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Abstract

A new shear test fixture design that uses Arcan speci-
men geometry has been developed for wood. The design
applies mechanica fastening to fix the specimen to the
fixture rather than adhesive bonding as in the original
Arcan design. The new design can be correlated with the
current ASTM shear block test. It can also be used to
evaluate the shear modulus for wood. Because of the
specia properties of wood, failure always follows the
slope of the grain. The new method can only yield shear
strength paralldl to grain, which is required for engineer-
ing design purposes. Special considerations are presented
on preparation of specimens based on test results of
white spruce.
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Introduction

The determination of shear strength of solid wood has
been hampered by the difficulty in designing a specimen
and loading device to produce a state of pure uniform
shear at the critical section in the specimen. In the stan-
dard ASTM D 143 shear test (ASTM 1981), the speci-
men is a cubical block with a raised step or notch on the
top (Fig. 1). In testing, the portion with the step rests
on afixed support and the other portion is sheared off by
a plunger. In addition to shearing force, the plunger in-
troduces normal stresses perpendicular to the surface of
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shear. These stresses are far from uniform and strongly
influence the condition of failure (Coker and Coleman
1935; Radcliffe and Suddarth 1955; Y oungs 1957).

Arcan et al. (1978) developed a method for testing me-
chanical properties of isotropic as well as orthotropic
materials under uniform plane stress conditions by
means of a specially designed butterfly-shaped specimen
(Fig. 2). The method includes pure shear as a specia
case, when the angle a = 0. The principle behind the
geometry of the specimen isthat in the pure shear zone,
the isostatics will intersect the sheared cross-section (AB
in Fig. 2) at an angle of + 45° (Goldenberg et al. 1958).
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Figure 1—ASTM standard shear specimen
and apparatiis.
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Figure 2—Test fixture and specimen
by Arcan et al. (1978).

Photoelastic results demonstrate that along the critical
section, the isochromatic value is constant and maxi-
mum, the isoclinic angle is 45°, and consequently the
nearly pure-shear stress is uniform (Arcan 1984)

Voloshin and Arcan (1980) used the method to deter-
mine a failure envelope for unidirectional fiber-reinforced
materials and Jurf and Pipes (1982) used the method to
investigate the interlaminar fracture characteristics of
graphite-epoxy composite material with satisfactory
results.

Liu (1984) and Liu and Fleeter (1984) were the first to
use the method to determine the shear strength of Sitka
spruce and Douglas-fir. Following Arcan et a. (1978)
and Voloshin and Arcan (1980), they glued each speci-
men on the halves of the aluminum fixture (Fig. 2)
with a commercially available epoxy, which was to be
cured for a least 12 h before testing. After each test, the
broken specimen was removed and the aluminum fixture
cleaned for reuse. The test results were reasonable, but
the time needed to conduct a series of tests was exces-
sive.

The Arcan fixture was modified by Yen et al. (1988) to
eliminate the use of adhesive. The modified Arcan fix-
ture was made of two pairs of stainless steel parts, each
pair equivalent to one-half of the origina Arcan fixture.
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Figure 3—Improved Arcan test fixture
and specimen.

A trapezoidal cutout was machined to half the thickness
in each part to house the specimen. Three holes were
drilled at the cutout section in each part to allow for
tightening the two parts together with bolts. The
authors found that the shear properties of aluminum,
Plexiglass, and a thermoplastic composite obtained us-
ing the modified Arcan shear test were in excellent
agreement with the reference data provided by other reli-
able test methods.

In the present study, we improved the Arcan fixture and
its modified version by Yen et al. (1988) to determine
the shear strength and shear modulus of solid wood and,
possibly, other composite materials. Because of the
inhomogeneity of wood properties, we were interested in
discovering what problems may occur in the new test
fixture and specimen designs and how these problems
can be corrected.

Improved Arcan Fixture

The test fixture used in the present study, referred to as
the improved Arcan shear test, was designed to facilitate
the testing of solid wood specimens. The fixture con-
sists of two identical aluminum parts that are antisym-
metric and form a six-sided configuration. A butterfly-
shaped specimen is located in the center, as shown in
Figure 3; in this figure, an assembled specimen is
shown on the left and the constituent components on
the right. The total weight of the test fixture without
specimenis 17.78 N.

