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Standard Test Method for
Determining Strength of Gap—FiIIing Adhesive Bonds in
Shear by Compression Loading

This standard is issued under the fixed designation D 3931; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

€' Note—Keywords were added in April 1999.

1. Scope 3.1.1 gap-filling adhesiven—an adhesive capable of form-

1.1 This test method covers the determination of comparad and maintaining a bond between surfaces that are not
tive shear properties of gap-filling adhesives in wood-to-woodFlose-fitting. _ o _ _
joints at specified thicknesses of bondline in the dry condition, 3-1.1.1 Discussior—Close-fitting is relative to a given ma-
when tested on standard specimens under specified conditioffial and industry; for example, standards in construction
of preparation, conditioning, and loading in compression. Thigliffer from standards in electronics. Some adhesives will bond
test method is intended as an evaluation of gap-filling adheby bridging without completely filling the gap; others by filling
sives such as those used to bond plywood to lumber, lumber &€ 9ap completely.
lumber, and other similar materials in building constructions. P
1.2 This test method also may be used to determine sheg{r’ Significance and Qse , )
properties of gap-filling adhesives in species of wood and in . 4.1 Struc;tural design based on strength—of-mater]als prin-
thicknesses of bondline other than those specified for th&iPIes requires knowledge of the mechanical properties of the
comparative tests of shear properties within this test methodtructural components, including adhesives. By nature of their
All procedures specified herein are applicable, excepting redS€, the mostimportant property of adhesive is shear strength.
quirements for wood species and specific gravity, and thick- 4.2 Shear stre_ngth measured by this test m.ethod is suitable
nesses of bondlines. for use in adhesive development, manufacturing quality con-
1.3 This standard does not purport to address all of thetrol, and in materials performance specifications, as well as
safety concerns, if any, associated with its use. It is th&tructural design.
responsibility of the user of this standard to establish approg

; . ; .~ 5. Apparatus
priate safety and health practices and determine the applica- ) , , ,
bility of regulatory limitations prior to use. 5.1 Testl.ng Machmehavmg a capaqty of abogt 15 000 Ib
(6818 kg) in compression or of sufficient capacity to test the
2. Referenced Documents adhesive in use. The machine shall be fitted with a shearing
2.1 ASTM Standards: tool containing a self-aligning seat to ensure uniform lateral
D 143 Methods of Testing Small Clear Specimens of Tim-distribution of the load. The machine shall be capable of
beP maintaining a uniform rate of loading such that the load may be
D 905 Test Method for Strength Properties of Adhesive@PPlied with a continuous motion of the movable head to
Bonds in Shear by Compression Loading maximum Ioad_a’g a rate of 9.20 in. (5.Q mm)/min W|th_ a
D 1151 Test Method for Effect of Moisture and TemperatureP€rmissible variation of=25 %. The shearing tool shown in
on Adhesive Bonds Fig. 1 of Test Method D 905 has been found satisfactory.
E 171 Specification for Standard Atmospheres for CondiL-0cate the testing machine in an atmosphere such that the
tioning and Testing Materials moisture content of the specimens, developed under the con-
ditions prescribed in 7.3, is not noticeably altered during
3. Terminology testing.

3.1 Definitions: 6. Test Specimen and Sample

1 This test method is under the jurisdiction of ASTM Committee D-14 on 6.1 Test'specw'nens for adhes“./e bonds shall conform to the
Adhesives and is the direct responsibility of Subcommittee D14.70 on Constructiorﬁorm and dimensions shown in F'Q- 1. Prepare bonded assem-
Adhesives. blies as described in 7.1. Prepare test specimens for testing as

Current edition approved Dec. 15, 1993. Published February 1994. Originallyjescribed in 7.2.

P“E'ﬁ,ﬁﬁﬁaﬁggoigj’ﬁ,;s% Lsatsatnzzggl’%ﬂg‘)” D 3931 - 90. 6.2 Determine mean shear strengths of bonds at bondline

2 Annual Book of ASTM Standatdeol 15.06. thicknesses of 0.006 and 0.060 in. (0.15 and 1.52 mm). Tests
4 Annual Book of ASTM Standardéol 15.09.
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TABLE 1
GAP-FILLING ,
BONDLINE 4
/ /4
GRAIN DIRECTION
o | 3" BOTH BLOCKS
4
l"
q §
‘éu \
4N 1 2"
3
Z\/
Metric Equivalents
in. 0.064 Ya Ya 1% 2
mm 1.63 6.35 19.05 44.45 50.80

FIG. 1 Form and Dimensions of Test Specimen

for strengths of bonds at other thicknesses, in addition to thodests, the specific gravity of blocks may be determined in accordance with
specified, shall be optional upon agreement between thie Weight and Moisture Content Section under Nail Withdrawal of Test
manufacturer and the user. Methods D 143.

