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INTERNATIONAL

Standard Specification for
Adhesives Used for Finger Joints in Nonstructural Lumber
Products *

This standard is issued under the fixed designation D 5572; 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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.5 The following precautionary caveat pertains only to the

1.1 This specification establishes performance levels foPParatus and test methods portions, Sections 6-11 of this
adhesives to be used in finger joints in nonstructural bondediPecification:This standard does not purport to address all of
lumber products. Such products include, but are not limited toth® safety concerns, if any, associated with its use. It is the
interior and exterior mouldings, window and door componentd€Sponsibility of the user of this standard to establish appro-
or parts, and bonded-lumber panels. Adhesives that meet tHéiate safety and health practices and determine the applica-
requirements of the various performance classes are consider@§jty of regulatory limitations prior to use.
capable of providing an adequate bond for use under th
conditions described for the class. This specification is to beE' Referenced Documents
used to evaluate adhesives as well as the adhesive bonds in thé-1 ASTM Standards: _ .
finger joints. See Section 5, Significance and Use, for limita- D 143 Methods of Testing Small Clear Specimens of Tim-

tions when using this specification to evaluate industrially ber” . )
manufactured finger joints. D 907 Terminology of Adhesivés

D 2016 Methods for Moisture Content of Wcbd

D 3110 Specification for Adhesives Used in Laminate Joints
for Nonstructural Glued Lumber Produgts

D 4688 Method for Evaluating Structural Adhesives for
Fingerjointing Lumbet

Note 1—This specification supersedes the finger-joint portion of the
1990 edition of Specification D 3110.

1.2 The following index is provided as a guide to the test
methods in this specification:

Section D 5266 Practice for Estimating the Percentage of Wood
ppparaws - o Prenaration of Assemblics and Soec o Failure in Adhesive Bonding Joirits
quipment, Material, and Preparation of Assemblies and Specimens . i . .

Conditioning for Factory-Manufactured Assemblies, Laboratory-Made 8 E4 Pract_lces for FOI‘C? Verification of TeStlng Mgchmes
Assemblies, and Test Specimens E 6 Terminology Relating to Methods of Mechanical Test-
Testing in Flexure 9 ings
Testing in Tension 10 . . e
Expos%re Conditions and Treatments 11 E4l Termln_ology Relatmg to Condltlomﬁg_ ) ) )

1. Dry Use Tests: Dry, 3-cycle Soak, Elevated Temperature, 11.1 E 177 Practice for Use of the Terms Precision and Bias in
and Temperature-Humidity _ ASTM Test Method§

2. Wet Use Tests: Dry, Boil, Elevated Temperature, and 11.2

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test MetHod

Vacuum-Pressure

Note 2—The conditioning needed for various stages in the preparation
of both types of specimens and for the exposure tests are given. 3. Terminology

Note 3—Specific guidelines for specimen size, exposure conditions, o . . o
testing, calculation, and reporting are given for flexure specimens in 3.1 Definitions—Many terms in this specification are de-

Sections 9 and 11, and for tension specimens in Sections 10 and 11. fined in Terminology D 907 and Terminology E 41.

1.3 For the definitions oflry useandwet use see 3.2.1.1  3:1.1 bond n—the union of materials by adhesives.
and 3.2.1.2. 3.1.2 finger joint n—a joint formed by bonding two precut

1.4 The values stated in inch-pound units are to be regarddg€mbers shaped like fingers. (See Figs. 1 and 2.)

as standard. The SI units given in parentheses are for informa- 3-2 Definitions of Terms Specific to This Standard:
tion only. 3.2.1 nonstructural adhesive

2 Annual Book of ASTM Standagdgol 04.10.

1 This specification is under the jurisdiction of ASTM Committee D-14 on
Adhesives and is the direct responsibility of Subcommittee D14.30 on Wood
Adhesives.

Current edition approved Sept. 10, 1995. Published November 1995. Originally
published as D 5572 — 94. Last previous edition D 5572 — 94.

2 Annual Book of ASTM Standardgol 15.06.
4 Discontinued; se@989 Annual Book of ASTM Standard®| 04.09.
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FIG. 1 Horizontal Joint
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FIG. 2 Vertical Joint

4.1.1 To comply with this specification the test adhesive
shall be tested for performance in accordance with Sections
8.1.1-11, and it shall meet the requirements in Table 1 for the
selected testing mode and performance classification.

4.1.2 Compliance with this specification shall warrant cer-
tification of the adhesive for use on the species of wood that is
used for the tests, or for use on a designated group of species
when tested and found to be in compliance for any one member
of said group of species. The designated species groupings for
commonly used domestic and imported woods, as accepted in
this specification, are given in Table 2. In the event that the user
or supplier of the adhesive, or both, cannot accept the desig-
nated groupings in Table 2, either party shall have the option of
requesting a test on an individual species. Furthermore, the
user and supplier may agree to change any of the wood-failure

3.2.1.1dry use nonstructural adhesive—an adhesive requirements of Table 1 when applied to tests on Groups 3 and
capable of producing sufficient strength and durability to make# hardwoods from Table 2. For wood-property information on
the bonded lumber product serviceable in nonstructural uséPorted woods, see th&ood Handbook _
under conditions in which the equilibrium moisture content 4-1.2.1 The wood-failure requirements listed in Table 1 are

(EMC) of the wood does not exceed 16 %.

given for softwoods and hardwoods. Table 1 shows that the

capable of producing sufficient strength and durability to make€guirements for softwoods.

the bonded lumber product serviceable in nonstructural use, 4-2 Industrially Manufactured Finger JoirtAn industri-
under conditions in which the EMC of the wood may be 16 %@lly manufactured finger joint may be used to evaluate the

or greater.
3.3 Abbreviations:
3.3.1 EMC—equilibrium moisture content.
3.3.2 MC—moisture content.

4. Test Requirements
4.1 Adhesives

adhesive, provided its construction meets the requirements set
forth in Sections 7-10, and the joint is tested against the
requirements in Table 1.

8U.S. Department of Agriculture Forest Service; Agricultural Handbook, No. 72,
Wood HandbookTables 3 and 4, 1987 edition, pp. 3-11.

