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Standard Test Methods for
Flexural Properties of Unreinforced and Reinforced Plastic
Lumber *

This standard is issued under the fixed designation D 6109; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

€' Nore—Editorially corrected 1.1 in April 2002.

1. Scope D 4000 Classification System for Specifying Plastic Mate-
1.1 These test methods cover the determination of flexural _fials* _ ,

properties of plastic lumber with rectangular or square cross- D 5033 Guide for the Development of Standards Relating to
sections. The test specimens are whole “as manufactured” the Proper Use of Recycled P'?‘SECS_ _ _
pieces without any altering or machining of surfaces beyond D 5947 Test Methods for Physical Dimensions of Solid
cutting to length. As such, this is a test method for evaluating _ Plastics Specimefs o .

the properties of plastic lumber as a product and not a material E 4 Practices for Force Verification of Testing Machfhes
property test method. Flexural strength cannot be determin

for those products that do not break or that do not fail in thggl' Termln_ol.o.gy L .
extreme outer fiber. 3.1 Definitions: Definitions of terms applying to these test

1.2 Test Method A-designed principally for products in the Methods appear in Terminology D 883 and Guide D 5033.
flat or “plank” position. 3.1.1 plastic lumber n—a manufactured product composed

1.3 Test Method B-designed principally for those materials Of more than 50 weight percent resin, and in which the product
in the edgewise or “joist” position. generally is rectangular in cross-section and typically supplied

1.4 Plastic lumber is currently made predominately withi" board and dimensional lumber sizes, may be filled or
recycled plastics where the product is non-homogeneous in tH#filled, and may be composed of single or multiple resin
cross-section. However, this test method would also be applP!ends- ,
cable to similar manufactured plastic products made from 3:1.2 plastic shapen—a manufactured product composed
virgin resins or other plastic composite materials. of more than 50 weight percent resin, and in which the product

1.5 The values stated in inch—pound units are to be regarddifnerally is not rectangular in cross-section, may be filled or
as the standard. The values given in parentheses are fglf‘f'”ed* and may be composed of single or multiple resin

information only. ends. . . . . .
1.6 This standard does not purport to address all of the 3.1.3 resin n—solid or pseudosolid organic material often

safety concerns, if any, associated with its use. It is th&f high molecular weight, that exhibits a tendency to flow
responsibility of the user of this standard to establish approWhen subjected to stress, usually has a softening or melting
priate safety and health practices and determine the applical2nge, and usually fractures conchoidally. (See Terminology

bility of regulator limitations prior to use. D 883.) i . )
_ o _ 3.1.3.1 Discussior—In a broad sense, the term is used to

Note 1—There is no similar or equivalent ISO standard. designate any polymer that is a basic material for plastics.

2. Referenced Documents 4. Summary of Test Method
2.1 ASTM Standards: _ 4.1 A specimen of rectangular cross section is tested in
D 198 Methods of Static Tests of Lumber in Structural faxre as a beam as follows:

Size$ , o _ 4.1.1 The bar rests on two supports and is loaded at two

D 618 Practice for Conditioning Plastics for Tesfing points (by means of two loading noses), each an equal distance
D 883 Terminology Relating to Plastits from the adjacent support point. The distance between the

loading noses (that is, the load span) is one-third of the support
 These test methods are under the jurisdiction of ASTM Committee D-20 onspan (see Fig. 1).
Plastics and are the direct responsibility of Subcommittee D20.20 on Plastic
Products (Section D20.20.01). -
Current edition approved July 10, 1997. Published February 1998. 4 Annual Book of ASTM Standardgol 08.02.

2 Annual Book of ASTM Standardgol 04.10. S Annual Book of ASTM Standardgol 08.03.
2 Annual Book of ASTM Standardgol 08.01. ¢ Annual Book of ASTM Standardgol 03.01.
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4.1.2 The specimen is deflected until rupture occurs in the [ 1

outer fibers or until a maximum outer fiber strain of 3% is
reached, whichever occurs first. m m
5. Significance and Use

(8)

5.1 Flexural properties determined by this test method are - _ ) _ _
especially useful for research and development, quality control, ?Eﬁeiﬁé)szg;mzn“?eﬁﬂ'us = 12.7 mmg) = maximum radius =
acceptance or rejection under specifications, and special purg, 5 rour Point Loading and Support Noses at Minimum and
poses. Maximum Radius

5.2 For many materials, there may be a specification that

requires the use of this test method, but with some procedural o

modifications that take precedence when adhering to th@adlng noses and supports must be specified in the test report.

specification. It is therefore advisable to refer to that material 6.3 Lateral Supports-Specimens tested in the edgewise or

specification before using these test methods. Table 1 ifjoist” position having a depth-to-width ratio greater than two

