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TENSILE PROPERTIES OF PLASTICS {(METRICY}'

ﬁkw is issued under the fixed designadon D 638M; the number immediately following the Jesignation indicates the vear
ot'mg,mal_adop:i?n or, i:_: the s of revision, the yezr ot revision. A number in parentheses indicates the vear of bast reapproval.
A superscript cpsifon (¢} indicates an editorial changs sincs the last revision or reapprovat

1. Scope

1.1 This test method covers the determinztion
of the tensile properties of plastics in the form of
standard dumbbell-shaped test specimens when
1ested under defined conditions of pretreatment,
temperature, humidity, and testing machin2
speed.

1.2 This test method can be used for 1esting
materials of any thickness up to 10 mm. How-
ever, for testing specimens in the form of thin
sheeting, including ftim less than 1.0 mm, Test
Methods D 882 is the preferred test method.
Maztenals with a thickness greater than 10 mm
must be reduced by machining.

Note I—Thistest method is the metric counterpart
of Test Method D 638,

Norg 2—This test method may be used for westing
phenolic resin molded or laminated materials, How-
ever, where these materials are used 2s electnical insu
lation, such matedials should be tested in 2ccondance
with ASTM Method D 229, Testing Rigid Sheet and
Plate Materials Used for Flectrical Insulation,™ and
ASTM Method D 651, Test for Tensile Strength of
Molded Electrical Insulating Materials

Note 3—This test method is not intended to cover -

precise physical procedures. It is recognized that the
constant-rate-of-crosshead-movement  type of test
leaves much to be desired from 2 theoretical standpoins,
that wide differences may cxist between rate of cross-
head movement and rate of strain between gage marks
onthespwmcn_andthatthctsuagspeedsspmﬁed
disguise important effects ch istic of materials in
the plastic state. Further, it is realized that variations in
the thicknesses of test specimens, which are permitied
by these procedurcs, produce variations in the surface-
volume ratios of such specimens, and that these vanz-
tions may influence the test results. Hence, where di-
rectly comparable results are desired, all samples should
be equal thickness. Special additional tests should be
used where more precise physical data are needed.

1.3 This standard may involve hazardous n:e-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and

establish appropriate safery and kealth practices
and determine the applicability of regulatory limi-
tations prior [0 use.

2. Applicable Documents

2.1 ASTM Siendards:
D618 Methods of Conditioning Plastics and
Electrical Insulzting Materials for Testing?
D638 Test Method for Tensile Properties of
Plastics?

D 882 Test Methods for Tensile Properties of
“Thin Plastic Sheeting®

D383 Definitions of Terms Relating to
Plastics?

D 4066 Specification for Nylon Injection and
Extrusion Materials*

E 4 Practices for Load Verification of Testing
Machines*®

E 83 Practice for Verification and Classifica-
tion of Extensometers’

3. Significance and Use

_ 3.1 This test method is designed to produce
tensile property data for the control 2nd speafi-
cation of plastic materials. These data are also
useful for qualitative characterization purposss
and for research and development.

3.2 Tensile properties may vary with spec:
men preparation and with specd and cnviron-
ment of testing Conseguently, where precise
comparative results are desired, these facmfs
must be carefully controlied. .

3.2.1 It is realized that a material cannot be

1 This test method is under the Jusisdiction of ASTM Com-
mites D-20 on Phﬂﬁandstbeﬁmmof&b--
committee 020,10 on Mechanical Propertie<

Curvent edition approved July 27, 1964, Published Septem-
ber 1984, Onynanypdﬁshdasbﬁm $1. Last previous
edition D 638M - 81,

"AMMIBook of ASTM Standards, Vol HOL
* Annual Book of ASTM Standaerds, Vol 0803
3 Anmual Book of ASTM Standards, Vol 3301
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ration of that material, Hence, when comparative
tests  materials per se are desired, the greatest
are st be exercised to ensure that all samples
arep  ared in exactly the same way, unless the
test & . include the effects of sample prepara-
tion.S ilarly, for referee or comparisons within
any o 1series of specimens, care must be taken
toses  the maximum degree of uniformity in

_ detais ‘preparation, treatment, aind handling.
. 3.2 nsile properties may provide useful data
for pz cs engineering design purposes. How-
“evet, ” ause of the high degree of sensitivity
exhib™ by many plastics to rate of straining
and e£  onmental conditions, data obtained by
this 1S nethod cannot be considered valid for
#pplict  ns jnvolving load-time scales or envi-
rontni>  widely different from those of this test
Ba_xm n cd¥es of such dissimilarity, no reliable
estimzs 1 of%he limit of usefulness can be made
for me lasties. This sensitivity to rate of strain-

ing an2 wirgnment necessitates testing over a

broad © d-tithe scale (including impact and
treep) L ragige of environmental conditions if
iensile$ ipecties are to suffice for engineering
_E.Hm: 3 w.ommm. )

Noti,  -Sinte the existence of a true ¢lastic limit

n plastT iE many other organic materials and in
tany ng ¥ i€ debatable, the propriety of applying
he terity  mstic modulus™ in its quoted generally ac-

tpted ¢, iofto describing the “stiffiness® or “rigid-
i¥” of = i€ has been seriously questioned. The
ractstes  gmim characteristice of plastic materials are
ighty d2 %am on such factors as rate of application

r stress..  pedature, previous history of spacimen,
¢ Hovo  isess-strain curves for plastics, deter.
%_.&a, in this test method, almost always

"Eegion at low stresses, and a straight lipe
¥ 1 this portion of the curva petinits
“&n $lastic modulus of the usually defined
tant is useful if jis arbitrary nature
time, temperature, and similar

iverat

b
&
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! oM DI terms applying to this test
thod appear it Definitions D 883 and Annex

Apparatus

L1 Testing Machine—A testing machine of
| constant-rate-of-crosshead movement type
| comprising essentially the following:

8

ber carrying a second grip.

5.1.3 Grips—Grips for holding the test spec-
imen between the fixed member and the mov-
able member. The grips shall be self-aligning,
that is, they shall be attached to the fixed and
movable member, respectively, in such 2 man-
ner that they will mave freely into aligament
as soon as any load is applied, so that the long
axis of the test specimen will coincide with the
direction of the applied puil through the center
line of the grip assembly. The specimens should
be aligned as perfectly as possible with the
direction of puil so that no rotary moticn that
may induce slippage will occur in the grips;
there is a limit to the amount of misalignment
self-aligning grips will accommodate,

5.1.3.1 The test specimen shall be held in
such a way that slippage relative to the grips is
prevented insofar as possible. Grip surfaces
thatare deeply scored or serrated with a paitern
similar to those of a coarse single-cut file, ser-
rations about 2.5 mm apart and about 1.5 mm
deep, have been found satisfactory for most
thermoplastics. Finer serrations have been
found to be more satisfactory for harder plastics
such as the thermosetting materials, The ser
rations should be kept clean and sharp, Break.
ing in the grips may occur at times, even when
deep serrations or abraded specimen surfaces
are used; other techniques must be used in
these cases. Other techniques that have been
found useful, particularly with’ smooth-faced
Brips, arc abrading that portion of the surface
of the specimen that will be in the grips, and
interposing thin pieces of abrasive cloth, abra-
sive paper, or plastic or rubbet-coated fabric,
commonly called hospital sheeting, between
the specimen and the grip surface, Number 80
double-sided abrasive paper has been found
effective in many cases. An apen-mesh fabric,
in which the threads are coated with abrasive,
has also been effective, Reducing the cross-
sectional area of the specimen may also be
effective. The use of special types of grips is
sometimes necessary to eliminate slippage and
breakdpe in the grips, R
3.4 Drive Mechanism—A drive mechanisim
for imparting to the movable member a uni-

no_.B.Su:o:&ﬁ_o&Q with respect to the
SEAtONATY mat uar $hin aral . 2y . o5 0 T BN

tensile [oad carried by the test specimen when
held by the grips. This mechanisn shall be essen-
tially m. ree from inertia-lag at the specified rate of
testing and shall indicate the load with an accu-
racy of 1% of the indicated value, or better.
The accuracy of the testing machine shall be
verified in accordance with Practices E 4.

INoTE 5—Experience has shown that many testing
an_nmﬁu now in use are incapable of maintaining
accuracy for as long as the periods between inspection
recommended in Practices E 4. _.&n.:.un. it is recom-
mended that each machine be studied individually »s.a
verified as often as may be found necessary. ft will
frequently be necessary to perform this function daily,

5.1.6 The fixed member, movable member,
drive mechanism, and grips shall be con-
structed of such materials and in such propor-
tions that the total elastic longitudinal strain of
the system constituted by these parts does not
exceed 1 % of the total longitudinal strain be-
tween the two gage marks on the test specimen
at any time during the test and at any Joad up
to the rated capacity of the machine,

5.2 Extension Indicator—A suitable instru-
ment for determining the distance betweea two
designated points located within the gage
length of the test specimen as the specimen is
stretched. 1t is desirable, but not om.,.nn:w.r 9.2.
this instrument autoraatically z..ooa. this dis-
tance (or any change in it) as a function of the
load on the test specimen, or of the elapsed
time from the start of the test, or both. If only
the latter is oblained, load-time data must .&mo
be taken. This instrument shall be essentially
free of inertia lag at the specified speed of
testing and shall be accurate to 1 % of strain
or better. . L .

