen is held as a vertical
cantilever beam and is broken by a single swing of the
penduluny. The fine ol initiad contact is at a fixed distance
from the specimen vtamp and from the centerline of the
nowch and on the same face as the noteh.

4.1 7 Test Method O is simitac 10 Test Method A, except
for the addstion of @ procedure for determining the energy
expended in wssing a pormon of the specimen. The value
reported is called the “estimated net [zod impact resistance.”
Test Method C is preferred over Test Method A for materals
that have an lzod impact resistance of less than 27 J/m (0.5
fi-ibffin ) under notch. (Ser Appendix X5 for optivnal
cmist The differcnces between Test Methods A and C
becume ummportant for materials that have an Tzod impact
resistance higher than [his value.

4.1.3 Test Method {3 provides @ measure of the notch
sensitivity of a material. The stress-concentration at the
noteh nereases wilh devreasing notch radius.

4.1.3.1 For a ¢iven system, grealer stress concentrauon
results in Magher locatized rates-of-strain. Since the effect of
sirain-rate an energv-to-break vanes among materials, a
measure of this effect may be obtained by testing specimens
with different notch radu. In the brod-type test it has been
Jemonstrated that the funcuen, energy-lo-break  versus
noteh radius. is reasonahly linear from a radivs of 0.03 w0 2.5
mm {0.001 10 2100 in.), provided that all specimens have
the same type of break, (See 5.8 amd 22.00)

4.1.3.2 For the purpose of this test, the slope, b (see 22.1),
of the linge between radin of (025 and 1.0 mm {¢.0LC and
(1044 in.) is used, unless fests weth the 1.0-mm radius give
“non-break” results. [n that case, 0.25 and 0.50-mm (0.010
anct 0L.020-in ) radii mav be used. The effect of notch radius
on the impact cnergy to break a specimen under Lhe
canditinns of this test is measured by the value A, Materials
with low valugs of #, whether high or low energy-to-break
with the standard notch., are relatively insensitive 1o differ-
ences in noleh radius. while the energy-to-break matenals
with hagh vatues of b 15 highly dependent on notch radius.
The parameter A cannot be used in design calculations but
may scrve as a guide 1o the designer and in selection of
matenals,

4.4 Test Method E s simidar 1 Test Mcthod A, cxeopt
that the specimen is reversed in the vise of the machune 180°
to the usual striking pusition, such that the striker of the
apparalus impacts the specimen on the face apposite the
wtel (See Fig. 1) Test Mcthod E is used to give an
indication of the unnotched 1mpact resistance of plastcs,
however, results obtained by the reversed notch method may
not always agrev with thase obtained on a completely

! Supporhng dats giving resuls of the mteriaboniiory leds are svailable from
ASTM Hadquamen. Request KR DI0-H0H
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unnotched specimen. (Sec 28.1.)%

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 prepuration, conditioning. dimen-
sions, and testing paramciers covered in the materials
specification shall 1ake precedence over those mentioned in
these test methods. I there is no material specification, then
the defaull conditions apply.

ilable from

* Supparting date giving retubes of the i
ASTM Hesdquaiers. Rogoest RRE; D010,

Blary Lesis ar
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5.2 The excess energy pendulum impact test indicates the
encrgy to break standard test specimens of specified size
under  stipulated  parameters of  speamen  mounting,
potching, and pendulum velocity-at-impact.

5.3 The encrpy lost by the pendulum durning the breakage
of the specimen is the sum of the following:

5,31 Energy W ipitiate fracture of the specimen;

5.3.2 Energy 10 propagate the fracture across the spec-
mnen;

4 3.3 Fnergy b throw the free end (or £nds) of the broken
specimen {*'Loss correction”):

< 3.4 Energy o bend the specimen;

$.3.% Energy 1o prmduce vibration in the pendulum arm;

3.3.6 Energy W produce vibration or horizonlal move-
ment of the machine frame or base;

337 Lnergy w0 overcome friction 18 the pendulum
hearing and in the excess cacrgy indicatiog mechanism, and
1o overcome windage (peadulum air drag).

5.3.% Energy to tndent or deform plastically the specimen
at the line of impact; and

5.39 Energy to ovencorse the friction caused by the
ruhing of 1he siiker (or ether pant of the penduium) over
the face of 1he hent specimen.

5.4 For relativels bntde materials, for which fracture
propagation energy is small in comparison with the fracture
mitiation energy, the mdicated 1mpact energy absorbed is,
lor ail pracucal purposes, the sum of factors 5.3.1 and 5.3 1.
The toss correction {see 5.3 3} may represent a very large
fraction of the o1l cnergy absorbed when testing relatively
dense and bnittle matenais. 1est Method C shall be used for
materials that have an [zod impact resistance of less than 27
Jim {05 fi-ibdiin .y (See Appendix X5 for opuonal units.)
The tass correction obtaned in Test Method € is only an
approximalion o the toss ermor, since the rotational and
rectilinear velocities may not be the same during the re-toss
of the specimen as for the onginal 1oss, and because stored
siresses 10 the specrmen may have been released as kinetic
energy dunng the spocimen fracture

5.5 For tough, tuctile, fiber filled, or cloth-laminated
materials, the (racture propagation energy (se¢ 5.3.2) may be
large compared 1o the fracture inibation energy {see 5.3.1).
When testing thise materials, factors (see 5.3.2, 5.3.5, and
5.1.9) can become guite significant, even when the specimen
is accurately machined and positioned and the machine is in
goud condrtion with adequate capacily. (See Note 5.)
Bending (see 5.3.4) and indentation losses (see 5.3.8) may be
appreciable when tesung soft materals.

Nure é—Althaugh the fmme and base of the machine should be
syitickently figd and massive 10 handle the wics of ough speci
without moticn Or excestive vibvation, the design musi ensure they the
center of pereussion be at the ceater of strike. Locating the striker
precisely ul the center of percussion reduces vibration of the pendulum
arma whes used with bnittie specimens. However, some logses due to
pendulum amm wibration, the amount varying with the desigo of the
pendulum, will owcur with wugh specimeus, even when the griker s
properly posiuoned

5.6 In a well-desipned muachine of sufficient ngidity and
mass, the losses due ta factors 5.3.6 and 5.3.7 should be very
small. Vibrational losses (sce 3.3.6) can be quite laspe when
wide specimens of tough materials are tested in machines of
insufficient mass, not securely fastened to a heavy hase.

5.7 With some matenals. s enitical 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 noich and by a relatively high-energy
absorption, and above which they will appear brttke as
evidenced by little or no drawing down or vecking 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 maierials, whether a brinde, low-cnergy
break or a ductile, high energy break will oocur, it is
necessary (hat the width be stated in the specification
covering that matenial and that the widih be reporied 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 onc of the four categories listed as follows:

[ Compirte Brenk—A bieak whete Ui speaaich spa-
AL iSO e OF MOt poce
H Hinge Break— Ap instmmplecle break, such that ooc

pan af the mecimen cannol support nucil ahove 1he
horizontal when the other et is hedd vermeally {les
Lhan S0 included anpie),

r Partiz! Brrgk.--An incomplete break Gt does oot
meet the definltion for o hingr ik but bes frac-
urod al Jeast 30 % af the daamce betenen the verrcs
<l the noich and 1be oppaaie g,

NB Aon-Bregk—An incomplete break where the fracure
ealenxds besy than 90 % of the distance between the
veries of the noich and the oppase xde

TFor 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
“non-break™ specimens shall be considered a departure from
standard and shail not be reporied as a standard result.
Impact resistance cannot be directly compared for any two
materials that experience diferent types of faijure as defined
in the test method by this code. Averages reported must
likewise be denived from specimens contained within a single
failure category. This letter code shall suffix the reponed
umpact identifying the types of failure associated with the
reported value. 1f more than one type of Rilure is observed
for a sample materal, then the report will indicate the
average impact resistance for each type of failure, followed
by the percent of the specimens fziling in that manner and
suflixed by the letter code.

5.9 The value of the impact methods lies mainly in the
areas of qualily control and materials specification. 1 two
groups of specimens of supposedly the same material show
significantly different energy absorptions, types of breaks,
critical widihs, or cnitical temperstures, it may be assumed
that they were made of different materials or were exposed Lo
different processing or conditioning environments. The fact
that a material thows twice the energy absorption of anather
under these conditions of test does not indicate that this
wme relationship will exist under another set of st condi-
tions. The order of toughness may even be reversed under
different testing conditions.

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 10 which is
conoceted, through a rigid frame and bearings. a pendulum-
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specimens whose thickness approaches the lower Limsfing
value of 3.00 mm (O.118 in.). means shal be provided
prevent the Jower hall of the spectmen from moving during
the clamping ot Lesung operztions (see Fig. 3 and Naote 9.}

NiFE 9--Sonse plastics are sensilve v clumping pressure; thenedore,
amiperating lahorasorics should agree upon sofue mchis uf standard-
wing the clamping %orcc. One method is uling B torque wrench on the
screw UF 1he spevimen wise, If the faces of the visc ar sperimen are not
flul and parallel, & preswr spsilivity 4 clampng Pregsure may be
evidenl. Sce the calibrauon procedure in Appendiz X2 for adjusment
anl cormection insiruclions for faulty instruments.

69 When the peodulum is free hanging, the strking
surfuce shall come within 0.2 % of scale of t1ouching the front
fave of 2 standard specimen. During an actual swing this
ciement shall make initial contact wath the specimen on a
Lne 2200 £ 005 mm (87 + 0.002 in.) abeove the top
surface of the visc,

6.10 Mcans shall be provided for determining energy
resnaining 1o the peidulum afler breaking the specimen.
This nay consist of a pointer and dial mechanism which
inclicate the height of rise of the pendulum beyond the point
af impact i terms of energy removed from that specific
penduluny. Since the indicated remiaining cnergy must be
corrected for pendiulsm-bearing friction, pointer friction.
pointer tnertia, and pendulum windage, nstructions for
making Lhese comrections are inciuded in 10.3 and Annexes
Al and A2 Optionally, an electronic digital display or
computer can he used in place of the dial and pointer Lo
measare the energy loss and indicate the bresking energy of
the specimen. H'the electronic display does not automaticatly
carrect for windage and friction, 1t shall be incumbent for the
aperator 1o datermine the energy loss manwally. (Sex Nole
oy

Nure 10--Many dyeqal indicating systems autamatically comeat for
winidage sed fricion. The equipment manefaciurer may be consulied
&k detals concerning huw thas iy perfured, or 1l it 18 necessary to
Jetermine the meane o1 manoally calcubling the encigy toss due to
windage and fnction

6.1 The vise. pendulum. and frume shall be sufficiently
rigid 1o masetain correcd ahgnment of the hammer and
specimen, bath at the moment of impact and during the
propagation ol the fracture, and to minimize encrgy losses
due to vibration. The base shall e sufficiently massive that
Lhe smpact will mt canse it to move. The machine shall be so
designed, constructed. and mainwined that eoergy losses due
1 pendulum air drag (windage), (riction in the pendulum
bearings, and friction and inerta in the excess coergy-
indicating mechanism are held w a minimum.