Classification D 4000 lists the ASTM materials standards tha@re subject to lateral instability during loading, especially if the

currently exist. specimen breaks. For safety, lateral supports are needed while
5.3 Flexural properties may vary with specimen depth,esting such specimens. Lateral support apparatus shall be

temperature, atmospheric conditions, and the difference in raferovided at least at points located about half-way between the

of straining specified in Test Methods A and B. reaction and the load point. Additional supports may be used as

required. Each support shall allow vertical movement without

6. Apparatus frictional restraint but shall restrict lateral deflection (See Fig.
6.1 Testing Machine-A properly calibrated testing ma- 3). Test Method D 198 provides further examples of lateral

chine that is capable of operation at a constant rate of motiogupport apparatus.

of the movable head and has the accuracyzdf % of

maximum load expected to be measured. It shall be equippetl Test Specimens

with a deflection measuring device. The stiffness of the testing 7.1 The specimens shall be full size as manufactured, then

machine shall be such that the total elastic deformation of theut to length for testing. The original outside surfaces shall be

system does not excegd % of thetotal deflection of the test ynaltered. The support span to depth ratio shall be nominally

specimen during testing, or appropriate corrections shall beg:1.

made. The load indication mechanism shall be essentially free 7.2 For Test Method A, flatwise or “plank” tests, the depth

from inertial lag at the crosshead rate used. The accuracy of thsf the specimen shall be the thickness, or smaller dimension, of

testing machine shall be verified in accordance with Practicghe material. For Test Method B, edgewise or “joist” tests the

E4. width becomes the smaller dimension and depth the larger. For
6.2 Loading Noses and SupportsThe loading noses and g|| tests, the support span shall be 16 (tolerance +4 and -2)

supports shall have cylindrical surfaces. In order to avoidimes the depth of the beam. The specimen shall be long

excessive indentation, of the failure due to stress concentratiashough to allow for overhanging on each end of at least 10 %

directly under the loading noses, the radius or noses angfthe support span. Overhang shall be sufficient to prevent the

supports shall be at least 0.5 in. (127 mm) for all SpeCimenSSpecimen from S||pp|ng through the supports.

If significant indentation or compressive failure occurs or is

observed at the point where the loading noses contact th& Number of Test Specimens

specimen, then the radius of the loading noses should be g 1 Five specimens shall be tested for each sample.

increased up to 1.5 times the specimen depth. The arc of the

loading nose in contact with the specimen shall be sufficiently9. Conditioning

large to preve_nt contact of the specimen with the sides of the g ¢ Specimen ConditioninrgCondition the test specimens

noses (see Fig. 2). at 73.4+ 3.6°F (23+ 2°C) and 50+ 5 % relative humidity for
Note 2—Test data have shown that the loading noses and suppoROt less than 40 h prior to testing in accordance with Procedure

dimensions can influence the flexural modulus values. Dimensions ofA of Practice D 618 for those tests where conditioning is
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FIG. 3 Example of Lateral Support

required. In cases of disagreement, the tolerances shall bg depth of the beam, in. (mm), and

+1.8°F (x1°C) and=2 % relative humidity. z rate of straining of the outer fibers, in./in./min (mm/
9.2 Test Conditions-Conduct the tests in the Standard mm/min). Z shall be equal to 0.01.
Laboratory Atmosphere of 734 3.6°F (23+ 2°C) and 50+ In no case shall the actual crosshead rate differ from that

5 % relative humidity, unless otherwise specified in the test|culated from Eq 1, by more thah 50 %.

?SSF: ndcsegrslﬁ atllhltfesf. g‘jg“itﬁg‘) I; n%ifgs(%? E;?\?éehirpn?g_t’ the 10.1.5 Align the loading noses and supports so that the axes
ity. of the.cyllndrlcal surfaces are parallel ar]d the load span is
one-third of the support span. This parallelism may be checked
10. Procedure by means of a plate containing parallel grooves into which the
10.1 Test Method A loading noses and supports will fit when properly aligned.
10.1.1 Flatwise or “plank” Testing Center the specimen on the supports, with the long axis of the

10.1.2 Use an untested specimen for each measuremefiP€cimen perpendicular to the loading noses and supports. The
Measure the width of the specimen to a precisibh & of the ~ 10ading nose assembly shall be of the type which will not
measured dimensions at several points along the product’@tate.
length and record the average value. Measure the depth of the10.1.6 Apply the load to the specimen at the specified
specimen at several points and record the average value (sexsshead rate, and take simultaneous load-deflection data.
Test Methods D 5947 for additional information). Measure deflection at the common center of the spans. Make

10.1.3 Determine the support span to be used as describedappropriate corrections for indentation in the specimens and
Section 7 and set the support span to within 1% of theleflections in the weighing system of the machine. Stress-
determined value. strain curves may be plotted to determine the flexural yield