The specimen is fastened to each half of the fixture by a
pair of restraining plates connected by five bolts. Por-
tions of the fixture and specimen are sandwiched be-
tween the plates with knurled inner faces to provide the
gripping forces. Each half of the fixture also contains a
ball bushing for joining with a shaft temporarily
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Figure 4—Geometrical dimensions of
specimen.

mounted on the other half, which restricts the halves
from moving apart and breaking the specimen during
assembly. Once the specimen has been properly fas-
tened, the two shafts must be removed before testing.
The shafts are thus called assembling assistance shafts.
As will be discussed |ater, the shafts can also be used to
demonstrate that the current design is more suitable for
wood than the much publicized losipescu shear test (Ifju
1994) for composites.

Specimen and Experimental

Procedures

The current shear data of all wood species in the Wood
Handbook (Forest Products Laboratory 1987) were ob-
tained using the shear block test. To find the differences
in test results between the shear block test and the Arcan
shear test, it would be necessary to make specimens
from the same source of materials for both tests to re-
duce material property variability. However, such an
endeavor was not the purpose of the present study.

The geometrical dimensions of the specimen are shown
in Figure 4. The grain of the specimen was parallel to
section AB and the thickness parallel to the tangential
direction. The thickness of the specimen was such that
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the specimen could be tightly clamped by the restraining
plates.

For preliminary testing, we made six specimens from
Douglas-fir. The satisfactory results led to the produc-
tion of 70 specimens from three flitches of white spruce
taken from storage at the Forest Products Laboratory.
The flitches were from logs of the same batch and bore
close resemblance in color and anatomical properties.
The spruce specimens were stored in an environmental
room at 23°C and 50 percent relative humidity for sev-
eral weeks until all weight changes were negligible.
Specimens were mounted immediately before the test.

Five specimens were also tested for shear modulus using
two side-by-side gauges (Ifju 1994) on the two faces of
each specimen. The strain gauge bad a nomina length
of 11 mm. It would have been better to select a gauge
length the same as section AB. However, in this ex-
ploratory study, we assumed that the strains along sec-
tion AB were relatively uniform and therefore any gauge
length was suitable.

The tensile load was applied with an Instron test ma-
chine as shown in Figure 5. Crosshead speed was
1.27 mm/min. Displacement and load were €electroni-
cally recorded for shear modulus estimates. Figure 6
shows the test fixture with a broken specimen. After
each test, the broken specimen was removed and a new
specimen mounted for the next test.

Results and Discussion

In mounting a specimen to the test fixture, the assem-
bling assistance shafts must be mounted first to avoid
breaking the specimen, but they must be removed prior
to the test. The shafts run on ball bushings, which pro-
vide negligible friction along the shafts and permit easy
mounting or removal. When mounted, the shafts also
restrict the halves of the test fixture from approaching
each other under load in the horizonta direction. Thisis
the situation that exists in the losipescu shear test
(Adams and Walrath 1987). In the losipescu shear test,
the applied loads are compressive; in the Arcan shear
test, the applied |oads are tensile. For the critical section
AB, which is supposed to be under pure shear, the two
loading conditions should make no difference. Of the six
Douglas-fir specimens for preliminary testing, three
were tested with the shafts mounted to create the situa-
tion of the losipescu shear test, and the other three were
tested without the shafts. When the shafts were
mounted, all the specimens failed prematurely at loca-
tions away from section AB. The failure mode had the
characteristic of tension perpendicular-to-grain, in which



Figure 5—Application of tensile load
in improved Arcan shear test.

cracking sounds preceded gradua fracturing. When the
shafts were removed, all the specimens failed at section
AB. The failure mode was pure shear, characterized by a
sudden split across the whole section. These results
clearly demonstrate that because of the low resistance of
wood to tension perpendicular-to-grain, the Arcan shear
test is more suitable for wood. As a matter of fact, ac-
cording to Walrath and Adams (1983), the specimen for
the losipescu shear test was taken as a simply sup-
ported, notched beam with no restrictions imposed at the
loading or support locations. In the modified design of
the test fixture (Adams and Wadrath 1987), the specimen
was actually like a short beam with built-in ends, mak-
ing it impossible to realize the state of pure shear a the
critical or notched section when the fixture was in opera-
tion.