612 A check of the calibration of an impact machine is
dillicult 1o make under dynamic conditions. The basic
parameters are normally checked under stalic conditions; if
the machine passes the static tests, then it is assumed 1o be
accurale. The calibration procedure in Appendix X2 should
be used 1o establish the accuracy of the equipment. However,
for some machine designs it might be necessary o change the
recommended method of obuuning the required calibration
masurements, Oher methnds of performing the regquired
checks may be substituted, provided that they can be shown
1o resull in an equivalem: accuracy. Appendia X1 also
describes a dynami test fur checking certain features of the
machine and specimen.

7. Test Specimens

7.1 The test specimens shall conform to the dimension
and geometry of Fig. 5, except as modified in accosdancy
with 7.2, 7.3, 7.4, and 7.5. To ensure the comect contour and
conditions of the specitied notch, all specimens shall be
notched as directed in Section B.

7.2 Molded specimens shalk have a width between 3.0 and
12.7 mm {0.118 and 0.500 in.). Usc the specimen width as
specified in the material specification or as agreed upon
between the supplier and the customer. All specimens baving
one dimension less than 12.7 mm {0.500 in.} shall have Lhe
nolch cut on the shorter side. Otherwise, ali compression.
molded specimens shall be notched on ihe side paralk! to the
direction of application of moiding pressure. (Thue o the
drafi of the mold, 1he notched surface and the opposite
surface may not be parallel in molded specimmens, Therefore,
it is essential thai the noiched surface be machined paradief to
1ts opposite surface within 0.025 mm {0.001 in.), removing 2
minimum of maserial in the process, so as (o rensin wilhip
the allowable tolerance for the specimen depth). (Sec Fig, 5.)

7.2} Exureme care must be used in handling specimens
fess than 6.4 mm {0 250 in.} wide. Such specimens must by
accurately positioned and supported o provent twist of
fateral buckting duning the s, Some materials, furthenmore
dre very sensitive o clamping pressure (see Note 9,

7.2.2 A critical investigation of Lthe mechanics of impac
1estsng has shown that tests made upen specimens under 6.4
mm (0.250 in,) wide absorb mor: energy due to crushing,
bending. and twisting than do wader speaimens. Therelore.
specimens 6.4 mm (0,250 in.) or over i width are reeoin-
mended. The respoasibility for determining the mimmum
specimen width shall be the mmvestigator's, with due reference
to Lhe specification for that materwal.

7.2.3 Material specification should be consulted for pre-
ferred mekling coaditions. The type of mold and melding
machine used and the flow behavior in the mold cavity wall
infleence the impact resistance obtained. A specimen 1aken
from one end of a molded plaque may gve differem results
than a specimen taken from the other ead. Couperating
laborataries should therefore agree on standard molds con-
forming {o the matenal specification. Practice I 3641 can be
used as a guide for general moldiog tolerances, hut refer 1o
the rmatenal specification for specific molding conditions.

7.2.4 The impact resistance of a plaste maierial may be
different if the notch is perpendicular 10, mther than parallel
to, the direction of wolding. The same is true for specimens
cut with or across the grain of an anisotrapic sheet or plate, |

7.3 For sheet materials, the specimens shall be cut from -
the sheet in both the leogihwise and crosswise directions
unless otherwise specified. The width of the specimen shatl
be the thickness of the sheet if the sheet thickness is between
30 and §2.7 mm (0.118 and U.500 in.). Sheet material
thicker than 12,7 mm shall be machined down to 12.7 mm.
Spectmens with a [2.7-mm square cross section may he
tested either cdgewise or Natwise as cui from the sheet. When
specimens are lested Oaiwise, the notch shall be made on 1he
machined surface if the speamen is machined on one face
only. When the specimen is cul from a thick sheet, notalion
shalt be made of the portion of the thickness of the sheet
from which the specimen was cuil, lor example, cenicr, top,
or boltom surface.
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AG. 5§ Oimensiona of izod-Type Test Spocimon

F4 Fhe pracice of cementing, bolting, clamping, or
otherwise combining specimens of substandard widih to
form o compuosite test specimen i ool recommended and
should be avoided since test results may e seriously afTected
by interace etlects or etfects of solvents and cements on
energy absorpuon of composite st specimens, or both.
However, if kzod test data on such thin matenals are required
when no other means of preparing specimens are available,
and it porsible sources of ervor are recognized and accept-
able, the following technique of preparing composites may
be utilized.

7.4.1 The iest specimen shall be a composite of individual
tun specimens totahing 6.4 to 127 mm {0.250 1o .50 in}
m witdth. Endividual members of the composite shall be
accuralely aligned with each other and clamped, bolted, or
cemented together. The composite shall he machined to
proper dimensions and then notchbed. [n all such cases the
use of compasite specimens shall be noted in the report of
test results,

7.4.F Care must be taken 1o select a solveni or adhesive
that will not affect the impact resistance of the material
under 1est. 1l salvents or solvent-contaming adhesives are

cmployed, a conditioning procedure shall he establithed 1o
ensure complete remaval of the solvent prior to et

7.5 Each specimen shall be free of twist {see Note i i)and
shall bave mutually perpendicular puirs of planc parajlel
surfaces and free from scratches, pits. and sink marks. The
specimens shall be checked for compliance with these
reyuirements by visual observation agarnst straightedges.
squares, and flat plates, and by measuring with micrometer
calipers. Any specimen showing obscrvable or measurable
departure from one or more of these requirements shall be
rejected or machined to the proper size and shape belore testing.

Mine 11--A specimen that hes 2 slight ™ot 1o 165 notched face ol
0.05 mm (0.002 in-} at the point of contact with the pendutum striking
cdge will be likely 10 have a chamcteristic iracture srface wilh
considerable greater fracture arca than for a normal bregk. In this case
the energy 1o bivak and toss the broken soction may be considerabiy
targer (20 10 30 %) than for & ourmal break. A wpersd specimen may
requite more enetgy 1o bend it in the vise befare fracrure.

8. Notching Test Specimens

8.1 Notching shall be done on a milling machine, enpine
lathe, or other snjtable machine 100l. Both the foed speed
and the cutter speed shall be comstant throughout thc
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noiching opertion (see Note 12). Provision for cooling the
specimen with cither u liquid or gas coolant is recommended.
A single-tooth L utier shall be used for notching the specimen,
unless notches of an equivalent quality can be produced with
a multi-noth cutter. Single-tooth cutters are preferred be-
canse of the case of gnnding the cutter to the specimen
contour and because of the smoother ¢ut on the specimen.
The cunting 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 10 20" have been
found sausfactory

MNoTe 12---For sonsc thermoplastics, cutter spocds from 53 o 150
mymin {175 t© 490 A/men) ar 2 Jeed speod of B9 Lo 160 win/min (3.5 to
£.3 in./min) without a wiler coolant or the same cutter spoeds ui o feed
spoed of from 3610 16U mmy/min (1.4 1o 6.3 in./min) with water comlant
produced suitahle nowches

8.2 Speciunens may be notched separately or in a group.
However, in cither case an unnotched backup or “dummy
har” shall be placed behind the last specimen in the sample
holder ta prevent distortion and chipping by the cutter as it
exits from the Jast fest specimen.

4.3 The profile of the cutting tooth or teeth shall be such
as 1 produce a noich uf the contour and depth in the test
specimen as specified in Fig. § (see Note 11). The included
angle of the notch shall be 45 £ 1° with a radius of curvature
at the apex of 0.2% £ 0:05 mm (0.000 + 0.002 in.). The planc
bisecting the notch abgle shall be perpendicular to the face of
the test specimen within 27

WOTE |3~ There 1 evidenoe that powches in mawenals of widely
varying physical diinemsions may differ in contour sven when using the
withe cutter. [F the nowh in the specimen shoyld 1ake the comour of the
cutter, then the conlour «of the Gp of the cutter naey be checked instead
of the nuch in the specimen For sengle-looth cnwers. Under the same
condition. multi-ioeth cutlers may be checked by measuring the contour
uf a sinp of soft metal shim inscred between two specimens lor
noiching

¥4 The depth of the plastic material remaining 1o the
specimen under the notch shall be 10.20 £ 0.05 mm {0.400
+ 0.002 in.}. This dimcnsion shall be measured, with a
icrometer or other suitable measuring device. {Sec Fig. 4.)

8.5 Curter speed and feed specd should be chasen appro-
priate for the material being lested since the quality of the
notch may be adversely affected by thermal deformations
and stresses inctuci] during the cutting operation H proper
conditions are not selected.® The notching parameters used
shall not alter the physical state of the matenial such as by
r.us.ms the temperature of a thermoplastic above its glass
transition temperature. In general, high cutter speeds, slow
feed rates, and lack of coolan? induce more thermal damage
than a slow cutter speed, fast feed speed, and the use of o
coolant, Too high a feed speed/cutter speed ralio, bowever,
may cause impacting and cracking of the specimen. The
range of cutter speed/Teed ratios possible (o produce accept-
ahle notches can be extended by the use of a suitable coolant,
[Sec Note 14) In the cse of oew types of plastics, it is
necessary to study the elfect of varistions in the ooiching
conditians. {See Note 15)

S Supwrctng dma zee avaulsbic from ASTM Flewlquares Requet RRC
D20 G,

NOTE |4—Waler ar compressed gas i a suitable coalant for mam
plasiics.
NoOTE" | 5—Embedded the ples, or h > ¢ mee

suring device. con be used 1o detcrmine ibe temperaiure rise in Lhe
raatcrial near the apex of the notch during machining. Thermal sresse:
induced dunpog the nowching operalion can be ohmrad in Lrensparen|
matcrials by viewing the spec atlow roegnil b Je, T
polars in monochbsomatic light.

B.6 The specimen notch produced by cach cutier will be
examined, at a minimum, after every 500 notches. The
notch in the specimen, made of the material to be tested,
shall be inspecied and venfied. One procedure for the
inspection and vertfication of the notch is presented in
Appendin X1, Each type of material being noiched must be
inspected and verified at that tiroe, If the angle or radius does
nol fall within the specified Limits for materials of satisfactory
machining charactenistics, then the cufter shall be replaced
with a newly sharpened and honed one, (Ses Note 16.)

NOTE 16—A carbide-tipped or industrial diamond-tipped notching
cutler is recommendad for loage senvior life.

9. Conditioning

9.1 Conditioning—Condition the test specimens a1 23 £
2°C {71 £ 3.6°F) and 50 = 5 % relalive humidity for not less
ihan 40 h after notching ard prior to tesling in accordance
with Procedure A of Practice D618, unless it can be
documecalted {(between supplier and cusiomer) that a shorter
conditioning time is suflicient for & given material 10 reach
cquiliboum of impact resistance.

