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1. Scope

Note 1—A proof load may be used which will permit the determination
of a specified strength percentile without testing the total sample t

Contact ASTM International (www.astm.org) for the latest information.

Designation: D 4761 — 02

Standard Test Methods for
Mechanical Properties of Lumber and Wood-Base Structural
Material

This standard is issued under the fixed designation D 4761; 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.

INTRODUCTION

Numerous evaluations of the mechanical properties of wood-based structural material have been
satisfactorily conducted since the late 1920s, using Methods D 198. Those methods are best suited to
a laboratory environment and are adaptable to a variety of products such as stress-graded lumber, sawn
timber, laminated timbers, wood-plywood composite members, reinforced and prestressed timbers.

The procedures presented in these test methods have been derived from those set forth in Methods
D 198. They are intended primarily for application to stress-graded lumber, but can be used for other
wood-base structural material as well. The procedures are more flexible than those in Methods D 198,
making testing in a nonlaboratory environment more feasible. Thus the test methods can be used on
production sites for field testing and quality control, as well as in laboratories for research applications.
Key differences from Methods D 198 are the testing speed, the deflection measuring procedures for
test specimens under load, and the detail of data reporting. Furthermore, the test methods do not
require that specimens be loaded to failure (Note 1).

Since these test methods allow latitude in testing procedures, the procedures used shall be fully
documented in the test report. It may also be desirable to correlate the results from tests carried out
according to these test methods with test results obtained through the use of a traditional procedure
such as set forth in Methods D 198.

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
Jriate safety and health practices and determine the applica-

destruction. Designing a test program on the basis of proof loading can Haility of regulatory limitations prior to use.
complex, requiring consideration in relation to the objectives of the test
program. Guidance on this matter can be found in the paper by JoRnsor2- Referenced Documents
1.1 These test methods cover the determination of the 2.1 ASTM Standards:
mechanical properties of stress-graded lumber and other wood- D 9 Terminology Relating to Wodd

base structural material.
1.2 These test methods appear in the following order:

Bending edge-wise
Bending flat-wise:
Center point loading
Third point loading
Axial strength in tension
Axial strength in compression

1.3 This standard does not purport to address all of the

1 These test methods are under the jurisdiction of ASTM Committee DO7 on

D 198 Methods of Static Tests of Timber in Structural
Sizes
D 2915 Practice for Evaluating Allowable Properties for

Seg-tﬁn Grades of Structural Lumbgr

1217 D 4442 Test Methods for Direct Moisture Content Measure-
18-23 ment of Wood and Wood-Base Materials

24-29 E 4 Practices for Force Verification of Testing Machthes
30-35

E 6 Terminology Relating to Methods of Mechanical Test-
ing*

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Method3

2.2 Other Document:

Wood and are the direct responsibility of Subcommittee D07.01 on Fundamental
Test Methods & Properties.
Current edition approved April 10, 2002. Published June 2002. Originally

published as D 4761 — 88. Last previous edition D 4761 — 96.

3 Annual Book of ASTM Standardgol 04.10.

2“Current Statistical Methods for Estimating Lumber Properties by Proof
Loading,” Johnson, R. AForest Products Journalol 30, No. 1, 1980, pp. 14-22.

4 Annual Book of ASTM Standardgol 03.01.
5 Annual Book of ASTM Standagdgol 14.02.

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



NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay b 4761

NIST Voluntary Product Standard PS20-70 American Soft-7. Summary of Test Method

wood Lumber Standafd 7.1 The test specimen is simply supported and loaded by
Note 2—The NIST Standard PS 20-70 is given as an example of dWO ConC?ntrat?d forces spaced eCI_Wd'Stant from the supports.
product standard applicable to stress-graded lumber. Other product stahhe specimen is loaded at a prescribed rate and, as applicable,

dards may apply to stress-graded lumber. For wood-base structurgbservation of load or deflection, or both, is made until failure
materials other than stress-graded lumber, relevant product standards mg¥curs or a preselected load is reached.

apply.

3. Terminology 8. Appara.tus | | | |
3.1 Definitions—See Terminologies D 9 and E 6 and Prac- 8.1 Testing Machine-A device that combineslj a reaction

tices E 4 and E 177 for definitions of terms used in these te%{ame to.support the test ;pemmeﬁ) @ loading mecham'sm
methods. or applying load at a specified rate, ar8) & force-measuring

3.2 Definitions of Terms Specific to This Standard: apparatus that can be calibrated to the accuracy requirements of

3.2.1 breadth—that dimension of the test specimen in the 8%'2120"'_0\’\'319 tgesproce?xres outtli.netlj :jr! Prz;ctic_es El4lt
direction perpendicular to the span and perpendicular to the, = ™ 0ad and support Apparatusiciuding bearing plates

L - - at least as wide as the specimen is broad and not exceeding 8
dIrg.(;.lgrélg;t?arl&grtﬂIz;jmt;gil)zgc!?e}[?]-e test specimen in the in. (200 mm) in length. It is recommended that, under this test

. P ﬁnethod, the bearing plate length of the loading apparatus be no
less than one half the specimen depth. The apparatus shall also
Ginclude appropriate mechanisms such as rollers or pivots to

reactions on which the test specimen is supported to aCconl?jinimize the development of axial forces in the test specimen.

