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Abstract In quality control of glulam, shear testing of
bondlines is required. However, in relevant standards the
method of applying shear stress to the bondline is only ex-
emplified by a principle schematic. Based on this schematic
a considerable variety of test equipments is in use nowadays.
Depending on the respective construction of the test equip-
ment as well as on the execution of testing, the resulting
stress in the bondline is not pure shear but rather a combina-
tion of shear and normal stresses. When the normal stresses
are acting as tensile stresses perpendicular to the bondline,
the registered shear strength values range considerably be-
low the pure shear stress level, whereas compression stresses
perpendicular to the grain lead to an overestimation of the
shear strength of the bondline. To overcome this deficiency,
a prototype of a modified shear test device was developed,
which ensures a clearly defined state of shear loading of
the specimens. Based on extensive comparative testing it is
shown that by performing compression tests at an oblique
angle to the grain of 14° the above mentioned problems can
be avoided.
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Qualitiitskontrolle von Brettschichtholz: Scherpriifung
von Klebfugen

Zusammenfassung Im Rahmen der Qualititskontrolle von
Brettschichtholz sind Scherpriifungen an Klebfugen durch-
zufiihren. Die bei der Priifung anzusetzende Belastungs-
konfiguration ist in den relevanten Priifnormen lediglich in
Form einer Prinzipskizze festgelegt. Heutzutage wird eine
Vielzahl unterschiedlicher Priifgerite eingesetzt, welche auf
Basis der erwihnten Prinzipskizze entwickelt wurden. Be-
einfluft durch die konstruktive Umsetzung der Prinzipskiz-
ze und durch die Art der Durchfiihrung der Scherpriifung,
entspricht der effektiv in der Scherfuge herrschende Span-
nungszustand nicht reinem Schub, sondern vielmehr einer
Kombination von Scherspannung und Spannungen senk-
recht zur Scherfliche. In der Scherfuge gleichzeitig mit den
Scherspannungen wirkende Zugspannungen senkrecht zur
Fuge bewirken ein merkbares Absinken der im Versuch er-
zielten Scherfestigkeitswerte, z. T. gar unter die eigentliche
Schubfestigkeit des Holzes. Auf die Scherfuge senkrecht
einwirkende Druckspannungen demgegeniiber kénnen zu
einer Uberschiitzung der Scherfestigkeit der Klebfuge fiih-
ren. Um diesem Problem zu begegnen, wurde ein Prototyp
einer Scherpriifeinrichtung entwickelt, welcher den Priifkor-
per einem definierten Scherspannungszustand aussetzt. Ba-
sierend auf umfangreichen vergleichenden Priifungen wird
gezeigt, dass durch Druckscherversuche unter einem Kraft-
zur Faserwinkel von 14° die oben erwihnten Schwierigkei-
ten umgangen werden konnen.

1 Introduction

For the determination of shear properties of wood and wood-
based materials a wide variety of test methods is proposed:
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block shear tests, torsion of prismatic bars, anticlastic bend-
ing, losipescu shear test, multipoint bending, off-axis ten-
sion or compression and in-plane shear loading (Yoshihara
and Matsumoto 2005). Additionally, panel shear tests (CEN
2003; Feldborg 1991), short-span bending of rectangular
or notched members (Larsen 1987; Radcliffe and Suddarth
1955) and the Arcan shear test (Arcan et al. 1978) exist.
All of these methods aim at achieving a well defined and
uniform state of shear stress in a well defined test zone.
But as discussed below this has proven to be very diffi-
cult (Bodig and Jayne 1993; Coker and Coleman 1935;
Radcliffe and Suddarth 1955).

With regard to the quality control of bondlines in prac-
tice, common one-sided block shear tests are regarded as the
most efficient method since the specimens are simple to fab-
ricate and the test process is easy to carry out (ASTM 2003;
CEN 1995; ISO 2006; Kollmann and Coté 1968).

1.1 Block shear tests of bondlines
1.1.1 European standards

In Europe, the requirements for glued-laminated timber are
given in the standard EN 14080 (CEN 2005). The bond-
ing strength of bondlines shall be assessed as a bondline
integrity test according to one of the test procedures de-
fined in EN 386 (CEN 2001). EN 386 demands delamina-
tion tests according to EN 391 and block shear tests ac-
cording to EN 392 (CEN 1995) and requests that the shear
strength f, , of each bondline shall be at least 6 N/mm?. For
coniferous wood and poplar lower individual values of shear
strength (down to 4 N/mm?) can be regarded as acceptable
if the wood failure reaches a certain percentage as given in
EN 386.

The block shear test to be carried out according to EN 392
is intended to be used for continuous factory quality control
of bondlines. The standard presents a principle schematic
for the shearing tool. The shearing force shall be applied
self-aligning via a cylindrical bearing so that the specimen
is loaded at the end grain with a stress field uniform in
width direction and the distance between the bondline and
the sheared plane nowhere exceeds 1 mm. The specimens
shall be of width b and of thickness ¢ between 40 and 50 mm
each. The loaded surfaces are to be smooth and parallel to
each other as well as perpendicular to the grain direction.