9.1.1 Note that for some hygroscopic malerials, such as
nylons, the material specifications (for example, Specifica-
tion D 4066) call for testing “dry as-molded specimens.”
Such requirements take precedence over the above routine
preconditioning to 50 % relative humidity und require
scaling the specimens in water vapor-impermeable con-
tainers as soon as molded and not removing them until ready
for testing.

9.2 Test Conditions—Conduct tests in the standard Labo-
ratory atmosphere of 23 + 2’C(73 + 3.6'Fand 0 £ 5%
relative humidity, unless otherwise sperified in the material
specification or by customer requirements. In cases of
disagreemend, the telerances shall be +1°C (£1.8°F) and
* 2 % relative bumidjty.

1¢. Procedure
10.1 At least five and preferably ten or more individual

- determinations of impact resislance must be made on cach -

sample to be tested under the conditions prescribed in
Section 9. Each group shall copsist of specimens with the
sarne nominal width (+0.13 mm (1+0.005 in.}). In (be case of
specimens cut from sheets that arc suspected of being
anisotropic, prepare and test specimens from each principal
direction (lengthwise and crosswise 10 the direction of
imisotropy).

(.2 Estimate the breaking energy for the specimen and
select a pepdulum of suilable ‘epergy. UJse the lightest -
standard pendulum that is expecied (o break cach specimen
in the group with a loss of not more than 85 % of its energy
(5ee Note 17), Check the machine with the proper pendulum
in place for conformity with the requircments of Section 6
before tlarting the tests, (See Appendix X1.}
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f Motk 17—Ileally an impact test would be conducicd a1 & consant

¥/ et velocity. I 8 pendulum-type test, the velocily decreases a5 the
1ﬁ1dum progresses. For specimens thet have am impact cocrgy ap-
proaching the capacily of the pendulum there is insufficient energy 1o
compieie the hieak and toss, By avaiding the higher {5 % scale energy

1 adings, the velacity of the peadulum will nat be reduced bekow 1.3 m/s

: {d.4 ftfs). On the ouher hand, the use of 100 beavy a pendulum woukd

rextuce the scnsitivity of the reading.

103§ the machioe 1s equipped with a mechanical pointer
. und dial, perform ihe following aperations before testing the
specimens:

10.3.] With the excess energy indicating pointer in ils
normal starting position bul without a specimen in the vise,
¢elease the pendulum from its normal starting position and
; note the position the pointer attains afler the swing as one
, reading of Factor 4.
¢ 10.3.2 Without resctiing the pointer, raise the pendulum

and relcase agawn. The pointer should move up the scale an

additional amount. Repeat (10.3.2} untii a swing causcs no
additional movemcent of the pointer and note the final

reading as une reading of Factor B (see Note 18).

1(1.1.3 Repeat the preceding two operations several times
and ¢alculate and record the average 4 and & readings.

NaTr |B-—-Factor 1 15 an indication of the emergy lost by the
perdufun 10 tncion in the penculum bearngs and 10 windage The
diflerence 4 ~ N s an indwaiion of the energy lost wt fncuon and inerlia
m tht txeess encrgy indicating mochanism  However, the aciual
eomections will he smalier than these factors. since in an actual test ihe
eneTgy absorbad by ihe spocimen prevents the pepdulum from making a
full awing. Thereforz, the indicatod breaking energy of (he specinen
musl be iocluded in the calculation of the machine corection before
delermuning the breakiog eneegy of the specimen {see 10.7). The 4 and &
ralues alsy provade an indxcaton of the candition of the maching.

10.3.4 [ excessive friction js indicated. the machine shall
b adjusted belare stanng a test. IF the machine is equipped
with a digital energy indicating system, follow the manufac-
wrer's instructions to correct for windage and friction. If
cxcessive friction s indicated, the machine shall be adjusted
hefare starting a test

1.4 Check the specimens for conformity with the re-
yuirernents of Sections 7, B, and 10.1.

1005 Measure the width and depth 1o the nearest 0.025
mm (0.001 tn.} after notching of cach specimen. Measure the
width in the region of the notch, A micromeler or other
measuring device is necessary for measuriag the depth. (See
Fig. 4.3

[{16 Position the specimen precisely (see 6.7 so that it is
rigidly, but not too ughtly (see Note 9), clamped io the visc.
Pay specis] altention to ensure that the “impacted end” of
the specimen as shown and dimensioned in Fig. § is the end
projecting above the vise. Release the pendutum z2nd rccord
the excess energy remaining in the peodulum after breaking
the specimen, (ogether with a deseription of the appearance
ol the broken specimen (se¢ failure categornies in 5.8).

10.7 Suhtract the windape and fricton comrection from
the indicated breakmp encrgy of the specimen, unless deter-
mincd automatically by the indicating sysiem (that is, digital
dispiay or compuier). I a2 mechanical dial and pointer is
employed, use the . and & factors and the appropnate tables
ar the graph described tn Annexes Al and A2 1o determine
the correction. For those digilal systems that do not automat-
wally compensate for windage and friction, follow the

manufacturer's procedure for performing this correciion.

10.7.1 In other words, either manually or automatically,
the windage and i{riction commection valuc is subtracted from
the uncorrected, ipdicated breaking energy o obtain the new
breaking epergy. Compare the pet value so found with the
energy requirement of the hammer specified in 10.2, If a
hammer of improper cnergy was used, discard the result and
make addiiional tests on new specimens with the proper
hammer. {See Annexes Al and A2)

10.8 Diwvide the net value fourd in 10.7 by (he measured
width of the panicular specimen to obtain the frapact
resistance under the notch in Jm (- ibffin.). If the optional
units of kJ/m? (fi-Ibffin.?] are used, divide the net value
found in 0.7 by the measured width and depth under the
noich of the particular specimen (o obiain the impact
strength. The term, “depth under the nowch,™ is graphically
represented by Dimension A in Fig. 5, Consequently, the
cross-sectional area (wid(h times depth under the notch) will
need to he reported. (See Appendix X5.)

10.9 Caiculate the average Lzrod impact resistance of the
group of specimens. However, only values of specimens
having the same nomina! width and type of hreak may be
averaged. Yalues obtained from specimens that did not break
10 the manner specificd in 5.8 shall not be included in the
average. Also calculate the standard deviation of the group of
values.

11. Reportl

11.1 Report the {ollowing information:

11L.1.1 The test method used (Test Method A, C. D, or E),

11.1.2 Complete identification of the material tesied.
including type source, manufacturer's code number, and
previous history,

I1.1.3 A statement of how the specimens were prepared,
the testing conditions used, the number of hours the speci-
mens were conditioned after notching, and, for sheet rmate-
nals, the direction of testing with respect to anisotropy, i
any,

F1.1.4 The capacity of the pendulum in joules, or foot
poumd-foree, or inch pound-force,

1i.1.5 The width and depth under the notch of cach
specimen tested (see 5.6),

11.1.6 The total number of specimens tested per sample
of material,

11.5.7 The type of failure (see 5.8),

1L.LE The impact resistance must be reported in J/m
(ft-1af/in.); the optional units of kifm? (Rt-ibffin.2) may also
be required (see 10.8),

11.1.9 The number of thost specimens that resulted in
failures which conforms 1o each of the requirement calepo-
res in 5.8,

11.1.10 The average impact resistance and standard devi-
ation {in J/m (f-1bffin,)} for those specimens in cach failure
caicgory, cxcept non-hreak s presented in 5.8, Optional
units (k3/m? (fi-Ibffin.2)) may also need to be reported (see
Appendix X5), and

11.1.11 The percent of specimens failing in cach category
suffixed hy the corresponding letter code from 5.8,
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TEST METHOD C—CAMNTILEVER BEAM TEST FOR MATE-
RIALS OF LESS THAN 27 J/m (0.5 fi-ibf/ln.)

12, Apparutus
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 Motching test specimens shall be the same as speci-
fied in Section 8

15. Conditioning
15,1 Specimen conditioning and test environment shall
be in accordance with Section 9.

16. Procedure

16.1 The procedurc shall be the same as in Section 10
with the addition of a procedure foz estimating the energy to
1oss Lhe broken specimen part,

16.1.1 Make an estimate of the magnitude of the energy
10 1oss each different type of matenal and each different
specimen size (width). This is done by repositioning the frec
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 amained 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 (est specimen.
The energy to toss is then considered 1o be the difference
between the reading previously described and the frec swing
reading oblained from this height, A reproducible method of
starting the pendulum from the proper height must be
devised.

17. Report

17.1 Repon the following information:

17.1.1 Same as 11.1.1.

17.1.2 Same as 11.1.2,

{7.1.3 Same as 11.L.],

17.1.4 Sameas 11.1.4,

17.1.% Same as 11.1.5,

17.1.6 Samec as 11.1.6,

17.1.7 The avcrage reversed notch impact resistance, J/ri
(fL-1bfyin,) (sec 5.8 for failure categniics),

17.5.8 Same as 1118,

17,1.% Same as 11.1.9,

17.1.10 Same as 11.1.10, and

170111 Same as 11,117,

17.5.12 The estimated toss correction, cxpressed in tcrms
of joule (I} or foot pound-force (ft -1bM).

17.1.13 The diffesence between the lzod impact energy
and the toss correction energy is the net lzod encrgy. This

value is divided by the specimen width (a! the base of notch)
to obtain the net Izod impact resistance for the report. »

TEST METHOD D--NOTCH RADIUS SENSITIVITY TEST ;

18. Apparatus .
|B.1 The apparstus shall be the zame as specified m-&
Section 6. i
A

19. Test Specimens 1
9.1 Thelalspeumcnsshnﬂbc!hcmmeulpmﬁndm :

Section 7. All specimens must be of the same nominal width,,
preferably 6.4-mm (0.25-in.).

20. Noiching Test Specimens

20.¢ Noiching shall be done as specified in Seciion B and
Fig. 5. except those ten specimens shal} be notched with a
radius of 0.25 mm (0.010 in.) and ten spesimens with a |
radius of 1.0 mm (0.040 in.), !

21. Conditicaing

2t.1 Specimen conditioning and test environment shall
be in accordance with Section 9. ;

22, Procedure

22.1 Proceed in accordance with Section 10, testing ten
specimens of cach notch radius.

22.2 The avecrage impact resistance of each group shall be |
calculated, except that within each group the type of break
must be homogepeousy C, H, C and H, or P.

22,3 If the specirmens with the 0.25-mm (0.010-in.) radius
noich 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 noich fail as in category NB, non-break, :
the notch sensitivity proccdure cannot be used without
obtaining additional data, A new set of specimens should be
prepared from the same sample, using a 0.50-mn (0.020-in.}
notch radius and the procedure of 22.1 and 22.2 repeated.