Norte §—Refer to Practice E 83.

5.3 Micrometers—Suitable .Emoqoﬂn.oa.
reading to at least 0.02 mm for measuring the
width and thickness of the test specimens. The
thickness of nonrigid plastics should be measured
with a dial micrometer that exerts a pressure of
25 + 5 kPa on the specimen and measures the
thickness to within 0.02 mm. The mnsm of the
micrometer shall be at least 30 mm in diameter
and paraliel to the face of the contact moor.

i -
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preferred specimen and m_rE b
sufficient maseriat having a thick
or less is avaitable. The .H..Eu.n M
shall be used where only :3_5@
ing a thickness of 4 mm or less i
evaluation, or where 2 ::.w.n nus
mens are to be exposed in a
(thermaland environmentalstabi
The Type M-I specimen should
direct comparisons are required

terials in different rigidity cases

rigid and semirigid),

6.1.2 Nonrigid Plastics—The
shall conform to the dimensions
1. The Type M-l mvnn::n.a sha
testing nonrigid plastics with a
min or less. The Type M-I spec
used for all materials with a thi
than 4 mm but not more than _m

6.1.3 Preparation—Test speci
prepared by machining operatio
ting, from materials in sheet, |
similar form. Materials thicker
must be machined to 10 mm fo
M-I specimens. Specimens can al:
by molding the material to be te

Nore 7—Specimens prepared by
ing may have different _mn.u:n prope
mens prepared by machining or di¢-
of the orientation induced. This effe
pronounced in specimens with narro

6.2 All surfaces of the specime
of visible flaws, mn;nounm.. or
Marks left by coarse machining o)
be carefully removed with a fine |
and the filed surfaces shall then
with abrasive paper (No. 00 ¢
finishing sanding strokes shall
direction parallel to the long a:
specimen. All flash shall be rer
molded specimen, taking great ¢
turb the molded surfaces. In mac
imen, undercuts that would exce
sional tolerances shown in Fig, 1
pulously avoided, Care u_z.w:. als
avoid other common machining

6.3 If it is necessary to place §
-the specimen, this shall be don
crayon or India ink that will J



seves suan Lo prepared having their fong axes
espect™ 'y parallel with, and normal to, the

uspect  Jirection of anisotropy.
. Conv ining

T4 (3 titioning—Condition the test speci-
nensate £ 2°Cand 50 + 5 % relative humidity
ornot o than 40 h prior 1o test in accordance
ith Pnc lure A of Methods D 618, for those
sts s_:m conditioning is required. In cases of
sagree o 1t, the tolerances shall be + 1°C and
2% K& ve humidity,
”.\._._ e that for some hygroscopic mate-
m__m, sutz s nylons, the material specifications
eexar o, Specification D 4066) call for test-
8 .de molded specimens”. Such require-
ents 0. precedence over the above routine

_E.w_auo 50 % RH and require sealing
IS 1& waler vapor-impermeable cop-
0 agmolded and not removing thern
o t&ting.
Cordlitions—~Conduct tests in the
bordtory Atmosphere of 23 + 2°C .
' refitive humidity, unless otherwise -
= e 3est methods. In cases of disa- -
ementT € télerances shall be + 1°C and +
t
%]

tndity. o

“m Hmaw_._n properties of some plastics'
Swith small changes in temperature,
be generated as a result of straining the
th Gtes, conduct tests without forceq
@ uhiformity of test conditions. Mea.
fatge in the reduced section of the
008 it for materials where sclf-heating

o

pecimens

Ive specimens for each sam- -
Wo:.ovmn materials.
! PP_KMHQB.SM. five normal to, and
sarallel with :m m_.somu_a axis of anisotropy,
ich s %, ©n gase of anisotropic materials.
U ,..N@ Speditens that break at some ob-
- fortiifo) :@.Moﬂ that do not break be-
1 the predetermiaed gage marks, and make
; .cm_num such flaws constitute a variable to
1Ca, N
‘€ 9--Before testing, ail trausparent specimens
ibe inspected in & polariscope. Those which show
m_ or concentrated strain patterns should be fe.
unless the effects of these risidual strains consti-
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test. Rate of motion of the driven grip or fixture
when the testing machine is rusining idle may
be used, if it can be shown that the resulting
speed of testing is within the limits of variation
aliowed,

9.2 Choose the speed of testing from Table
l. Determine this chosen speed of testing by
the specification for the material being tested,
or by agreement between those concerned.
When the speed is not specified, use the lowest
speed shown in Table | for the specimen ge-
ometry being used, which gives rupture within
% 10 5 min testing time.

9.3 Modulus determinations may be made
at H.ro speed selected for the other tensite prop-
erties or as required by the specification,

10. Procedure

10.1 Kamhc_.o the width and thickness of rigid
flat specimens (Fig. 1) with a suitable micrometer
to m:a nearest 0.02 mm at several points along
59...:..,:.3& sections, Measure the thickness of

b.o:awa specimens (produced by a Type M-It
...a_mv in the same manner with the required dial
_micrometer. Take the width of this specimen as
" .ns distance between the cutting edges of the dia
Cin the narrow section. Record the minimum
values of cross-sectional area so determined.
10,2 Place the specimen in the grips of the

-, testing fnachine, taking care to align the long axis

. of the specimen and the grips with an imaginary

- +line joining the points of attachment of the grips

to the machine. The distance between the ends
of the gripping surfaces, when using flat speci-
5.3». shalt be as indicated in Fig. 1. Tighten the
gnps evenly and firmly to the degree necessary
to prevent slippage of the specimen during the
test but not to the point where the specimen
would be crushed.

10,3 Attach the extension indicator,

104 .moﬂ the speed of testing at the proper rate
as required in Section 9, and stait the machine.
) 10.5 Record load-extension curve of the spec-
imen, , )

10.6 Record the load and extension at the
xﬁ_n_. point (if one exists) and the Joad and exten-
sion at the moment of rupture,

NOTE 10—IFit is desired to measure both modulus
and failure properties (yield or break. or both) 4 mawv

s .

g

permanently damaged. A broad-range incrementat ex-
tensometer or hand rule technique may be needed when
such materials are taken to rupture,

11. Calculations

11.1 Tensile Strength— Calculate the tensile
strength by dividing the maximum Joad in new-
tons by the original minimum cross-sectional
arca of the specimen in square metres. Express
the result in pascals and report it 10 three
significant figures as “Tensile Strength at
Yield” or “Tensile Strength at Break," which-
ever term is applicable. When a nominal yield
or break load less than the maximum is present
and applicable, it may be desirable also to
calculate, in a similar manner, the correspond-
ing “Tensile Stress at Yield" or “Tensile Stress
at Break” and report it (o three significant
figures (Annex Note AL.1).

11.2 Percent Elongation—If the specimen
gives a yield load that is larger than the load at
break, calculate “Percent Elongation at Yield.”
Otherwise, calculate “Percent Elongation at
Break.” Do this by reading the extension
(change in gage length) at the moment the
applicable toad is reached. Divide that exten-
sion by the original gage length and multiply
by 100, Report “Percent Elongation at Yield”
or “Percent Elongation at Break™ to two sig-
nificant figures. When a yield or breaking load
less than the maximum is present and of inter-
est, it is desirable to calculate and report both
“Percent Elongalion at Yield™ and “Percent
Elongation at Break” (Annex Note Al.2).

11.3 Modulus of Elasticity—Calculate the
modulus of elasticity by extending the initial
linear portion of the load-extension curve and
dividing the difference in stress corresponding
1o 2ny segment of section on this straight line

by the corresponding difference in strain. Com~

pute all elastic modulus values using the aver-
age initial cross-sectional area of the test spec-
imens in the calculations. Express the result in
pascals and report to three significant figures.
11.4 For each series of tests, calculate the
arithmetic mean of all values obtained and

[T wIwES L]

report it as the “average value™ for

ular property in question.
11.5 Calculate the standard dev

mated) as follows and report it to
cant figures: N
s= VEX = aXn-1)

where:

= estimated standard deviation
value of single observation,
number of observations, and
arithmetic mean of the set «
tions.

&

1

T e
#

12. Report

12.1 The report shall include the

12.1.1 Complete identification o
rial tested, including type, source
turer's code numbers, form, princi
sions, previous history, ete.,

12.1.2 Method of preparing test !

12,13 Type of test specimen a
stons,

12.1.4 Conditioning procedure u

12.1.5 Atmospheric conditions in

12.1.6 Number of specimens teste

12.1.7 Speed of testing,

12.1.8 Tensile strength at vield o
erage value, and standard deviation,

12,19 Tensile stress at yield or t
plicable, average value, and standard

12.1.10 Percent elongation at yie
{or both as applicable}, average value
ard deviation,

12.1.11 Modulus of elasticity, av.
and standard deviation, and

12.1.12 Date of test.

13, Precision and Bias*

13,1 A task group has been forme
the precision and bias statement |
method.