TABLE 1 Minimum Test Requirements

Testing Mode Tension® Testing Mode

Flexure
Subsection
Performance Classification and Number for Wood Failure® Modulus gf
Exposure Conditions” Exposure Strength, psi Rupture
Description (MPa)© Group Average® Individual Minimum®” Minimum psi
% % (MPa)©
Soft Hard Soft Hard
Wood Wood" Wood Wood"
Dry Use:
Cured (dry) 1.1.1 2000 (13.8) 60 30 30 15 2000 (13.8)
Three-cycle soak 11.1.2 1000 (6.9) 30 15 15 ! 1000 (6.9)
Elevated Temperature ((220°F) 11.1.3 1000 (6.9) ! ! ! ! !
(104°C))
Temperature-Humidity ((140°F 11.1.4 750 (5.2) ! ! ! ! !
(60°C), 16 % EMC))
Wet Use:
Cured (dry) 1.21 2000 (13.8) 60 30 30 15 2000 (13.8)
Boil 11.2.2 1600 (11.0) 50 25 25 ! 1400 (9.7)
Elevated Temperature ((220°F) 11.2.3 1000 (6.9) ! ! ! ! !
(104°C))
Vacuum Pressure 11.2.4 1600 (11.0) 50 25 25 ! 1400 (9.7)

A Twenty specimens required for each classification and exposure.
B parallel to the grain.

€ Tension and flexure results may vary with the species. Any acceptable wood should produce joints able to meet these requirements.
P The wood-failure requirements are given for softwoods and hardwoods. Groups 3 and 4 hardwoods are listed at 50 % of the softwood value, with no wood-failure

requirement if the calculation is 15 % or less. (See 4.1.2.)
E For total group of specimens tested.

F For 90 % of the specimens tested, they shall meet or exceed these minimum wood-failure values shown. If a zero value is obtained for any of the specimens (the

specimen must meet the strength requirement).
€ For any individual specimen.
" See recommended minimum specific gravity in Table 2.
"No requirement.



ﬁ% D 5572 — 95 (Reappproved 1999)

TABLE 2 Bondability Groupings of Commonly Used Domestic
and Imported Wood #

U.S. Hardwoods U.S. Softwoods Imported Woods

Group 1—Bond Easily &

Alder Cedar, incense Balsa Hura
Aspen Fir: Cativo Purpleheart
Basswood White Courbaril Roble
Cottonwood Grand Determa®
Chestnut, Noble

American
Magnolia Pacific
Willow, black Pine:

Eastern white
Western white
Redcedar, western
Redwood
Spruce, Sitka
Group 2—Bond Well °

Butternut Douglas-fir Afrormosia  Meranti (lauan):
Elm: Larch, western® Andiroba White

American Pine: Angelique Light red

Rock Sugar Avodire Yellow
Hackberry Ponderosa Banak Obeche
Maple, soft Redcedar, eastern Iroko Okoume
Sweetgum Jarrah Opepe
Sycamore Limba Peroba rosa
Tupelo Mahogany:  Sapele
Walnut, black African Spanish-cedar
Yellow-poplar True Sucupira

Wallaba
Group 3—Bond Satisfactory ~
Ash, white Alaska-cedar Angelin Meranti (lauan),
dark red
Beech, American Port-Orford-cedar Azobe Pau marfim
Birch: Pine, southern Benge Parana-pine

Sweet Bubinga Pine:

Yellow Karri Caribbean
Cherry Radiata
Hickory: Ramin

Pecan

True
Madrone
Maple, hard
Oak:

Red®

White©

Group 4—Bond With Difficulty €
Osage-orange Balata Keruing
Persimmon Balau Lapacho
Greenheart  Lignumvitae
Kaneelhart ~ Rosewood
Kapur Teak

A From Wood Handbook” Table 9-1 (with the species incense cedar added to
Group 1) U.S. Forest Service, USDA, Washington, DC. Although this table is of
historical significance, it is recognized that more modern adhesives might lead to
different species groupings in regard to difficulty of bonding. The user is referred to
5.2.

B Bond very easily with adhesives of a wide range of properties and under a
wide range of bonding conditions.

€ Difficult to bond with phenol-formaldehyde adhesive.

P Bond well with a fairly wide range of adhesives under a moderately wide range
of bonding conditions.

EWood from butt logs with high extractive content are difficult to bond.

F Bond satisfactorily with good-quality adhesives under well-controlled bonding
conditions.

G Satisfactory results require careful selection of adhesives and very close
control of bonding conditions; may require special surface treatment.

5. Significance and Use

5.2 The initial development of Specification D 3110 was
based on finger-joint assemblies made under controlled labo-
ratory conditions. In the development of this revised specifi-
cation the results obtained with laboratory-made specimens
(see 12.1.2) were compared to those obtained with industrially
manufactured specimens (see 12.1.1). These finger joints were
prepared using previously certified adhesives in cooperation
with a manufacturer or equipment supplier who had the
necessary finger-joint cutter and assembly equipment. These
finger joints may vary in geometry and length from manufac-
turer to manufacturer, and this variation could affect the
performance of the bonded-finger-joint assenb{gee 12.1,
12.4, and 12.5.) Fig. 3 depicts a sample finger-joint configu-

"7

=1
LN

L=

Example Dimensions for Fig. 3 Test Standard Finger Joint:

wb

Code Dimensions, in. (mm)* Degrees
a 1.312 (33.32)
f 0.250 (6.25)
wt 0.047 (1.19)
wb 0.092 (2.34)
s (Slope) 5°

A The dimensions given are for a typical horizontal finger joint and are examples
only.

FIG. 3 Test Standard Finger-Joint Form

ration.

5.2.1 When changes are made in the design of the industri-
ally manufactured finger joint, the new design should be
compared to a control design that has been used successfully.

5.3 An industrially manufactured finger joint should be
evaluated using the requirements for compliance with this
specification, in accordance with 4.1. When this specification is
used to evaluate specimens made from field-manufactured
assemblies, the results may not compare favorably with those
run on specimens made from laboratory-made assemblies.

5.4 Test requirements are provided to determine if the
adhesive is suitable for dry use or wet use.

5.5 The dry test and exposure conditions and treatments are
to evaluate adhesives used in nonstructural finger joints for
typical service conditions.

5.1 Adhesives are classified as dry use or wet use. Each
classification includes consideration of short-term in-transit
exposure conditions at elevated temperatures up to 22OOFQSero, M. L., “Effects of Joint Geometry on Tensile Strength of Finger Joints,”

(104°C).

