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QHW Designation: D 3043 — 00

Standard Test Methods for

Structural Panels in Flexure 1

This standard is issued under the fixed designation D 3043; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope specimens cut from large specimens tested by Method C.

1.1 These test methods determine the flexural properties ¢fowever, it may be used to determine the effects of finger
strips cut from structural panels or panels up to 4 by 8 ft in sizel0ints, veneer joints and gaps, and other features which can be
Structural panels in use include plywood, waferboard, oriente@laced entirely between the load points and whose effects can

strand board, and composites of veneer and of wood-bas&¥¢ Projected readily to full panel width. Deflection and
layers. Four methods of tests are included: modulus of elasticity obtained from this method are related to

flexural stress only and do not contain a shear component.

Sections T g
Significant errors in modulus of rupture can occur when
Met:"g A—Cemef-Poiml Flexure Test 5 nominal moment is used (see Appendix X1).
Method B—Two-Point Flexure Test 6 . P
Method C—Pure Moment Test 2 _1.4 Method C, P_ure Moment Tes{This method is ideally
Method D—Flexure Test for Quality Assurance 8 suited for evaluating effects of knots, knot-holes, areas of

The choice of method will be dictated by the purpose of thesloping grain, and patches for their effect on standard full-size

test, type of material, and equipment availability. All methodsfnaarlglr‘?él I\tvLSersg\l/J:r”)S/ Vgglinzl#tseigef?sr ;?jsé“Z%t:m;/?é:ssrreglzg‘or-
are applicable to material that is relative uniform in strength ™" rsp q : .

and stiffness properties. Only Method C should be used to teé?at'on And, elastic constants are free of shear _deformauon
material suspected of having strength or stiffness variationgﬁeCtS’ and panels can be bent to large deflections without

within a panel caused by density variations, knots, knot-holeéncu"ing errors from horizontal force components occurring in

areas of distorted grain, fungal attack, or wide growth varia-other methods. Specimen size and span above certain mini-

tions. However, Method B may be used to evaluate certaif’uMs are quite flexible. It is preferred when equipment is
features such as core gaps and veneer joints in plywood panqua"able'

: : 1.5 Method D, Flexure Test for Quality Assurare&his
where effects are readily projected to full panels. Method C ; ; . . e
generally is preferred where size of test material permitsmethod, like Method A, is well suited to the investigation of

Moments applied to fail specimens tested by Method A, B or Dfactors that influence bending strength and stiffness properties.

in which large deflections occur can be considerably Iargei’A‘ISO hke _Method A, this method USes _small specimens in a
than nominal. An approximate correction can be made. center-point simple span test configuration. This method uses a

1.2 Method A, Center-Point Flexure TesThis method is span to depth ratio, specimen width, test fixture and test speed

applicable to material that is uniform with respect to elastic andhat make the method well suited for quality assurance. The

strength properties. Total deflection, and modulus of elasticit)g?etﬂgedd Str;rﬁg%%r:% used for quality assurance testing of
computed from it, include a relatively constant component 1.6 Al methods can be used to determine modulus of

attributable to shear deformation. It is well suited to investi- L : .

gations of many variables that influence properties uniformlyel‘fiStICIty with sufficient accuracy. quulus of rupture deter-
throughout the panel in controlled studies and to test smallm'ned. by Methods_ A B (gr D is Su.bJeCt to errors up to and
defect-free control specimens cut from large panels containingom(_:‘t'.mes exgeedmg 20 % depend_mg upon span, Ioadmg, and
defects tested by the large-specimen method. eflection at failure unless moment is computed in the rigorous

1.3 Method B. Two-Point Flexure TesfThis method. like Mmanner outlined in Appendix X1 or corrections are made in
Method A, is suited to the investigation of factors that influenceOther ways. These errors are not present in Method C.

strength and elastic properties uniformly throughout the panel 1.7 When comparisons are desired between results of speci-
rnen groups, it is good practice to use the same method of test

in controlled studies, and to testing small, defect free contro . T . .
or all specimens, thus eliminating possible differences relat-
able to test method.
1.8 This standard does not purport to address all of the

1 These methods are under the jurisdiction of ASTM Committee D-7 on Wood ; P ; ; ;
; ! safety concerns, if any, associated with its use. It is the
and are the direct responsibility of Subcommittee D07.03 on Panel Products. y y
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responsibility of the user of this standard to establish appro-depth plus 2 in.; when the principal direction of the face plies,

priate safety and health practices and determine the applicalaminations, strands, or wafers is perpendicular to the span, the

bility of regulatory limitations prior to use. specimen length shall be not less than 24 times the depth plus
2 in. (Note 3).

