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Abstract Measuring the shear strength of both the glue-
line and the solid wood with the same test specimen offers
the advantages that the comparison is direct and the
influence of wood variability is minimized. A new speci-
men geometry was developed for this purpose, and the test
is run with two successive loading steps. Finite element
modelling showed that the stress distribution is not sig-
nificantly influencing the results, whereas the compressive
pre-stress on the wood adherents results in a slightly lower
resistance, probably mainly caused by micro-cracks that
are already present or occur during the first loading step
and propagate during the second. The analysis of fracture
propagation in mode I revealed that different spruce wood
batches have a much different behaviour. The method will
be proposed as a standard test for epoxy adhesives used in
thick joints. The evaluation criterion developed might be
interesting also for other types of structural adhesives.

Messen des Scherfestigkeitsverhältnisses verklebter
Brettverbindungen innerhalb der gleichen Holzart

Zusammenfassung Die Scherfestigkeit sowohl von Kle-
befugen als auch von Vollholz an gleichen Testproben zu
messen, bietet den Vorteil, dass der Vergleich direkt und
der Einfluss der Holzvariabilität minimiert ist. Eine neue
Holzprobengeometrie wurde zu diesem Zweck entwickelt.
Der Test erfolgt mit zwei aufeinanderfolgenden Belas-
tungsschritten. Die FEM-Berechnung zeigte, dass die
Spannungsverteilung die Ergebnisse nicht wesentlich

beeinflusst, wohinegen die Druckvorspannung auf die
Holzklebstoffe in einem leicht geringeren Widerstand re-
sultiert, möglicherweise durch Mikrorisse verursacht, die
schon vorhanden sind, oder beim ersten Belastungsschritt
auftreten und sich durch den zweiten fortsetzen. Die
Analyse der Risserweiterung in Modus I zeigt, dass un-
terschiedliche Fichtensortimente ein völlig unterschiedli-
ches Verhalten aufweisen. Diese Methode wird als
Standardtest für Epoxidharze für dicke Brettverbindungen
vorgeschlagen. Das entwickelte Bewertungskriterium
könnte auch für andere Arten von Konstruktionsklebern
interessant sein.

1
Introduction
Shear strength is the reference parameter for the evalua-
tion of adhesive bonds, because it is the most common
interfacial stress under service conditions. It also provides
an useful criterion for the estimation of the mechanical
compatibility between wood and adhesive (Pizzo et al.
2003): the direct comparison of bondline shear strength
with the actual wood shear strength measured on the same
batch. This is likely to become an useful evaluation crite-
rion for every type of wood adhesive.

Using the compressive shear specimen described by
Lavisci et al. (2001), the average shear strength of spruce
(Picea abies L.) solid wood, measured on more than 150
specimens cut from different batches, is sSW=8.2 MPa
(CV=17%). Values range between 4 MPa and 14 MPa
(95% of the values are comprised between 5 MPa and
10.5 MPa). This variability is very high, and penalizing if
the sSW is used in a standard specification or for design
calculations. Limiting the comparison to specimens cut
from the same batch of wood would reduce the influence
of variability, but also the applicability of the results.
Although no specific literature references were found, an
useful approach seemed to be the measurement of both
parameters directly on each single glued joint specimen.
The objective of this paper is to report about the devel-
opment of such a test specimen and to analyse its reli-
ability and applicability as a laboratory test for the
characterisation of structural wood adhesives.

2
Materials and methods
A new geometry was developed for the compressive shear
specimen (Fig. 1), adding two 10·10 mm grooves on each
face opposed to the load application, in order to test the
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glueline in a first loading step and the solid wood in a
second loading step. The effects of introducing the grooves
in the test specimens were analysed with a Finite Element
Model (FEM), with the comparison of the shear strengths
measured under different loading conditions and with the
study of the crack propagation in the solid wood.