* A rcport on a limited comparison between |
and D 638M arc availabie on loan from ASTM
Request RR:D20-1088.
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wengianun Lor dpeed of Testing®

, Nominal
Classifica-  Specimnen mv.an.... of Strain® Rate
tion® Type Testing mm/  at Start of
/ min Test, tam/mm.
) min
Rigid ) .»..E M-I 5£25% 0.1
sernirigid 010% ]
0% 10% 10
M-I1 5+2B5% 0.1s
0£10% L5
500+ 10% 15
M-I 1x25% 0.1
10x25% !
. 100+£25% [{4]
Nonrigid M-I 0+ 0% 1.5
500+ 10% 15

* Select the lowest speed that produces rupture o
wmin for the spetimen geometry wmmum used ?w... 9.2 o

?wwn Hmu..ﬂma_rmoa qw 883 for definitions,

¢ initial rate of straining cannot be caleulated exa

for dumbbell-shaped specimeas becausa of extension, vwn._n
in the reduced section outside the gABe length and in the
fillets, This initial strain'tate ean be measured from the initiaf
slope of the tensile sinin-versus-time diagram,
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Spevimen Dimeasions for Thickness. 7, mm”

10 or Under 4 or Under
Dimensions {s¢¢ drawings) Tolet
Type M-l Type M-Il Type M-11L
W—Width of narrow section* 10 6 25 20.:
L—Length of narrow section &0 33 10 +0.!
WO—Width of overall, min® 20 25 10 +0.!
LO-—Lengih overall, min? 150 115 60 no [
G—Gage length® 50 - 15 =0,
G--Gage leagth® — 25 - 0.
D—-Distance between grips 115 0] 26 +5
R—Radius of fillet §0 14 k5 *1
RO~-Quiter radius (Type 1) — 25 — +1

A The width at the centes W, shall be plus 0.00 mm, minus 0.10 mm compared with width ¥ at other parts of
section. Any reduction in W at the ceater shall be gradual. equally on each side 5o that no abrupt changesin dime
8 For malded specimens, & drafl of not over 0.15 mm may be allowed for Type M-1, 3 ma in thickness, Sm_
be taken into account when caleulating widih of the specimen. Thus a typical section of 2 molded Type M-1speci
the maximum allowable draf, cauld be as follows:

R 12.83 men Max- ...
(0.505")

<043 mm Max,
(0.005")

i 2. 7O MM e e
{0.500%

©Test marks ot initial extensometerspan. .

 Thickness, T’ shall be 3 £ 0.4 mm for all types of molded specimens where possible. IC specimens are ma
sheets or plates, thickness, T, may be the thickness of the sheet of plale provided this does not exceed the range s
intended specimen type. For sheels of nominal thickness greater than 10 mm, the specimens shall be machined
mm in thickness, for use with the Type M-t specimen, For sheets of nominal thickness between 10 and 30 mm ap
equal amounts shalk be machined from each surface. For thicker sheets both surfaces of the specimen shall be m
the location of the specimen with reference to the original thickness of the sheet, shall be noted. Tolerances on U
than 10 mm shall be those standard for the grade of matedal tested.

£ A Type M-l specimen, having en overall width of 20 mm aad an overall tength of 2£5 mm is the preferred 3
shatl be used whenever possible.

¥ Overall widths greaterthan the minimum indicated my be desirable for some materialsin order to avoid bre

rips.

s mO...nquz lengths geeater than the minimum indicated may be desirable either 1o avoid breaking in the grips
special test requirements.

# The Type M-I1 specimen is intended for nonrigid plastics bul may be used for rigid types where desirable.

. FiG. 1—Continned.

ANNEX
{Mandatory ?._.oni»:o_c

Al DEFINITIONS OF TERMS AND SYMBOLS RELATING TO TENSION TESTIN
- PLASTICS -

or both (Al.11) nominal stress calculation
be meaningful beyond the yield point (Al
the extensive reduction in cross-sectiona
ensucs. Under some circumstances it may
1a 1t merrace 1the tancile aronertiss Der ur

>_.___nnh.__::ﬁu?.oi,..nao‘lﬁn”nﬁmn_oan
unit area of minimum original cross section, c..rﬂb
the gage boundaries, carried by the test specimen at
any given momenlt, It is expressed in force per unit

aran stoktaller v aerale



sile steess {(nominal) sustained by the specimen

ing a2t on test. When the maxiraum stress
ursatth  :ld point (A L10), itshall be designated
nsile S gk at Yield.” When the maximum
ssoccui  break, it shall be designated “Tensile
ngth at®  ak.”

\L.3 gam  ngrhthe original length of that por-
of the X imen over which strain or change in
this deS  sined. :

‘14 eloc  fon-—theincrease in lenpth produced
ae gages gth of the test specimen by a tensile

- Itis il ssed in units of length, ustally milli-
es. (ALS 10wn as extension.)

; © ) .

ote A~ -Elongation and strain vafues are
Ponly & ases where uniformity of specimen
vior wiz  the gage length is present, In the case

jateriakX 1ibitin “necking phenomena,” such

of qualitative utility after attzinment
2 This is due to inability to assure that
ompass the entire length between the

rmarks 2 togpecimen failure,

L5 per2  elorgation—the elongation of 4 test
qmen exZ  sed@s a percent of the gage length,
L6 perg  elongation at yield and break::

161 P2t elpngation ot yield—the peroent
i ¢ m@ment the yield point (AL.10) is

sst specimen.,

1 elengation at break—the percent

18 moment of rupture of the test

c <

mu,n.mqwao of the clongation 10 the

Ig; tast specimen, that 1s, the change

1@ Briginal length, It is expressed as

(i

i8 (Sec Fig. AL is defined by the

30 f8r er:

rof.
ada,rd9

dL/L =t LfL,

&
Sl=

&adjan

nt of clongation when the dis-
en the mmﬂ marks is L,
nad distance between gage marks,

atfBriIsiwija
verﬁjé

@nge between gage marks at any

SA . . .
_m@sbz.nsla.lw._.am_.sann
silesress are plotted as ordinates

mmv\ﬁA?Q of tensile strain as abs-

== )
t~<he first point on the stress -
curve at which an increase in strain oocurs
It af increase in stress (Fig. AL2).

‘2 ALJ—-Only materials whose stress - strain
‘exhibit 2 point of zero stope may be considered
ing a yield point.

‘B Al4—Some materials exhibit a distinet
" or discontinuity in the stress - strain cuéve in

Y S I T T P

section which may occur in a material under tensile
stress. ’

AL12 yield strength—the stress at which a mate-
rial exhibits a specified limiting deviation from the
proporiionality of stress to sirain. Unless otherwise
specified, this stress will be the stress at the yield
point and when expressed in relation to the Tensile
Strength shall be designated either Tensile Strength
at Yield or Tensile Stress at Yield as required under
AL2 (Fig. AL2), (See offvet yield strength.)

ALY offvet ms.&& a_.nnmSiEn stress at which the
strain exceeds by a specified amount (the oifset) an
extension of the initial proportional portion of the
stress - strain curve. It is expressed in force per unit
area, usually megapascals,

Note AL5—This measurement is useful for ma-
terials whose siress - strain curve in the yield range
is of gradual curvature. The offset yield strength can
be muﬂ?.na from & stress - sirain curve as follows (Fig.
AL

Oa the strain axis lay off OM equal to the specified
offsel.

Draw OA 1angent to the initial straight-line portion
of the stress - strain curve,

Through Af draw a line AN parallel 10 O4 and
locate the intersection of M¥ with the stress - strain

. curve,

The stress at the point of intersection r is the
“offset yicld strength.” The specified value of the
offsct must be stated as a percent of the original gage
fength in conjunction with the sirenpth value, Ex-
ample: 0.1 % offser yield sirength = ., MPa, or yield
strength at 0.1 % offset = ... MPa.

AL 4 proportional limit—ihe greatest stress which
a material is capable of sustaining without any devia.
tion from proportionality of stress to strain Awmoo_no.m
law). It is expressed in Torce per unit area, usially
megapascals,

ALLS elastic limit—the greatest stress which a
material is capable of sustaining without any per
manent steain remaining upon completed release of
the stress. It is expressed in force per unit arca,
usually megapascals, .

Note Al.6—~Measured values of propoctional
limit and elastic limit vary greatly with the sensitivity
and sccuracy of the testing equipment, eccentricity
of loading, the-scale to which the stress - strain
diagram is plotted, and other factors. Consequently,
these values arc usually replaced by yield strength,

ALl6 modulus of elusticity—the ratio of stress
(nominal) to corresponding strain below the propor-
tional limit of a material. It is expressed in force per
unit area, usually megapascals (also known as elasic
modilus or Young's modulus),

Notz AL7—The stress - strain relations of many
plastics do not conform to Hooke's law throughout

the elastic range but deviate therefrom even at
ctracess wall halaw the ataeiis 1'cm’s Peae cirmb ce mg o

LTI

the term “modulus of elasticity” to describe the stiff-
pess or rigidity of a plastic has been seriously ques-
tioned, The exact stress - strain characteristics of
plastic materials are very dependent on such factors
as rate of stressing, temperature, previous specimen
history, etc. However, such a value is useful if its
arbitrary nature and dependence on time, lempera-
ture, and other factors are realized.