23. Calculation

23,1 Calculzie the slope of the line connecling the values
for impact resistance for 0.25 and 1.0-mm notch radii (or
0.010 and 0.040-ap. notch radii) by the equation prescoted as
follaws. (i a 0.500-mm {0.020-in.) notch radius is substi-
tuted, adjust the calculation accordingly.}

b= (B~ ENN(Ry - R,)
where!
E, = average impact resistance for the larger potch, J/m of
notch,
E| = average impact resistance for the smaller notch, J/m of
notch,

R, = radius of the larger notch, mmi, and
R, = radius of the smaller notch, mm.
Example:

Ei o= 33095 iYm; Ej 5, = 13878 Jjm
b =(330.95 ~ 138.78 Jfm)H1.00 — 0.25 mm)
b= 142,17 }m 0.75 mm = 256.23 J/m
of notch per mm of radius
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TABLE 1

NoTE 1—Vahues i H-EiAn. of wicth (Jim of wacth)
Note 2—See Footnots 10.

Precigion Dala, Test Method A—lzod

) wy of
Matonar Average 5 Sa® (A e Laboratones
= 057 (30 4) 0024 (1.3 0.078 14.11 006 (3.2) 621 (1.2 19
acelal 145 (FT 4) 0.075 (.09 0 604 (32.3) o1y .70 (90.8) 8
Apathorted nyon 195105 7) 0.083 {4.4) 0 245 {13.1) 023123 0.69 (36.8) 15
Pokpronyons 2 65 (142.0) 0.154 (82) 0573 [30.8) 0.43 (23.0) 1.82 (86.5) 24
2ES 10.80 (576.7) 0.136 {1.3) 0.565 {31.2) 038 (2079 .85 (86.1) 25
16.40 {875.8) 0.296 (15.8) 1.058 {56.4) 08343 2.98 (158.1) 25
a5, = witindabomicry siandan] deviation of the Hwarage.
# 5, = hotwosn-Bboriord standad devaeban of The average.
€ = 2828,
O ja~ 282 Sp
TABLE 2 Precision Data, Tast Mathod C—Lrad with Toss Comection
Note 1—Yalues in fLo Rt of waam (I of widing
NoTF 2——Sse Footnote 10.
_ areege 54 5." e W® NumEGr of Lahorgiones
DAL A 0.038 2.07 0129 (89) 0.10(5.3) 038 (183 15
X - wrndaboratony sandai cerastion of T BYENAQE.
¥ .5, = betwosnlaboratores standanm dmaation of the 3vilagn.
v EB3S,
e = 2083 8,
TABLE 3 Precision Daia, Test Mathod E—Reversed Notch lzod
Nove 1—Values in fe RN o whdth (/M of wickn,.
hott 2 - -Goe Footnate 8. o L .
T Material Avorage L Sa* [AS .',,ﬂ____ o
Aoryic shest, Lnmodmod 302 (161.3) 0243 (1381 0525 (28.0) 068 36.3) 0.7 (37.9)
Fromax mokdug cOMPOUNC iaIniie &11 326.0) 0767 (41 0) 0.766 (42.00 217159 2.2 (118.5]
eryic, inachon molded 10.33 (551.6) 0878 (46 9) 1.276 68.1} 249 (133.0) 384 (192 8)
ompound (SMG] Ismenats VEOU {387.4) 0.719 (38.4) 0788 {419 2.00 (108 4) 722 (1185
19 43 (1037 8} 0.860 (51.3) 1818 {864 272(1452) 450 (244 6|

Freinmed mal ammals

45, = withinlsboraiory standard devaton of the everage.

B G = e of the mearagn.
£ L3RS,
i, = 283 5q
4. Repurt
24,1 Repor the following information:
2401 Same as 1L
2412 Same as 102,
24013 Sameas 1113
214 Same as |14,

24.1.5 Same as 11.1.5,

24.1.6 Same as 11.1.6,

24.1.7 The average reverscd notch impact resistanee. 1
m (- IbfAn} (see S8 for Delure categories).

24 1.4 Samcas (3.1 .4,

—

2919 Simeas 1114,

24010 Name as tE L, and

230111 Sameas 11,111,

24.1.12 Repon the average valuc of A with its units, and

the average Tzod impact resistance Tor a 1.2 S-nuan (0 010-in.)
rotch
IEST METHORD E-—CANTI EVER $EAM REVEHSED NOTCH
TEST
25, Apparatus
251 The apparatus shail be the same as specified in
heetion 6

26. Test Specimens
26.1 The test specimen shall be the same as specified in
Sevtion 7.

27. Motching Test Specimens
27.1 Notch the wst specimens in accordance with Section &,

28. Cunditioning

28.1 Specimen conditioning and 168t ¢nvironment shall
be in accordance with Section 9.

29. Procedure

2.1 Proceed in accordance with Section 14, except clamp
the specimen so that the striker impacis it on the face
vppusite the neich, hence subjecting the notch o compres-
wve rather than tensile stresses during impact (see big. [{h)
and Netes 19, 20, and 21).

Nare {9--The reversod nowch test employs a stundard 9.25-mm
(kN 0-in) nodch spocimen o provide an indication of unnoiched
1mpact resistance. Use of the reversed nowch test obwviates the need for
machining unnolched spevimens 1o the required 10,2 3 0.05-mne 40 400
+ (L (02-in.} depih before 1ening and provides the sanw convenicnue of
speennen mouniing & the standand noteh test ¢(Test Mathods A and C).
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Nore 210—Results obtsined by the reversed oowh teal may not - -

dwaysmwﬂhihueubumedonunnotdn!hnmuhwbnm
machined to the 10.2-mm (0.400-in.}) depth requirement For some
malnnh.lheeﬂ‘ecumfmm the difference in the clamped muasses
of the two iper:lmcn types during 1est, and those aliributable 1o 3
pomsible difference in toss energies ascribed 1o the broken ends of the
respeclive specimens, may contribute significantly to & disparity in test
resulis.

NoTte 2| —Where materiaiy are suspected of anisowopy, duc to
molding or ather fabricating influences, notch reverted notch pecimens
onlhefn:oppmuwthuusedformemrdbwmthnm.
present the same face to the impact blow.

30. Report

10.1 Report the following information:

30.1.1 Sameas I1.1.1,

30.1.2 Same as 11.1.2,

30.1.3 Same as 11.13,

30.1.4 Same as |11.t.4,

30.1.5 Same as 11.1.5,

30.1.6 Same as |1.1.6,

10.1.7 The average reversed notch impact resistance, J/m

{R-1bffin.) {see 5.8 for failure categonies),
30.1.8 Sameas L1.1.8,
¥).1.9 Same as 11.1.9,
30.1. 1} Sare as i1.1.10, and
30.1.1t Sameas {1.1.F1.

31. Precision and Bias

111 Tables [ anpd 2 are based on a round robin'® in
accordance with Practice E 691, For each maienial, all the
test bars were prepared at one source, except for notching.
Each participating laboratory notched the bars that they
icsted. Tables | and 2 are presentod on the basis of a test
result being the average for five specimens. In the round
robin cach laboratory tested, on average, nine specimens of
each material.

31.2 Table 3 is based on a round robin® involving five

W Supporong dua are swvuilable from ASTM Headgquanen. Requess RR:
D} 1134,

materials tested by seven laboratories. For each material,
the samples were prepared at onc source, and the indivi
specimens were all potched at the same laboratory. Table 3
presented on the basis of a tesi result being the average
five spocimens In the round robin, each laboratory
ten specimens of each material. (See Note 22.}

Nore 22; Cawution—The following explanatioms of /, l.ud!. (s 31,1‘
through 31.3.3) arc only inlended to presemt & way o
considering the precision of this teal methnd. The dus in Tebles
through 3 shouk! ot be rigonously applicd o acoeptance or rejection
mm&ummdmwmmﬁcmmemndmhnmdmymg
representative of other loty, conditions, materisls, or laboratories. Usea
of this test method should apply the principles putlined in Practice E 69)
o generate data specific to their labomtory materials, or bct-nq
specific laboratories. The principles of 31,3 through 31.3.3 would the!
be valid for such dats I

31.3 Concept of I, and Ig—If S, and 5, have beﬂ
calculated from a large enough body of data, and for tem’
results that were averages from testing five specimens. '1

31.3.1 Repeatability, I, (Comparing Two Test Results j'ar
the Same Malerial, Oblamed by the Same Operator |’..»’.u.|'ql
the Same Equipment on the Same Day)—The two lest resuh‘
should be judged not equivalent il they differ by more 1han!
the I, value for that material.

31.3.2 Reproducibility. Ir (Comparing Two Test Results
Jor the Same Maerial, Obrained by Different Operaton
Using Different Equipment on Different Days)—The two test.
results should be judged not equivalent if they differ by more
than the 7; value lor that material.

31.3.3 Any judpment in accordance with 30.3.1 and
30.3.2 would have an approximate 95 % {0.95) prnbabthryd,
being correct,

11.4 Bias—There is no recognized standards by which m‘
eslimate bias of these test methods. N

MoTE IJ—Nummchmhumdﬁmmmdé
the original round-robin dats in 1971.1° Copsaquently, & new sk group '
has been formed to cvalusic 3 procmsion and hias steiement for the latest
revision of these sest methods.

32. Keywords I

32.1 impact resistance; lzod impact; noich scnallmly.
notched specimen; reverse notch impact
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Standard Test Methods for

An Ammerican Hanonal Standad

Flexural Properties of Unreinforced and Reinforced Plastics
and Eieclricai insulating Materiais'

This standard & 1vaeed under the fived desienstion D 3% the number immediniely fllowsng the desigoation indicates vhe yrar ol
original adoption ar, in the case of revision, the year of last revison. A number in parentheses indicales the year of last reapproval. A
RupErcR epsilan (b indicates an edisonal change unce the last feviaon of reapproval.

7 érah 56 0N RUE U (e e b g Wr O3 Wk 88 ef siy Lrepuraenens uf Gajense 1 vepiake Metiod (631 of Federar Fose aseood
Sandard 406 Conadi the Pol? Indey of Specifications and Swandords fr ihe spevific yrur pf isvur whick has brea exfopred by the

Dvpuirtment o Detenny

1. Scope

11 These test methods cover the determination of flex-
ural properties of unreinforced and reintorced plastics,
inciuding high-modulus composites and electrical insulating
matcrials in the form of rectangular bars molded directly or
cut from sheets. plates. or molded shapes. These test
methods are gencrally applicable to nipgid and semingsd
mdtenals. However, Nevural strength cannot be determined
I+ those matenials thar o not break ar that o not fal in the
outer fibers. Twor lest methods are deseribed as follows:

t 1.0 Test Methad [--A three-point loading system uii-
Jiring center foading on s amply supported beam.

1 1.2 few Mevhed 11 - A four-point loading system uli-
lizing two load pumis egually spaced from their adjacent
suppon paints, with a disiance beiween load poims of ¢ither
unc-third or one-haif of the support span.

1.2 Esther test method can be used wih the 1w proge-
dures 1hat follow

1,2.1 Provedure A, designed principalls fur matenials that
break at comparabively small deflecizons.