2.1
Model
In order to check the differences in stress distribution, a
finite element model of the specimen has been analysed.
The model was built and analysed with a commercial
software, where both the wood and the adhesives are
considered ideal elastic bodies. The two specimen geom-
etries were represented with a three-dimensional network
of cubic cells (brick 8 nodes) with a 2.5 mm side. The offset
was modelled with four lines of cells with 0.75 mm depth,
assigning them the elastic parameters of spruce for wood
specimens and those of the adhesive for glued specimens
(Fig. 4). The following values were assigned to spruce
wood, based on 0.43 g/cm3 density (Guitard 1987):
El=Ey=13800 MPa; Er=Ex=910 MPa; Et=Ez=490 MPa;
mLR=myx=0.454; mTL=mzy=0.019; mRT=mxz=0.558.

Shear modules were automatically calculated by the
software on the base of the above elastic parameters. The
presence of growth rings and their inclination with respect
to the shear plane was not considered, so the results are

valid only for the comparison between specimen geome-
tries. The following elastic parameters have been assigned
to the glueline, typical of a structural epoxy-based adhe-
sives for on-site applications:

E=Ex=Ey=Ez=6000 MPa; m=0.3.

Loading was modeled as distributed by a steel plate,
with the specimen simply supported by it.

2.2
Comparison of shear strength
Each specimen was tested twice in shear by compression
loading:

– the first loading step is at the wood-adhesive interface
(Fig. 1B), with an offset equal to the adhesive’s thick-
ness (3 mm in our case);

– the second loading step is performed on solid wood, on
one of the two adherents, without any offset (Fig. 1D).
Preferably, the side where the fracture progressed
during the first loading step is chosen, because its wood
shear strength should be lower than on the other side.
ISO 8905 requires an offset of 3 mm to account for
eventual grain deviations: Okkonen and River (1988)
observed, that this offset lowers wood’s shear strength,
as confirmed by some preliminary tests for spruce
wood.

The new testing procedure introduces two major
differences with respect to the traditional ones:

1. the adherents are subjected twice to mechanical stress,
so it is possible that the first stress has an influence on
the result of the second loading step (e.g. if it is higher
than the proportional limit and/or if it produces micro-
cracks);

2. the stress distribution is different in the two loading
steps: in particular, the offset in the first loading step
produces a moment which is balanced by tension
stresses in a direction perpendicular to the grain.

In order to compare the shear strength values obtained
using the new specimen geometry and the ISO 8905
geometry, solid wood specimens were prepared with spruce
wood from six different batches (Table 1), at different an-
gles of the growth rings to the shear plane. Testing was
done as for glued joint specimens, with constant load
application (0.1 MPa/sec): a first loading in the central area
of the specimen (with offset, Fig. 1B), followed by a second
loading on one of the sides (without offset, Fig. 1D). At
least 10 useful results were considered for each sample.
Moreover, with wood from batch A2 a series of ‘‘twin’’
specimens was prepared (Fig. 2) in order to run a loading
step with the ISO 8905 geometry, without any pre-stress.

2.3
Fracture energy
The early approaches on applications of the fracture
mechanics to wood were of linear type (LEFM, Linear
Elastic Fracture Mechanics). This approach gave good
results in the study of the solid wood (Triboulot et al.