modate a transverse bending load or, for tension loading, the 8'1.'2 Loa(r:i]m”g bConngur?tlgTTPe S|mpl)|/ tsupported test
distance between the grips. specimen shall be subjected to two equal transverse concen-

trated loads spaced equidistant from the supports.

of an applied bending load.
3.2.3 span—the distance between the center lines of en

4. Significance and Use Note 3—The apparent modulus of elasticity varies for different loading
4.1 These test methods provide procedures that are apphienfigurations (see Practice D 2915). While the loading configuration
cable under true field conditions such as in a plant withwhich commonly serves as the basis for assigning design values assumes

specimens not at moisture equilibrium. a uniformly distributed load, a configuration with two concentrated loads

- symmetrically placed within the test span usually is more suitable for
4.2 The data established by these test methods can be usvgtyﬂ]ctural tests. This configuration also produces a constant bending

as follows: . ) moment, free of shear, in the portion of the specimen between the load
4.2.1 Develop strength and stiffness properties for the popupoints.

lation represented by the material being tested (that is, indi- 8.1.3 Lateral Supports when necessary, to restrict the

vidual grades, grade combinations, species, species groups, or . ! . ; .
any other defined, identifiable sample). specimen lateral deflection. Specimens having a depth-to

4.2.2 Confirm the validity of strength and stiffness proper_breadth ratio of three or greater are subject to lateral instability

ties for the population represented by the material being teste&i.urlng flloﬁd'ﬂg and may reqt;wr(]e Iatera_l suppor:]s. Jhesg su;}z-
4.2.3 Investigate the effect of parameters which may influ-ports shall allow movement of the specimen in the direction o

e : . ’ I%ad application and have minimal frictional restraint.
ence the strength and stiffness properties of the material, suc

as moisture content, temperature, knot size and location, ol .8'2 Deflect_lon Measurlr_lg Apparatuéor_ modulus of elas- ;
slope of grain. icity calculations, to monitor the deflection of the test speci-

4.3 The procedures chosen in accordance with these te en. Deflection may be measured directly as the displacement

methods shall be fully documented in the report to facilitate" the loading head of the testing machine. In this case,

correlation with test results obtained through the use 0]deflectlon is expressed as the average deflection of the load

traditional procedures such as set forth in Methods D 198 points with respect to the end reactio_n plates. If, becaus_e of the
" design of the apparatus, the deflection measurement includes

5. Precision and Bias extraneous components, the deflection data may be adjusted for
8{JCh extraneous components (Note 4). In all instances, the
report shall include a complete description of test conditions,
extraneous components, and data adjustment procedures.

5.1 The precision and bias of these test methods have n
yet been established.

BENDING EDGE-WISE Note 4—If the extraneous components are an appreciable portion of

6. S the total measurement, the test apparatus should be reexamined for its
. Scope suitability.

6.1 This test method provides procedures for the determi-
nation of the strength and modulus of elasticity of stress-graded 8.3.1 The two load points shall be located withinin. (3

lumber and other wood-base structural material in bendingnm) of the distance determined in accordance with 8.1.2 and
edge-wise. 922 o

8.3 Accuracy

8.3.2 The force-measuring apparatus shall be such as to
¢ Available from National Institute of Standards and Technology, 100 Bureau Dr.,permlt load measurements with an error not to exceéd %
Stop 3460, Gaithersburg, MD 20899-3460. of the load for loads greater than or equal to 1000 Ibf (4450 N).
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For loads smaller than 1000 Ibf, the error shall not exce&6 10.2.2 Selection of the Tension Edgd&Randomly select the
Ibf (45 N). edge to be subjected to tension testing.

8.3.3 The deflection measuring apparatus shall be such as t010.3 Speed of TestirgThe test rate shall be such that the
permit deflection measurements with an error not to exceedample target failure load would be achieved in approximately
+2.0 % of the deflection for deflections greater than or equal td. min (Note 6). The failure load should not be reached in less
0.150 in. (4 mm). For deflections smaller than 0.150 in., thehan 10 s nor more than 10 min (Note 7).

error shall not exceed:0.003 in. (0.08 mm). NoTte 6—Some caution is warranted here. A test rate to achieve the

9. Test Specimen average failure load for the sample in approximately 1 min will differ from

. . . that to achieve a lower percentile load for the same sample in approxi-
9.1 Cross Sectior-Unless the effect of cross-section modi- mately 1 min.

fications is a test evaluation objective, test the specimen Nore 7—For stress-graded lumber, a rate of motion of the testing

without modifying the dimensions of the commercial crossmachine loading head of approximately 3 in. (75 mm)/min will usually

section. permit the test to be completed in the prescribed time for span to depth
9.2 Length ratios of 17:1 and in cases where the target failure load is the average

9.2.1 The minimum specimen length shall be the spanf,alilure load for the sample.

determined in accordance with 9.2.2, plus an extension beyond 10-4 Load-Deflection Data-Obtain load-deflection data, as

the center lines of the end reactions to accommodate th€duired, using the apparatus specified in 8.2.