6.3 Test a minimum of 28 specimens, representing seven 7.1.1.1 These blocks shall be straight-grained and free of
different bonded assemblies, to determine mean shear strengififects, including knots, splits, birdseye, short grain, decay,
of bonds at each bondline thickness. and any unusual discoloration within the shearing area. The
blocks shall be of suitable size so that four test specimens can
be cut from one test joint, as shown in Fig. 2. Blocks

7.1 Preparation of Bonded Assemblies approximately?s by 22 by 14 in. (19 by 63 by 356 mm) have

7.1.1 Prepare bonded assemblies with hard maple blockseen found to be satisfactory for this purpose. The moisture
(Acer saccharunor Acer nigrum) conditioned as described in content shall be from 8 to 10 % (conditions prescribed in 7.3.1)
7.3. The blocks shall have a minimum specific gravity of 0.65,n535ed on ovendry weight as determined on representative
based on ovendry weight and ovendry volume (Note 1).  samples in accordance with the final measurement section

Note 1—A method for selecting maple blocks of satisfactory specific under radial and tangential shrinkage and the weighing section
gravity is described in the Appendix of Test Method D 905. For referenceunder moisture determination in Test Methods D 143. Surface

7. Procedure

TABLE 2
7/
7 / V4
Vi / Vi
/  DISCARD ZCuT A //%cu'r A //// DISCARD
/7 Vi cutT A

SPACERS AT ALL
DISCARD BLOCKS

L
1
o)

SPECIMEN BLANK
BONDLINE:

GRAIN DIRECTION - BOTH BLOCKS
Metric Equivalents

in. 12 2 2Y2 14
mm 38.1 50.8 63.5 356.0

FIG. 2 Bonded Assembly Showing Method of Cutting Four Test Specimen Blanks
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the blocks just prior to gluing, preferably with a hand-feedprogressive changes in weight.

jointer. Make sure the surfaces remain unsanded and free from7.3.2 Other conditions such as described in Test Method

dirt. D 1151 in materials performance specifications, or by mutual
7.1.2 Use spacer strips to control bondlines to specifiedigreement between the parties of the test, may be used in

thicknesses between blocks. Spacers shall be wood veneer addition to the standard atmosphere.

plastic, and measure approximatéfy by 3% in. (13 by 89 7.4 Testing—Place the test specimen in the shearing tool so

mm) long. Place spacers crosswise at the ends and center of tet the load may be applied as described in 5.1. The position

lower test joint block. Apply adhesive in sufficient quantity to of the specimen with respect to the loading ledge and self-

ensure squeezeout at the ends of the joint when blocks amgljusting bearing is shown in Fig. 3. Take special care to

under pressure (Note 2). ensure that the maple block rests on the lower ledge bearing

o . nd abuts the gap-filling bondline. The upper self-adjusting
Note 2—If the adhesive is to be applied as an extruded bead, the be - . -
should be¥s to ¥z in. (10 to 13 mm) in diameter to ensure squeezeout in earing should rest on the opposite maple block and gap-filling

bondline thicknesses near 0.060 in. (1.5 mm). Use a smaller diameter be@®ndline. Apply the loading with a continuous motion of the
of adhesive for thinner bondlines. movable crosshead at a rate of 0.20 in./min (5.0 mm/min) to

S : . failur ri in 5.1.
7.1.2.1 Take care to avoid air entrapment in the bondline. o ' ¢ &% described in 5

Do not spread the adhesive closer tharin. (13 mm) to any 8. Calculation
spacer because adhesive may be entrapped between block ang.1 Calculate the nominal shear stress at failure in pounds-

spacer, thereby increasing bondline thickness. Assemble tlferce per square inch (or pascals), and estimate the percentage
blocks immediately, unless specified otherwise by agreemermf wood failure based on the measured bondline area between
between the manufacturer and user of the adhesive. Apply #e two laminations. Record for each specimen.

15-Ib (7.0-kg) load uniformly over the entire bond area to 8.2 Calculate the mean of the specimens of each group

ensure firm contact between spacers and blocks of the assermsted as:
bly. Maintain the pressure on test joints at the conditions

; . % = 2xi/n @

prescribed in 7.1.