1.2 Procedure B despned paricularly for those mate-
nats than undergo large detlections during tostng.

{.3 Comparalive tests may be run according to cither test
method or procedure, provided thal the test method ar
procedure is found satisfactary for the materiat being 1ested.

1.4 The vabues stated 1 SE umits are to he regarded as the
standard. [ he values provided in parentheses are for infor-
mation oniy

NOTE 1--A complete mewic campanoer, 10 Test Method D 790 has
reen doveloped—D TN

1.5 This standurd does not purport to address the safery
problems. if any. assocaled with ity use. I 15 the responst-
hitisy af the user of this standard o establish appropriate

safeny and health pracines and determune the applicabiline: of

rogtdaiory fimdiane iy peior (0 e

1. Referenced Documonts

e AL I
P S I TP T VI T

¢ Lhest 1es methods e uner e junsdicion of AN LM Committee D220 an
Plagics and sre the diren eguenubisty of Suhcommittee X201 un Mechanical
Properis

Current ediion apprevad San 14 (994 Published Jaouary 1991 Orngnall v
puhlivhed a1 I¥ 790 - 70 Lawt previaus echies B) 790 - 96,

D6IR Practice for Conditioning Plastics and Fleciricat
Insulating Matenals for Testing?

D 638 Test Method for Tensile Properties of Plastics’

D790M Tust Methods for  Flexural Properties  of
Unreinforced and Reinforced Plastics and Elecirical
Insulating Materials {Metnc]?

D 400U Classification  System  lor
Materials®

D 4066 Speafication for Nylun Injection and Fxirusion
Maternals?!

[ 4 Practices for Load Venfication of Testing Machsnes®?

E 691 Practice for Candesting an Interlaboratary Study to
BPetermine the Precision of a Test Method®

Specifving  Plastic

3. Summary of Test Methods

31 A har of rectangular cross section is tested o {lexure as
a heam as (oliows:

bt Test Merhod 1—The bar rests on (wo suppors and
twaded by means of & foading nuse midway between the
supparts {xe Fig. 1)

2.1.2 Test Merhod HH—The bar rests on two supports and
15 [oaded at two points {by means of two loading noses), each
an equal distance from the adjacent support pont. The
distance between the loading noses (that is. the load span) is
cither one-third or ane-half of the support span {sce Fig. 2.

3.2 The specimen 15 deflected until rapuure oocurs in the
vuter fibers or until the maximum fiber gtrain (sce 11.9) of
3 S is reached. whichever occurs first,

4. Significance and Use

4.1 Flexural propenies determined by Test Method [are
especiatly useful for quality control and specification pur-
poses. For many matenals, there may be a specification tha
requires the use of this test method, but with some proge-
dural modifications that take precedence when adhering o
the specification. Therefore. it is advisable to refer to that
matenal specification before using this test method. able |
mn Classificatinn D 4000 lists the ASTM matenals standards
that currently cxist.

4.2 Materials that Jdo not fait a1 the poinl of maximum
stress under Ten Methad | ehould he tacted hy Tact Methoed

11. Flenural properties determined by Test Method 1l are also

¥ Annuct Book o ASTM Srandards, Yol 0R 01
3 Annuwl Bk of ASTM Standards, Yol 08.03
A Apnual Bovk of ASTAL Srandards, Yol 0301
S Anviua! Book of ASTM Stoadards, Vol 14,02
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uscful for quabity contro! and specification purposes. The
hasic difference between the twa tesy methods s in the
location of the maximam bending moment and maxasmom
aniat fiber stresses. The mavimum asial fiber stresses occur
an a lme under the loading pose in Test Method | and over
the area henween the loading noses in Test Method H.

1.3 Flexural propertes @ay sary with specimen depih.
emgerature, atmosphens condiions. and the difference
ratz of strning specilicd in Procedures A and B (see also
Nite E).

5. Apparatus

S0 Testing Mache—A properly calibrated testing ma-
chite i can e oprrawad s constand aes o Gosshicad
motinn over the range indicated. and in which the error in
the load measuring systern shall not exceed x1 % of max-
imum load expecied 1o he measured. [1 shall be equipped
with a deflection measuring device. The stitTness of the
tesing machine shall be such that the 1otal elastic deforma-
tion of the system does not exceed | % of the total deflection
uf the iest spevimien duting festng, W approptiaic coliee-
Lions shall be made, The nad indicatimg niechanism shall be
essentiatly free [rony incrual fag at the crosshead rate used.
[he accuracy of the testing machine shall be venlied in
accordence with Practices E 4

5.2 Lowding Noves and Supporti—The loading nose or
noses and suppuns shatl have cvlindneal surfaces, In order 10
avoid excessive indentation, or fallure due to stress concen-
ration directly under the londing nose or noses, the radivs of
the nase or noses and supports shall be at least 3.2 mm (Y%
in.} for all specimens. For specimens 3.2 mm (Y% in} or
greater in depth, the radius of the supports may be up to 1.5
fimes the specimen depth. They shall be this large if
significant indentation or compressive failure occurs, The ane
of the loading nose 1n contact with the specimen shall be
sulTiciently large tu prevent contact of the specimen with the

L1}

1]
NGy ORI Iauis = 3.2 TR e 0y (D] PAIXETUM TADILUS @ | 3 e
specmen depin
FIG. 3 Alowabla Range of Londing snd Suppornt Nowas Radii for
Spacimen 8.4 mm {0.25 In.) Thick

sides of the nose or noses (see Fig. 1 for Test Method [. Fig
3 dor [est Method 1L).

NUTE Z—Test dald nave shown Ghat e ioading Nose and suppost
dimensions can influence the (lexural madulus values. The oading nose
dimension has e greater wnflueecz, Dimensions of boading nose and
suppars must be specified for matenal specifications.

6. Test Specimens

&1 The specimens may be cul [rom sheets. plates.
malded shapes, or may be maoided to the desired finished
dimensions.

NOT: 3--Any necessary polishing of specimens shall be done onky
the kengthwise direction of the specimen

6.2 Sheei Materials {except laminated thermosetung ma-
terials and certain matenals used for electrical insulation.
including vulcunized fiber and glass bonded mica):

6.2.0 Mamierigls 1.6 mm (Ve inj or Grealer in Thick
ness—For flatwise tests, the depth of the specamen shall be
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TABLE 1 Rec d Dh lons for Test 5p voms of Bactons 6.3 and 6.5 for Various Support Span-to-Depth Redlos (See Note 7}
Teat Mathod | (3-Point Loading) '
| Support Span-i-Depth Ralio (Sea Note 7)
r Lo = 161 1 ! Ljd= 3201 ] tfd = AD Y | Lid ~ 80101
NIAB [ Ran ot Reload | : T Rate of '  Rate ol
spaciman et i [Crogs-haad| Cross-haad| ; {Croas-head] Croas-hasd
Deptn. | ey | SPoCiTen - Suppont | Wation Jsm Support MoWn | Somtien | Suppor . Moton | Spesmen | Support | Mouon
+nm {in.} Lergtr.  Span mem' {Froce- | Length, Span, | {Procs- Langth, [E‘.nnn mm ' {Prooe- l Lengh, | Span, mm Proce-
i NHn fury g dws &) 1 mm (i) ‘n\m )| dus Aj mmgn) o) cure A), | mmm,; n} dure A)
i ©omm (m.)} i ‘ mm (in.y ! mey (o)) o .y
| i miat ‘ Pomet I | mnt | I ool
G8 () 25 (1) 50 (2} 160" 061002 SC{0) 2\¢Y ; 13005 8@Vl 30(vel 2ZOWO0B] 602w 48 (V%) 81019
1.6 (401 25 (1) 0@ s DB 00 BO(3 50 2 a(o.n:, 00 (3w} B0 (2va), AI(0.17)] 124 {4t} 95 (3vay 941030
2.4 (¥a) 1 25 {1) B0 (2v7) L AU ar TU004y 100 (4 a0(3 | 4 F{0.16), 120 4% 95 (3%} BA 025 165 Tval  t41(S5%) | 14.2 (0.56)
320% (25(1) 803 | S0 3008 0 00 | 5302y 180 | 130(5)  BA03I| 247w 190(7va) | 18.8(074)
48 (% $3{a) 0Dy | BOD(H 20(DO08) 18t (T 1BD(E)  B.1(032] 240 (@¥)! 101 [Tw) 12T(050), T2 (14w | 288 (11w 264 [{ R F]
B4t 1A% A0 % 100 {49) 280011} 2800100 2000B)Y 1D9(043) 330017 . 2500108 17.0(067) 495 (19ve) 381 {15) J7 8188y
95 13w 1B (T4 150(6) AT (0 16) B0 (15 300 (12), 16.T (U64) 480 (19) , ABO{I6 254 (1 m;g T4d (29%e) 5722724 56.8(224}
12740}, 13(1) 2RO e 200 (A 53¢ 21) 895 (19v) 419 (38} 21.6 (0 B%) 640 (25} i 510420 D34 T TH2 {30) 6.2 (300)
QL)% i) 380 (18 0GR T032), TAO29  E10424). Z2.5 1 28] 940 |37) i 760 (30} | 508 {200’ 1486 (502} 1143 {45) (114 (4 49)
e3Adn @Byl 4G5 {IGv; 436 {16) VD9 (0 43), 990 139 815402} 434 (3 71 1240 149y | 1020 {80y, 67.3(26T) 1901 (78} 152e 460y | 152 (som

# Ratas Indicated ere Ior Praceayre & where strain rale 1s € 01 mmymm/mn ¢ ¢1 =m0 /min) Tp obtain rates lor Procedure B where stran rate » 0 10 mmymm/mn
{100 A Jmint muktply thase values oy 10 Procedu’e & 15 to be wsed for all spechcation purpases wiles otharwise siatod i the specicaions See 6 1.3 ko the method

the Linckness of the material. | or edgewise tosts, the wadih of
the speetmen shidl be the thickness of the slheet and the depth
shall not exceed the widih (see Notes 3 and 31 For al! tesis.
the support span shall be 1t 1tolergnce +4 ur = 2F imes the
depth of the beam. Spesimen width shall ne exceed one-
wunh of the support span tor specimens greater than 3.0
min e i) o depth, Specintens 3.2 m3m fe 1) of K0ss in
depth shall be £2.7 mm o vynowadth, The specimen shall
he long enouph 1o allew for averhanging on cach end of m
least 180 % o the support spar. but in me vase lesy than 6.4
ma (4 ) on each end (hethang shall be sufficient o
prevent he specomen from sipping thraogh the supponis

Note d—Whenever passihle. the orginal surface of the sheet siadi b
vnabiered. Hosever whese wosting machine limitatons make W impas-
sikle 1o follow the abeve cnitenun on the unalered sheet, one or botn
suitaces shall be machined 1o proaids the desired dimeauerns. and the
lecation of the specimens with relerence 10 the 1ot Jepth shalt be
muled. The value obtained an specimens with mactined suflaces fidy
deffer from those ptuzinet on specyment with angteal sudace. Conse-
yuently, any specificalions for flenural properues on the thicker sheets
must sate wihcther the ongenal surtaces ary o de eactied v not When
anly one surface was machined. 1t wnost be suated whether the machinied
surface was oo the tension or compression side of the beam,

Niirg 5—Ldgewise tests are nol applicable for sheers that are so thin
1hat specimens meeting these requirements cannat be cut. If specimen
depth excesds the wadih, buckling may occur.