2. Referenced Documents _ - _ _
Note 1—In certain specific instances, it may be necessary or desirable

2.1 ASTM Standards: . . to test specimens having a width greater than 1 or 2 in. (25 or 50 mm). To
D 2395 Test Methods for Specific Gravity of Wood and gjiminate plate action when wider specimens are tested, the specimen

Wood-Base Materiafs width shall not exceed one third of the span length and precaution shall be
D 4442 Test Methods for Direct Moisture Content Measure-taken to ensure uniform bearing across the entire width of the specimen at
ment of Wood and Wood-Base Materiils the load and reaction points.

D 4761 Test Method for Mechanical Properties of Lumber Note 2—In cutting specimens to meet the length requirement, it is not
and Wood-Base Structural MateRal intended that the length be changed for small variations in thickness.

Rather, it is intended that the nominal thickness of the material under test
should be used for determining the specimen length.

5.2.1 Measurements-Measure specimen thickness at mid-
an at two points near each edge and record the average.
easure to the nearest 0.001 in. (0.02 mm) or 0.3 %. Measure
width at mid-span to the nearest 0.3 %.
_5.2.1.1 When needed for interpretation of test results for
lywood, veneer composites, and laminates measure thickness
of each layer to the nearest 0.001 in. (0.02 mm) at mid-span at

3. Significance and Use

3.1 These methods give the flexural properties, principally
strength and stiffness, of structural panels. These properties
of primary importance in most structural uses of panel
whether in construction for floors, wall sheathing, roof deck-
ing, concrete form, or various space plane structures; packa
ing and materials handling for containers, crates, or pallets;
structural components such as stress-skin panels.

3.2 To control or define other variables influencing erxureeaSCg esdge ar_;_cri] record thhe Ieli\geragei. 48 1 h inal
properties, moisture content and time to failure must be par—The span shall be at least 48 times the nomina

determined. Conditioning of test material at controlled atmo—d.epth when the principal direction of th? face_ plies, lamina-
jons, strands, or wafers of the test specimen is parallel to the

spheres to control test moisture content and determination d _ . T
pan and at least 24 times the nominal depth when the principal

specific gravity are recommended. Comparisons of results oft <" ¢ ) o X
plywood, veneer composites, and laminates with solid wood o irection of the face plies, laminations, strands, or wafers is
’ ' perpendicular to the span (Note 3).

other plywood constructions will be greatly assisted if the
thickness of the individual plies is measured to permit compu- Note 3—Establishment of a span-depth ratio is required to allow an

tation of section properties. accurate comparison of test values for materials of different thicknesses. It
should be noted that the span is based on the nominal thickness of the
4. Control of Moisture Content material and it is not intended that the spans be changed for small

4.1 Structural panel samples to be tested at a specifi\c':arlatlons in thickness.

moisture content or relative humidity shall be conditioned to 5.4 End Supports-Reaction points shall be capable of
approximate constant mass in controlled atmospheric condfreely compensating for warp of the test specimen by turning
tions before testing. For structural panels used under driaterally in a plane perpendicular to the specimen length so as
conditions, a relative humidity of 6% 5 % at a temperature of to apply load uniformly across its width. Design of end

68 + 6°F (20 = 3°C) is recommended. supports shall place the center of rotation near the neutral axis
_ of the specimen of average thickness. Construction is shown in
5. Method A—Center-Point Flexure Test detail in Fig. 1. Bearing points shall be rounded where they