7.1.3 Curing time for bonded assemblies shall be as speciwhere:
fied by the manufacturer of the adhesive, or else 30 days inthes = mean shear strength,
standard atmosphere (7.3.1). ¥ = individual shear strengths of specimens in a group,

7.2 Preparation of Test Specimens and _ _

7.2.1 Joint one edge of each bonded assembly to use asa = Number of specimens in the group. _
reference surface in further cutting. Rip-saw the other edge to 8-3 Calculate the standard deviation of the group as:
reduce the width of the assembly to 2 in. (51 mm). Cut 2-in. s=\/2 % - [(Ex)nJn— 1) o)

long specimen blanks with the reference surface of the bonded
assembly against the crosscut guide of the saw (Cut A, Fig. 2).
Then using a stop clamped to the crosscut guide, notch each se="\/s%n (3)
end of the specimen blank to achieve tf#-ih. (44.5-mm) 8.5 Calculate the mean percentage of wood failure, as
bond length (Cuts B1 and B2, Fig. 2). Always make the cutS O'Wn in 8.2 '
with the reference surface against the crosscut guide. Make Cup o
B1 extend through the laminate the glueline. Make Cut B2 9. Report
extend through the laminate artrough the glueline. The 9.1 Report the following information:
purpose of the latter procedure is to ensure that the adhesive-
adhered bond under test is aligned with the shear plane. Make
the final cuts (Cut C, Fig. 2) with the block vertical in order to PLANE OF
remove waste and complete the steps on either end of the SHEAR
specimen. Keep the reference surface against the crosscut
guide. Take special care in making all of the above cuts to
ensure that the loading surfaces are smooth, parallel to each
other, and perpendicular to the edges and the bondline.

7.2.2 Measure and record the bond width and length to the

8.4 Calculate the standard error of the mean as:

SELF ADJUSTING
BEARING

GAP FILLING

nearest 0.010 in. (0.25 mm). BONDLINE
7.3 Conditioning
7.3.1 Use the standard atmosphere for adhesives for condi-

tioning wood blocks prior to bonding, curing of test joints, and WOOD BLOCK

storing of test joints and specimens prior to testing, unless
otherwise specified. The standard atmosphere (Specification | Epge
E 171) is a relative humidity of 50 5 % and a temperature of BEARING
734 i 3.6°F (23= 2°C). st_ore wood blo,CkS’ test joints, and ,lFIG. 3 Side View of Test Specimen Showing Method of Notching
specimens at these conditions for a period of 7 days, or until specimen to Ensure Proper Alignment of Shearing Tool and
they reach equilibrium moisture content as indicated by no Plane of Shear
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9.1.1 Complete identification of the adhesive tested, includtaboratories. Such information may be available in the future
ing type, source, manufacturer’s code numbers, form, etc. following round-robin testing among laboratories.

9.1.2 Type of adherends in test specimens; that is, species,10.1.2 The precision of the test is a function of the proper-
specific gravity, and grain orientation (that is, edge or flatties of the cured bondline; and if wood failure occurs, it is a
grain). function of the wood'’s variability. Precision shall be reported

9.1.3 Bondline thicknesses tested, as determined from thickn terms of the standard deviation of the data and the standard
nesses of spacers used rather than measured thickness of cugear of the mean.

bondline. 10.2 Bias—The ability of this test method to measure the
9.1.4 Moisture content of wood at time of bonding, methodpure shear strength of the bond has not been established. The
of adhesive application, and time of cure. test is similar in principle to the method for the shear strength

9.1.5 Temperature and relative humidity used for precondiof wood parallel to the grain described in the Shear Parallel to
tioning wood blocks, curing of adhesive, and testing ofGrain portion of Test Methods D 143. The latter method has
specimens. been found to yield shear strength values close to the pure

9.1.6 Number of specimens tested at each bondline thickshear strength of wood due to offsetting factors of stress
ness. concentrations in the specimen and friction in the shear®tool.

9.1.7 Number of test joints represented at each bondlingor this reason the shear strengths of flexible adhesives that can
thickness. relieve stress concentrations may yield shear values somewhat

9.1.8 The mean, maximum, and minimum shear stresses higher than the pure shear strength when tested by this test
failure, and mean percentage of wood failure for each bondlinenethod.
thickness. Also report the standard deviation of test values for
shear stress at failure. Individual test values may be included in1. Keywords

the report at the option of either manufacturer or user. 11.1 adhesive; gap-filling; shear strength

10. Precision and Bias

10.1 Precision
10.1.1 Atthe present time there is no basis for a statement s yopis, ¢ B., “Comparison of Standard Block-Shear Test with the Panel-Shear
of precision concerning the reproducibility of results amongTest,” Forest Products JournaVol 7, No. 9, 1957, pp. 299-301.

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
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