Forest Products JournalMol 13, No. 9, September 1963, pp. 390—400.
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5.5.1 The 220°F (104°C) test, a more severe test, is de-
signed to evaluate the product after exposure to short-term
elevated-temperature conditions. This test is intended to simu-
late conditions that might be experienced in transit, further,
processing, or in-service conditions.

Note 4—These typical service conditions could include stress and time
under stress, as well as elevated temperature.

5.6 Procedures are described in sufficient detail to permit
duplication in different testing laboratories.

5.6.1 Record any deviations in these procedures on the
report forms, Appendix X1, as it may have an impact on the
results obtained. Test data are only valid for the length and
design used. (See 12.4))

5.7 To avoid potential problems that would be caused by

interrupting the bonding process, the adhesive-performance Example Dimensions for Fig. 4 Flexure Test Specimen:

level should be determined by the finger-joint manufacturer Code Dimension, in. (mm)~

prior to handling and earI_y shipment. Before beginning the full s 12.0 (307.2)

testing process, the testing laboratory should pull a represen- b 0.75 (19.2)

tative sample and check the dry strength first, in order to ensure d 0.5 (12.8)

that the product basically conforms with the performance level ° (see 9.2.1)

certified by the adhesive manufacturer. A These dimensions are given as examples of a finger-joint assembly. Use the

actual measurements of “b” and “d”. Code “b” may be the width of a vertical joint,
or the thickness of a horizontal joint. Code “e” is the extended dimension of the
TEST METHODS length of the assembly that falls outside the reaction points.

FIG. 4 Flexure Test Form and Dimension
6. Apparatus

Note 5—The finger-joint specimens to be broken in tension are shorter . . . .
than those to be broken in flexure. Accommodation must be made in thEinimum length Qf 2.5in. (63.5 mm) b_y awidth O_f 0.75in. (19
equipment for handling the larger flexure specimen. mm), and capacity of both test machine and grips of not less

6.1 Environmental Chamber (For Moist-Heat Aging)a-  than 2200 Ibf (1000 kgf).

pable of Ocondltlo_nlng spe_m_mens at 805 F (27+ 3°C) and Note 6—Depending on the design and adaptability, the same machine
80 i 5% relative humidity and capacity for at least 20 with a 2200-Ibf (1000-kgf) capacity, described in 6.5 for the flexure
specimens well-spaced and supported on racks to allow free giisting, can be used for the tension test described in 6.6. (See Practices E 4
flow. and Terminology E 6.)

6.2 Oven(s) with sufficient air circulation to remove mois- . .
ture from the chamber, and capable of meeting all the follow- 6:7 Vacuum-Pressure Vesseapable of meeting the require-
ing temperature requirements: 105 5°F (41 = 3°C) (see ments of 11.2.4, and capacity tq meet the requirement that all
11.1.2); 220 and 236 5°F (104 and 110 3°C) (see 11.1.3 of the specimens are at least 2 in. (50.8 mm) below the water
and 11.2.3); 156 2°F (65+ 1°C) (see 11.1.4); and 145 5°F level for the duration of the complete vacuum-pressure cycles.
(63 = 3°C) (see 11.2.2). ) ) )

6.3 Tank for Soakingcapacity to meet the requirements of 7- Preparation of Finger Joint

11.1.2, so that all of the specimens are at least 2 in. (50.8 mm) 7.1 Equipment—Prepare the finger-joint assemblies in co-

6.4 Tank for Boiling capacity to meet the requirements of nanyfacturer, or a laboratory having all of the proper equip-
11.2.2, so that all of the specimens are at least 2 in. (50.8 MM ant.

below the water level for the duration of the boil cycles. 7 2 Preparation of Assemblies
6.5 Testing Machine for the Flexure Specimeapacity of ' P . )
not less than 2200 Ibf (1000 kgf) in compression, equipped for 7-2.1 Material—Use lumber that conforms to the require-
one-third span, two-point loading as described in 9.5 andnents: maximum slope of grain of 1 in 14 on any face or edge;
shown in Fig. 4, capable of maintaining a uniform rate of EMC of 8 to 12 %, preferably brought to 10 to 12 % MC prior
loading such that the load may be applied with a continuou$0 cutting and bonding; free of knots and decay; free of
motion of the movable head to maximum at a rate of 0.5 inmachining defects such as chipped grain, feed-roll polish,
(11.7 mm)/min with a permissible variation of10 %, and coarse knife marks, and feed-roll compression; free of drying
located in an atmosphere such that the moisture content of tteffects, such as case hardening, collapse, or splits or checks.
specimens developed under the conditions prescribed in SeBecommended minimum specific gravities are given in Table
tion 11 is not noticeably altered during testing. 3. Finger joints are to be cut on the day the assemblies are to
6.6 Testing Machine for the Tension Specimeapable of be made. See 4.1.2 for species compliance rules relative to
applying a calibrated tensile force, equipped with grips oftesting, and Table 2 for information on the bondability of some
sufficient length to hold the specimen firmly, preferably aspecies of wood.
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TABLE 3 Recommended Minimum Specific Gravities by Species 9. Testing in Flexure
Species Specific Gravity ** 9.1 Conditioning—Follow instructions in Section 8.

Douglas Fir, East 0.48 9.2 Preparation of Test Specimen
Douglas fir, Inerior South o0 9.2.1 Form and Dimensior-From a finger-jointed assem-
Fir. White 0.39 bly (see 7.2), cut the flexure-test specimens with sufficient
Hemlock, Western 0.45 length for the joint to be centered at midspan as in Fig. 4, and
;T‘r:ghL‘(’)\fgsgggl‘e oo with a distance between reaction points of 24 multiplied by the
Pine, Loblolly 051 depth,d. Allow at least 1 in. (25 mm) at both ends of the
Pine, Ponderosa 0.40 specimen outside the reaction points. On each edge of the
“Values have been taken from Table 4-2, Wood Handbook. specimen, feather out the finger at the midpoint of the joint,

mc‘;s\ﬁlrléesoﬁ{zn?verages based on oven-dry weight and volume at 10 to 12 % adjusting the width of the specimen accordingly. (See Fig. 5.)