10.1.4 Calculate the rate of crosshead motion as followsstrength, modulus of elasticity and secant modulus at 1 %
and set the machine as near as possible to that calculated rateain.

for a load span of one-third of the support span: 10.1.7 If no break has occurred in a specimen by the time
R=0.18%L%d (1)  the maximum strain in the outer fibers has reached 0.03 in./in.
(mm/mm), discontinue the test (see Note 3 and Note 4). The
where: o , , deflection at which this strain occurs may be calculated by
R = rate of crosshead motion, in./min (mm/min), letting r equal 0.03 in./in./min (mm/mm/min) as follows for a
L = support span, in. (mm), load span of one-third of the support span:
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D = 0.21rL%d (20 moment of break. It is calculated in accordance with Eq 3 by
letting P equal the load at the moment of break. If the material
does not break, this part of the test is not applicable. In this
case, it is suggested that yield strength, if applicable, be
calculated and that the corresponding strain be reported also.
11.3 Flexural Yield Strength-Some materials that do not
Note 3—For some materials the increase in strain rate provided undeyreak at outer fiber strains up 8 % may give load-deflection
Test Method B may induce the specimen to yield or rupture, or bothgyryes that show a pointt, at which the load does not increase
within the refq“r']red 3 Z’ Stril'n fimit. . . _— with an increase in deflection. In such cases, the flexural yield
ngLEdg Eol n::terer\)/r:alu:rtod&?ts str;gtng;ﬁ‘.:ture at 3% strain, these tBStstrength may be calcullated in accordance with Eq 3 by letting
P equal the load at point.
10.2 Test Met_hod B . . 11.4 Stress at a Given StrairThe maximum fiber stress at
10.2.1 Edgewise or “Joist” Testing

. . . i trai b Iculated i d ithEq3b
10.2.2 Specimens that have a depth-to-width ratio of two Oany given sfrain may be caicared In accorcance Wit =q < by

i dditional iderati h . fetting P equal the load read from the load-deflection curve at
greater will have some additional considerations when testing,q gefiection corresponding to the desired strain.
in the edgewise position.

10.2.3 Follow procedures of Test Method A, except fat 11.5 Maximum Strair—~The maximum strain in the outer

the rate of strain of the outer fibers, shall nominally be in thefIbers also occurs at the midspan, and it may be calculated as

range of 0.002 and 0.003 in./in./min (mm/mm/min). follows for a load span of one-third of the support span:
10.2.4 Lateral Supports—Specimens tested in the edgewise r = 4.7(Dd/L? @)

or “joist” position having a depth-to-width ratio greater than where:D, d, L, andr are the same as for Eq 2.

two are su_bject to lateral instability during loading, especially 11.6 Modulus of Elasticity-When a Hookean region (pro-

if the specimen breaks. For safety, lateral supports are needed rional area) exists, calculate the modulus of elasticity by

while testing such specimens. Lateral support apparatus sh%P X ’ S ;

b : . rawing a tangent to the initial linear portion of the load
e provided at least at points located about half-way betweea f . lecti . hi iaht I

the reaction and the load point. Additional supports may be eformation curve, selecting any point on this straigt line

: ' . rﬂor'uon, and dividing the flexural stress represented by this
used as required. Each support shall allow vertical moveme oint by the corresponding strain. measure from the boint
without frictional restraint but shall restrict lateral deflection P y P 9 ' P

(See Fig. 3). Test Method D 198 provides further examples o here the extended tangent line intersects the strain-axis.
lateral sgu.pp(.)rt apparatus P P xpress the results in megapascals and report to three signifi-

cant figures (see Annex Al).

Note 5—See Test Method D 198 for examples of lateral support 11.7 Secant Modulus of ElasticitThe secant modulus of
apparatus. elasticity is the slope of the straight line that joins the origin
11. Calculation (cor_rected for toe effect) and a ;elected point on the stress
strain curve. It shall be expressed in MPa. The selected point is

11.1 Maximum Fiber .StressWhen a beam is loaded i.n generally chosen at a specified stress or strain. It is calculated
flexure at two central points and supported at two outer point§, 5-ordance with Eq 5 by lettings equal the slope of the

the maximum stress in the outer fibers occurs between the tWO.cant to the load-deflection curve.

central loading points that define the load span (See Fig. 1).