Fig. 1. Geometry of glued joint specimens with a single groove
(A) as described in Lavisci et al. (2001), or with a double groove
(B) as developed for the present work. The cross section in the
sheared area is equivalent for both specimens (C). In the
specimen with a double groove a second test is possible, where
one of the solid wood adherents from a broken glued joint
specimen (D) is loaded without any offset
Abb. 1. Geometrie von Prüfkörpern von Klebeverbindungen mit
einer einzelnen Kerbe (A) wie bei Lavisci et al. (2001) beschrieben
oder mit einer Doppelkerbe (B) wie in vorliegender Arbeit
entwickelt. Der Querschnitt in der Scherregion ist für beide
Proben äquivalent (C). In der Probe mit einer Doppelkerbe ist ein
zweiter Test möglich, in dem einer der Massivholzteile einer
gebrochenen Kleberfugenprobe (D) ohne Vorlauf belastet wird
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1983—Triboulot et al. 1984) and also it has been suc-
cessfully applied to the glued joints (Duchanois 1984).
Nevertheless, the behaviour of the fracture curves presents
a non-linear part, that can be important in our case.
Boström (1994a) suggests that elastic linear analysis in
wood is limited in application when there is not an initial
crack or when the surface of propagation of the fracture is
large in relation to the thickness of the specimen, or in
relation to the length of the cracks. For this reason, he
proposes a different type of analysis. This elasto-plastic
analysis has been chosen by others authors. Daudeville
(1999) compared the two approaches for the specimen
suggested as a standard by the RILEM and the CIB-W18
(Larsen and Gustafsson 1989): he noticed that the plastic
part of the curves is important and that the linear elastic
analysis is not adapted to this type of specimen. Also
Stanzl-Tschegg et al. (1994–1995), Tan et al. (1995) and
Reiterer et al. (2000) chose the elasto-plastic analysis for
their tests. The fracture energy in mode I was measured for
2 different angles of the growth rings to the fracture plane
(Table 2). Because of material availability, it was possible
to obtain specimens only for 5 batches. The ‘‘compact type
tension (CT)’’ specimen proposed by Boström (1994b) was
used (Fig. 3), and the fracture notch was obtained with a
razor blade. The specific fracture energy Gf was calculated
from the load-displacement curves as:

Gf ¼
1

BW

Z
F uð Þdu

where u is the displacement of the crosshead during the
test (mm); F is the load (N); B and W are, respectively, the
width and the length of the fracture surface, in mm. Tests
were run on an Instron model 4411, with a 1000 N load cell
(0.5% accuracy), displacement being measured by the
machine’s internal transducer. The crosshead speed was
fixed at 1 mm/min.

3
Results and discussion
The finite element model indicated that at the load of
15 kN (an average rupture value for glued specimens tes-
ted dry, without any accelerated ageing) significant tension
perpendicular to the grain is present at the upper and
lower borders of the shear plane. However, the stress
distribution at the wood-adhesive interface does not

significantly differ between the two geometries, but a large
portion of the adherent is in compression with stresses in
the range of 5–10 MPa (peak stress is 17 MPa).

Therefore, the fracture in the shear plane is started by
tension stress at the borders, as confirmed by SEM
observations of fracture surfaces (Figs. 5 and 6), and the
compressive stress in the bulk of the adherent may be
significantly high to produce micro-cracks that will even-
tually influence the result of the second loading step
(aimed at measuring sSW). This possibility, which is
related only to wood characteristics, was analysed by
comparing the shear strengths of solid wood (Fig. 7).
Results show a general trend to a lower resistance in the
second loading step (no offset, pre-stressed) with respect
to the first loading step, even if statistic significance at 99%
confidence is present only for batches A2, A3 and A6-90�.
Only batch A6 tested at 45� shows an opposite trend, but
the average values are not statistically different. For our
samples, shear strength is neither correlated with wood
density (R2=0.55) nor with compressive strength (R2=0.42).

Table 1. The 6 batches of spruce wood, used for the comparison of shear strength between the new specimen geometry and the ISO 8905
geometry, were cut with different angles of growth rings to the shear plane. The average density and the compressive strength of the six
batches, in standard atmosphere [20/65], are reported (standard deviations in brackets)
Tabelle 1. Die sechs Fichtenholzstapel, die für den Vergleich der Scherfestigkeit zwischen der neuen Probengeometrie und der ISO 8905
Geometrie verwendet wurden, wurden in unterschiedlichen Jahrring-Winkeln zur Scherebene geschnitten. Die Durchschnittsdichte
und die kompressive Festigkeit der sechs Stapel in Standard-Atmosphäre [20/65] wird angegeben (Standardabweichungen in
Klammern)

Batch A1 A2 A3 A4 A5 A6

Density (g/cm3) ISO 3131 0.433 0.401 0.457 0.380 0.358 0.414
(±0.007) (±0.004) (±0.005) (±0.004) (±0.005) (±0.006)