Note 7—In this application, “to feather” means to remove any portion
extending beyond the normal surface of the outer finger so that the stress

7.2.2 Adhesive—Follow the adhesive manufacturers in- riser (butt joint effect) is not present on the surface. See Fig. 5.

structions for conditions and procedures for preparing and 9.3 Exposure Conditiors-Subject the specimens to the

applying the adhesive, as well as for assembling, pressing, aﬁgsts for the sele(_:ted Wet-use_ or dry-use _c_lassification, or both,
curing the assembly. in accordance with the applicable conditions and treatments

n given in Section 11. Consult Table 1 for the tests required for

7.2.3 Number of SpecimensFor each unique combinatio X o
gach testing mode and performance classification.

of specimen type, mode of testing, and exposure condition, ) )
test group consists of 20 specimens, representing at least fourg'4 Testing Machine- See 6.5.

: - ; - ; 9.5 Testing Procedure- Apply the load with a continuous
ggfcer:egstsz;srsglr;bhes with no more than five specimens frommotion of the movable head at a rate of 0.5 in. (12.7 mm)/min

(=10 %), testing the specimens by one-third span, two-point
loading with the load applied perpendicular to the face showing
the fingers, as shown in Fig. 4.

8.1 Measuring Moisture ContentThere are several stages 9.6 Calculation—Calculate the modulus of rupture in
in this test method where it is necessary to determine the M@ounds-force per square inch or kilopascals as follows:
as follows: on the lumber before bonding, on the assemblies R = Plbc

. . . - . = 1)

before cutting into specimens, and on the specimens during
several tests when they must be dried to a given MC beforevhere:
testing. R

8.1.1 Factory-Manufactured AssemblieaVhen construct- P
ing the assemblies, select lumber within the range from 10 tob
12 % MC before bonding, (see 7.2.1). Determine the MC by
use of an electronic moisture meter, in accordance with Tes

Method B in Methods D 2016. After bonding the assemblies ir\( -
. . orm shown in Fig. X1.1 for dry use and wet use. Also, report
the field, control the MC of the specimens throughout th he wood specigs used for );esting, indicate whether Fi)t is

teszng Process as shown in 8.1.2.1 and 8.1.3 for Iabor"’uorx:'lassified as soft wood or hard wood, and report the slope of
made Specimens. ) the finger in degrees. Report the measurementb fordd, to
8.1.2 Laboratory-Made AssembliesSelect lumber as de- the nearest 0.01 in. (0.25 mm) for each specimen. Fig. X1.1

scribed in 7.2.1, except determine the MC of the lumber byyiso includes spaces for the recording of several items of
Test Method A, Oven-Dry; or by Test Method B, Electronic

Moisture Meter Method, of Methods D 2016, when agreement
within £1 % MC with Test Method A has been determined. /_ Feathered ioim‘

8.1.2.1 If needed, condition the assemblies to the original
MC,= 1 % MC, by use of an environmental chamber (see 6.1)
prior to cutting the specimens.

8.1.3 Specimen Conditioning During the Testing Proeess
The allowable variation in MC at the completion of a drying
cycle or before testing dry i1 % MC. For example, if the
MC of the specimen before exposure is 9 %, the acceptable
range for testing is 8 to 10 %. Wood failure is estimated on
specimens after they have been conditioned to less than 8 %
except for the dry test described in 11.1.1 and 11.2.1, where th
specimens have never been taken from the dry state. Woqd
failure may be read on these test specimens following th
strength testing, with no further conditioning to reduce MC. FIG. 5 Feathered Finger Joint

8. Conditioning

modulus of rupture, psi (MPa),

maximum load, Ibf (N),

length of span (24d), in. (mm),

breadth of specimen, in. (mm), and

depth of specimen, in. (mm).

9.7 Report—Report the modulus of rupture values on the
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bonding information that, although not required for test report-determine whethel h isenough time to test 20 specimens. If not, divide

ing, have been found useful in product quality control. the specimens into smaller groups before running the exposure tests.
o . 11.1 Dry Use—The exposure conditions and treatments
10. Testing in Tension used with each testing mode to meet the dry-use classification
10.1 Conditioning— Follow the instructions in Section 8. requirements are listed in Table 1. See 8.1.3 for information on
10.2 Preparation of Test Specimen allowable MC when testing the specimens. See 10.7.1 for

10.2.1 Form and Dimensions-From a finger-jointed as- instructions on reading wood failure. Details of the test
sembly, cut the tension test specimens, with each measuringethods are given as follows:
0.25 by 0.75= 0.01 in. (6.35 by 19.05- 0.25 mm), with a 11.1.1 Dry Test—Following the prescribed curing period for
recommended length of 10 in. (25.4 cm). Trim the outer fingershe adhesive being tested, condition or dry one group of the
of the specimen as described in Note 7 and as shown in Fig. Specimens (see 7.2.2) to within the allowable range-&f%
a process known in this specification as “feathering.” (SeeMC of the original MC (see 8.1.3), and test in accordance with
9.2.1 and Note 7.) the instructions in 9.5 or 10.5.

Note 8—Fig. 6 illustrates a sample finger-joint configuration. Ten 11.1.2 Soak Test (Three Cycle)Place one group of the

inches (25.4 cm) is the preferred length, but shorter lengths may béPeCime”S (see 7.2.2) in the .Soak tank, separated by stickers,
necessary to accommodate certain testing machines. (See 5.5.1.) wire screens, or other means, in such a manner that all surfaces

are freely exposed to the water. Weight down the specimens in
ater at 65 to 80°F (19 to 27°C) so that all specimens are at
€ast 2 in. (50.8 mm) below the surface of the water. Keep the
specimens immersed for a period of 4 h, followed by drying at
: . a temperature of 105 5°F (41 =+ 3°C) for a period of 19 h,
m:ﬂ(;/.;;estmg—Apply the load at a rate of 0.5 in. (12.7 with §ufﬁcient ai'r girculation to reduce_ the moisture content of
: specimens to within=1 % MC of the original MC as described

10.6 Calculation—Calculate the ultimate tensile stress in : 8 1.3. Repeat this procedure twice more for a total of three
pounds-force per square inch or megapascals based on teng[le®:*-2- R€P P

breaking load and the cross-sectional area at the finger jointCyCIeS' Following the third cycle, conduct the tests in the dry