AL17 secant modulus—the tatio of stress (nomi-
nat} to corresponding strain at any specifted point on
the stress - strain curve, It is expressed in force per
unit area, usually megapascals and reported together
with the specified stress or strain,

Note Al8—This measurement is vsually em-
ployed in place of modulus of elasticity in the case of
materials whose stress - strain dizgram does not
demonstrate proportionality of stress to strain.

ALIB percentreduciion of area(nominal}—thedil-
ference between the original cross-sectional area
measured at the point of rupture afier breaking and
after all retraction has censed, expressed as a percent
of the original arca. . .

Al.19 percent reduction of area ?.E&..Lvo differ-
ence between the original cross-sectional area of the
test specimen and the minimum cross-sectional area
within the gage boundaries prevailing at the moment
of rupture, expressed as a percentage of the original
area, ) ) .

AL20 rate of loading—the change in tensile load
carried by the specirmen per unit time, [t is expressed
in force per unit time, usually newtons per minute.
The initial rate of loading can be calculated from the
initial slope of the load versus lime diagram. )

ALZL rate of stressing (nominal}—the change in
tensile stress (nominal) per unit time. It is expressed
in force per unit area per unit lime, usually mega-

ascals per minute, The injtial rate of stressing can
wo calculated frop the initial slope of the tensile
stress (nominat) versus tirne diagram,

Nots Al.9--The initial rate of stressing as deter-
mined in this mansner has only limited pbysical sig-
nificance. It does, however, roughly describe the av-
erage rate at which the initial stress (nominal) carried
by the test specimen is applied. It is affected by the
efasticity and flow characteristics of the materials
being tested. At the yield point, the rate of stressing
{nominal) may become zero, but the rate of stressing
{true) may continue to have 4 positive value if the
cross-sectional area is decreasing,

Al22 rate of straining—the change in tensile
strain per unit time. It is expressed cither as strain
per unit time, usually metres per metee minute, ot
percent elongation per unit time, usually percent
elongation per minute. The initial rate of straining
can be calculated from the initial slope of the tensile
strain-versus-time diagram.

Norr- Al 10-—The initiz] rate of strainiog 1S syn-

cross-section, does not “reck down and
slip in the jaws.

A1.23 Symbols—The following symbol
used for the above terms:

SympoL TeRM

W Load

AW Increment of load

L Distance between gage marks at any

La Original distance between gage mark

1M Distance between gage marks at |
rupture

AL {ncrement of distance between gag
elongation

A Minimum cross-sectionalarea at an)

Aa Original cross-sectional area

aAd Increment of cross-sectionalarea

Au Cross-scetional area at point of ru
sured after breaking specimen

Az Cross-sectional area al point of ry
sured at the moment of rupture.

t Time

Ar locrement of tine

L4 Tensile stress

Ao Increment of stress

or True tensile siress )

oy Tensile streagth at break (nominal)

our Fensile steength at break (1rue)

€ Strain

b lncrement of strain

€y . ‘Totalstrain at break

er True strain

% Ef Percent elongation

Y.P. Yietd point

E Modulus of elasticity

Al.23.1 Relations between these varic
may be defined as follows:

a = W/A.
o = WA ) L
oy = W/A.(where W is breaking ioa
oyr = W/dr (where W is breaking los
€ = AL/La= (L~ Lo}/ Lo
= ﬁ.__... ~ L)/ Lo
* di/L=InL/L,
Lo
% El = (L~ Lo)/Lo] X 100 = ¢ X 100
t reduction of arca (nominal)

Percent reducti )
Percent reduction of area (truc)

= [(Ae — A1)

Rate of loading = AW/t
Rate of stressing (nominal) = Ag/Af = (A
Rate of straining = Ae/At = (AL/L.)/Af

For the case where the volume of the tes
does not change during the test, the follo
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APPENDIX

(Nonmandatery Information)

X1. TOE COMPENSATION

X1.1 In 2 typical stress - strain curve (Fig. X1.1)
there is,a toe region, AC, which does not represent a
property of the material, It is zn artifact caused by a
takeup of slack, and alignment or seating of the
specimen. In order to obtain correct values of such
parameters as modulus, strain, and offset yield point,
this artifact must be compensated for to give the
correcied zero point o the strain or exteasion axis,

X1.2 in the case of a material exhibiting a region
of Hookean (linear) behavior (Fig. X1.1}, a continu-
ation of the lincar (CD) region of the curve is con-
structed through the zero-stress axis. This intersection
{B) is the corrected zero-strain point from which all
extensions or strains must be measured, including the
yield offset {BE), if applicable. The elastic modulus
can be determined by dividing the stress at any point

along the line CD (or its extension) by
the same point (measured from point |
zero-strain).

X1.3 In the case of a material whi
exhibit any linear region (Fig. X1.2}, th
of toe correction of the zero-strain point
by constructing a tangent to the maxin
the inflection point {71’} This is extende
the strain axis at point £, the comecte
point. Using point B’ a5 zero sirain, the
point (G’) on the curve can be divided !
st that point to obtain a secant modulus.
B @). For these materials with no linea
attempt to use the tangent through d
point as 2 basis for determination of ar
point may result in unacceptable error.



indi i ibri Karsa
Penelitian Sifat Mekanis Pipa FRP Helikal Filament Winding Produksi PT Jaya Fibrindo

ratama ) .
Euatrinnus Wijaya, Prof. Ir. Jamasri, Ph.D.

Universitas Gadjah Mada, 1998 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

o
-
e L
o e
o) et
i X
)
; i'
/
, — |
A train i
A 3 E Strain Se
FIG. X1.2 Material with No Hookean Region
FIG. XL1  Material with Hookean Regioa (Note that some char recorders plot the mirror

image of these graphs.)

The American Society for Testing and Materials takes no Posilion respecting the validity of any peten rights asserted in conn
with any item ioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringernent of such rights, are ertirely their own resporsibilis .

This standard is subject to revision ot any time by the responsible technicol commillee and must be reviewed every five pears gnd
i not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for Miditionst
Standards and should be cddressed 1o ASTM Headguarters. Your comments will receive careful considerarion ar o meeting of the
responsible sechnicol committee, which You may atterd. If you feel thor Your contments have not teceived o Jfeir hearing you showld
Make Your views known to the ASTA Committee on Stardards, 1916 Race S1, Philedefphia, Pa. 19 03,

233

-
LA g R




L

ignation: D 790M - 86

1t

tric

indard Test Methods for

\TERIALS (METRIC)'

savedl uagder ihe lined designnti
duption o, in the vuse ol revivion, the yei

ugm.ac.id/

lestamethods cover the determings
b groperties of unreinforced and
z:cm. including high-modulus com-
eeldeal insulating materials in the
ngullir bars molded directly or cul

B8, or molded shapes. These test

SHes ang
mof rg
. 4
n shee=

: Q c <

thods T gengra

sirigid & tgri@s. However, feaural strength
inot el nEncd for those materials that do
hreako  Eazdo not fuil in the ouler libers,

widgare deseribed as [oflows:
w B—A \hree-point loading syslem
i lsuding on a simply supported

EE
=
2/—A Tour-point loading sys
Toad points equally spaced from
ir adja g o Sswpport points, with 4 distance
ween 1= £ gothits of cither one third or one
of n_zm Bo8 span,
:.2 Lita drestSmethod can be used with the
/ procedures thy Follow:

w3, designed principally for

cmnm: comparatively small de.

g\/@ya.

nys

)

2.2 .S.az_:::.nw@ designed particularly for
malerials that undergo large deflections
15 festieg,

J3 Comparntive tests muy be run aceording
her test method or procedure, provided that
method or procedure is found satisfactory
the material being tested.

senseripl epsilun (e) indientes sn editorind change atnea the fast revision or reapproval,

EXURAL PROPERTIES OF UNREINFORCED AND
INFORCED PLASTICS AND ELECTRICAL INSULATING

does net urport to address all of the safety prob-
Jemy associated with its use, 1t is the responsibil-
ity of the wser of this standurd to establish appro-
priate safery and health practices and determine
the applicabitity of regudatory imitations prior to
use.

2. Referenced Domments

20 ASTM Standards:

D618 Methods of Conditioning Plasties und
Flectrieal thsulating Materials for Testing?
[2638 ‘Test Method Tor “Tensile Propertivs of

Plastics?

D790 Test Meihods lor Flexural Propertics of
Unreinforced and Reinforced Plastics and
Electrieal Insulating Materials?