bearing plates, such that the specimen will not slip off the end Nore 8—For stress-graded lumber, data obtained for loads correspond-

reactions during the test. In cases where the unsupportee to maximum stresses in the specimen ranging from 400 to 1000 psi

specimen length outside the test span at an end reactid®.75 to 7 MPa) will usually be adequate for modulus of elasticity

(overhang) exceeds 10 times the specimen depth, report tlélculations.

amount of overhang at each end reaction. 10.5 Maximum Loae-If the purpose of the test is to
9.2.2 The span will depend on the purpose of the tesdletermine strength properties, record the maximum load at-

program. It is customary to express the span as a multiple dfiined in the test.

the test spemmen de_pth (Note 5). Whlle spans, which (_:urremly Note 9—In proof loading, the intended load target may not be reached

serve as a basis suitable for testing range from 17 times thg may be exceeded slightly. The actual attained load as well as the target

depth of the specimen to 21 times the depth, other spans mayad should therefore be recorded.

be used under this test method. Practice D 2915 gives an 10,6 Record of Failure-Depending on the purpose of the
indication of the variation of the apparent modulus of elastiCityiest a description of the characteristic causing failure, and its

with span to depth ratios. location within the test span, may be required.

Note 5—The depth here refers to the relevant size specified in the size Nore 10—AR example of a coding scheme for recording characteristic
classification of the applicable product standard (for stress-graded lumbegne and failure location is given in Appendix X1. This example was
for example, the depth here may refer to the dressed dry size specified Hyived for application to stress-graded lumber.
the size classification of themerican Softwood Lumber Standdat the
nominal size, for example, 3.5 in. (89 mm) for a nominal 4 in.). 11. Report

9.3 Conditioning—Specimens may be tested as produced or 11.1 The report content depends on the purpose of the test
conditioned (for example, temperature, moisture content, oprogram. The report shall include, at the minimum, the
treatment), depending on the purpose of the test program. If tH@llowing information:
temperature of the specimens at the time of testing is less than11.1.1 Description of the testing machine, including detailed
45°F (7°C) or more than 90°F (32°C), report that temperaturedrawings, the span, and the deflection measuring apparatus, if

applicable.
10. Procedure 11.1.2 Description of calibration procedures, frequency, and
10.1 Specimen Measurements records.

10.1.1 Measure and record before testing the cross-sectional11.1.3 Method used for the measurement of the moisture
dimensions and moisture content of every specimen for whicleontent of specimens.
the modulus of elasticity or the modulus of rupture, or both, are 11.1.4 Speed of testing and means of control of the speed of
to be calculated. Make measurements at midlength of th&esting.
specimen unless another location is more appropriate to the 11.1.5 Specimens lengthwise positioning and selection of

purpose of the test. the tension edge.
10.1.2 Measure the cross-sectional dimensions of the speci-11.1.6 As applicable, the type of load-deflection data for the
men to the nearest 0.04 in. (1 mm). calculation of the modulus of elasticity of specimens, including

10.1.3 Measure the moisture content of the specimen i description of test conditions, extraneous components, and

accordance with the procedures outlined in Test Methodslata adjustment procedures in accordance with 8.2.

D 4442, 11.1.7 Description of the population sampled, includifhy (
10.2 Test Setup geographical origin,J) species or species groug) Epecimen
10.2.1 Lengthwise Positioning-If the specimen is to be geometry (for example, nominal cross section and lengd), (

located within the test span without bias regarding defectsgrade or grades combination, afi &n indication of specimen

achieve this by centering the specimen in the span or by anyeatment at the time of production (for example, drying
other scheme suitable to the purpose of the test program. schedule and preservation), if applicable.
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11.1.8 Description of the sample, includint) 6ample size, such that the relative position of the dial indicator to the
(2) conditioning, if applicable,3) temperature of specimens at supports is not changed more than 0.001 in. (0.025 mm) when
the time of testing, and4j number of specimens that failed the load weight is placed on the test specimen.

during the test. 16.3 Place the test specimen flatwise on the supports and in
11.1.9 Data on test specimens, including, as applicab)e, ( firm contact with both end supports.

grade, @) actual cross-sectional dimensions3) (moisture 16.4 Apply the preload weight to the test specimen at or

content, 4) overhang in accordance with 9.2.15) (load- near the center of the span.

deflection data,§) maximum load, ) time to maximum load, 16.5 Then apply the load weight(s) to the test specimen at

and @) failure description and location. the center of the span. This load shall be such that it will induce

11.1.10 Details of any deviations from the prescribed 0r0.2 in. (5 mm) or more deflection in a specimen with X.@.0°
recommended procedures as outlined in this test method. psi (13 790 MPa) long-span modulus of elasticity.
16.6 Observe the dial indicator to determine the deflection
BENDING FLAT-WISE—CENTER-POINT LOADING of the test specimen due to the load weight(s).

16.7 Long-span modulus of elasticity is determined using

13.1 Long-span modulus of elasticiti)(is defined as the d
modulus of elasticity calculated from deflection measured in al
flat-wise test of lumber with center point loading and a

deflection, and
moment of inertia, iff.