0o ... condition at 75+ 5°F (24 =+ 3°C). If needed before testing and
10.7 Report—Report the tensile-stress values together W'thheading wood failure, condition or dry to less than 8 % MC, in

the estimated percentages of wood failure on the form ShOWan environmental chamber. (See 8.1.3.) Use of an electronic

in X1.2 for dry use or X1.3 for wet use. Indicate whether the oisture meter. as described in 8.1.1. is acceptable to deter-
assemblies were field-manufactured or laboratory-made. Alsénine MC ' B P

report the wood species and indicate whether it is classified a :
soft wood or hard wood. Report the slope of the finger in. gliéttsniixgg? Temperature TesUse either of the follow-

degrees and the dimensions to the nearest 0.01 in. (0.25 mr%
for each specimen: length of the finger (f), width of the ﬁngersple%:.i?ﬁf:.nls-r(izte ';A(Ztgt))?n 2'#21\?:; a?nzzegl?:caoc;nf 3%8u§n§f
? the tip (wt), and width of the finger at the base (wb). See Flghold for 6 h. Remove the specimens individually and immedi-

eately wrap each in two layers of PVDC wrapPlace wrapped

10.3 Exposure Conditions-Follow the instructions in Sec-
tion 11. See Table 1 for the tests required for each testing mo
and performance classification.

10.4 Testing Machine- See 6.6.

10.7.1 Estimate the wo.o_d failure on the fingerjqints by ey pecimens in a single layer in an oven at 28G°F (110 +
to the nearest 5 %. In addition, the mode and location of fallur&%oc) and hold for a minimum of 12 min and maximum af 29
may be note.d, that is, as wood f_aiIure away from the jOint’min ’Remove them from the oven one specimen at a time, and
through the tlps, or following the fingers. S_ee Appendixes X6test.within 30 s, without removing the PVDC wrap. Cond,uct
and X7 for guidelines on reading wood failure. the test in a room with an ambient temperature oft75°F (24

11. Exposure Conditions and Treatments * 3°C).

Note 9—Due to the number of specimens to be tested and the type of
tests that must be run, there may not be sufficient time to run all the———M¥ — —
specimens at one time in the time allotted. So that the time schedule may ° pypc(polyvinylidene chloride) wrap is the generic designation for the tightly
be followed, before running the tests in 11.1.3, 11.2.2, 11.2.3, and 11.2.4dhering, flexible films commonly used for covering food containers in the home.

Vg
Z w

L =

L

7

5) 3034

Example Dimensions for Fig. 6:

L) 10 in. (254.0 mm) A8
(H) 0.75 in. (19.05 mm)
(W) 0.25 in. (6.35 mm)

A The dimensions are given as examples only.
B The recommended length is 10 in. Some testing machines cannot accommodate this length. See Note 7.
FIG. 6 Tension Test Multifinger Form and Dimension
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Nore 10—The exposure of the unwrapped specimen$fo at 220+ mens, and fill the vessel with water at 65 to 80°F (18 to 27°C)
5°F (104+ 3°C), is for the purpose of simulating an elevated temperaturesg that all specimens are immersed at least 2 in. (51 mm). Draw
environment that could be encountered during transportation. Polyvi-and maintain a vacuum of at least 25 in. Hg (84.4 kPa) for 30

nylidene chloride wrap slows the cooling rate while testing. This method _ . . . . i
has been corroborated by a laboratory that participated in the round robingj'ln' Release the vacuum, and follow immediately with pres

Nore 11—Using this procedure, the temperature of a specimen 15 $Uré of 75= 2 psi (517= 14 kPa) for 30 min. Remove the
after removal from the oven will be approximately 220°F (104°C). TheSPecimens from the vessel and place in a plastic bag to keep
cool-down rate was based on actual tests of specimens. them wet. Test while wet within 1 h. (See Note 9.) Dry to less

11.1.3.2 Test Method Number TweTest the specimens for than 8 % MC as de_scribe_d in 8.1.3 before readir_lg wo_od failurg.
the effect of elevated temperature by using a heated chambbise of an electronic moisture meter, as described in 8.1.1, is
that is capable of heating the specimens to 226°F (104+  acceptable to determine MC.

3 C) fo_r 6 h, and al_so enclosing the testing machine for testing , Precision and Bias
immediately following the exposure period. (See 6.2.)

11.1.4 Temperature-Humidity TestCondition one group of 12.1 The precision of these tests on finger joints tested in
specimens (see 7.2.3) to equilibrium at 806°F (27 + 3°C) tension was determine by a series of round-robin tests. The data

and 80+ 5 % relative humidity (equivalent to 16 % EME&). were analyzed using the procedure in accordance with Practice
Wrap each specimen in two layers of PVDC wrap and place iff 691. Factors carefully controlled were: wood species, finger-
a single layer in oven at 156 2°F (65 1°C) for 12 to 20 joint configuration, cutting-tool condition, adhesive, and bond-

min. In a room with an ambient temperature of #52°F (24  ing condition. The data generated by these round robins are

+ 1°C), remove specimens one at a time and test within 30 gvailable:? _ _ -
without removing the PVDC wrap. 12.1.1 A round-robin test to determine repeatability and

11.2 Wet Use—The exposure conditions and treatmentsreproducibility was run on field-manufactured specimens. This
used with each testing mode to meet the wet-use classificatid§St was compared to two earlier round-robin tests where the
requirements are listed in Table 1. See 8.1.3 for information oijPecimens were made under controlled laboratory conditions.
allowable MC when testing the specimens. See 10.7.1 fof he repeatability and reproducibility of the tensile-strength
instructions on reading wood failure. Details of the testdata on the field-manufactured specimens were an improve-
methods are given as follows: ment over that obtained on the laboratory-made specimens.