D 4066 Specifieation for Nylon Injection und
Extrusion Materials®

C 4 Practices for Load Verification of Testing
Machines™

E 691 Practice for Conducting an Interlabo-
ratory Test Program (o Determine the Pre-
cision of Test Methods®

3. Summary of Test Methods

3.1 A bar of rectangular cross seclion is
tested in flexure as 4 benm as follows:

311 Method J-~The bar rests on two sup-
ports nid is fonded by means ol n fonding nose
midwiy between the supports (see IPig. 1)

—_——

hesu lest mcthods are umler the jusi jon of ASTM
Commitice D-20 on Plustivs and are the direcl responsibility of
Subcommitiee _.ums._co: Mechanical Properties,

iy

31,2 Method f1--The bur rests on (two sup-
ports and is loaded at two points {by means of
two loading noses), each an equal distance from
thé adjacent support point. The distance between
the loading noses (that is, the load span) is cither
one-third or one-half of the support span (see
Fig. 2). Co

3.2 The specimen is deflected until rupture
oceurs in the outer fibers or untii the maximum
fiber strain (see 11.9) of 5 % is reached, which-
ever occurs first, : :

4, Significance nnd Use

4.1 Flexurnl  properties, determined by
Method [ are especinlly useful for quality con-
trol and specifiention purposes.

4.2 Materials that do not fail at the point of
maximum stress under Method 1 should be tesied
by Method 11 Flexuriul propertics determined by
Method 1T are also uselul for quality control and
specification purposes. The basic dillerenee be-
tween the two test methoeds is in the location of
the maximum bending moment and maximum
pxinl Giber stresses. “The maximum axial fber
stresses occur on a line under the loading nose
in Method Fand over the area between the load-
ing noses in Method 1L

4.3 Flexurnl properties may vary with spec-
imen depth, temperature, atmospherie condi-
tions, and the difference in rate of straining
specified in Procedures A and B (sce also Note

()

5. Apparutus :

5.1 Testing Machine—A properly calibrated
testing maching that can be operated at constant
rates of crosshead motion over the range indi-
cated, and in which the crror in the load measur-
ing system shall not exceed 1 % of maximum
toad expected to be measured. It shall be
ecquipped with a deflection-measuring device.
The stiffness of the testing machine shall be such
that the total elastic deformation ol the system
does not exceed T % of the total deflection of the
fest specimien during test, or approprinte correg-

nism shall be essentially free from inertial lag al
the crosshead rate used. The accuracy of the
testing machine shall be verified in accordance

D 790M

directly under the loading nose or noses, (!
radius of the nose or noses and supports sh:
be al least 3 mm for all specimens. For spe
mens 3 mm or grealer in depth the radius
the supports may be up 1o 1.5 times the spe
men depth. They shall be this large if significt
indentation or compressive fallure occurs, T
arc_of the loading nose in contact with 1
specimen shall be sufficiently large lo preve
contact of the specimen with the sides of |
nose or noses (se¢ Fig. | for Method 1, Fig
for Method H),

6. Test Speelmens

6.1 The specimens may be cut from she
plates, or molded shapes, or may be molded
the desired finished dimensions.

Notr 2—Any necessary polishing of speeim
shull be done only in the tenpthwise direction ol
specimen,

6.2 Sheet Materials (except laminated th
mosetting muterisls wnd certnin malerials u
for eleetrical insulution, including vuleani
fiber and gluss-bonded mica):

6.2.1 Materials 1.5 mm ar Greater in Th
nesy—Vor Untwise tests, the depth of the 5
imen shall be the thickness of the sheet,
cdgewisc tests, the width of the specimen
be the thickness of the sheet and the depth
not exceed the width (see Notes 3 and 4)
all tests, the support span shull be 16 (tolers
44 or =2} times the depth of the beam. 5p
men width shall not exceed one fourth of
supporl span for specimens greater than 3
in depth, Specimens 3 mm or fess in depth s
be 10 mm in width, The specimen shall be )
enough 1o allow for overhanging on each
of at least 10 % of the supporl span, but ir
case less than 7 mm on cach end. Over
shall be sufficient to prevent the specimen {
slipping through the supporis.

Noti 3—Whenever possible, the uriginal su
of the sheet shull be unaltered. FHowever, where
ing machine limituions muke itimpes ihie Lo It
the wbove criterion un the nnnblerel
hoth surlfiees shadi be muchined 1w
sired dimensions, und the locution ol the spee
with reference Lo the totn) depth shali be aoted
vulue obtained on spectmens with machined sur

may differ from those obtained on speeimen
originul surfaces. Oczmng_cc:._x. ny specific

P
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NHote ¢ dgewise tests are not applicable for
sels tha . 50 thin that specimens meeting these
quireme g cannot be cut. I specimen depth ex-
eds the ©  h, buckling may océur, :

srials Less than 1.5 mm in Thick-
recimen shall be 50 mm long by 10
sted flatwise on a 25-mm support

‘'se of the formutas for simple beams cited
iethods for caleulating results presumes
th is small in comparison with the sup-
refore, the formulas do not apply rigor-
fimensions, ,

Nors ¢ Yhere muchine sensitlvity is such that
jeimem O hese dimensions cannol ho moasurad,
der spec  :ns or shorter support spans, of both

Y be v 2 ﬁ:@Eﬁ_ ihe support span-to-depih

Batg 4B L Al dimensions must be stated
the repic e Gio Note 5), '
53 ?M aled Thermosetting Materials and
eet ano latezMaterials Used for Electrical

sulatio 5 "nelgding Vulcanized Fiber and

as5-BoiL 1 Mica—Test the specimens in ac-
danceT  h T8ble | for Method 1, and Table
r3forg @cm 11, For paper-base and fabric-
se proct g2 mm in pominal thickness,

o

.@.im:__ be machined on both sur-
EhDf 25 mm, For glass-base and
Ry, specimens over 13 mm in
B sfall be machined on both sur-
w S hf 13 mm, The support span.
depth 5 nshgll be choseh such that failures
urin = gt fibers of the specimens, due
y lo 18 Ending moment (Note 7). Three
nmmed) .,wz_w:x:._ span-to-tepth rdios are
32, 08 a”m—:“m_. When laminnded materinls
ibit lo= Exmpiressive strength perpendicular
he _mam mmn:mw. they shalt be loaded with a
se rada dlgading nose (up lo 4 times the
vimen depth for Method I and 1.5 times the
cimep “)Jv f&r Method 1) to prevent pre-
: _S@Hf s t35the ouler fibers,

4 Maldigy! @m&s&. (Thermoplastics and

_\..._.E.Swmv.wiﬁﬁ_‘pm\ncaEnza& specimen for
ing materinls is 80 by 10 by 4 mm tesled
wise on a support span, resulting in a sup-
un-lo-depth ratio of 16 (tolerance +4 or

5 High-Strength - Reinforced  Composites,
uding Highly Orthetrapic Laminates—Spee-

- R I S
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(Note 7). Three recommended supporl span-to-
depth ratios are 16, 32, and 40 (o 1. However,
for some highly anisotropic composites, shear
deformation can significantly influence modu-
lus measurements, even at span-to-depth ratios
as high as 40:1. Hence, for these materials, an

increase in span-to-depth ratio to 60:1 is rec-

ommended to eliminate shear effecls when
modulus data are required. It should also be
noted that the flexural modulus of highly ani-
sotropic laminates Is a strong function of ply-
stacking sequence and will not necessarily cor-
relate with tensile modulus, which is not stack-
ing-zequence dependent,

Notd - T-—As a genersl rule, o support span-to-
depth ratio of 16 I8 satisfuctory when the ratio of the
tensile sirength to shear strength s less than § to |,
bt the support spun-to-depth ratio must be increused
for composite Jaminates having relutively low-sheur
strength in the plane of the laminale and relutively
high tensile strength parallel to the support span,

7. Number of Test Speclmens

7.1 Atleastfive specimens shall be tested for
each samplo in the case of isolropic mnterinls
or molded specimens,

7.2 For each sumple of anisolropic material
in sheet form, at least five specimens shall be
lested for cuch of the following conditions,
Recommended conditions are flutwise ond
edgewise tests on specimens eul in lengthwise
and crosswise dircetions of the sheet, For pur-
poses of this test, “lengthwise” shall designate
the principual axis of wnisotropy and shall be
interpreted to mean the direction of the sheet
known to be stronger in flexure, "Crosswise”
shall be the sheet direction known to be the
weaker in flexure, and shall be at 90° Lo the
lenpthwise direction,

8. Condltioning

8.1 Conditioning-—Condition the test speci
mensad 23 + 2°C and 50 5 % relutive humidity
for i1ot less than 40 h prior to test in accordance
with Procedure A of Practices D 618 for those
tests where conditioning is required. In cases of
disagreement, the tolerances shall be & [°C and
2= 2 % relutive humidity,

§.1.1 Nole that for some hygroscopic male-
rinls, such as nylons, the material : fications

. e a e s o .

i

(ainers as soon as molded and not removing them
uniil ready for testing.