5.1 Summary-A conventional compression testing ma- contact the specimen.
chine is used to apply and measure a load at mid-span of a 5.4.1 Use of bearing plates is generally recommended and is
small flexure specimen; and the resulting deflection at mid spafequired wherever significant local deformation may occur.
is measured or recorded. The test proceeds at a constant rate op-4.2 Use of roller bearings or plates and rollers to preclude
head motion until either sufficient deflection data in the elastidriction forces between end support and specimen is recom-
range have been gathered or until specimen failure occurs. Traended in addition to the requirement of lateral compensation.
specimen is supported on reaction bearings which permit theonstruction of a suitable end support using small roller
specimen and bearing plate to roll freely over the reactions aearings in conjunction with a plate which clips to the end of
the specimen deflects. the specimen is illustrated in Fig. 2 and Fig. 3. The use of a
5.2 Test SpecimenThe test specimen shall be rectangularlarge ball bearing to provide lateral compensation for warp is
in cross section. The depth of the specimen shall be equal to tiso illustrated. This method is particularly recommended for
thickness of material, and the width shall be 1 in. (25 mm) forthin specimens and small loads.
depths less thais in. (6 mm) and 2 in. (50 mm) for greater ~ 5.4.3 As the specimen deflects during test, loads no longer
depths (Note 1). When the principal direction of the face pliesact in the direction assumed in formulas for calculating
laminations, strands, or wafers is parallel to the span, the lengtroperties. For a discussion of these errors, their effects, and

of the specimen (Note 2) shall be not less than 48 times th&ethods for reducing them, refer to Appendix X1.
5.5 Loading Block—A loading block having a radius of

- curvature of approximately one and one-half times the depth of
2 Annual Book of ASTM Standardgol 04.10. the test specimen for a chord length of not less than twice the
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FIG. 1 Apparatus for Static Bending Test Showing Details of
Laterally Adjustable Supports

depth of the specimen shall be used. In cases where excessiyghere:

local deformation may occur, suitable bearing plates shall beN = rate of motion of moving head, in./min (mm/min),
used. Radius of curvature of bearing plate or block shall not bel = span, in. (mm), _
so large as to cause bridging as the specimen bends. d = depth of beam, in. (mm), and _

Z = unit rate of fiber strain, in./in.-min (mm/mm-min) of

5.6 Loading Procedure-Apply the load with a continuous .
motion of the movable head throughout the test. The rate of 56 10|\lj|ter fiber Ihenglth: 0'80.15' ¢ o floadi
load application shall be such that the maximum fiber strain_ > Tas(l;re tde N apds? :hme rorz(lrl::!atmn ofloading to
rate is equal to 0.0015 in./in. (mm/mm) per min within am?3,X|7m|\lj|m oad an rec?rDoﬂ e.ne_?rks ('jn' for load
permissible variation of 25 %. Load shall be measured to an d ﬂ' i easuremerlt % ¢ € .eCt'et'ﬁ aKe d Tta ?r Ioat'_'t
accuracy oft1 % of indicated value or 0.4 percent of full efiection curves 1o determine the modulus ol elasticily,
. . . roportional limit, work to proportional limit, work to maxi-
scale, whichever is larger. Calculate the rate of motion of thé .
movable head as follows: mum load, and total work. Take deflections by the methods
v WS- indicated in Fig. 4 or Fig. 5, and take readings to the nearest
N = zL%/6d (1)  0.001in. (0.02 mm). Choose increments of load so that not less


https://standards.iteh.ai/catalog/standards/sist/60af1f7d-e1cf-4a1d-bca2-260fedb931d5/astm-d3043-00

iy D 3043

LARGE DIAMETER BALL BEARING COMPENSATES
FOR WARPED SPECIMENS

i""'."'.'."l.

()

SPRING CLIPS HOLD 2
SPECIMEN TO BEARING .'
[]

PLATE

SPECIMEN\\\\\\

e I REACT1ON SUPPORT
- ADJUSTABLE ALONG
BEARING PLATE e L RaiLs To vARIOUS
CENTERING GUIDE SPANS

BEARING PLATE

SMALL CAM FOLLOWER ~
BEARINGS

RaiLs —1<ii—————i355 t////lfl/-——-———————-

N
et

FIG. 2 Reaction Bearing for Small Flexure Test Specimens

than 12 and preferably 15 or more readings of load andtress. State clearly the method employed in the report.
deflection are taken to the proportional limit. 5.8.2 Calculate maximum momerg,(l/c) by the following
5.7.1 Deflections also may be measured with transduceequation:
type gages and plotted simultaneously against load. In this
case, record deflection to an accuracy of at led&t%d of
deformation at proportional limit and the recorded trace belowwhere:
the proportional limit shall be at leas¥2in. (64 mm) longor S, l/c
Y4 of full scale measured on the deformation axis, whichever ISSo
larger. Similar requirements apply to the load axis.