11.2.1 Dry Test—Follow the instructions in 11.1.1. The repeatability and reproducibility of the wood-failure data

11.2.2 Boil Test—Place one group of specimens (see 7.2.3°" .the. _field-manufactured specimens generally showed more
in a tank of boiling water, separated by stickers, wire screené{a”at_i'zhty when compared to that of laboratory-made speci-
or other means, in such a manner that all surfaces are freef€ns.
exposed to the water. Weight down the specimens so they

remain immersed at least 2 in. (50.8 mm) during the boil cycle. TABLE 4 Tensile-Strength and Wood-Failure Precision
Boil for 4 h. Dry for 20 h at 145+ 5°F (63 = 3°C) with Tensile Strength Wood Failure
sufﬁcu?n_t air cwcula}thn to lower the MC.of. the specimens to Cvosn Cvos? cvosn Cv 5,7
the original MC, within an allowable variation of1 % MC. - — —_ e P
(See 8.1.3.) Determine the MC by removing a specimen at 18g, 120 661 129.5 155.5
19, and 20 h and testing with a moisture meter until the MC vacuum-Pressure 60.9 68.3 79.9 86.6
reading is in the desired range, or predetermine the timel85°F (74°C) 529 63.2 1208 187.3
"%20°F (104°C) 49.7 62.7 188.1 220.8

required to reach the desired MC by running samples. Repeat-
the 4-h boil cycle. Then remove the specimens and cool in
running water at 65 to 80°F (18 to 27°C) for 1 h. Remove the
specimens from the water and place them in a plastic bag to )
keep them wet. Test while wet within 1 h. 12.1.2 Taple 4 gives the results of the study on Iabora_tor_y—
11.2.2.1 For the specimens broken in tension, dry to lesglade specimens, expressed as the coefficient of variation
than 8 % MC before estimating the percentage of wood failure(CV %) Wwithin a laboratory (repeatability), andCV %)
Use of an electronic moisture meter, as described in 8.1.1, i@étween laboratories (reproducibility). The research réport

Repeatability, coefficient of variation in percent (within a laboratory).
Reproducibility, coefficient of variation in percent (between laboratories).

acceptable to determine MC. gives the maximum and minimum tensile strengths and wood
11.2.3 Elevated-Temperature Tesfollow the instructions failures for all tests run for Round Robins 1 and 2 on
in 11.1.3. laboratory-made specimens. The research répodmpares

11.2.4 Vacuum-Pressure TestPlace one group of speci- the repeatability and reproducibility of the data on the field-
mens (see 7.2.3) in a pressure vessel, separated by stickgig@nufactured specimens to that of the laboratory-made speci-
wire screens, or other means in such a manner that all surfacg8%ns.

can be freely exposed to the water. Weight down the speci- 122 Practice E 691 allows reporting of results in a number
of different ways. Coefficient of variation (CV) was chosen in

this instance because the mean varied so much that comparing

1 Forest Products Laboratories, “Wood Handbook: Wood as an Engineering
Material,” Agriculture Handbook No. 72Vashington, DC: U.S.D.A.; Rev. 1987. ———————
Tables 3 and 4, pp. 3—11, “Moisture Content of Wood in Equilibrium with Stated 2 Supporting data are available from ASTM Headquarters. Request RR:D14-
Dry Bulb Temperature and Relative Humidity.” 1005.
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standard deviations did not give a clear picture. Using CV’'sability may be attributed to specimen factors such as wood
illustrates the larger standard deviation in comparison to thelensity, wood strength, wood-grain slope, and testing condi-
means. tions.

12.3 An explanation of the preferred indexes of precision 12:6 To determine a base precision, samples of clear wood
for ASTM test methods is given in 28.1 and 28.2 of PracticeV€"€ Prepared and broken in accordance with Methods D 143
E 177. These paragraphs include the calculations for th@nd analyzed in accordance with Practice E 691. Table 5 gives

coefficients of variation for botlCV % , andCV % . CV% ,

. A TABLE 5 Clear-Wood Tensile Precision
andCV % g are larger than the coefficient of variatiorsfn),

. . il h, psi
calculated as shown in Note 12. (See Appendix X2 for the Tg&i};snengt - 12.20"
pertinent excerpts from Practice E 177.) CV 9%5° 61.6

) o ) . A Repeatability, coefficient of variation in percent (within a laboratory).
Note 12—The coefficient of variation that has been historically used by & Reproducibility, coefficient of variation in percent (between laboratories).

the industry is calculated by the formula:
CV=sn @) the results of this study_._ o _ _

12.6.1 The repeatability within laboratories obtained from
where: clear-wood specimens is consistent with that of the laboratory-
cv coefficient of variation, made finger-joint specimens. This suggests that the results
; f;igﬂard deviation, and from the finger-joint round-robin test show the repeatability

' that is achievable within a laboratory.

12.3.1 In this specification, Committee D-14 has chosen to 12.6.2 The reproducibility between laboratories obtained
use the preferred indexes of precision for ASTM test methodsyom the clear-wood specimens as compared with laboratory-
as given in Practice E 177. made finger-joint specimens, illustrates that this may be the

12.4 For the laboratory-made specimen (see Appendix X2)2€st reproducibility achievable on bonded specimens.
when finger lengths were 0.3 and 1.0 in. (7.6 and 25.4 mm), 12.7 !\Io precision has been determined for finger joints
length did not appear to influence the precision of either th&roken in flexure. .
tensile strength or wood failure. The estimation of wood failure 12-8 These test methods have no measure of bias since the
by the various participating laboratories was determined not t{)ensne strength and wood failure are defined by the testing

be a source of variation. methods.

12.5 On the laboratory-made specimens, the main source 8. Keywords
imprecision was within, rather than between, the individual 13.1 adhesive; bonded; dry use; finger joint; flexure; non-
laboratories. This indicates that the primary sources of varistructural; tension; wet use

APPENDIXES
(Nonmandatory Information)

X1. REPORT FORMS

X1.1 The following report forms in Fig. X1.1, Fig. X1.2, with the test adhesive pass the requirements of this specifica-
and Fig. X1.4 are used to record test results and to provide aion. A supplementary page is provided in Fig. X1.6 for
easy reference to determine whether the specimens prepareztording information needed for interpretation of the results.
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Report No. ) -
Adhesive Manufacturer
Testing Facility

Laboratory No.

