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Abstract: The authors, based on scrupulously analyzes of the literature, as well as on their former/previous
experimental results, propose a new approach in the glue testing systems, mainly destined to the wood industry.
The authors’ previous experimental investigations, using both Moiré Fringe Method and Holographic
Interferometry lead to some useful conclusions concerning on the test specimen’s optimal shape as well as to its
loading conditions. In this sense, the main goal of a common glue testing system consists of in establishing the
permissible (admissible) shear strength of the glues. The most of the testing systems use test specimens and
loading conditions, which produce undesired supplementary solicitations and consequently the so-called shear
strength established in these conditions will be far (much less) from the real one. In order to eliminate these
supplementary solicitations, such as bending, peeling (the so-called peel stress), etc., there is strongly need new
type of test specimen and loading conditions, too. The author also performed meticulous numerical simulation,
involving ANSYS 14.0 program, in order to put in evidence the mentioned undesired supplementary solicitations.
Based on both the previous experimental results and on the numerical simulations’ results, the authors propose
(mainly for the wood-industry) a new test specimen and also a new approach, concerning on the testing bench.
The proposed new test specimen will be analyzed involving ultramodern and high-accuracy optical systems, like
Digital Image Correlation (DIC) and Electronic Speckle Pattern Interferometry (ESPI). In the forthcoming period,
the authors propose performing several high-accuracy experimental investigations in order to establish as
accurate as possible the magnitude of the shear strength of several widely-used glues in the wood industry.
Keywords: glue, wood industry, test specimen, testing bench, shear strength

1. INTRODUCTION
In the wood industry and especially in the furniture one, the proper selection of the glue leads to lower
costs and higher-quality products. The selected glue has to possess both high value of the permissible
shear strength and good time-dependent behaviours, too.

A good time-dependent behaviour of the glue means to obtain as quickly as possible its nominal
strength (in the shortest time after the gluing). Consequently, the manufacturing time (corresponding
to the squeezing of the assembled elements) will be reduced and also its manufacturing cost, too.
Unfortunately, any of the glue-producers companies has any intention to offer such important
information and the wood engineer has to establish by own way these parameters. In this sense, there
is important to select both the proper test specimen and the adequate experimental investigation
method.

In the authors’ opinion, based on over thirty years experimental practice, in order to obtain adequate
efficiency of the investigations, only non-contact, full-field methods (as the optical ones, like Digital
Image Correlation (DIC) and Electronic Speckle Pattern Interferometry (ESPI), or Holographic
Interferometry (HI) can be involved in such high-accuracy tests.

There are several standards and corresponding test specimens, detailed between others in references
[6, 16]. Their detailed advantages and limits are also analyzed in references [1, 2, 3, 6,9, 12, 14].

Some special issues, offering different testing methods on special test specimens, with useful results
are summarized in references [5, 6, 7, 9, 15], as well as numerical analyzes of the shear strength’s load-
bearing capacity [8].
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Taking into the consideration the above-mentioned references and the authors’ previous results [10,
11], in the following will be analyzed the main useful aspects of the test specimens and their loading
conditions.

2. ANALYTICAL APPROACH OF THE TEST SPECIMENS

About the overlapping influence, in reference [6], there are sum up several useful aspects, based also

on the previous investigations of Goland and Reissner [1], Volkersen [14], as well as of Hart-Smith [2,

3], from where one can mention the followings:

[ The single-lap solutions (how will be analyzed both of them below) always leads strong
supplementary bending effect, as well as the undesired peeling stress with high magnitudes at the
ends of the overlaps;

I A significant improvement will offer the double-lap solution, by diminishing the above-mentioned
effects, but not wholly eliminating;

th  Also, by the authors’ previous experimental investigations on such double-lapped test specimens,
involving HI [10, 11], where putted in evidence several minutes small relative rotations of the
components of the test specimens, which prove, together with the similar investigations of Miiller
[7] and Yong [15], performed with ESPI method;

I Some complex/multiple test specimens, involving up to ten (or more) elements, proposed by
several authors, leads in the authors’ opinion, some element of uncertainties, mainly in
working/preparation accuracy of the components, in their assembling by gluing, as well as in
identical loading conditions of them; these uncertainties can be put in evidence especially when
there are involved in experiments full-field, high-accuracy noncontact methods, such HI, ESP], as
well as DIC;

[ Due to the combination of these solicitations (shear with undesired bending and peeling), it will
be very difficult to separate the shear effect from the mentioned undesired ones.