Compressive strength (Mpa) ISO 3787 45.6 41.7 46.7 38.5 36.3 44.6
(±1.1) (±0.9) (±0.5) (±1.1) (±0.6) (±0.9)

Angle of shear specimens 20� 90� 30� 20� 90� 90� 45� 90�

Fig. 2. Specimens with offset (A) and without offset (B) cut in
‘‘twin’’ series from the same bar of spruce solid wood (batch A2)
Abb. 2. Proben mit Offset (A) und ohne Offset (B) in
Zwillingsreihen von den gleichen Fichtenmassivholz-Balken
geschnitten

Table 2. Samples for the fracture testing in mode I, cut from five
batches of spruce wood and with different angles of growth rings
to the fracture plane
Tabelle 2. Proben für den Bruchtest in Modus I, geschnitten aus
fünf Fichtenholzstapeln mit unterschiedlichen Jahrring-Winkeln
zur Bruchebene

Batch A1 A2 A4 A5 A6

Angle 25� 75� 20� 55� 85� 35� 90� 45� 80� 45� 85�
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The average shear strength of solid wood is, for the new
specimen geometry, sSW=8 MPa (CV 6.5%), which com-
pares favorably with the results obtained using the old
geometry (sSW=8.2 MPa; CV=17%). The coefficients of
variation of single batches are low in the second test
(2.7–7%), with the exception of A6-90� (10%). The fracture
plane propagates in the earlywood at angles <45�, as
observed also for the glued specimens. For batch A2,
where the difference is statistically significant, the series of
‘‘twin’’ specimens where all loaded without any pre-stress.
Results (Fig. 8) show in this case no difference, confirming
our hypothesis that micro-cracks developed during the
first loading step may be the reason for a lower shear
strength in the second loading step, although no evidence
of such micro-fractures was found at the SEM observation.
The possibility that a stress combination of tension per-
pendicular to the grain and compression along the grain
produces micro-cracks was postulated also by Tan et al.
(1995). We supposed that the various batches may have a
different ability to resist to the propagation of these micro-
cracks, an for this reason their fracture behavior in mode I
was analysed. The load-displacement curves are very
reproducible within samples (same batch and angle) and
the fracture propagates in a stable way in all the cases,
confirming that the specimen geometry was well calibrated
(Fig. 9). The fracture energy Gf gives a quantitative

indication of the easiness of propagation of existing frac-
tures and results (Fig. 10) show the greatest differences for
the largest angles of growth rings to the fracture plane

Fig. 3. Specimen for the measurement of fracture energy in mode
I of solid wood (Boström 1994a). The angle of growth rings to the
fracture plane may vary from 0� (radial test) to 90� (tangential
test). Dimensions: a+W=5 cm; a/W=0.61; H=6 cm; L=6.5 cm;
B=3 cm
Abb. 3. Proben zur Messung der Bruchenergie von Vollholz in
Modus I (Boström 1994a). Der Jahrring-Winkel zur Bruchebene
kann von 0� (radialer Test) bis zu 90� (tangentialer Test)
variieren. Dimensionen: a+W=5 cm; a/W=0.61; H=6 cm;
L=6.5 cm; B=3 cm

Fig. 4. Diagram of the finite element model developed for the
analysis of the stress distribution of specimen geometries. The
same model has been used both for the glued specimens and for
the solid wood ones. The cells are distributed as follows: Black =
steel blocks for the application of the load; Grey = wood; White =
adhesive in the glued specimens/wood in the solid wood
specimens. The small pieces of adhesive (or solid wood), that
constitute the vertical supports of specimens when placed in the
test jig, are modelled with carriages that permit the movement
along the direction of application of the load
Abb. 4. Diagramm des FEM-Modells für die Analyse der Span-
nungsverteilung der Probengeometrie entwickelt. Das gleiche
Modell wurde sowohl für die Kleberproben als auch für die
Massivholzproben verwendet. Die Zellen werden folgendermaßen
verteilt: schwarz = Stahlblöcke für die Einleitung der Last; grau =
Holz; weiß = Kleber in den verklebten Proben/Holz bei
Massivholzproben. Die kleinen Kleberteile (oder Massivholz), die
die vertikale Unterstützung der Proben im Testgerät darstellen,
werden mit Trägern versehen, die die Bewegung entlang der
Richtung der Spannungsanwendung erlauben