12. Scope . .
. . the following equation:
12.1 This test method provides procedures for the determi- .
nation of long-span modulus of elasticity of lumber and other E = PL"/(48dl)
wood-base structural material in flat-wise bending underhere-
center-point load. E = modulus of elasticity, psk 10°,
_— . P = load, Ib,
13. Definition of Modulus of Elasticity L = span in,

span-depth ratiol/f) of approximately 100 (90 to 110). 17. Report
17.1 The content of the report depends on the purpose of the
14. Summary of Test Method test program. The report shall include, at the minimum, all

14.1 Aknown concentrated load is applied at mid-span of @pplicable information as presented in Section 11.

simply supported piece of lumber oriented flatwise. A dial . L i
indicator is used to determine the deflection of the lumber piece BENDING FLAT-WISE—THIRD-POINT LOADING

under the load. The modulus of elasticif) (s determined by  18. Scope
relating the deflection to the size of lumber and the test span. 18.1 This test method provides procedures for the determi-

nation of bending strength and modulus of elasticity of
stress-graded lumber and other wood base structural material in
rl:lélt-wise bending on short spans under third-point load.

15. Apparatus

15.1 Support SystemAny may be used that provides
unrestrained support at both ends. The support at one e
should be constructed so that stability is provided for a piece 019. Summary of Test Method

twisted lumber such as a pedestal with a single point bearing 19.1 The test specimen is simply supported and loaded on

support, a support that is designed to tilt to match the twist othe wide face by two equal, concentrated forces spaced

the lumber or special shims that restrain the lumber frompquidistant between the supports. The specimen is loaded at a

rocking on the supports. ) prescribed rate and, as applicable, observation of load or
15.2 Dial Indicator, with the capacity to measure deflec- geflection, or both, is made until failure occurs or a preselected

tions up to at least 1 in. (25 mm) to the nearest 0.001 in. (0.02%ad or deflection is reached.

mm). 19.2 For modulus of elasticity calculation, a step-wise load
15.3 A weight of approximately 5 Ib (22.24 N) to be used may be used, for example, pre-loading and then adding a

for preloading. Compact calibrated accurately (to 0.05 Ib) (0.2%nown weight for deflection measurement.
N) weights for loading.

) 20. Apparatus
Note 11—Three 5-Ib (22.24 N) weights and one 10-Ib (40.45 N)

weight have been found to provide an adequate combination of weights 20-1 Testing Machine-A device that combineslf a reac-

for 2 X 4 through 2x 12 surfaced dimension lumber sizes. tion frame to support the test specimef) & loading mecha-
nism for applying load at a specified rate or prescribed load
16. Procedure interval; and 8) a force-measuring apparatus that can be

16.1 Space the supports to provide a span to depth ratio faralibrated to the accuracy requirements of 8.3.2, following the
the test specimen of approximately 100 (90 to 110). Thigprocedures outlined in Practices E 4. If the test is for modulus
spacing shall be determined to plus or mifem. (3 mm) for  of elasticity only, no force-measuring device is required. Fig. 1
use in the calculation of the modulus of elasticity. illustrates the traditional device meeting the requirements of

16.2 Place the dial indicator midway between the supportshese test methods for modulus of elasticity measurement.
and adjust it so the downward deflection of the lumber can be 20.1.1 Load and Support Apparatusincluding bearing
measured when loaded. Construct or arrange the apparatpktes at least as wide as the specimen is broad. It is
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Q.—L.FT RING deflection is expressed as the average deflection of the load
I points with respect to the end reactions. If, because of the
_~TEST L0AD design of the apparatus, the deflection measurement includes
T T suioe roos extraneous components, the deflection data may be adjusted for
En—-v—-. g LOAD HEAD such extraneous components (Note 4). In all instances, the
== - report shall include a complete descri_ption of test conditions,
SUPPORT extraneous components, and data adjustment procedures.

20.2.1 If an incremental load is applied for determination of
modulus of elasticity, the deflection measuring device shall be
suitable for measuring the deflection caused by the incremental
load.

20.3 Accuracy

20.3.1 The two load points shall be located withnin. (3
mm) of the distance determined in accordance with 20.1.2 and
21.2.2.

20.3.2 The force-measuring apparatus shall be such as to
permit load measurements with an error not to exceéd %

16 in. = 410 mm of the load for loads greater than or equal to 1000 Ibf (4450 N).

48in. = 1220 mm For loads smaller than 1000 Ibf, the error shall not exceéa

Note 1—This device is used for assessment Bfin third-point, Ibf (45 N).
flat-wise bending on a span-to-depth ratio of 32 fg#-ih. (38-mm) thick 20.3.2.1 For modulus of elasticity based on incremental
lumber. loads, these loads shall be calibrated to withith % of the

FIG. 1 Schematic of Static Bending Testing Device stipulated value.