8.2 Test Conditions—Conduct tests in ihe
Standard Laboratory Atmosphere of 23 £ 2°C
and 50 + 5 % relative humidity, unless otherwise
specified in the test methods. In cases of disa-
greement, the tolerance shallbe £ 1°Cand £ 2 %
relative humidity.

9, Procedure

9.1 Method I—Procedure A:

9.0.1 Use an untested specimen for ench
measurcment, Measure the width and depth of
the apeeimen lo the nearest 0.0l mm ai the
center of the support span, For specimens less
than 2,5 inm in depth, measure the depth Lo the
nearest 0,001 mm, :

9.1.2 Determine the support span to be used
ns described in Scclion 6 and set the support
span to within | % of the determined value.

.9.1.3 If Table 1 is used, set the machine to
the specified rate of crosshend motion, or as

- near as possible to it. If Table 1 is not used,

enlenlnto the e of crosshend motion s fol-
fows and set the machine for the ealculuted
ritle, Or US near &8 ﬁc..ﬁa:,_c o it

Rom 21204 (N

where:

R = rate of crosshead motion, mm/min,

L = support span, mm,

¢ .= depth of benn, mm, and

Z e rate of stenining of the outer fiber, mm/
mm - min. 2 shall equal 0.01.

In no case shall the actual crosshead rate differ

from that specified by Table 1, or that calcu-

lated from Eq 1, by more than =+ 50 %.

9.1.4 Align the loading nose and supporis so
that the axes of the cylindrical surfaces are
parnliel and the loading nose is midway be-
tweetl the supporls. This parallelism may be
checked by means of a plale with parallel
grooves into which the loading nose and sup-
ports will fit when properly aligaed. Cenlerthe
specimen on the supports, with the long uxis of
the specimen perpendicular to the londing nose
and supporls,

9.1.5 Apply the lond lo the specimen al the
specilied crosshead rate, and take simultancous

U U o [P I
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of the toading nose relative to (he support:
either case, make appropriate corrections
indentation in the specimens and deflectio
the weighing system of the machine, L¢
deflection curves may be plotted 1o deterr
the flexural yield strength, secant or tan
modulus of elasticity, and the total work ¢
sured by the area under the load - deflec
curve,

9.1.6 Terminate the test il the maxin
strain in the outer (ibers has reached 0.05 ¢
mm (Notes 8 and 9). The deflection at w
this strain occurs may be caleulnted by le
requal 0,05 mm/mm s follows:

D o el Pt

where:

midspan deflection, mm,
strain, mm/mm,
“supporl span, mm, and
depth of beany, mm.

R
|- I |

Nore B—or some mulerinds the incrense in 2
rute provided under Proveduce B may indue
specimen Lo yield or rupture, or hotl, withis
required 5 % stenin limit,

o Y—Beyond § % struin, these lest metho
not applicable, snd some other property may e
sured {Tor example, Test Method 638 may be o
ered). '

9.2 Method [—Procedure A:

921 See 011

9,22 See 9.1.2,

9.2.3 I Tuble 2 or 3 is used, set the mine
for the specified rate ol crosshead motion,
nenr as possible to it [FTable 2 ar 3 is noty
calculate the rate of crosshead motion as
lows and set the machine as near as possit
that caleulated rate for a load spin of one
of the support span:

Roe 01852075/

For aload span of one half of the support.
Row Q6TZLA

where:

R == pute of crosshead motion, mm/min

I = support span, mm,

d = depth ol beam, mm, and

Z = rate of streining of the ouler libers,
mm-min. Z shalt equal .01

bt nernenl eroeehesael rege

Terv ven sribegr o)
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es of the cylindrical surfaces are
1¢ load span is either one third or
¢ support span. This parallelism
:d by means of a plate containirg
es into which the loading noses
wilt fit when properly aligned.
scimen on the supports, with the
1e specimen perpendicular to the
and supports. The loading nose
Il be of the type thal will not

+ the Yond to the specimen al the
thead rate, and take simultaneous
on dats. Mensure deflection by a
e specimen in contact with il at
cntér of the spans, the gage being
E:mQ relntive 1o the specimen
ce appropriate corrections for in-
ihe $pecimens and deflections In
sygem of the machine, Load -
vessmay be plotted to determine
rield strenglh, secant or tungent
@stiity, and the total work men-

c <

arrea under the foad - deflection

o
]

ngiih day

sk has occurred in a specimen

Inaximum sirain in the outer
whgd 0.05 mm/mm, discontinue
s @nd 9), The defleetion at which
@rgmay be caleulated by lelting
wi Znm us follows for u load span
E1lge support span:

Y

@ M P o= 021L40d (28)
m g mm one half of the support span:
mmm 20 0.23r LY d (2b)
ooS E
ooy S

span degflSetion mm,

Srrmm, and

G, mm.

93 Methods I'afd 11— Procedure B:

9.3.1 Use

an untested specimen [or each

tasurement.
2.3.2 Test conditions shall be identical to
ase deseribed in 9.1 or 9.2 except Lhat the rate

“struining

m/rm - min

L e

of the ouler fibers shall be 0,10

4 .

. e Y. B Y T

10. Retests ‘

10.1 Values for properties at rupture shall
not be calculated for any specimen that breaks
at some obvious, fortuitous flaw, unless such
flaws constitute a variable being studied. Re-
tests shall be made for sny specimen on which
values are not caleulated.

11. Calculation

11.1 Maximum Fiber Stress, Method I—
When a beam of homogencous, elastic material
15 tested in flexure as a simple beam supported
#l two pointd tnd tomded at the midpoind, the
raximum stress in the outer libery ovcurs at
midspan, Thiy stress mauy be caleulnted for any
point on the load - deflection curve by the
followlng equation (Notes 10 and L1):

. § = 3PL/2bd? 3}

where:

S = stress in the outer fibers at midspun,
MPa,

P = load at & given point on the load-deflec-
tion curve, N,

L = support spun, mm,

b = widih of beam lested, mm, and

d = depth of beam tesled, mm.

Noti 10— Bequation 3 npptics strictly to muterinly
for which the stress iy lineaely proportional o steain
up to the point of rupture and for which the sirains
are smadl. Since this is not nlwauys the case, n slight
error will be introduced In the use of this equation,
The equation will, however, be vulid for compurison
data and specification values up to the muximum
fiber stratn of 5 % for specimens tested by the pro-
cedure herein described. It shoutd be noted that the
maxifum stress may not occut in the outer fibers for
a highly orthotropic laminate®. Laminated beam the-
ory must be applied to determine the muximum
1ehsile stress al faiiure. Thus, Eq 3 yields an apparent
strength based on homogencous beam theory. This
apparent strength iz highly dependent on the ply-
stacking sequence for highly orthotropic laminates.

Notg |1-—The above calculation is not valid if
the specimen is slipping excessively between the sup-
ports.

11.2 Maximum Fiber Stressfor Beams Tested
at Large Support Spans, Method 1—I1f support
span-to-depth ratlos greater than 16 to | are
used such Lhat deflections in excess of 10 % of

Ay

the support span occur, the maximum stress for
a simple bearn can be reasonably approximated
with the following equation (Note 12).
S = (3PL/2bAY % |1 4+ 6(D/LY -

4 (d/ LY D/ LY

where 8, P, L, b, and d are the same a3 for Eq
3 and D is the deflection in millimetres of the
centerline of the specimen at the middle of the
support span,

Nerrr 12—-When Inrge support spun-lo-depth ra-
tios are used, m._mn_._._e_s_ end forces are developed »
the supporis which affeet the moment inn wimply
supported beam, An approximute correction fiector i
piven in B 3o to correct for these end Forces in lurge
support spin-to-depth rutio brams where relutively
turge deflections cxast,

11,3 Maximum Fiber Stress, Method J1—
When a beam is loaded in flexure al two central
points and supported al two outer points, the
maximum stress in the outer fibers occurs be-
tween the two eentral londing points that define
the lond span (Fig. 2). This stress may be
eileutated for any pointon the load - deflection
curve for relatively small deflections by the
following equation for a load span of one-third
of the support span (Note 13):

§w PLI? (b
Yor a lowd span of one-hall of the support span
5w APLI DA 3y

(3a)

here:

= siress in the ouler fiber throughout the
load span, MFPa,

_load at a given point on the load deflec-
tion curve, N,

= support span, mm,

= width of beam, mm, and

= depth of beam, mm.

Noti 13—The limitalions defined for Eq 3 in

%csu 10 und 11 apply also 1o Lq 3a, 3b, 3c, 3d, und
S

1.4 Maximum Fiber Stress-Method 11-for
Beams Tested at Large Support Spans—1{sup-
port span-to-depth ratios greater than 16 10 1
are used with resubtant deflections in excess of
10 % of the support span occuring, the maxi-
mum siress may be reasonably approximate
with the following formula for a load span of

U £
B

S

D 790M
S = (3PLIA bd?) % {1~ (1091 Dd/ LY (B

where S, P, L, b, and d are the same as for E
3b and D = maximum deflection of the cent
of the beam in millimetres.