6.2.2 Materiols Loss than 6 e (Ve in J o Fhickness—
The specimen shall B¢ 308 mm (2 1) long by 12.7 mm (%4
. wade. Lested Natwise on a 25 4-mm (1-4n.) suppon span.

NartE O0—Lse of the farmulas tor ssmpic beams cited 1n these Lest
methods for caleulating results presumes thal beam width is smell in
wmpanson with the support span Therefore, the formulas do so: apply
Fgorousty 1o these dimensiont

NoTE 7--Where machine sensittwity 1s such that specimens of these
dimensions cannet be measured, wider specimens of shorer support
snans, of both, may be used, provided the suppor span-1o-deph ratio is
;: Jeast 14 10 1. All dimenswons Must De slawd in Lie 1epar (sec aiso

ole b

6.3 Laminated Thermoseriing Materials and Sheet and
Plate Materials Used for Elecineal Inswlatton, Including

" TS suport SPAN-10-0BpAN fylo 5 QrABTEN ThAR 610 T 1n Oroet to Grr CHRATANGE batwaen MOoving bead und specsmen support

Fafunized Fiber and Glass-Bunded Mica—est the speci-
mens in accordance with Table | tor Tew Method 1, and
Table 2 or 3 for Test Method 11, For paper-huse andd
fabrig-hase grades over 254 mm (1 in.) i nomanal thickness,
the specimens shall be machtned on both surfaces 1¢ a depth
of 2534 mm () in.). For plass-base and nvlon-base grudes,
specymens over 2.7 mm (% and i nominal depth shatl be
nachined on bath surfaces Lo g deptiv ol 127 mm (4 i),
The suprort span-to-depth ratio shall be chosen such tha
lailures occur in the outer fibers of the specimens, due enly
to the bending moment (Note B). Three recommended
support span-ta-depth ratios are [0, 12 and 20 10 I. When
luminated matenals exhibit low compressive strength per-
pendicular 1o the laminations, they shall be loaded with a
lurge radius loading nose (up 1o 4 fimes the specimen depth
fur Test Method §and 1.5 times the specimen depth for Test
Methed 1) w prevent premature dmnagy to the outer fibers,

6.4 Molding Matertals (Thermoplastcs and  Fherm-
sef 4~ Fhe recommended speciinen for molding matenals is
t27 by 2.7 by 3.2 mm (5 by % by U in.) tested Datwise on
2 support span, resulting in a support span-to-depth rutio of
16 (lolerance +4 or —2), Thicker $pecimens should be
avoided tf they exhibit significant shrink marks or bubbles
when molded.

6.5 High-Sreength Reinforced  Composites,  Including
Ihgidy Orthotropic Laminaies—Specimens shall be 1ested in
accardance with Table | for Test Method 1, and Table 2 or 3
fur Test Method II. The support span-te-depth ratia shall be
chnsen such that failures occur in the vuter fibers of the
specimens, due only to the hending moment (Note 8). Thyes
recommended suppart spag-to-depth ratws are 16:1, 32:,
and 40:1. However, for some highly anisotropic campasites,
shear defonnation can significantly influence modulus mea-
SUFEMeERts, even al span-to-depth ratios as high as 40:].
Hence, tor these maierials, an increase in span-to-depih rato
1w 6:b is recommended 1o climinate shear effecis when
modulus data are required. It should also be noted that the
fNexural modulys of highly aniscteopic laminates is a strong
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TABLE 2 Recommended Dimensiona tor Test Specimens of Sections 8.3 and 8.5 for Various Support Gpan-10-Dapth Ratics (See Naota 7)
Terat Method H [4-Por Loading &t Y Poirs, Fig. 21A)]

- 5 Soncimer Rate of Cross-
MNomna: Spect o s Support I
men Danlk Wirtih, mm rr':n:T‘n m l,:?n' Load Span, mm {n.} 4:-?3;:33).
wm {ir lin} o pn.)fmin”
- o Lid = 16101
16 [Viad 2501 5142) 254 8.4 {033 0.7 (2.03)
2.4 (W) 25 (1) 54 (2% Bw 12.7 {0.50) 11 (0.04)
22 () 25 78D E3 ] 170 06T 15 (.06
48 (Vi) w3 140 102 {4) 76 (M 254 (1 00) 2.2 (0 0%
B8 ) 100 12715 102 (4 38133 3001
g 6 (3n} 3315} 190 [Tva) 152 (61 50.8 (2.00} 45 (018}
127 {vat A 254 10y 203 (& 67 B (2.67) GO (B24)
18 1) 10y AR [15) 305 (12) 102 (4.00) 9.0 (0.36)
541 24 i1, 438 119 408 (15) 135 {5.33 120 (048
- - - -1 - T
16 it T 51(2) 17 00 87} 30 3
2.4 P 102 {4) 16 (N 25 4 11 0 4501
32 v 275 102 {4) 3383y 60 @ 24)
4.8 DA 90 TV 165 (B 5512170 1050410
BSite 254 110y 2038) ET.BIZET) 119048
95 331 115} 0% 12} 102 {4 17.64071)
7 445 9y 406 (16} 13 5% 241095
U] g bk 1 510 (24) 2 BDY 36.0 (148
U5 8% 941 (8 813(32) 2 0y A31 189
Lid - 40101
18 e 280 53 (243 2108y 4.6 10.19)
FERE 2401; 95 (%) BN 25 701027
e 127 15} 4241167) G310 37
A H M 1305 190 (e} B3.52.50) 1390 56
644t 1. 254 {10} BA.E 1323 187 4074)
I 14, 381 (15 127 (501 2BLtY
127 v 13 538 20y w2 G e a8
et 193, 62 (3 o4 (100 MeE 22N
254 {1) FLREN 1016 ¢4y = 4133 751 (2.38)
T PRI ST R
124 (47 §5 (3m) 17 (1} 10.4 (0.41;
108 570 5 143 (5% AT B (18) 158 {0620
267 (@) 180 () 632 (2% 209 (082
AT R 286 (11w 952 {3h) 35124
495 19 81 (15 127 51 41 G (165
Tha P90 e 57 (22%) 10 £31 (2 48)
931 130, 762 (30} 264 &4.6 (333
1485 15821 1143 (45 3/ (1Y) 127 {500
1981 {765 1824 (80) 508 120) 185 (666

T Hates NUCHTEY re lor Procaauee A whe e Stam rate s OO minimm el e e To ool reies or Frocecure B wierg sitarn e s Q10 mmgiman e
(000 i mmy iy These vales Ty 10 Procedare A S 10 be used hor all specdCAtion purposes, unlss ctherwse slated n the spechcatons See G2 3 lor re

rmathor of caicuaton

function o ply-stacking sequence and will not necessaridy
correlale with tensile modulus, which s not stacking-se-
quence dependent,

Narr f--As s geaeral rute. suppon spas-to-depth tutios of 16 &re
satisfactary when the ratis of the tensile strength 1o shear sieegth s bes
than K 10 | but (he suppon span-fo-depin eano mast be increased fos
com pasite laminates having relabvely low shear sieength in the plane of
the lampeie amé teanveiy gh wasde strength parallel © 1he suppor
Spll:

7. Number of Test Specimens

7.1 At lecast five specimens shall be tested for each sampic
I 1he case of sotropic matenals or moided specimens.

7.2 For each sample nf anisotropic matenal in sheet form.
al teast five specimens shall be tested fur each of the
lollowing, coaditons. Recommended conditions are Natwise
and cdgowise tests an specimens cul in lengthwise and
crosswise directions ot the sheel. For purposes of this test,

“lengthwise™ shall designate the principal axis of anisotroph
and shall be interpreted 10 mean the direcuon of the shes
known to be stronger in Nexure. “Crosswise™ shall be the
shees direction known 1o be the weaker in flexure, and shall
be at Y0° 10 the lengthwise direction.

8. Conditipning

£ Conditioning—Condition 1he test specimens at 23 =
2C {734 = 3.6°F) and 50 = 5 % relative humidity for ot
Jess than 40 b prior 10 1est in accordance with Procedure A of
Practice 1> 618 tor those tests where condilioning is requirsd
In cases of disagreement, the tolerances shall be +1°C
(xi. 8 Fland = % rciative humidity.

8.1.§ Nore that for some hygroscopic matenals. such 2
nyilons, the malenal specifications (for example, Specific-
tion L3 4066} call tor testing “dry as-molded specimens”
Such requirements take precedence over the above ronte
precondilioning to 50 % RH and require sealing the spec-
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TABLE 3 R e D mnumois.cmumumvmwapmmmn-mgsuma:
Tast Mathod I [4-Paint Loading at Vs Poirts, Fig. 2{8)]
Rate of Cross-
Noring Speck Specimen
an Dupiin, Wi, mm 5"“::";7""" s"'::‘;';" 1.08d Span, mm i) PM wﬂ,
o (i) {n) . rem (i min
Lod = 18101
18" a5 1 5t (2} B 12.5 [0.50) C8 {003
&4 () FERT 64 () 38 (1%) 18.0|0.75) .0 1) 0]
32 25 (13 TE (A 31 R’) 25 5(ny 1.3 (0.05)
4 B {3 13 (') 102 (4) 76 (3 {1.50) 2.0 (008}
i) 13 {151 127 (5 102 (4) 51 ] 2RO}
9.5 (%) K () 190 (7¥n 152 (8) % 410116
127 %) 200 252 (10] 203 &) 102 4) 53002y
191 {%) 19 jLa 81 134) 305 (i2) 153 1| a1 (032
25441y bty 495 [19%7) 46 (15 a3 16) 104 (0 433
L=t
16 {1 6 51¢2) 25507 264001
24 My 102 {4) (3 . IR )] 41416)
A2 127 15, 102 {4 51 (@) s3¢@21
4.8 (Vie} 160 [Ty} 165 (54 R2S (A 25) a1037
S T 83 (101 203 (% w02 M 10.9(0.43)
9.6 B 30 kL L) s A 153 {B) 163 {0864)
et Mty 455 (1913) 46 (16) 20 b 21 6 oY)
91 {2 3§ {0y 7329 610 (24) 05 (12 250328
PR ECP 591 439 813 (32) 07 (6] 4342713
=4l
A B (2% 3151 25) 4310
5 95 () 47 511.88) 84 (025
o 127 G 83 E{Z50) &4 L33
[RIE 40178 95.0{3.75) 127 (050
[ 254 1) 127 {501 0L 67
120 0 331 {13) s 5.4 (4 00
130 508 {201 254 {100 Hae M
(LI TEZ (3 W AN 508 (2 00
e 16 (30 o8 200, 6784267
[ PO Vi ]
CE [P a5 (3% 47517 9~5..:I,,
RENTEN] TGS P 143 (5%) TLE [ *4.2 D 56}
1 (e SR [ladey 190 (7' ELITRREN] 184 ¢0. 14}
ER T 37214, 266 [11%) 143 [5%) 2844112)
£ () 455 1% 3, 38115 191 [Fr) 3784 49)
SR (0 T4y .50 572 12240 286 [ty 56 842 24)
ERgL=] 33109, 762 130) a5 6.2 (3.00
CRNSA] C2EE EEy 1143 (a4} L2 s 114 (449
e iy 9B TH 1524 (60} 762 {30) 152 (589

300 a0 min) moitply thege vates = 0
fetrod ol celfuianon

MEARS N W2ICr MAPOI-EMPErmenty CORtAners as Sonn as
molded and rot remosing them until reads for 10siug.