20.3.3 The deflection measuring apparatus shall be such as

recommended that the bearing plate length be no less than Oh%permlt deflection measurements with an error not to exceed

half the specimen depth. If only the modulus of elasticity is toi2.0 % of the deflection for deflections greater than or equal to

be determined in accordance with 19.2, the bearing platg'150 'r?'"(4 ”t]m)' Focrtg%fgelct_lonsbsén;gller than 0.150 in., the
requirement may be waived. The apparatus shall also includfg'Tor shall not exceea.u. in. (0. mm).
appropriate mechanisms such as rollers or pivots to minimize;  Test Specimen

the development of axial forces in the test specimen. 21.1 Cross Section-Unless the effect of cross-section
20.1.2 Loading Configuration-The simply supported test P . . S .
odifications is a test evaluation objective, test the specimen

specimen shall be subjected to two equal, concentrated Ioa&r:'sth t difving the di . f1h ial

spaced equidistant between the supports. (See Note 3). without-mo ifying the dimensions of the commercial cross
20.1.3 If an incremental load system is used for modulus o?egozn‘l_ th

elasticity, the pre-load shall be sufficient to force the specimen .° €ng

. ) X 21.2.1 The minimum specimen test length shall be the span,
into contact with the supports, firmly seat moveable parts, angetermined in accordance with 9.2, plus an extension beyond

produce sufficient deflection to permit establishing the base fo e center lines of the end reactions to accommodate the
the incremental measurement. The known incremental Ioag~I . . . .
earing plates, such that the specimen will not slip off the end

shall be of sufficient magnitude to produce deflection greater : ;
. reactions during the test.
than 0.050 in.

21.2.2 Because this is a short-span test, the length of the
Note 12—In North American practice, these incremental loads arespecimen will often exceed the test length of 21.2.1. A
selected to give deflections ranging from 0.070 in. (18 mm) to 0.210 insamp"ng procedure shall Specify Where, along the Specimen
(5.3 mm), with a minus tolerance of approximately 10 %, at respe&ive length, the test length shall be positioned
levels of 1.0 and 3.0x 10° psi (6.9 GPa and 21 GPa) for dimension sizes ' . B .
ranging from 2x 3 t0 2 10 (38X 63 to 38x 235 mm). 21.2.2.1 The standard span for this test is 32 times thg depth
) ) for nominal 2 in. (38 mm) lumber. Other spans/depth ratios are
20.1.4 Deflections in the support system shall be rneasureE’ermissible but load levels and within piece sampling methods

to determine that either they are negligible or that calibration okha)| pe carefully documented, noting changes from the tradi-
the system can compensate for the deflections. (See also 20.gynal span/depth ratio.

NoTe 13—As the span/depth ratio decreases, the magnitude of the 21.3 Conditioning—Specimens may be tested as produced
applied load must be increased to produce deflections in the range requir€dl as conditioned (for example, temperature, moisture content,
by 20.1.3. Stability of the applied load is a safety consideration in desigror treatment), depending on the purpose of the test program. If
of the apparatus. For high loads, the applied loads may need to be hunfle temperature of the specimens at the time of testing is less
_rather than supporteq as shown in Fig. 1. These higher loads may alspy 45°F (7°C) or more than 90°F (32°C), report that
increase deflections in the support apparatus. temperature.

20.2 Deflection Measuring Apparatugor modulus of elas-
ticity calculations, to monitor the deflection of the test speci-22. Procedure
men. Deflection may be measured directly as the displacement22.1 Specimen Measuremertfhe procedures of 10.1 shall
of the loading head of the testing machine. In this casebe followed.
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22.2 Test Setup for applying an axial tensile load at a specified rate é)da(

22.2.1 Lengthwise Positioning-The objective may be to force measuring apparatus that can be calibrated to the accu-
locate the test span within the total length without biasracy requirements of 26.3 following procedures outlined in
regarding defects, or it may be to locate the test span &®ractices E 4.
locations predetermined by specified criteria. This positioning 26.2 Grips or Clamping Devicego transmit the tensile load
shall be achieved by a within-piece sampling plan that specifieBom the testing machine to the test specimen such t)ahé
the method of locating the test area (see 21.2.2). The proceduspecimen damage due to clamping is minimized agg (
shall be documented (see Section 23). slippage is minimized during load application.

22.2.1.1 If this method is being used to determine specimen 26.2.1 Distance Between GripsThe clear distance be-
strength, after the test location is determined, the specimetwveen grips depends on the purpose of the test program and the
length shall be adjusted if necessary to provide equal extensianaterial being tested.
over both test supports (prevent unequal overhang).

. . . Note 16—It is recommended that, for stress-graded lumber, the clear
22.2.1.2 If this method is being used for modulus Of. distance between grips be, at the minimum, 25 times the width of the test

elasticity only, unequal extension beyond the sSupports i§pecimen in order to minimize problems of end fixity and to properly
permitted. A weight may be placed directly over a support toaccount for the effect of grain deviations on strength. Because of practical
stabilize the specimen where a long extension (overhang) ignitations on the use of equipment for field testing, this may not always
present. be feasible for the wider width of stress-graded lumber, for which a clear
22.3 Rate of Load Applicatian distance betweendgricf)s Iiss th_znhlﬁ timesfthe widtr;]of (tjhe tesé sg)ecimen
. : is not recommended. The width here refers to the dressed dry size

Lofa%i?]}g—STtLe;?)trgc?ir(l:zs'\g(f)dllgu; s%fa||E|§leSt1igl|?c/)v\t/)g d Continuous specified in the size classification NIST PS 20-70. To minimize problems

- in the interpretation of data results, it is further recommended that all
22.3.2 Modulus of Elasticity by Incremental Testf the  gpecimens be tested at a constant clear span between grips.

incremental loading method is used, a pre-load shall be ,
applied, followed by the incremental load. Loads shall be 26-3 Accuracy—The force-measuring apparatus shall be

applied and deflections recorded rapidly to prevent the influSUCh as to permit load measurements with an error not to

ence of creep. exceed*=2.0 % of the load.