S,l/lc = PL/4 ©)

maximum moment, Ibf-in. (N-mm),
modules of rupture, psi (MPa),
maximum load, Ibf (N), and

5.8 Calculations c = distance from neutral axis to extreme fiber, in.
5.8.1 Calculate specimen bending stiffness as follows: (mm).
El = (L*/48)(P/A) (@ 6. Method B—Two-Point Flexure Test

where: 6.1 Summary-The ends of a two-point flexure specimen
El = modulus of elasticity, psi (MPax moment of iner-  are supported on special reaction bearings which in turn rest on

tia, in* (or mnt), the table of a conventional testing machine. A pivoted loading
P/A = slope of load—deflection curve, Ibf/in. (N/mm), device applies equal loads at pointgof span from the
I = moment of inertia, irf. (mm®), and reactions resulting from downward motion of the testing
L = span, in. (mm). machine crosshead, and subjects the middle half of the speci-

5.8.1.1 Moment of inertia used in the computations in 5.8.1men to conditions of nearly pure moment. Deflection of mid
may be calculated in several different ways depending upon thepan relative to two points just inside the load points is
requirements of the investigation. It may be based on the entimmeasured with a dial gage or transducer thus giving deforma-
cross section, may include only the moment of inertia of layerdion due to pure bending and unaffected by shear deformation.
parallel to span, or may include all layers weighted in accor- 6.2 Test SpecimenThe test specimen shall be rectangular
dance with modulus of elasticity in the direction of bendingin cross section and its length shall exceed by 2 in. (50 mm) the
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load points plus 48 times specimen thickness or 24 times
specimen thickness for the principal direction parallel or
perpendicular respectively. Material having high rolling shear
strength or having all its plies, laminations, strands, or wafers
parallel to span may use closer spacing between loads and
supports.

6.4 Supports—Reaction supports shall meet the require-
ments of 5.4 and 5.4.1. Other comments as well as those of
5.4.2 and 5.4.3 apply.

6.5 Loading—Apply two equal loads to the specimen equi-
distant from the supports by cylindrical surfaces having a
radius of curvature of at least #times specimen thickness
wherever it may contact the specimen. The axes of these
surfaces shall remain parallel and at least one of them shall be
free to turn about its axis or be loaded through rollers to
prevent the application of friction forces to the surface of the
specimen. Construction of a satisfactory loading head is
illustrated in Fig. 6 and Fig. 3. Locate the pivot point that
equalizes the two loads near the original neutral axis of the
specimen.

6.5.1 Space load points sufficiently to provide a deflection
which can be adequately measured. A spacing of at least 24 and
12 times specimen thickness is recommended for specimens
with the principal direction parallel and perpendicular to span
respectively.

6.5.2 Measure the sum of the two loads to an accuracy of at
least 1 % of indicated value or 0.4 % of full scale, whichever
is larger.

6.6 Speed of TestApply load at a continuous rate of
FIG. 3 Apparatus for Two-Point Loading and Measurement of motion qf the load points with respect to the supports within a
Deflection (Method B) permissible range of 25 % of the rate determined as follows:

N = (za/3d) (3L — 4a) (4)