]
MODULUS OF RUPTURE, DRY USE E

3-Cycle Soak

: :
! :
! !
! Type | Dry ! i Dry ' Boil tVacuum Pressure|
H Test | 11.1.1 ! 11.1.2 " 11.2.1 ' 11.2.2 ! 11.2.4 !
1 ——— b i | S, | S —_— | e e e e i i i e i e e e [}
1 H i Pl i t 1
| ! Strength ' Strength i Strength H Strenath H Strength !
d { Total Group | Total Group || Total Group | Total Group | Total Group !
1 b b o e e e e | U VU | o Do —— 1
i t ] (3] 1 1 ]
| { psi (MPa) | psi (MPa) || psi (MPa) E psi (MPa) | psi (MPa) |
1 b e et Ve e e e e b o e b i
] 1 1 1t t 1 1
bl | mmmmm e | o e 1] —mmmm i P e !
2 | o oo i 1] —mmmm —m— | e e e !
s s R — s s s
Il it e b e 1l e cmmrmamae | et e et —————

3 1 i (] I t §
5 i s 1] ——— e | - | e s :
I | ————— - | o e b} o s | mmmmm e | oo e :
L7 | e e | —mm—m o ] ——mmm i | e o :
o8 i Rt b mmmm e | mmmmm - | e e z
T R et | e e R e et !
L I ! - ] e e i e !
Lo i e ] | s | e !
Y | oo e |} mmmmm —oeo | —mmmm - | mmmem e !
S b e ] e e | o e e e !
T s R — o R — e s
! o | T [ | T v TTTTT T T T i
L | oo s i | oo e | o o |
R et | e Vo | T o [ i
I e e e " R — s
I 19l e amemma— e et e Vet e i amrmmam ) mmm———— —————
A TS p— J— —— J—— J— i
S | e e P e e e e s !
! vty | —mmm= —mmes b oo oo | mmmmm oo i |
!\ A Avg i 2000 (13.8) '} 1000 (6.9) }} 2000 (13.8) | 1400 (9.7) | 1400 (9.7) !
t 1 ] [ i 1 1
t t ' 11 1 ] i
! B WF% ! XXX ' XXX ii XXX i XXX i XXX
i 1 t
| Passed | | X | | |
] T . [} ’ T o - Tt i

[ 3] 1
E Meets Dry Use Requirement Yes No |} Meets Wet Use Requirement Yes =~ No |
1 = o ImmmEmETss i =============================={

A Required minimum average strength for Test Specimens®
total group of specimens in psi (MPa). MOR_ _in(b) x __in(4d)
X in(Ls)
B No wood failure requirement. Fingers (f) _ _in

Width, tip (wt)_ in
Width, base(wb)_ _in
*Slope (s8) _
*See FIG. 3.
FIG. X1.1 Modulus of Rupture, Dry Use and Wet Use
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Report No.
Adhesive Manufacturer
Testing Facility
Laboratory No.
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A Place a check alongside the minimum wood failure value.

in psi(MPa).
C Required minimum average % wood failure for total group of

B Required minimum average strength for total group of specimens

specimens.
D Required minimum % wood failure for individual specimen.

Footnote F.)

(See Table 1,
E No wood failure requirement.

Tension, Dry Use (Part 1)

FIG. X1.2 Report Form for Finger Joints
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Report No.
Adhesive Manufacturer
Testing Facility
Laboratory No.
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A Place a check alongside the minimum wood failure value.

Footnote F.)

in psi(MPa).
C Required minimum average % wood failure for total group of

(See Table 1,
E No wood failure requirement.

specimens.
D Required minimum % wood failure for individual specimen.

B Required minimum average strength for total group of specimens

(continued)

FIG. X1.2 Report Form for Finger Joints—Tension, Dry Use (Part 2)
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Footnote F.)
FIG. X1.4 Report Form for Finger Joints—Tension, Wet Use (Part 1)

specimens in psi(MPa).
C Required minimum average % wood failure for total group

(See Table 1,
E No wood failure requirement.

of specimens.
D Required minimum % wood failure for individual specimen.

A Place a check alongside the minimum wood failure value.
B Required minimum average strength for total group of
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(continued)

Yes
13

Footnote F.)
FIG. X1.4 Report Form for Finger Joints—Tension, Wet Use (Part 2)

specimens in psi(MPa).
C Required minimum average % wood failure for total group

(See Table 1,
E No wood failure requirement.

of aspecimens.
D Required minimum % wood failure for individual specimen.

A Placg a check alongside the minimum wood failure value.
B Required minimum average strength for total group of

Meets Wet Use Requirement
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Report No.

Date

Adhesive Manufacturer _

Testing Facility

TLaboratory No.

Species Used

Hard Wood Check one
Soft Wood Check one

Adhesive Used

Field Mfg. Check one

Laboratory Made Check one

Date Bonded

Date Received =

Tested by

Adhesive mix, spread, pressing conditions and comments ---——-

Test Specimens™

Fingers (£) in (- mm)
Width at Tip (wt) in ( mm)
Width at Base (wb) _ in ( mm)

*Slope (s)

FIG 2.
FIG. X1.6 Supplementary Information for Use With Fig. X1.2 and Fig. X1.4

See

X2. EXCERPTS FROM PRACTICE E 177

X2.1 Several terms that are used in this specification are X2.1.2 precision, ~— a generic concept related to the
defined in Practice E177 and are shown as follows forcloseness of agreement between test results obtained under
reference. The subsection number from Practice E 177 iprescribed like conditions from the measurement process being
shown following the definition. evaluated. (See X1.1.5 of Practice E 177.)

X2.1.1 bias, n—a generic concept related to a consistent or X2.1.3 repeatability, r~—a general term for a measure of
systematic difference between a set of test results from thprecision applicable to the variability between test results
process and an accepted reference value of the property beingtained within a single laboratory in the shortest practical
measured. (See X1.1.3 of Practice E 177.) period of time by a single operator with a specific set of test

14
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apparatus using test specimens taken at random from a singdponding standard deviation(s) or percent coefficient of varia-
sample of material. (See X1.1.6 of Practice E 177.) tion ( CV %) shall be indicated. (See 28.1 of Practice E 177.)
X2.1.4 reproducibility, r—a general term for a measure of X223 Recommended Terminology for Preferred Indexes

precision applicable to the variability between single test_ = 9594 repeatability limit, andR=95 % reproducibility
results obtained in different laboratories using test specimengnmit.

taken at random from a single sample of material. (See X1.1.7

X2.2.3.1 To hel t confusi tweentzadR
of Practice E 177.) 3 o0 help prevent confusion betweentldR, use

r = 95 % repeatability limit (within a laboratory), ami= 95 %

X2.2 The following excerpts from Practice E 177 express'€producibility limit (between laboratories).
indexes in percent, and also explain both the preferred types of X2.2.3.2 Similarly, the recommended terminology for the
precision and the preferred indexes, as well as the recongorresponding standard deviations $= repeatability stan-
mended terminology for preferred indexes. Note tG&%,  dard deviation (within a laboratory), ared; = reproducibility
and CV % are larger than the coefficient of variation standard deviation (between laboratories). For the coefficients
historically used. See Note 12. of variation CV %, = repeatability coefficient of variation in