Fig. 5. Example of fracture surface for the upper border of the
shear plane in batch A2, tested with offset (first test). Many fibers
in both the earlywood and the latewood show the transversal
rupture typical of traction perpendicular to the grain
Abb. 5. Ein Beispiel der Bruchoberfläche für den oberen Rand der
Scherebene in Stapel A2, mittels Offset getestet (erster Test).
Sowohl bei Frühholz als auch bei Spätholz zeigen die Fasern
transversal Einrisse charakteristisch für Zugbeanspruchung
senkrecht zur Faser
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(tangential test, at 90�). Values range from 137 to 316 J/m2,
in according to results from Stanzl-Tschegg et al. (1994,
1995) that found values from 170 to 315 J/m2 for spruce
wood with different drying treatments, and Reiterer et al.
(2000) that report a value of 260 J/m2 for spruce in the RL
configuration (in our case, a 0� angle). Boström (1994a)
found higher values (445–595 J/m2), and Daudeville (1999)
lower ones (157 et 251 J/m2). Significantly, Stanzl-Tschegg
et al. (1995) found higher fracture energies in the RL
configuration (0� angle) than in the TL configuration (90�
angle): we had this trend for four batches, but an opposite
trend for batch A1. Based on the load-displacement curves,
other parameters have been calculated in order to have a
different view of the results. The tensile stress at which

fracture propagates rint has been calculated, for our
specimens, according to the equation proposed by Reiterer
et al. (2000):

Fig. 6. The ‘‘fuzzy’’ aspect typical of a shear fracture, normally
present on the central and largest part of the shear plane
Abb. 6. Das für einen Scherbruch charakteristische ausgefranste
Erscheinungsbild, das gewöhnlich auf dem zentralen und größten
Teil der Scherebene vorhanden ist

Fig. 7. Results of the shear tests on solid wood specimens, for
different batches of spruce wood. Vertical bars show 99%
confidence intervals
Abb. 7. Ergebnisse der Schertests von Massivholzproben, un-
terschiedlicher Fichtenholzstapel. Vertikale Balken zeigen 99%
Vertrauensintervalle

Fig. 8. Shear strength of ‘‘twin’’ specimens from batch A2, loaded
without any pre-stress. Vertical bars show 99% confidence
intervals
Abb. 8. Scherfestigkeit von Zwillingsproben des Stapel A2, ohne
jegliche Vorspannung belastet. Vertikale Balken zeigen 99%
Vertrauensintervalle

Fig. 9. The shape of the load-displacement curves is very similar
between batches, mainly in the first part of the curve. The second
part (plastic behavior) is where the differences between batches
are apparent
Abb. 9. Der Verlauf der Spannungsdeformationskurven ist zwi-
schen den Stapeln sehr ähnlich, vor allem im ersten Teil der
Kurve. Der zweite Teil (plastisches Verhalten) tritt auf bei
offensichtlich unterschiedlichen Stapeln

Fig. 10. Fracture energy versus the angle of growth ring to the
fracture plane, for different batches of spruce wood. Vertical bars
show 99% confidence intervals
Abb. 10. Bruchenergie versus Jahrring-Winkel zur Bruchebene
für unterschiedliche Massivholzstapel. Vertikale Balken zeigen
99% Vertrauensintervalle
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rint ¼
F