11.5 Flexural Strength (Modulus of Ry
fure)-—The flexural strength is equal to
maximum stress in the outer fibers al the m
rhent of break (for highly orthotropic lam
nates, see Note 10). 1t is caleulated in accor
ance with Eq 3, 3a, 3b, 3¢, 3d, and 3¢ by lettis
£ equal the load at the moment ol break. If4
material does not break, this part of the test
not applicable, In this case, il is supgested th
yicld strength, if applicable, ke ealeninted ar
thut the correspanding strain be reparted al
(see $16, 118, and 11,9),

1.6 Flexural Yield Swrength--Some mu!
rinls that do not break st outer fiber strains |
o 5 % may give load - defleetion curves th
show & point, ¥, al which the load does n
inerense with an ingr deflection, In sy
cases, the fexural yield strength iy be o
culuted in necordance witly Fyg 3, 3, 3b, or
by letling £ equal the load at point ¥

11.7 Mexural Offser Yield Strength—OlT
yield strengih is the stress al which the stres
strain curve devintes by a piven strain (offs
from the tangent o the initial pht 1
portion ol the stress - strain curve. The vilue
the ofTset must be given whenever this prope
is enlenlaled,

Nott F—This value may differ from flex
yield strenpth defined in 1.6, Both methods of
culation are described in the Annex o Method D (

11.8 Siressarta Given Strain-—The maxim
fiber stress al any given sirain may be cal
lated in accordance with By 3, 3a, 3b, 3¢,
and 3¢ by leting P equal the Joad read fr
the load - deflection curve at the deflect
¢corresponding to the desired steain (for hig
orthotropic laminates, see Note 10).

119 Maximum Strain, Method [--The m
imum strain in the outer fibers vecurs at n
span, and muy be ¢ fculated as fullows:

o O/ LY
where:
;= maximum strain in the outer fibers, n
mm,
T T2 TRy LIS [P S |



dfy

naxit  strain in the outer fibers oceur at
nidspa  ad may be calculated as follows for
1load s of one-third of the support span:

re= 4700d712 {4a)

ipin of one-hatlf of the support span:
re=4.36Dd/ L} {4b)

L, and r are the same as for Eq 2a.

sdulus of Elasticity:

angent  Moduluy  of  Elasticity,

“The tangent modulus of elasticity,
the "modulus of elasticity,” is the
Uthe elnstic limit of stress (o corre-

,.vc_:_._:m trnin and shull be expressed in
wegapnd- s, Iuis ealetlaled by drawing a tan-
:teo £ stegpest Initlal straight-line portion
[the W2 - detlection curve and using Eq §
or higs nnmeﬁo?n composites, see Note
hoog 8
m Bty m L'm/dbd® ()

here: T E
e g lus f elasticity in bending, MPa,

- .Em mw nn, mm,

= wiT ©f heam lested, nun,

= def; ¢f Beam tested, mm, and

= sl e tangent to the initial straight-

lire wign ofthe load - deflection curve,
woldellection,

. 1o}
Note < Shér deflections cant seriousty reduce
< toddlus.of highly snisotropic compas-
s when S &:W&_E_ ul fow spun-to-depth ratios”,
g Eespan-to-depth rutio of 60 to | s
egflexural modulus determinations,
gh &ould be determined on a separate
c !
of rep g eospeeimens al a lower span-to-depth
s thnt = Eilesdensile failures in the outer fibers
the bes O m_wzm:m lower face, Since the flexural
ulus (@ mm_ummz.:c:c?n laminates is & critienl
wtion ¢ - pStatking sequence, it will not neces-
iy carrelnie with Aensile modulus, which is not
nxsm..ﬁs%‘... ce deendent,

I ) £ .
L2 angent < Modulus  of  Elasticity,
A, heZimgent modulus of elasticity
he ratio, within ¢he elastic limit, of stress to
responding strain and shall ho oxprossed in
aserly, 1LY caleulnted by druwing o tun.
iU 10 the steepest initinl strajght-line portion
the load - deflection curve wnd using Eq Sa
# load span of one third the support span
L Eq 5a lor a load span of one half of the

D 790M

5 wno_. highly anisotropic composites, see Note
15}

[L113 Secant Modulus of Elasticity-~The
secant modulus of elasticity is the ratio of stress
1o corresponding strain al any given point on
the stress - strain curve, or the slope of the
straight line that joins the origin and a selected
point on the actual stress - strain curve, It shall
be expressed in megapascals, The selected point
is generally chosen at a specified stress or strain.,
It is calculated in accordance with Eq 5 or Sa
by letting s equal the slope of the seeant to the
loud - deflection curve,

L2 Arithmetie Mean—For each serics of
tests, the arithmetic mean of all values oblained
shall be ealoulated (o three significant figures
and reported as the “average value” for the
particular property in question,

1113 Standard Deviation—Thestandard de-
viation (estimated) shall be caleulated as fol-
lows and reported to two significant figures;

‘where:

s = estimated standard deviation,

X = value of single observation,

A = pumber of observations, and

X = arithmetic mean of the set of observa-
tions,

12. Report

12.1 The report shail include the following:
12.1.1 Complete identification of the mate-
rial tested, including lype, source, manufac-
turer's code number, form, principal dimen-
sions, and previous history, For laminated ma-
terials, ply-stacking sequence shall be reported.
. 12.1.2 Direction of cutting and loading spee-
ifhens, :
12,13 Conditioning procedure and strain
level used in secant modulus,
12,14 Depth and width of specimen.
12,1.5 Method used,
P06 Procedure used,
[2,1.7 Support-spun length,
12,1.8 Support span-to-depth ratjo,
12.1.9 Radius of supports and losding noses,
12,110 Rate of crosshead motion,

file

12.1.11 Maximum strain in the outer fibers
of the specimen.

12.1.12 Flexural strength (if applicable), av-
erage value, and standard deviation,

12.1.13 Tangent or secant modulus of clas-
ticity in bending, average value, and standard
deviation,

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

121,13 Flexural offset yield strength (if de-
sired), with offset or strain used, average value,
and standard deviation,

12.1.16 Siress ut any given strain up to and
including 5 % (il" desired), with strain used,
average vilue, and stundard deviation,

13. Precision and Bias?

13.1 Tables 4 and 5 are based on round-robin
tests conducted in 1984, involving six materials
tested by six laboratories. Each test result was the
average of five individual determinations. Each
laboratory obtained two test results for cach ma-
terial,

13.2 For matenials indicnted and for test re-
sults that are averages from testing five speci-
mens, see Tables 4 and 5.

13.2.3 Repeatability—In comparing two test
results for the same material, obtained by the
same operator using the same cguipment on the
same day, those test results should be judged not
cquivalent if they differ by more than the | value
for that material snd condition.

13.2.4 Reproducibility—In  comparing  two
test results for the same malerial, obtained by
different operators using different equipment on
dilferent days, thase test results should be judged
not equivalent if they differ by morc than the I,
value for that material and condition. (This ap-
plics between different [aboratories or bhetween

different equipment within the same laboratory.)

13.2,5 The judgments in [3.3 and 13.4 will
have an approximately 95 % (0.95) probability
of being correct,

13,26 Other formulations mny give some-
what diflerent results,

13.3 For lurther information on the method-
olopy used in this section, see Practice E 691,

" 134 Bigs—No statement may be made about
bias of the method, as there is no standard ref-
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TABLE 1

of Sectivn 6.3 and 6.5 for Yarious Suppurt Span-to-!

Ratios (Sce Note 7)
Method 1 {3-Point Londing)}

Recommended Dimeasions for Test Spes

Ra
MNominal  Speci- . Cros:
Specismen _wwz mmmn_:,ﬂz Suppeort Mc
Depth,  Width, Sm, ' Span, mm (Prod
e mm A
m
L/d = 16to]
} 25 50 H1 0
2 25 50 32 0
3 15 60 14 |
4 10 X0 ol |
h] 10 HE LiH 2
6 10 125 n 2
10 10 2{H} L6t} 4
15 20 70 P [
20 0 350 krit ¥
23 25 450 AN} 10
Lfd = 32101
l 25 50 12
2 25 20 G
3 25 125 26
4 10 150 128
5 10 200 164)
4 10 250 m
10 10 350 32U
15 20 550 4%t
20 20 00 i)
25 25 900 KR
fofd = 40t )
L 25 ol il{} 1
2 25 1) ®) s
3 15 150 120 8
4 10 200 160 10
5 10 40 204} 13
6 10 70 247 16
10 10 450 404 26
15 20 680 OLK} A0
20 20 Y00 KK 51
25 25 o0 [18:44] b6
Lid= 00t}
| 5 5 ol
2 25 150 120
3 25 200 §:1H
4 10 304 244
H 10 350 R4
6 10 au Aot
10 10 T olKE
15 20 1000 Pt}
m m I+ | MK
13 4 }STHY