X2.2.1 Indexes in Percentin some instances (see section PErcent (within a laboratory), ar@V % reproducibility coef-

285 of Practice E 177) there may be some advantage ificient of variation in percent (between laboratories).
expressing the precision index as a percentage of the averae'€"€:
test results; that is, percent coefficient of variati@V©s). The '~ 1.960\/25 =2.8s,orr = 1.960 LV %, - 2.8CV %, and
notation may then beQV %) (2CV %), [d2CV %), etc. (See R=1.9601/2 52=2.85z 0r R=1.960 TV %z = 2.8CV %p
27.3.5 of Practice E 177.) depending on how the indexes vary with the test level (see
X2.2.2 Preferred Types of Precision and Preferred section 28.5 of Practice E 177).
Indexes—The types of precision described in 23.1.3 and 25.1, X2.2.3.3 For other than the preferred types, the more
namely, repeatability and reproducibility, are the preferredgeneral terminology “95 % limit” may be used with the sources
types of precision statements for ASTM test methods. Thef variability, for example: 95 % limit (operator-to-operator,
preferred index for each of these types is the 95 % limit on thevithin-laboratory), and similarly for the corresponding stan-
difference between the two test results (see section 27.3.3 dfard deviation: operator-to-operator within laboratory standard
Practice E 177), namely, 2.8 s or 238/ %. Also the corre- deviation (see section 28.2 of Practice E 177).

X3. EXCERPT FROM TEST METHOD D 4688

X3.1 The following excerpt was taken from Annex Al of X3.1.2 Failure Modes 1 and 2 require the evaluator to make
Test Method D 4688. Although it was mandatory informationa distinction between less than 70 % wood failure and more
in Test Method D 4688, it is published here as nonmandatoryhan 70 % wood failure. This is often a difficult quantity to
background information on the various classifications of woodudge from an oblique angle. In difficult cases it is suggested
failure in finger joints broken in tension: that the fingers be cut off at their roots so that the failed

X3.1.1 The types of failure that occur in finger-jointed surfaces of the finger can be viewed directly.
specimens due to tension loading may be roughly classified
into six modes. Determine the failure mode of each specimen
based on the written and graphical description given in Fig.

X3.1.
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Mode Description Example

Failure mostly along the bondline
surfaces of the joint profile with
poor wood failure of any kind
(wood failure < 70%).

Failure mostly along the bondline
2 surfaces of the joint profile with

good wood shear failure

(wood failure > 70%).

Failure mostly along the joint
profile but with some failure at
the finger roots or scarf tips.
Good overall wood shear failure
along the joint profile surfaces.

Mostly tensile wood failure at the
fingerjoint roots or scarf tips and

4 with high overall wood failure.
Little failure of any kind along
the joint profile.

AT

Failure beginning at the joint
(possibly due to a stress riser)

and progressing away from the joint.
Essentially 100% wood failure.

Failure away from the joint (not ‘\L
influenced by the joint)--all

6 wood failure. Z\k

FIG. X3.1 Failure Mode Criteria

X4. EXCERPT FROM PRACTICE D 5266

X4.1 The following excerpt was taken from the sections ofsuch as knots, knotholes, burl, and voids in the bonded area.
Practice D 5266 as shown, with the source of each sub-sectiq$ee 6.2 Test Method D 5266.)

given following the text: X4.1.3 Procedure
Section Heading X4.1.3.1 Work in a location where direct outside light does
: Apparatus . not fall on the specimen. (See 7.1 of Test Method D 5266.)
reparation of Specimen . i .
7 Procedure X4.1.3.2 Select a light source and use it consistently. (See
8 Evaluation of Wood Failure 7.2 of Test Method D 5266_)

Note X4.1—Practice D 5266 was written primarily with plywood ora ~ X4.1.3.3 When reading wood failure on finger joints, hold
laminate-bonded joint in mind, but many of the directions also apply tothe specimen with the length of the fingers perpendicular to the
reading the wood failure of finger joints. line between the light source and the eye. (See 7.4.3 of Test

X4.1.1 Apparatus—A dual-element desk lamp equipped Method D 5266.)
with one 15-W daylight and one 15-W cool white tube is X4.1.3.4 Dyes are sometimes helpful in distinguishing
recommended as a light source. (See 5.1.1 of Test Methodood failure from light-colored adhesive. (See 7.6.1 of Test
D 5266.) Method D 5266.)

X4.1.2 Preparation of Test Specimer$o0 not estimate the X4.1.3.5 Magnification, rotation of the specimen, and varia-
wood failure percentage of specimens with localized defectsion of the incident angle of the light on the surface are often
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necessary to distinguish shallow wood failure from adhesive X4.1.4 Evaluation of Wood Failure

failure, especially when the adhesive is light colored or X4.1.4.1 For accuracy and consistency special care must be
transparent. Magnification may or may not be used to make thken in the middle range from 30 to 85 %, where most of the
actual estimate of wood failure, however the practice should bdifficulty occurs. (See 8.1 of Test Method D 5266.)

consistent. After rotation always reposition the specimen to the X4.1.4.2 The color of the adhesive and recognition of
standard position before making the estimate of wood failureshallow wood failure affect the estimate. (See 8.2 of Test
(See 7.6.2 of Test Method D 5266.) Method D 5266.)

X4.1.3.6 Mentally divide the surface into quadrants for X4.1.4.3 If the percentage of wood failure is high and the
estimating the areas of various forms of failure. (See 7.1 of Tedtilure is mostly on the side of the adhesive layer, the grain
Method D 5266.) orientation may be a factor. (See 8.3 of Test Method D 5266.)

X4.1.3.7 Estimate total wood-fiber failure of each specimen X4.1.4.4 Record any indications of poor spread, lack of
to the nearest 5%, with a maximum of 100 % of the totaladhesive transfer, or other bonding problems. (See 8.4 of Test
bonded test area. (See 7.11 of Test Method D 5266.) Method D 5266.)

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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