8.2 Test Condirons--Conduct tests 1n the Standard Lab-
oratory Armosphere o1 23 £ 2 (734 x 3.6Fland 50 £ 5 %
relative humidity, unless otherwise specified in the test
methods or in this specification. In cases of disagreement, the
tolerances shall be £1°C (21 8%F) and =24 relative hu-

mulity

7. Procedure

Qb Tewt Medhod I— Procadte e A
1.1 Use an untested specimen for cach measurement.
Measure the width and depth of the specimen 1o the ncarest
(.03 mm (D001 in) a2 the cenier of the support span. For
specimens less than 254 mm (6000 in.} in depth. measure
the depth (o the nearest (G.003 mm (DINN] in }
9.1.2 Determine the support span 1o be used as described

* Sates indcated are lar Prrx;amrp A M-me Stegn rgle s 9 21 memiir - min 00 o
Flrosedute A4 12 Do LSk for 2l cpasihialion pupoles. unkess otherwse steled N e spesheanns Sae 9.2 3 Ior the

miny ‘l'o nhlam 7atak tor Procatkine B whera slrain rate & 0,10 mmymem - men

"

in Seetion 6 and se1 1he support span 1o within § <%
determined value,

9.1.3 I Table | is used, set the machine to the spevified
rate of crosshead motion, or as near as possiole 10 it. If Table
! is not used, calculate the rate of crosshead motron as
follows and set 1he machine for the caleulated rate, or as near

of the

as postible 1o it

K= 41 /b 1
where:
R = rate of crosshead motion, mm tin Ymin,
1= support span. mm {in.},
d = depth of beam, mm {in.), and
Z = rate of straining of the outer fiber, mm/mm-min

(in.fin.-min). Z shall equal (.01,

In no case shall 1he actual crosshead rate Jiffer from dtha
specified by Tahie 1. o that calculated from Eq 1. by more
than £50 %.
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9 1.4 Align the loading nose and supports so that the axes
of the cylindrical surfaces are parallel and the loading nose is
midway between the supporis. The parallelism may be
checked by means of a plate with parallel grooves into which
the lnading nose and supports will fit when properly aligned.
Center the specimen on the supports, with the long axis of
the specimen perpendicular to the Joading nose and sup-
ports.

9.1.5 Apply the load 10 the specimen at the specified
crosshead tate, and fake ssmulaneous load-deflection data.
Meusure deflectivn cither by a gage under the specimen in
contact with it a1 the center of the support span, the gage
being mounted stationary relative 10 the specimen supports,
or by measurement of the motion of the loading nose relative
1o the supports. In either case, make appropriale cormeciions
for indentation in the specimens and deflections in the
weighing system of the machine, Load-deflection curves may
e plolted 10 determine the flexural yield strength, secant or
tangent modutus of elasuciv. and the total work measured
hy the area under the inad-deflection curve.

9 1.6 Termigate the test if the maximum sirain in the
outer fibers has reached 0.05 mm/mm {in./in.} (Notes 9 and
1M. The deflection at which this strain occurs may be
calculated by fetung r cqual 0.05 mm/mm (in.fin.) as
follows:

e rring 2
where:
N = mudspan deflecnon. nun on.i.
sirain, mmgm (nn ),
support spian. mm (.t and
= depth of beam, mm {in.)

ro

1l =
o=
NOYE W—[or same matenals the increase 1 stram mte provided
under Procedure B muy mduce the specimen to vield or ropture, or
‘both. wrihin the reguired 5 % stram hmal

Nore [0—Bevond § % strain. these Lest methods are not applicable
and some other prapeny might ke measured (for example. Test Method
D B8 may be conydersd]

4.2 Test Methocd H-- Procedure A

y 2l Scedli.

922 See9.12

9.2.3 H Table 2 or 315 used, s¢t the machine as close as
passibie 10 the specified rate of crosshead motion. If Table 2
of 3 is not used. calculate the rate of crosshead motion as
follows, and sel the machine as near as possible 10 that
calculated rate for a load span of one-third of the suppon
span:

Ko O08SZL {la)
I'or & load span of onc-half of the support span:
k=010721-2d {Ib
where:
R = rate of crosshead moton, mm (in.)/min,
/. = suppor span, mm {1.),
d = depth of heam, ram (in.), and
Z = rate of straining of the ouwter fibers, mm/mm (in./

iny-min. 7 shall equal 0.01.
In 1o case shall the actual crosshead rate differ from that
specified by Table 2 ar 3. or that calculated from Eq 1a ar
1b, by more than £50 %.
9.2.4 Align the loading noses and suppons s Lhat the axes

of the cylindrical surfaces are paralle]l and the-load span‘ig
¢ither one-thind of one-half of the support spen. This
paralidlism may be checked by means of a plaic containing
parallel grooves into which the loading noses and supporte
will fit when properly aligned. Center the specimen on the
supparts, with the long axis of the specimen perpendicular to
the loading nuses and supports. The loading nose assembly
shall be of the type which will not rotate.

9.2.5 Apply the load to the specimen at the specified
crosshead raie, and rake simultancous lcad-deflection data.
Measure deflection by 2 gage under the specimen in contact
with it at the common center of the spans, the gage being
mounied stationary relative 10 the specimen supports. Make
approprisie corrections for indentation in the specimens and
deflections in the weighing system of the machine. Load-
defleciion curves may be ploited 1o determine the flexural
yield strength, secant or tangent modulus of clasticity, and
the total work measured by the mres under the load-
deflection curve.

9.2.6 Il no break has occurred in a specimen by the time
the maximum strain in the outer fibers has reached 0.05
mm/mm (in.fin.), discontinue the test (Notes 9 and 10). The
deflection at which Lhis sirain occurs may be calculated by
letting r equal (.05 mm/mm {in./in.) as follows for a load
span of ane-third of the suppon span:

P =02 12al
For a load span of one-half of the suppon span:

=022 d {20y

where:
midspan deflection, mm {in.},
slrain, Tm per mm {in. per in.).
support spah. mm {in.), and
depth of beam, mm (in.}.
9.3 Test Methods ! and I, Procedure B:
9.3.1 Use an untested specimen for each measurcment.
4.3.2 Test conditions shall be identical 10 those described
in 9.1 or 9.2, except that the rate of straining of the outer
libers shall be 0,10 mmy/mm binfin ) min.
9.3.3 If no break has occorred in the specimen by the time
the maximum strain in the outer fibers has reached 0.03
mm/mm {in./in.), discontinuc the test (Note 10).

wnnd

0. Retests

10,1 Values for properties at rupture shall not be calcu-
jated for any specimen that breaks at some obvious, foru-
itous flaw, wvnless such flaws constilute a variable being
studied. Retests shall be made for any specimen on which
values are nol calculated.

11. Calculation

11.1 Maximum Fiber Stress. Test Method f-~When 2
beam of homogeneous, elaslic material is tested in flexure as
a umple beam supported at two points and loaded at the
midpoin, the maximum stress in the outer fibers occurs at
midspan. This stress may be calculated for any point on the
loa.dd‘a,eﬂeclion curve by the following equation (Notes 11
and 12}

5w 3PL{2Dd? 3)

where:
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§ = stress in the outer fibers al midspan, N/m? (psi),

P = load at & given paint on the load-deflection curve, N
(Tl),

support span, m (in.},

width of beam tested, m (in.), and

depth of bearn tested, m (in.).

Ll
LI

Notr 11—Eq 3 applies striely to materials for which the xress is
linearly proportional 1o strain up 1o the pownt of rupture and for which
the strming are small. Since this is not atways the case, a shight error will
e introduced in the use of this cquation. The cquation will, however, be
valid for companson daw and specBoation velues up 1o the maximum
fiber strain of § % for specimens tested by the procedure herein
Jescribed. 1t should he noted that the maximum stress may nol oceur in
|he outer fibers for a highty orthorapw leminale * Laminaied beam
|hoory must be applied te determme the maximum wnsile stress at
faiture. Thus, Eq 3 yiekds an spparent strength based on homogeneous
besm theory. This apparent sirength 1s highly dependent on the
ply-siacking sequence for highty onhotropsc laminares.

NoTF 12—The above calculauon is nov vahd if the specimen is
<lipping excessively between 1he supparts,

11.2 Maxinum Frber Stress for Beans Tested ar Large
Support Spany, Test Method f—Il suppon span-to-depth
ratios greater than 16 to | are used such that deflections in
excess of 10 % of the support span occur, the maximum
stress for a simple beam can be reasonably approximated
with the following equation {Naote | 3):

S (3PL2BAYY - |84 ODLY = D) Dy
where 5. P, L, b and d are the samc as for Eq 3 and D is the
deflection yn m {in.} of the cemieeline of the specimen a1 the
muddle ol the support span.