0,05 mm/mm.n
sirndn pake is 0,10

10. Praceduee A s 1o be usedd fuor
unless otherwise stated in the sy

To oblsin ¢
1/ ih s e

ons. See 9.4,
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ABLE 2 rcomneended Dimenslony for Test Speclmens of Section 6.3 and 6.5 for Vartous Support Span-(a-Depth

Ratlos (Sce MNote 7}
w Method II [4-Point Loading at % Points, Fig. 2 (A)]
oriinal mm Specimen Specimen Support § , Hwﬂnaa, o
ort Span; i
=a=_.=U_,,..n_“.m Width, mm Length, fmn Eu_sn_ pans Load Span, mm Amwwnoﬂ_.wmwﬁ.
= mm/min®
% Lidw 1610 | )
= 25 50 16 53 0.47
2 z 25 50 2 10.7 0.94
I 23 60 48 16.0 | 4
4 .nlr i 80 64 213 1.9
s o 10 100 30 26.7 2.4
6 10 125 96 32.0 28
10 3 10 200 160 533 4.1
15 8 pit] 270 240 80,0 Ll
F 21 350 320 106.7 2.5
B 5 w. 25 450 400 1332 1t8
= 8 Lid=12101
t £ 5 25 50 12 10.7
A LY
2 ,Wl 2 0» 80 64 21,3 18
3 = § 125 2% 32.0 5.7
4 m z 10 150 28 42.7 16
5 3 2 10 200 160 533 9.5
6 T z 10 250 192 64.0 I.4
1G = m 10 350 320 106.7 18.9
15 X 538 20 550 480 160.0 284
20 5 = 20 J00 640 2133 371.9
25 T § = 245 9200 B0 266,7 474
...w M m 1/d = 40101
1L g s 60 a0 133 3.0
28 85 2 100 g0 26.7 59
o = 25 130 20 40,0 8.9
4 m = e 10 200 160 533 I8
55 S = 10 240 200 66,7 14.8
[ < o8 1 2170 240 30.0 17.8
w s g g 10 150 . 400 133.3 29.0
15 = = 20 680 600 200.0 44.4
ma = M, m 20 900 800 266,7 0.2
, ..u.;.S S% 3 1104 RLLY 3333 4.0
EPER Lid w6010 |
| =€ 3 3 e
SGE o 75 60 20 67
P gz 2 k50 k20 LI 13.3
1 adage 5 B 20 180 6 20,0
| Sm_o 300 240 80 0.6
b] = 20 350 100 100 33
Zsin 400 260 120 ana
& THo 700 600 200 66.6
S < 1000 900 360 99,9
W mu.c 140 1200 400 133.0
025 18 1500 500 166.0

stes indientesl ure far Praccdure A where strain rale ls 0.0 mus/mm . min, To obiain speeds for Procedure B where
rate 84,10 __:__\:__:.:.____..::__:.__:.. thaso valuos by KL Provediers A I 1o be uned For il apeelliention purjues, utiles
e suled in the specitications, See 9,03 for the methed of ealeulntion,

|
|
|

TABLE 3

s o 790M

fteconmmended Dimensions for Test Specimens of Sections 6.3 and 6.5 for Various Support Spas-to-Dep
Ratios (See Note 7)

Method U1 [4-Point Loading at ¥ Peints, Fig. 2 (B)]

Rate of Cros:

Nominal Speci- Specimen Specimen Support Span head Motiot
_‘:ga_..w.m?.? z_...__u.z? mn rnw.w:r mm nu:.:: P Load Span, mm (Procedure A
mm/min?
Lidwe 1610 ]
] 25 50 16 8 (.42
2 25 50 32 I6 RS
3 28 60 a8 24 1.3
4 14 80 64 32 1.7
S 14 100 8O 40 4
5 10 125 2 48 2.6
10 10 200 160 80 4.3
i5 20 270 240 120 6.4
210 20 1a0 a0 160 LX)
25 25 450 400 pit3] 14,7
Lid= 32101}
| 25 50 32 16
2 25 80 64 32
3 25 125 95 4%
4. 10 50 128 64
’ 5 10 200 160 80
G 10 150 192 96
10 10 356 Kyl 160
15 20 554 480 240
20 20 700 640 320
25 25 200 800 400
L/ = 40101
1 5 60 40 20
2 25 100 RO 40
3 25 150 120 o0
4 10 200 160 80
5 10 240 200 10
6 10 70 40 120
10 10 450 400 00
15 20 680 680 300
20 20 200 8 400
25 25 1100 1(XX) 500
Lid = 60t0 |
] 25 5 60 10 6.0
2 25 150 120 4l 120
3 25 200 110 0 [ERH
4 {4 30 240 120 244
5 Hil 350 300 150 g
4 ] 400} 3ol £Hi) RIN
10 ] T} G600 no iR}
15 20 100t 200 A50 1.2
pli} pill 1400 1200 6O HEY
25 15 1800 1500 750 1AL

rote b LEHY moy/measomin, m

ulherwise stafed in the specilientions, See 2.2.3 Tor the method of caleulstion,

A leates indicated nre for Provedure A where strain rate is 0.00 mm/mny. min, To obtain mtes for Proveduce B where

iply these viluos by 1 Provedure A b lo he uaed for all apecilicntim pogpeses, 1



BLE 4 Flexura] Strength

i

T =N he within-laboratory coeflicient of variation
raverage = 2.83 Yy (See 13,3 for application of 1.}
aTE 239 the total betweenslaboratory coelficient of
ion of :.M 'rage and 1x = 2,83 Vi, (Sce 13.4 for applic
volla)
o
..m Vulues ns n Percentoge of
5 | Mein (MPw) the Mean
_.n_m Vil Va | B} In
2 0.9 398 541|113 |td.6
hermosc™ 92.6 142 {142 (40.2 [40.2
eyfic B 112 409110 1116 |31.1
iyester .— 138, 9.09| 9.09725.7 1257
dyearbor 142, 2.43| 2.43| 6.38] 6.88
181. 12,4 1124 1351 (351
Averspe (RMSY 8937 9931252 |28.1
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TABLE 5° Flexoral Modilus
. ¥alues as & Percentage of
Material Mean (MPa) the Mean
o ) Vi ¥ | % | I
ADS - 242 483 517]13.7 | 146
Cast acrylic 322 ASBIpILE [164 (39
GR polycarbonaie | 4,96 LI0f 3591 8.77(102
GR polyester - 575 8927 8821252 |25.2
DAP thermoset 121 5.98| 8.22[169 233
SMC 133 8.09| 8.09(229 i229
Average (RMS) |6.421 8,59(18.2 1243

{A)

AB

L
¥

i

L

SUPPORT

FIG. 1

{81

NoTi—{A) Minimum radius = 3 mm. {#) Maximem
radivs supports = 1,5 timesspecimen depth, maximum radius
loading nose = 4 limes specimen depth.
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FIG. 2

Louding Diagram
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[A4Y Minhmum rudivs = 3 mm. (F) Maximom

ruding = 1.5 times specimen depth,
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APPENDIX

(Nonmandatory Information)

X1. TOE COMPENSATION

X1L1n o typical stress-strain curve {Fig, X1I)
there is 4 toe region, AC, that does not represent a
property of the material. It is an artifact caused by a
takeup of slack, and alignment or seating of the
specimen. In order 1o obtain correct values of such
parameters as modulus, strain, and offset yield point,
this arlifact must be compensated for {o give the
corrected zero point on the strain or extension nxis.

X1.2 [n the case of 2 malerial exhibiting a region
of Hookean (linear) behavior (Fig. X1.1), a continu-
ation of the linear {CD) region of the curve is con-
structed throught the zero-stress axis. This intersee-
tion {#) Is the corrected zero-strain point from which
all eatonsions or straing must be measured, including
the yield offset (BE), if upplicable. The elastic mod-
ulus can be determined by dividing the stress ut any

A B E Stradn

ome chnstiecorders plot the mirrorimage of this

FiG, XLt Muterlut w

Hookean Reglon

The Amertean Society for Testing and Moterlly tukes no pusttion respecting the
conneetion with any iten mentloned in this standard, Users of this standard are

of any such patent rights, and the risk of infringement of such rip

L ere eatirely their own respa.

point along the line CD (or ils extension) by the
strain at the same point (measured from point 8,
defined as zero-strain). !

X1.3 Inthe case of a material that does not exhibil
any linear region (Fig. X1.2), the same kind of toe
cortection of the zero-strain point can be made by
constructing a tangeni-lo the maximum slope at the
inflection point (#7), This is extended to intersect the
strain axis at point &, the corrected zero-strain point.
Using point B as zero strain, the stress at any point
(G') on the curve can be divided by the strain at that
oint to obtain a secant modulus (slope of line & G").
“or those materials with no lineur region, any atiempt
to use the tangent through the inflection point as n
basis for determination of an offses yield point may
resull in unaceeptable error,

Streay

Strain

Nury—Sone chiet recorders plol the mirns

graph.

FIG, XE2 Materlal with No Hoob oun Teplion

valldity of any paten rights asserted in
expressly advised that determination aof the volidity
hitiry,
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