Note 14—It is common North American practice to complete the 27. Test Specimen
re-load, deflection zero, prescribed load application, and the incremental .
P P PP 27.1 Cross Sectior-See 9.1.

deflection measurement within approximately 6 s. 979 L thTh D% ) | th shall be th
. . . .2 Leng e minimum specimen length shall be the
22.4 Load-Deflection Data-Obtain load-deflection data, as clear distance between grips, determined in accordance with

required, using the apparatus specified in 20.2. ; ;
22.5 Maximum Loae-If the purpose of the test is to ?u?|'2|é%{g$rllu§f?ﬂg g:&t:red length to achieve contact along the

dgterm]ne strength properties, record the maximum load at- 27.3 Conditioning—See 9.3.
tained in the test.

Note 15—In proof loading, the intended load target may not be reache®8. Procedure
or may be exceeded slightly. For some applications, it is recommended 28.1 Specimen Measurements

that both the actual attained load and the target load be recorded. . .
) ) 28.1.1 Measure and record before testing the cross-sectional
22.6 Record of Failure-Depending on the purpose of the gimensions and moisture content of every specimen for which
test, a description of the characteristic causing failure, and itthe tensile strength is to be calculated. Make measurements at
location within the test span, may be required. (See Note 10pdlength of the specimen unless another location is more
23. Report appropriate to the purpose of the test.

23.1 The content of the report depends on the purpose of the 28.1.2 Accuracy of Measurements of the Cross-Sectional

test program. The report shall include, at the minimum, allPimensions-See 10.1.2.
applicable information as outlined in Section 11. 28.1.3 Moisture Content MeasuremenisSee 10.1.3.

28.2 Test Setup-Center the specimen in the grips, taking
AXIAL STRENGTH IN TENSION care to have the long axis of the specimen coincide with the
24. Scope direction of load application. Apply load to the specimen at a

24.1 This test method provides procedures for the determfat€ determined in accordance with 28.3.
nation of the axial tensile strength of stress-graded lumber and 28-3 Speed of Testirg The test rate shall be such that the

other wood-base structural material. sample target failure load would be achieved in approximately
1 min (Note 6). Failure load should not be reached in less than
25. Summary of Test Method 10 s nor more than 10 min.

25.1 The specimen is subjected to an axial tensile load )
ote 17—For stress-graded lumber, a stress rate of approximately

applied near its ef‘ds' The Spemmen IS |O_ade_d ata prescrlbgdgo psi (30 MPa)/min will usually permit the test to be completed in the
rate and observation of load is made until failure occurs or &escrined time, in cases where the target failure load is the average failure
preselected load is reached. load for the sample.
26. Apparatus 28.4 Maximum Load-See 10.5.

26.1 Testing Machinecombining () a loading mechanism 28.5 Record of Failure—See 10.6.
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29. Report 33. Test Specimen

29.1 The content of the report depends on the purpose of the 33.1 Selectior—Specimens shall be tested as selected in
test program. The report shall include, at the minimum, allaccordance with the sampling plan, unless short sections are to
applicable information as presented in Section 11. be selected for testing.

33.1.1 If small specimens are to be tested, at least two test
specimens shall be cut from each sample piece, representing
the weakest sections in compression parallel-to-grain as judged

30. Scope ) .
experienced grading personnel.
30.1 This test method provides procedures for the determ|k-)y33 g Cross Se?:tion—ge‘()a 9.1

nation of the axial compressive strength of stress-graded
lumber and other wood-base structural material.

AXIAL STRENGTH IN COMPRESSION

33.3 Length—The length of the test specimen shall be at
least 2.5 times its greater cross-sectional dimension.

31. Summary of Test Method Note 18—The greater cross-sectional dimension refers to the relevant
31.1 The specimen is subjected to an axial compressive |oatize specified in the size classification of the applicable product standard.

applied at its ends. The specimen is loaded at a prescribed rqﬁer stress-graded lumber, for example, the test specimen length shall be at

until failure occurs or a preselected load is reached. This te ast 2.5 times its width where width refers to the dressed dry size
P ) §)ecified in the size classification of NIST Standard PS 20-70, for

method permits either tests of commercial lengths or tests Qfyample, 3.5 in. (89 mm) for a nominal 4 in.

short specimens cut from commercial lengths. o
33.4 Conditioning—See 9.3.