NOTP 1 3~—When large suppost spen- o depih rabios are used. signif-
rcant end forces are developed al the suppurts which afTect the moment
i s simply supported beam An apprasximaie correction [actor is given
i Eq 3a to correct for these end forces sn lamge suppar span-1o-depth
raliv beamis where relatively large defiections cxist

LL.3 AMaxirnen Frher Srrese Fesi Mothnd [—When a
beam 15 Joaded in flexure at two central points and supported
21 two ouler painis, the maximum stress in the outer fibers
nccurs between the two central loading poinits that define the
luad span {Fig. 2). This stress may be calculated for any point
on the [pad-defllection curve for relatively sinall deflectivns
by the following equatiion for a load span of one-third of the
suppon span [Note 14):

N PLA {33

For a load span of one-half of the support span:

5= 1PL!4bd? (3¢}
where:
5§ = stress in the outer fiber throughoot the load span,

Nym? (psi),

P = |oad 4l a given point oo the load-defiection curve, N
{Ibf),
support span, m (in.|,
width of beam. m {in.}. and
depth of beam, mw (in.}

I
b

i

1

L]

 For the theorenical deunls, yor Whilney § M., Browning, O 1 and Mai, A,
“Aralysis of the Pleaure ‘Test for Laminaled Compoute Materinh,” Compsetc
Matenair Testing and Desigsr (Third {Confevence), ASTM ST 346, 1974, pp.
10- 45

MNorre 14— The lnniwtion deficed for Eq 3 in-Motes 1 and 12 spply
also to Eqs 3s, 3b, 3¢, 34, and 3

11.4 Maximum Fiber Stress, Tes¢ Method 1§, for Beams
Tested w Loarge Support Spans—I support span-to-depth
ratios greater than 16 to | are used with resultant deflections
in cxcess of 10% of the support span occurring, the
maximum siress thay be reasonably approximated with the
following formula for a load span of ene-third of the support
span:

S (PLIbEYY -{L + (47003 L3) — (1.04Dd/L2)] (3d)
For a load span of one-half of the suppan span:
S = (IPL}abdY) [1410.91 D4/ L)) (3¢)

where S, P. L, b, and  are the same as for Eq 3band D =
maximum deflection of the center of the beam in m (in.).

11.5 Flexural! Strength (Modulus of Rupeure)—The flex-
ural strength is equal to the maximum stress in the outer
fibers a1 the momem of break (for highly orthotropic
laminates, see Note 11), It is calculated in accordance with
Eqgs 1, 3a, 3b, 3c, 34, and 3e by letting P equal the load at the
momeni of break. If the materiat does not break, this part of
the test is not applicable. 1n this case, it is suggested that yield
strength, if applicable, be calculated and that the corme-
sponding strain be reported also (see 11.6, 11.8, and 11.9)

11.6 Flexural ¥Yield Strength—Some materials that do not
break at outer fiber sirains wp 10 5 % may give load-
deflection curves that show a point, ¥, at which the load does
not increase wilh an inerease 1n deflection, Tn such cases, the
flexural vield strength may be caleulated in accordance with
Fgs 3. 3a. 3b, or 3¢ hy ietting P equal the load at point ¥,

11.7 Flexural Gffser Yield Strength—OfMse1 vicld strength
is the siress at which the stress-strain curve deviates by a
given strain (oflsel) from the fangent 1o the imtial straight
line portion of the stress-strain curve. The value of the offset
muss be given whenever this property is calculated.

NoTE 15--This value may differ from flexural yicld stzengih defined
1n 1L1.4. Bath methods of calculalion are described in the Annex ta Test
Method D 638,

13.8 Stress ai @ Given Strain—The maximum [iber stress
at any given strain may be caiculated in accurdance with Eqs
3. 31, 3b, 3¢, 3d, and 3¢ by letting P equa!l the koad read from
the load-deflection curve &l the deflection corresponding o
the desired strain (for highly orthotropic laminates, see Note
11}

1.9 Maxunum Strain, Tesi Method I—The maximum
strain in the outer fibers atso occurs at midspan, and may be
calculated as follows:

r = 6id/L? ()
where:
r = maximum strain in the ower fibers, mm/mm (in.fin.),
D = maximum dellection of the center of the beam, mm
{in.},
L = support span, mm {in.), and
d = depth, mm (in.).

L1.10 Maximum Sirain, Test Method H—The maximum
strain in the outer fibers also occurs at midspan, and may be
calculated as follows for a load span of one-third of the
support span:

r=4100d/1? (da)
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For load span ol one-hatt of the support span:
r= 43604717

where 1), . L. ami r are the spme as for Eq 2a.

1151 Medadis of Flusticny:

10 Taeigens Modulus of Elasticiey. Test Methad 1—
“Ihe tangent modutas of elasticity, ofien called the “modulus
of elasticity,” is the rativ, within the elastic limit, of stress to
correspending strain and shall be cxpressed in newlons per
square meter (pounds per square inch), 11 is cakeulated by
drawing a tangent 10 1he steepest initial straight-line portion
of the load-defllechon curve and using Eq 5 (for highly
aniselrops composites, sce Note 16).

(4h)

Foo= Lhmidhd? (5
where:
ko = modulus of clasucity in bending, N/m? (psik
[ = suppor spun. in (in.),
b= wadth of bosin tested. m {in
o = depth o beans tested, m in L, and
= slupe of the angent to the initial straight-line portion
of the Tuad -Jelection curve, Nfm (Ibffin.) of deflee-
livn.
Nl En—SEegs detlechons car senousls reduce the apparent mod-

wlus ol fghls snsotome compoates when they are tested &l low
spuor-to-depth rat:os For ihus reason, a span-to-depth matio of 60 te 12
revampended for Teswa! stedules Jererminations. Flexusal strength
shoutd he daermired a4 3 swepanie v of repliceie speviniens at a Jower
spatt-to-depth rate tat ncuces tensile fazlures i the outer fibees af the
regm along, s foweer baee Sinve the Pexural modubus of hiighls
anisatrepiv kominates g el lunctieg of ply-staching sequence, i
will ot necessinl ste wilh lenstle modiius, whivh o ool
stacking-sequenn e depandent

VT2 Tungens Mol of Elasicine, Test Merhod fI—
[he langent modulus of elastivity s the rauo, wichin the
dlastic limit, of stress (o vorrespoending stram and shall he
eapressed 1 newions perosquare meter (paunds per square
inchy, 1t is vuleulaied by druwing @ tangent to the steepest
initial straight-hine portan of the load-deflection curve and
using Iq Sa fur & toad span of ene-third the support span,
and Fy 5b for a load span of one-haif of the suppon span. as
Tollows:

U

£5a)
(5h)

D= 020 mhd”
Fa s G TL ) el

where . 70, £ 1 and o are the same as for Eg 3 (Jor highiy
ApSOLIOPIC Compesties, see Note 16).

11113 Secane Modudus af Elasticity—The sccamt mod-
ulus of clasticily is the ratw of siress 10 corresponding straio
at any given puinl on the stress-strain curve, or the slope of
the straight fine that ;oins the origin and a selected point on
the actual stress-strain curve. 1t shall be eapressed 1n newtons
per square metre (pounds per square inch). The selected
point is generalls chosen at a specified stress or strain. It is
valeilated in accordance with Bg 5 or 5a by letting m equal
the slope of the secant w the load-deflection curve.

U112 Arithgirs Afean—For cach scries of tests, the
arthmetic nean of all values obtained shall be caleulated 10

T For d dudssn o thest cllect. wy Zweben, C, Smith, W 5. and Wardle,
M. W.. " lesl Methob for Fiber Temde Strengrh, Compesite Flexura! Modulus,
and Properiies of Fabk -Hemineed Faminaies,” Composire Macerals, Tertiag
e Pesign (Futh Contercace | ASTM STP 674, 1979_pp 22R-262

three significant figures and reported as the “average value®,
for the particular property in question.

1111 Standard Deviation—The standard deviation {esti-
mated) shal! he calculated as follows and reporied in two
significani pures:

where:
5 estimated standard deviaton,
X = value of single observation,
n number of observations, and
X = arithmetic mean of 1he set of ohscrvations.
11.14 See Appendix X1 for information on toe compen.
sation.

2=

12. Repont

11| Report the oliowing information:

12.1.1 Complete identification of the matedal tested,
uciuding 1ype, source. manufacturer's code number, form.
principal dimensions, and previous history. For laminated
materials, ply-stacking sequence shall be reported.

12.1.2 Durection of cutting and loading specimens.

12.1.3 Conditioning procedur.

12.1.4 Depth and width of specimen.

12.5.5 Method used.

12.1.0 Procedure used,

12.1.7 Support span kength,

12.1.8 Support span-to-depth mtio.

12.1.9 Radius of supports and loading noses.

12110 Rate of crosshead motion,

1201 Maximuom strain in the outer fibers af the spec
imen.

12.1.12 Flexural strength (i applicable), average valoe,
and standard deviation.

12.1.13 Tangent or secamt maodulus of clasticity in
bending, average value, standard deviation, and the strne
tevel used if secant modulus.

12.1.14 Flexural yield strength {(if desired), average value.
and standard deviation,

12.1.15 Flexural offset vield strength (i desired), with
offsed or strayn used, average value, and standard deviation.

12.1.16 Stress at any given strain up 10 and including § %
(il desired). with strain used. average value. and standard
deviation.

13. Precision and Bias®

t3.1 Precision—Tables 4 and § are based an round-robin
tests canducted in 1984, involving six materials tested by sia
laboratories. Each test result was the average of five ind-
vidual determinations. Fach faboratory ohtained two test
results for cach material.

132 For the materials indicated and for test results that
are averages rom testing five specimens, see Tables 4 and 5.

13.2.1 Repeatahility—In companng two test results for
the same matenial, obtained by the same operator using the
same equipment on the same day, those test results should be
judged not equivalent if they differ by more than the 1, vatue

* Supporuny, dala wre wvaikdble from ASTM Hesdyuakss  Hequess RR
DXrity
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TABLE 4 Fwesumil Swrength
NoTE 3V, 18 B whhinaDoratory cosfciant of vasdaton of dw sverege and |,
» 263V, (S0 13.3 ror applcation of |,.)
NATE 2—Va & the ol between-laboratory soatficksrd of varialion of the
awet80 Bd [y = 2.83 V. (Soo 13.4 for apphcalon of g}

Vilpes b5 & Percent

Materzl tsan (107 psd ol ine Meen

v, Ya 1 'n

" aBs 998 155 808 444 172

DAP thermosat 14.3 6.58 658 186 18.6

Casi acryic 16.3 167 113 473 X0
GR polyssie’ 195 143 214 408 608

GA palycamonata 210 516 605 146 171

SMC 260 ATE F19 135 204

average (M3} 108 7oE 115 200

for that material and vandition.

13.2.2 Reproduciniity—In comparing twa test results for
the same material, obtained by different operators using
ditferent equipment on different days. thuse lest resulis
should be judged net equivalent it they differ by mare than
\he T vatue for that material amd condition. (This applies
petween STeren: labormories or hetween different egaip-
ment within the same fiboratoss )

1123 The judgments in (13 and 134 will have an

TABLE & Flaxural Modulus
Valuss a8 8 Parment

Materie Mean (108 gy of the Msan
ve Vi % la

ABS 8 7% VR 136 Ma
Cast acryhc 485 28¢ 7:8 A15 204
G polycarbondie 810 137 8.1 388 45.4
GA polyealer 818 349 420 991 114
DAP thermosat 1790 552 552 158 15.8
SMC 1950 109 s X8 3

averags (M5) 798 101 225 25

approximately 95 % (0.95) probability of being correct,

13.2.4 Other formulations may give somewhat different
resulis.

13.3 For further information on the methodology used in
this section, see Practice E 691,

134 Bias—Na statement may be made about the bias of
these test methods, as there is no standard reference matenial
or reference 1est method that is apphcable.

14. Keywords

141 flexara] propenies; plastics: stlfness; strength
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