WB
þM

R
¼ YF

where F is the maximum load obtained in the test (N);
W and B are the dimensions of the resisting surface; M is
the bending moment at the maximum load, and R is
the moment of resistance (depending on the geometry of
the specimen). In our case, the geometric constant Y has a
value of 2.83·10)2 mm)2. The rint is not very sensible to
differences between batches, and has a general trend of
diminishing with the higher angles of growth rings to the
fracture plane (Fig. 11). This is consistent with the fact
that in the 90� test the parenchyma rays are in the fracture
plane. Values similar to ours were found by Boström
(1994b) with a similar specimen, whereas Reiterer et al.
(2000) found lower values with a different specimen type.
Since the load-displacement curves of the different batches
have a very similar shape (Fig. 9), the two parameters Gf

and rint may be used to calculate a normalized fracture
energy, Gf,Norm, that we defined as follows:

Gf ;Norm ¼
Gf

rint

This parameter, not physically measurable, has the
dimensions of length and represents the fracture energy
required for unit stress of crack propagation. High values
of Gf,Norm describe a material in which fracture starts easily
but propagates with much energy, while a low value
indicates a more brittle material. Results expressed in
terms of Gf,Norm are reported in Fig. 12. This parameter is
very sensitive to the differences between batches of spruce
wood: it grows with the angle for A1 and A2, is stable for
A5 and decreases for A6 and A4. A similar parameter
which is frequently used in fracture mechanics is the
characteristic length, Lch, that considers also the effective
modulus of the material, Eeff, as:

Lch ¼
Gf Eeff

r2
int

Also in this case a lower value indicates a higher brit-
tleness. We defined Eeff as the ratio of the tensile stress rint

to the effective deformation �eff, as follows:

Eeff ¼
rint

eeff

and therefore �eff, for our test conditions, is:

Eeff ¼
Du

r

where Du is the measured displacement, and Q is the
distance between the loading holes in the specimen, which
is taken as the reference length. Because rint may be
expressed as:

rint ¼ FY

then Eeff may be expressed as:

Eeff ¼
FYQ

Du
¼ F

Du
YQ

In this case, the ratio F
Du is the slope of the elastic

portion of the load-displacement curve. We used the
portion of the curves comprised between 30% and 80% of
the maximum load to calculate Eeff for each specimen, and
Fig. 13 reports the average values of each batch. The
results from fracture tests expressed in terms of

Fig. 11. Stress of crack propagation versus the angle of growth
rings to the fracture plane, for different batches of spruce wood.
Vertical bars show 99% confidence intervals
Abb. 11. Spannung der Rissausbreitung versus Jahrring-Winkel
zur Bruchebene, für unterschiedliche Fichtenholzstapel. Vertikale
Balken zeigen 99% Vertrauensintervalle

Fig. 12. Normalized fracture energy versus the angle of growth
rings to the fracture plane, for different batches of spruce wood.
Vertical bars show 99% confidence intervals
Abb. 12. Normalisierte Bruchenergie versus Jahrring-Winkel zur
Bruchebene für unterschiedliche Fichtenholzstapel. Vertikale
Balken zeigen 99% Vertrauensintervalle