32. Apparatus

32.1 Testing Machingthat combines1) a loading mecha- 34 Procedure
nism for applying an axial compressive load at a specified rate 34.1 Specimen PreparatierCut the specimen to the
and @) a force measuring apparatus that can be calibrated tproper length so that the contact surfaces are plane, parallel to
the accuracy requirements of 32.4 following procedures outeach other, and normal to the long axis of the specimen.

lined in Practices E 4. 34.2 Specimen Measurement&ollow procedures similar
32.2 Bearing Blocksto transmit the compressive load from to those stipulated for tension parallel to the grain in 16.1.
the testing machine to the test specimen such thahe load 34.3 Test Setup-Center the specimen on the bearing blocks

is uniformly applied over the full contact surfaces arf) ( or in the grips, taking care to have the long axis of the

eccentric loading of the specimen is prevented. Accordinglyspecimen coincide with the direction of load application. Apply

one spherical bearing block at least shall be used. load to the specimen at a rate determined in accordance with
32.2.1 Alternatively, it is possible, in this test method, to use34.4.

grips or clamping devices in place of bearing blocks, but means 34.4 Speed of TestinrgThe test rate shall be such that the

of avoiding eccentric loading should be provided. sample target failure load would be achieved in approximately
32.3 Lateral Supportsto prevent buckling of the specimen 1 min (Note 6). Failure load should not be reached in less than

during the test. These supports may be either continuous di0 s nor more than 10 min.

intermittent. They shall allow the specimen movement in the Note 19—For stress-graded lumber, a deformation rate of approxi-

direction of load application and provide minimal frictional mately 0.01 in./in.-min (0.01 mm/mm-min) will usually permit the test to

restraint. If intermittent supports are provided, they shall beye completed in the prescribed time, in cases where the target failure load
spaced so that the distance between supports on a given facei©the average failure load for the sample.
the specimen is less than 17 times the radius of gyration of the .
cross section about the centroidal axis parallel to the face gjg I\R/I:();((!_)Tdug:‘ Ilggﬁs;es_e;eéoig' 6
considered. ' o
32.3.1 If tests are to be run on commercial lengths of35 R t
lumber, support shall be intermittent if results comparable to™ ™" epor
published design values and to short specimen tests (20.3.2) are35-1 The content of the report depends on the purpose of the
to be obtained. test program. The report shall include, at the minimum, all
32.3.2 If tests are to be run on short specimens cut frongPplicable information as presented in Section 11.
commercial lengths, continuous support within the loading
mechanism may be used. See Annex Al and Appendix X2. 36 Keywords
32.4 Accuracy—See 26.3. 36.1 lumber; mechanical properties; wood-base
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ANNEX
(Mandatory Information)

Al. SAMPLING FOR SHORT SPECIMEN COMPRESSION PARALLEL TESTS

Al.1 The use of the short specimen compression paralldbllows: 2 by 4 by 14 in. (350 mm); 2 by 6 by 18 in. (450 mm);
test to produce data comparable to tests of commercial lengtfsby 8 by 26 in. (650 mm); and 2 by 10 by 26 in. (650 mm).
depends on proper selection of the weakest short length A1.1.1.3 Locate the next most strength-reducing character-
specimen from the commercial length. The procedures of thegstic.

test methods shall be followed. Al1.1.1.4 Mark and cut the board as stated in A1.1.1.2.
Al.1.1 Compression Sample Preparati&n: ~ Note Al.1—For pieces in which the two largest strength-reducing
A1.1.1.1 Locate the most strength-reducing characteristic iBharacteristics are less than the required length apart, but still well

the piece (see Note Al.1). separated, cut the piece halfway between the two. Then cut each test piece

A1.1.1.2 Mark and cut the board to the required length withto the reqqired length. _Where t_he two chgrz_acteristics are not well
the strength-reducing characteristic centered in the length. THgParated, include both in one piece (even if it has to be longer than
minimum test specimen lengths according to lumber size are 4gauired). Then choose a second test section as above.

Al.2 When analyzing the results of a sample of lumber to
obtain near-minimum test results comparable to tests of com-
7Barrett, J. D., “Comparison of Two ASTM D198 Compression Parallel-to- Mercial lengths, assign to each piece the lowest test value of
Grain Test Methods,” ASTM Committee DO7 Meeting, Tacoma, WI, 1987. the two (or more) tests run on that piece.

APPENDIXES
(Nonmandatory Information)

X1. Recording Scheme

X1.1 The following is an example of a recording scheme to —
describe {) characteristics in stress-graded lumber a8y ( [ ~
specimen failure (type and cause) for stress-graded lumber.

24

X1.1.1 Characteristics Description-The recording scheme
X =Y whereX =a two-digit number identifying a character- | o CODE XAYY
istic andY = a two-digit number unless otherwise specified,
describing the extent of the characteristic listed in Table X1.1

X1.1.2 Specimen Failure DescriptienThe type of failure
is recorded using the following code:

I
x

TYPE O1 TYPE Q2 TYPE 03 TYPE 04 TYPE 05

vt

et e e R et e 12

Type of Failure Code
Tension side failure 000 A
Compression side failure 001
Combined tension and compression failure 002
Lateral buckling failure 003
Shear failure 004 1— X
Grip slip (tension only) 005 8
Failure at edge of grip (tension only) 006 n TYPE 07 TYPE 08 TYPE 09

- ﬂ(l«v

X1.1.2.1 The cause of failure usually is associated with a "
characteristic. Accordingly, the recording scheme in Tabm[y;o;lg:rl:srcent of cross section occupied by knot (2 digit numbers) applies to
?(1.1 is used to describe the cause of failure. If failure occurs 'z x1 1 knot Measurements for Indicating the Description of
in clear wood, however, there is no need to recdrandY. If Knot(s) Causing Specimen Failure
failure occurs at a knot, a codeXXYYAABB is recorded,
unless otherwise indicated in Fig. X1.1, wheteY, A andB

are knot measurements shown in Fig. X1.1, for ten types of knots.
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TABLE X1.1 Recording Scheme to Describe Characteristics in Stress-Graded Lumber