span on which it is to be tested as determined in 6.3. Thickness
shall be the thickness of the material. Width shall be 1 in. (25where:
mm) for material less tha#in. (6 mm) thick and 2 in. for N rate of motion, in./min (mm/min),
material¥sin. and over in thickness. The alternate width is 12 z unit rate of fiber strain, in./in.-min (mm/
in. (300 mm). mm-min)= 0.0015,
6.2.1 Measurements-Measure specimen thickness at mid- a distance from support to adjacent load, in. (mm),
span at two points near each edge and record the averagé. depth of beam, in. (mm), and
Measurements shall be to the nearest 0.001 in. (0.02 mm) ok span, in. (mm).
0.3 %. Measure width at mid-span to the nearest 0.3 %. 6.6.1 Measure the elapsed time from initiation of loading to
6.2.1.1 When needed for interpretation of test results fomaximum load and record to the near&smin.
plywood, veneer composites, and laminates, measure thicknesss 7 Measurement of DeflectioaMeasure deflection of mid-
of each layer to the nearest 0.001 in. (0.02 mm) at mid-span &jpan with respect to a line between two points equidistant from
each edge and record the average. o mid-span and just inside the two load points to an accuracy of
6.3 Spanr—Span-depth ratio has relatively little influence on at |east 142 % of total deflection if tested for stiffness only, or
the results of tests using two-point loading and the method of 1,94 of deflection at approximate proportional limit. All
measuring deformation described for it in this standard. Howthree points shall lie on the longitudinal axis of the specimen.
ever, it is important that the distance between load point angjitable equipment of the transducer type is illustrated in Fig.
adjacent support be sufficient to prevent rolling shear failuresg and shown in Fig. 3. A dial gage could replace the transducer
The alternate 12-in. (300-mm) width will have a midlength for manual reading. If individual gage readings are taken, at
(constant moment section) at least 12 in. in length. least 12 and preferably 15 or more load and deflection readings

6.3.1 Specimens tested for stiffness only shall have a span ghall be taken below approximate proportional limit or for
least 48 times nominal thickness if the principal direction isgetermining specimen stiffness.

parallel to span and 24 times nominal thickness if the principal ¢ ¢ ~5culations
direction is perpendicular to span.

6.3.2 It is recommended that two-point loading tests to
failure be made on a span at least equal to the spacing between El = [(L — Ly)L,2/32)(P'IA) (5)

6.8.1 Calculate the specimen bending stiffness as follows:
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FIG. 4 Static Bending Test Showing Adjustable Supports and One Method of Attaching Dial Gage for Observing Deflection of Thin

Material
where: entire panel. Limitation on size may be imposed by equipment
L, = span between load points, in. (mm) size or moment capacity or size of available material. Except
L, = span between deflection measurement points, infor effects of nonuniformity of properties within a panel,
(mm), specimen dimensions do not tend to influence test results.

P’/A = slope of load deflection curve where deflection is When nonuniform material containing density variation, knots,
mid-span relative to ends of spag, in. (mm), and  knot-holes, sloping grain or other sources of large variability is
other notation is as given in 5.8.1. Remarks of 5.8.2 tested for general construction and industrial use, a minimum

apply. specimen width of 24 in. (610 mm) is recommended and in no
6.8.2 Calculate maximum moment of the specimen agase shall width be less than 12 in. (300 mm).

follows: 7.2.1 Measurements-Measure panel thickness at four

Sllc=PL - L)4 (6) points, two on each edge one fourth of panel length from each
end, to the nearest 0.001 in. (0.02 mm) and record the average.
Measure width to the nearest 0.3 % at two points one fourth of
panel length from each end and record the average.
7. Method C—Pure Moment Test 7.2.1.1 When needed for interpretation of test results for
7.1 Summary—A specially designed testing machine ap- plywood, veneer composites, and Ia_minates measure thickness
plies pure moments to opposite ends of the test panel throudf &ach layer to the nearest 0.001 in. (0.02 mm) at the same
loading frames. Frames are free to move toward or away frorR©ints at which total panel thickness is measured.
each other during the test to preclude application of other than 7.3 Application and Measurement of MomesiBig. 7 il-
pure moments to the center span of the panel. Between loadifgstrates application of pure moments to a specimen, by means
frames deflection of the neutral axis follows a circular arc.of loading frames, and measurement of deformation. Apply
Rotational deformation between points near the ends of the agrual and opposite pure moments to each end of the panel by
is measured during the test by special sensing gages resting s|ames. The frames shall be free to move toward or away from
pins projecting from the face of the panel at these points. Theach other while under load to preclude application of direct
test is simple and flexible, and results are directly relatable téension or compression loads at large panel deformations.
basic properties at large deformations. Support axes of the loading frames to remain in a parallel
7.2 Test SpecimenSpecimens shall be of a size compa- relationship throughout the test (Note 4). Space bars of the
rable to that of the material in use, frequently consisting of thdoading frames sufficiently to prevent shear failures between

where:
P = maximum load, Ibf (N),
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