The white spruce specimens were conditioned in a differ-
ent environment until stabilized. This process proved to
be problematic. During conditioning, minor geometrical

Figure 6—Improved Arcan test fixture
with broken specimen.

changes occurred. While being mounted to the test fix-
ture, most of the specimens could not accommodate one
or more of the six bolts designed to connect the restrain-
ing plates. Consequently, it was necessary to either re-
drill some holes or press the bolts in by force, causing
high stress concentrations at or near the holes. Of the 70
specimens tested, 50 failed prematurely in those areas
covered by the restraining plates. Two specimens with
such premature failures are shown in Figure 7.

If the white spruce flitches had been conditioned in the
test room environment prior to specimen fabrication,
the geometrical changes in the specimens could have
been avoided. Failures in the gripping areas are common
in the tension test of wood. The remedy is to either rein-
force the gripping areas or reduce the cross-section of the
gauged length. Such a remedy can easily be introduced
in the shear test. If the thickness of a specimen is re-
duced by 50 percent and the materials removed from the
restraining plate areas are restored using adhesive, the
chances for any premature failure can be drasticaly
reduced, if not totally eliminated.
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A specimen broken by shear is shown in Figure 8. Any
possible contribution from the minor geometrical
changes to the recorded shear strength could not be esti-
mated. Also, the specimens of one flitch were not sepa-
rated from those of the other flitches, Nevertheless, a
statistical analysis was conducted on the 20 specimens
that failed in shear, assuming that the 50 specimens that
failed at the grips could be culled. Results are presented
in Table 1.

It isinteresting that the shear strength datain Table 1
are generally somewhat lower than those reported in the
Wood Handbook (Forest Products Laboratory 1987).
These results were also observed for Sitka spruce and
Douglas-fir (Liu 1984). In the shear block test, the
stress concentrations and tension perpendicular-to-grain
should result in lower strength values. However, since
the sheared surface passes through both early- and late-
wood, the strength values should be higher than those
obtained from the test reported here. How these factors
balance is a very complex phenomenon, which may
reduce the credihility of the shear block test.

Figure 7remaure failure ‘ s}:ecimens.

In the Wood Handbook (Forest Products Laboratory
1987), the modulus of elasticity of dry white spruce is
9,859 MPa. The ratio of shear modulus as listed in
Table 1 to modulus of dasticity is then 0.067.

Figure 8—Shear failure of specimen.

Table 1—Shear strength test data for white spruce

Shear
strength  Shear Moisture
Shear strength (MPa) cov modulus® Specific content®
Data Avg. Min Max. SD (%) (MPa)  gravity*® (%)
Test results® 5.9 4 7.48 1.17 19.81 663° 0.4 10.4
Wood Handbook® 6.69  — — — — — 0.36 12.0

QA vArama ualiia
MVl asc vaiue

®Based on ove ﬁdry weight and volume at test.
“Test of 20 specimens, except where indicated.
“Test of five specimens.

°Forest Products Laboratory 1987.
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This compares with the same ratio recommended in
ASTM D 2555, 0.069 (ASTM 1988). The literature
does not suggest any specia criticism of the conven-
tional approaches for estimating shear modulus and
modulus of elasticity for wood. The close agreement
between the two ratios therefore lends additional support
for the reliability of the Arcan shear test, although these
values represent only average estimates.

Conclusions

Adoption of the Arcan shear test by the wood industry
has been hampered by the requirement that the specimen
be glued to the test fixture. The improved Arcan shear
test removes this impracticality by substituting adhesive
bonding with mechanical fastening without sacrificing
the origina design requirements. The butterfly-shaped
specimen must be prepared in such away that its geo-
metrical stability is maintained during testing. This can
be achieved by conditioning the raw materia in the test
environment before the specimen is fabricated. For ma-
terials that tend to fail prematurely in the combined
stress condition under the restraining plates, the speci-
men needs to be reinforced at the gripping areas as in the
tension test for wood.
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