Characteristic X Y Characteristic X Y
Narrow face or spike knot intergrown 11 Splits 44 01 for very short
Narrow face or spike knot encased 12 displacement, % 02 for short
Narrow face or spike knot unsound 13 03 for medium
04 for long
Wide face knot, center line intergrown 14 knot size (nearest Y1sin.)
Wide face knot, center line encased 15 for example, 08 for ¥2-in. Skip 45 01 for light
Wide face knot, center line unsound 16 knot. 02 for medium
03 for heavy
Wide face knot, at edge intergrown 17
Wide face knot, at edge encased 18 knot size (nearest %16 in.) Warp 46 00 for ¥2 of medium
Wide face knot, at edge unsound 19 01 for light
02 for medium
Knots, not well spaced, or combinations 20 cross section, % 03 for heavy
Hole 21 size as knot (nearest V16 in.) Mechanical damage 47 percent
Crossbreak 49 displacement, %
Pin holes 22 cross section, %
Grub or teredo holes 23 ’ Saw cut 50 01 saw cut through edge
02 all other saw cuts
Speck 31 .
Honeycomb 32 cross section, % Slope of grain 51 run of slope”
Unsound wood or peck 33 Wane 52 first digit is number of
fourths of width; second
Distorted grain, knot cluster, or burl 34 displacement, % is fourths of thickness
Heart stain 35 displacement, % Falling breaks 53 01, ¥s or less of width
02, ¥3 to 73 of width
Pitch or bark pockets 41 01 for very small 03, #s or more of width
02 for small
03 for medium Brash failure (not defect related) 54
04 for large Compression wood 55
15 for very large
Coarse grain or exceptionally light weight 56
Shake 42 01 for light, not through
02 for medium, not through Local grain deviation on wide face (failure 60 run of slope (use 00 if less
03 for others, not through initiated in locally severe grain devia- than 1 in 1)#
11 for light, through tion)
12 for medium, through Local grain deviation on narrow face 70 run of slope as above
13 for others, through (failure initiated in locally severe grain
deviation)
Seasoning or roller check 43 01 for surface
02 for small, through Failure at the point where the sticker 99 moisture content at point

03 for medium, through
04 for large, through

crossed the specimen in the package
during kiln-drying®

failure

A Expressed in inches, corresponds to a one-in. rise.
B Must be used in conjunction with another characteristic.

X2. BACKGROUND ON USE OF SHORT COMPRESSION PARALLEL TESTS

X2.1 The use of short specimens cut from commercialto be weaker. Then the remainder of the 2 by 4 was marked off
lengths of lumber raises two question$) flow well a person into as many test specimens as possible. The sample boards
trained in grading could identify the weakest section in a piecavere then cut into short test specimens and tested in compres-
of lumber, given two opportunities; and)(how well the short  sion parallel-to-grain. The results were as follow&) ¢iven
specimen test results compare to the Methods D 198 test. one chance, a technician could identify the weakest section

X2.1.1 Research at the USFPaddressed the first question. approximately 50 % of the time2] given two chances, the
A number of pieces of 2 by 4 Southern Pine No. 1 and bettetechnician could identify the weakest section of the piece at
and No. 3 grades were selected. A lab technician marked tHgast 70 to 75 % of the time. Generally, the predictive ability of
location of the two sections estimated to be the weakest portiofie technician was inversely related to the quality of the
of the piece in compression parallel-to-grain. The section§ample; in the clearer type of material, it was harder to predict

were also ordered according to which of the two was estimate®here the weakest section was located. The results also showed
- that, even though the technician predicted the weakest section

8Green, D. W, and Evans, J. W., “Compression Testing of Lumber: Aaccurately as little as 70 % of the time given two chances, the
Comparison of Methods Journal of Testing and Evaluatipiol 20, No. 2, March difference in fifth percem“e estimates with the true weakest
1992, pp. 132-138. . .
PP specimens was only approximately 5 % or less.
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X2.1.2 The second question was addressed by comparatitbe piece failed away from the marked sections, the sections

studies at Forintek Canada Corand between USFPL and were cut out and tested as short sections. The test results
Forintek® The Forintek study was conducted on full-size indicated that the difference between the two test methods was

lumber of No. 2 and better grade, in which the quality wasat most approximately 2 %, with the short specimen test higher.

marked for the estimated two weakest sections. The full length X2.1.2.1 The comparative studies between Forintek and the

of the piece was then tested by Methods D 198 procedures. SFPL® verified the importance of maintaining intermittent
lateral supports to yield a slenderness ratio of 17 (Methods
D 198, Section 20) for full-length tests rather than continuous
support. When the full-length tests were based on this inter-
mittent support, the difference was negligible between these

 Shelley, B. E., “Testing Machines: Development, Calibration, and Comparative R . .
Studies,”Proceedings Workshop on In-Grade Testing of Structural Luprberest results and those using the estimated weakest short specimen

Products Research Society, Madison, WI, April 25-26, 1988, pp. 15-26. fuIIy supported.
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