In conclusion, to putin evidence the pure shear effect (how is the adhesive responses to the shear

effort), one has to look for other kinds of test specimens; which will be analyzed below.

In order to obtain a little bit clear approach of the solicitations, one can.admit in the first attempt the

hypothesis of the rigid elements of the test specimens (similarly with:the Strength of Materials),

excepting the glue layer, which will be considered hyper-elastic one.

Based on this hypothesis, the single-lapping test specimen, loaded axially with eccentrically-applied

axial force, is analyzed in Figure 1. In this figure 4, and /, represents the thickness of the wood-
element, respectively of the glue-layer, with #,)) A, .

In the Figure 1 are shown
both the equilibrium of the h, 1

t 3 Nehy 2

glue-layer 3, as well as the N ' . > 3
deformed glue-layer, based <+ / ) h, - gN

on the Goland and Reissner’s \_h ~ N >

approach [1]. Of course, the : —
equilibrium of the wood
parts 1 and 2, will present
equal magnitudes and Deformed adhesive ———|
opposite senses of the forces under real loading conditions
and moments with respect to
the glue-layer’s ones. One can
observe that the bending

moment N -/,/2, and correspondently the peeling effect, will be very significant.

=

Neh, s

Figurel. The loading schema of the simple-lapping
with eccentric axial loading

In this Figure 1, due to simplification, aren’t shown neither the rotations of the wood-elements 1 and 2,
nor the corresponding deformation of the glue-layer 3. Of course, the wood-parts deformations (due to
their relatively high stiffness) aren’t significant in comparison with the glue-layer’s one.

Also, taking into the considerations some well-known assumptions from Strength of Materials, the
presented deformation of the glue-layer, mentioned in reference [1], is a consequence of the presence
of the shear forces (which can’t be included in the applied equilibrium, based on the above-mentioned
rigid body assumption).
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In Figure 2 is offered the

improved solution for the h,£o g .
simply-lapping assembling, — = Neh, p
where the bending moment N h, N

— - - N
N-h/2, and correspondently I_\,,1 7 —»
the peeling effect, will be less " 3 >
o . Nehyjp
significant with respect to the 2
former solution. By analyzing
carefully this schema, one can Figure 2. The loading schema of the improved simply-lapping with
conclude that here the loadlng 1S approximate]y perfect axial loading
almost perfect axially, having
only a small amount of bending Nz hg

: N2
moment (and peeling effect‘). , B x : - -
One of the specimen’s N2 , o \)—-
disadvantages consists of its . | L : Iy . Nezohy
. P . hl B N

relatively difficult manufacturing % |_. N
(to offer plan-parallel surfaces N2 — , i
for the wood-parts with identical ‘—| ‘ < N2
thicknesses). | 3 4 ‘_gk/
In several cases there are glued . G ” =
two identical wood-elements at -

the fixing level, in order to obtain - Figure 3. The loading schema of the first kind of double overlapping test
the foreseen = 24, thickness; it specimen

is also widely applied in the testing of the thin elements (such as the veneers and sheets of bamboo)
assembling (by gluing).

In order to obtain a supplementary improvement of the test specimen: (with respect to the simply
overlapping, shown in Figure 1), one was conceived the double-lapping (or double overlapping)
solution (Figure 3).

This solution is widely applied due to its simplicity and its relative good axial loading. In this case, the

bending moment N -4,/4, and correspondently the peeling effect, will be less significant with respect

to the mentioned simply overlapping one. The relatively small eccentricity of the applied load leads to
small bending effect.

This kind of test specimen was used by the authors in their previous investigations by means of HI and
how was mentioned before, they monitored only small peeling effect and small relative rotations of the
wood-elements 1-2, respectively 2-5[10, 11].

In order to eliminate also these relatively small rotations and peeling effects, the authors propose the
second kind of double overlapping test specimen (Figure 4).