Fig. 13. Effective modulus of elasticity versus the angle of growth
rings to the fracture plane, for different batches of spruce wood.
Vertical bars show 99% confidence intervals
Abb. 13. Effektiver Elastizitätsmodulus versus Jahrring-Winkel
zur Bruchebene für unterschiedliche Fichtenholzstapel. Vertikale
Balken zeigen 99% Vertrauensintervalle
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characteristic length, Lch, are reported in Fig. 14. Eeff is
significantly higher, but not much different between bat-
ches for angles <30�, and remains quite constant at angles
>30�: it is just a result of the test geometry and seems to
have a minor influence on the results. The Lch shows a
trend of growth with the angle for batches A1 and A5, is
quite stable for A2 and decreases for A6 and A4. Therefore,
Gf,Norm and Lch give different indications for batches A2
and A5. Batch A6 and A4 have much lower values than
other batches, for both parameters, at the high angle of
growth rings to the fracture plane. The reason for this
difference has been researched in wood anatomy: for all
batches, the fracture tends to propagate in the tangential
direction within the earlywood and to cross the latewood
in the radial direction, and this fracture pattern has al-
ready been observed by Tan et al. (1995). The propagation
in the tangential direction is made possible by intra-cel-
lular rupture, in the longitudinal direction, of the thin
walls; the propagation in the radial direction, across the
thick latewood walls, is normally inter-cellular and follows
the direction of rays (Fig. 15). The tracheid lumen diam-
eter in the latewood may influence this pattern, as well as
the thickness of tracheid walls and the relative thickness of
earlywood and latewood within the growth ring. The rel-
ative influence of the different anatomic features is being
thoroughly analysed and will be reported separately.
According to the fracture pattern observed, tests at higher
angles (45�–90�) should have higher normalized fracture
energies (Gf,Norm), therefore batches A6 and A4 are an
exception to this rule. In fact, all the batches except A6 and
A4 have a pronounced waviness in the fracture surfaces
obtained at higher angles (Fig. 16), which also indicates a
different energy consumption for fracture propagation.
Considering the shear strength (Fig. 7), a comparison of
batches A1 and A6 is interesting: tested at 90�, A1 has no
statistically significant decrease between the first test and
the second (in pre-stressed conditions), while A6 does
have this difference. Also, A1 is more resistant in shear
and stiffer in cleavage (higher Eeff) than A6 in general
terms, whereas A6 has the highest variability (CV=10%).
This different shear strength is, according to our results,

related to the different fracture properties of the two
spruce wood batches.

4
Conclusions
Measuring the shear strength of both the glueline and the
solid wood adherents within the same test specimen offers
indeed a great advantage: the comparison is really direct,
the influence of wood variability is minimized and the test
is quick and simple. The influence of the new specimen
geometry on stress distribution is not significantly influ-
encing the results, while the compressive pre-stress on the
wood adherents results in a slightly lower resistance,
which is much probably caused by micro-cracks that occur
during the first loading step and propagate during the
second. As expected, different spruce wood batches have
shown a different fracture behaviour. Therefore, the
selection of suitable wood batches for the specimen
preparation may benefit from the use of a parameter that
describes crack propagation: based on our results, a value

Fig. 15. Transition from the intra-cellular fracture in earlywood
to the inter-cellular fracture in the latewood. Parenchyma rays
constitute a preferential transition point
Abb. 15. Übergang vom intrazellulären Bruch in Frühholz zum
interzellulären Bruch in Spätholz. Parenchym-Strahlen stellen
einen bevorzugten Übertragungsspunkt dar

Fig. 14. Characteristic length versus the angle of growth rings to
the fracture plane, for different batches of spruce wood. Vertical
bars show 99% confidence intervals
Abb. 14. Charakteristische Länge versus Jahrring-Winkel zur
Bruchebene für unterschiedliche Fichtenholzstapel. Vertikale
Balken zeigen 99% Vertrauensintervalle

Fig. 16. Comparison of the fracture surfaces of batch A6 (left) and
A1 (right), tested at the highest angles. A6 is flat whereas A1 is
wavy
Abb. 16. Vergleich der Bruchoberflächen von Stapel A6 (links)
und A1 (rechts), getestet bei den höchsten Winkeln. A6 ist flach,
wohingegen A1 wellig ist
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of Gf,Norm>5·10)5 m (measured between 45� and 90�,
preferably as close as possible to 90�) should guarantee
that micro-cracks eventually present in the wood (e.g.
those produced in the first loading step, but also in drying
and cutting operations) do not have a significant influence
on the measurement of wood shear strength. It is also
necessary to underline the importance of limiting the angle
of growth rings to the glueline in the range of 45�–90�,
while preparing the glued specimens for shear tests.
Results from this work will be proposed as a standard test
method for on-site epoxy adhesives used in thick joints.
But the evaluation of adhesive bonds based on the ‘‘direct’’
comparison of their performance with that of solid wood
used in the adherents is indeed a new and useful criterion,
which might be interesting also for other applications (e.g.
structural adhesives as in EN 301 and non-structural
adhesives as in EN 204).
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mécanique des joints bois-colle. Thèse de Docteur-Ingénieur INPL,
Nancy University
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