This stress may be calculated for any point on the load- Es = 0.21L°%m/bd’ 5)
deflection curve for relatively small deflections by the follow-

where:

D midspan deflection, in. (mm),

r strain, in./in./min (mm/mm/min), and
d depth of the beam, in. (mm).

ing equation for a load span of one-third of the support span:E:er:e' secant modulus of elasticity in flexure, psi (MPa),

S= PUbd (3) m = slope of the secant to the initial straight-line portion

here of the load-deflection curve, N/mm, atd b, andd

w :
S = stress in outer fiber throughout load span, psi (MPa), 11.8 ':\rriteh::et.saae as If:or Ea Sr'] : f tests. th ith
P = load at a given point on load-deflection curve, Ib (N), .' clic Mear—or each senes of tests, the arrth-
L = support span, in. (mm), metic mean of all values obtained shall be calculated to three
b = width of beam, in. (mm), and S|gn.|f|cant figures a}nd repo_rted as the “average value” for the
d = depth of beam, in. (mm). particular property in question.

) ) ) ) ~11.9 Standard Deviation-the standard deviation shall be

_Note 6—Eq 3 applies strictly to materials for which the stress is o1 ated as follows and reported in two significant figures:
linearly proportional to the strain up to the point of rupture and for which
the strains are small. Since this is not always the case, a slight error will S= \/[(EX2 -/ (n—1)] (6)
be introduced in the use of this equation. The equation will, however, be
valid for comparison data and specification values up to the maximumywhere:
fiber strain ¢ 3 % for specimens tested by the procedure herein describedg estimated standard deviation,

Note 7—The above calculation is not valid if the specimen is slipping X value of single observation,

11.2 Flexural Strength (Modulus of RuptureJThe flexural ~ X = arithmetic mean of the set of observations.

strength is equal to the maximum stress in the outer fibers atthe 11.10 See Annex Al for information on toe compensation.
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12. Report
12.1 Report the following information:

12.1.15 Flexural yield strength (if desired), with strain used,
average value, and standard deviation, and

12.1.1 Complete identification of the material tested, includ- 12-1.16 Stress atany given strain up to and including 3 % (if
ing type, source, manufacturer's code number, form, principa‘ﬂes”ed)' with strain used, average value, and standard devia-

dimensions, and previous history,
12.1.2 Laboratory name,
12.1.3 Date of test,
12.1.4 Direction of loading,
12.1.5 Conditioning procedure,
12.1.6 Depth and width of specimen,
12.1.7 Test Method used, A or B,
12.1.8 Support span length,
12.1.9 Support span-to-depth ratio,
12.1.10 Radius of supports and loading noses,
12.1.11 Rate of crosshead motion,

tion.
13. Precision and Bias

13.1 This is a new practice for which precision and bias
have not been determined. Interlaboratory studies will be
initiated to define the reproducibility of test specimens pre-
pared using this practice.

13.2 ltis the intent of Subcommittee D 20.20 to publish this
practice and then begin an investigation of its precision and
bias. Anyone wishing to participate in this work may contact
the Chairman of Subcommittee D20.20 at ASTM Headquar-

ters
12.1.12 Maximum strain in the outer fibers of the specimen.
12.1.13 Flexural strength (if applicable), average value, and4- Keywords

standard deviation,

14.1 flexural properties; plastic lumber; recycled plastics;

12.1.14 Secant modulus of elasticity in bending, averagsecant modulus; specimen; stiffness; strength; stress at a given

value and standard deviation of 1 % strain,

strain

ANNEX

(Mandatory Information)

Al. TOE COMPENSATION

Al.1 In atypical stress-strain curve (See Fig. Al.1) thereis  a toe rediGnthat does not represent a property of the

Tangent line to
determine toe

/
A// compensation

Stress ata
given strain

|

|

I

i

/ slope = I

secant

/_/]/:/ modulus 1
I

|

|

|

l

Stress, psi

A B (0.0 E (0.01) F (0.03)

Strain, infin
FIG. Al.1 Typical Stress-Strain Curve for Plastic Lumber Under
Flexural Loading With a Hookean Region

material. It is an artifact caused by the slack, and alignment or

seating of the specimen during the test. In order to obtain

correct values of such parameters as modulus of elasticity,
secant modulus, strain and stress at a given strain this artifact
must be compensated for to give the corrected zero point on the
strain or extension axis.

Al.2 In the case of a plastic lumber product (See Fig.
Al.1), a continuation of the initial linear regiol€D) of the
curve is constructed through the zero-stress axis. This intersec-
tion (B) is the corrected zero-strain point from which all
extensions or strains must be measured, including the value of
strain BE) at which the secant modulus is measured and the
strain value BF) at which the stress at 3 % strain is measured,
if needed. The elastic modulus can be determined by dividing
the stress at any point along the li@® (or its extension) by
the strain at the same point (measured from pBjrdefined as
zero-strain). The secant modulus is determined using the slope
of the straight line connecting and the point on the stress-
strain curve corresponding to the specified strain value (1 % or
0.01 in./in. (mm/mm) for plastic lumber), that is the slope of
the lineBG. The stress at a given strain is the value of the stress
corresponding to the specified value of strain at pBi(& % or
0.03 in./in. (mm/mm) for plastic lumber), that is, the stress at
point H.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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