Nr2ohy s
N2ehy
N2 7
N2
— <
-— S 6 LW | 3 N/2
‘\/ 5 — ’ /ﬁl >
N2 3
NiZohy 2 N \i\ ) /|/ h, ’ N2eby 2
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= Nizehy s
N2shyp 7 2
. : 771
N2 5 4 —_—
y— N2 -— N
o —_— N2 V 4
¥ 0 N2eh
N2+hy ! 0/2

Figure 4. The proposed variants of the double overlapping
By a carefully analysis of the elements’ equilibriums, one can conclude that the bending moments and
the corresponding peeling effects are wholly eliminated due to the fact that the lateral wood elements
1 and 5 have relatively high stiffness.
One other advantage of this kind of test specimen consists of offering four glue-layers, instead of two
from this former double overlapping one. These higher numbers of the glue-layers assure a higher
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precision approach of the glue testing, mainly by the above-mentioned optical, non-contact methods,
where for each of the analyzed glue-layer one will obtain individual values (e.g. shear strength,
residual displacements, etc.).

These individual values can be combined (e.g.: by calculating of their mean value or establishing other
statistic parameter) and finally, for the same (identical) testing conditions, the researcher will obtain a
more realistic approach of the requested parameters.

3. NUMERICAL APPROACH OF THE TEST SPECIMENS

The authors performed meticulous numerical simulation, by Finite Elements Method, involving ANSYS
14.0 code, in order to put in evidence the mentioned undesired supplementary solicitations.

By combining these results with the previously obtained experimental data, became possible to prove
the efficiency of this improved double overlapping test specimens’ efficiency, mainly for the wood-
industry, but also for other adhesive-testing problems, too.

In these numerical simulations the main goal was to put in evidence the transversal displacements,
which leads the so-called peeling effect.

In order to take into the consideration the variation of the adhesive stress-state through the thickness
direction (mainly of the interface stresses ones), the glue thickness was divided in five layers.

In the following will be presented and comparatively analyzed the transversal displacements’ fields of
the glue-layers (in z-axis direction).
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Figure 5. The transversal displacements’ field of the first simple-lapping tests specimen
(detail of the glue-layer)
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Figure 6. The transversal displacements’ field of the improved simple-lapping tests specimen
(detail of the glue-layer)

In Figure 5 is presented the field of the transversal displacements for the first simple-lapping tests
specimen, respectively in Figure 6: the corresponding values for the improved simply-lapping
(analyzed in Figure 2). One can observe that in both cases exist the transversal displacement field even
with different magnitudes. In this sense, one can mention that the authors of the references [7, 15]
prove by high-accuracy experimental investigations (applying ESPI method) that the simply
overlapping produces significant bending and peeling and consequently this kind of test specimen will
offer truth-less (untrue) shear strength for the glue.

In Figure 7 is offered the transversal displacements’ field of the first kind double-lapping test specimen
(half of the joint), analyzed in Figure 3. In this case, also one can observe the existence of the peeling-
effect.
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Figure 7. The transversal displacements’ field of the first kind double-lapping test specimen
(half of the joint)
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Figure 8. The mesh of the proposed double-lapping test specimen
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Figure 9. The transversal displacements’ field for the proposed double-lapping test specimen
Figure 8 offers the mesh of the second kind of double-lapping test specimen, and finally, in Figure 9:
the transversal displacements’ field (which practically is lacking) due to the high stiffness of the lateral
wood elements.

Consequently the bending and the peeling effect are wholly eliminated and by experimental
measurements one can obtain the pure shear strength as well as its influence (effect) on the glued-
assembly’s time-dependent behaviours.

4. CONCLUSIONS

The above-presented/proposed test specimen, one can apply both in wood industry and in other
industrial problems, where the assembling is solved by gluing.

The authors express their hope that this approach will offer high-accuracy and easy testing conditions
for shear strength evaluation, accordingly to the longitudinal shear loading.

In the authors’ opinion, the obtained experimental results also will be useful for the optimal choosing
of the glue (to select the most proper glue destined for the predicted purpose).

In the authors’ opinion, by involving in these experimental investigations high-accuracy optical
methods (either Digital Correlation or Electronic Speckle Pattern Interferometry) one can obtain no
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only the real/true shear strength, but became possible to evaluate the time-dependent behaviours of
the glue as well as their residual behaviours, too.

This new test specimen (due to its four identically loaded glue-layers) leads a simultaneously
monitoring of all layers.

Consequently, by means of these experiments one can obtain not only the real shear strength but also
a better statistical evaluation of the experimental data.

In the next period the authors intend to perform several meticulous-cared tests on different widely-
used glues in wood industry.
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