The shear strength f, , is derived from

F,
fo.a szu with k = 0.78 4 0.0044 - ¢ (1

with A = sheared area = b - t, F,, = ultimate load and k be-
ing a modification factor for test pieces where the thickness
in the grain direction of the sheared area is less than 50 mm.
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1.1.2 US standards

In the United States, glulam producers follow quality con-
trol guidelines ANSI/AITC 190.1-2002 (AITC 2002) and
ANSI/AITC 200-2004 (AITC 2004). Shear testing of bond-
lines is regulated by AITC Test T107. Concerning shear
block tests, reference is made to the American Standard
ASTM D 905-03 (ASTM 2003). The shearing tool to be
used shall have a self-aligning seat ensuring uniform lat-
eral distribution of the load. The standard ASTM D 905-03
makes the user aware of the fact that “this test method cannot
be assumed to measure the true shear strength of the adhe-
sive bond” because “many factors interfere or bias the mea-
surement including the strength of the wood, the specimen,
the shear tool designs themselves and the rate of loading”. It
is also mentioned, that “stress concentrations at the notches
of the specimen tend to lower the measured strength” (Okko-
nen and River 1989). This is in contrast to the test method
according to ASTM D 143 (ASTM Standard 2000) where it
is said, that “these effects are self correcting so that the mea-
sured strength is close to the true shear strength of wood”.

1.1.3 ISO standards

Within the ISO standards series, ISO 12578 (ISO 2007)
deals with the component performance and the requirements
for the production of glulam. The formulations in this stan-
dard are quite similar to the European equivalent EN 386. In
analogy to the latter, one possibility for controlling bondline
integrity and strength is to perform block shear tests. Refer-
ence is made to the standard ISO 12579 (ISO 2006), which
provides a combination of rules and specimen types taken
from EN 392 and ASTM D 905. Concerning the apparatus
to be used for the shear tests, the standard provides only a
schematic diagram similar to EN 392. In the ISO standard
6238 (ISO 2001) which deals with the derivation of shear
strength of wood-to-wood adhesive bonds by compressive
loading, one can find an example of a shearing tool being
identical to the one of ASTM D 905-03.

1.1.4 Shortcomings of the block shear test method

The block shear test method has the advantage of being sim-
ple with regard to the preparation of the test specimens, the
test equipment needed, the overall procedure and the analy-
sis of the test results. However, there are several shortcom-
ings to be mentioned:

e The test method suffers from a non-uniform shear stress
distribution with a stress concentration near the corner as
was shown by experimental and theoretical stress anal-
ysis (Coker and Coleman 1935; Radcliffe and Suddarth
1955). Hence the derived shear strength using (1) is only
nominal.
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Fig. 1 Schematic sketch of
three EN 392 type shearing
tools used by different test labs
and glulam producers

Abb. 1 Schematische
Darstellung von drei EN 392
konformen
Scherpriifeinrichtungen, wie sie
durch verschiedene Priiflabors
und
Brettschichtholzproduzenten
eingesetzt werden

I

friction

e The test results are influenced by the actual realization of
the schematic diagram of EN 392 as well as by the person
carrying out the test.

e During the shear test, the specimen is subjected to a shear
strain. Most of the existing shearing devices hinder this
strain. This results in unknown side effects on the test re-
sults.

o Test results derived using different test devices cannot be
compared directly. Hence, the method only serves the glu-
lam producer as a kind of warning tool if the test values
drop below a certain threshold.

In Fig. 1, as an example, three different types of test devices
are shown. It can easily be seen that the fixation and loading
of the specimen and thus the resulting stress situation in the
bondline are different.

1.1.5 Analysis of static equilibrium

The state of static equilibrium in specimens tested according
to EN 392 is shown in Fig. 2. Being not aligned but rather
eccentric (with a gap e depending on the dimension £4 of
the pistons of the actual test equipment), the acting shearing
force A, causes a moment A, - e, which is counteracted by
the moment 4 - Aj,. Both the eccentricity e and the coun-
teracting moment are undetermined, since they depend on
the actual geometry and construction of the shearing device.
Assuming e.g. a mean shear strength of f, , = 6 N/mm?
the shear force in a bonded area of ¢ x b =45 x 50 mm? is
13.5 kN and the equilibrium “frictional force” Ay, results in
3 kN. The “frictional” stress thus is 6 N/mm? and the width

optional
fixture

of the punches needs to be 7 to 10 mm, assuming a maxi-
mal compression strength parallel to the grain of f. o =30
to 40 N/mm?.

Actually there is a state of compression at an angle to
the grain (o ~ arctan(A,/A,) = arctan(3/13.5) = 12.5°)
and a counteracting moment is built up when the zone of
maximum compression stress is deformed. This deformation
leads to an uplift of the test bar. If this uplift is prevented,
for example by holding down the test bar, significant bend-
ing stresses are added to the acting shear stresses and the
specimen tends to fail early at low levels of shear stress.

Simultaneously acting tensile stresses perpendicular to
the grain result in lower shear strength whereas compres-
sive forces perpendicular to the grain help to resist higher
shear stresses (Karlsen and Goodman 1967).

1.2 Proposed new method for shear testing of bondlines
1.2.1 Approach

Shear strength can be derived by carrying out compression
tests with a certain inclination to the grain. For example,
to derive shear strength parallel to the grain EN 408 (CEN
2003) asks for panel shear tests at an oblique angle between
the loading direction and the longitudinal axis of the speci-
men (which is actually the grain direction) of 14°. The pro-
cedure to be followed, however, is rather tedious and not
suitable for the quality control of bondlines, since tapered
steel plates have to be glued to the specimens. But the idea
of carrying out a compression test at an oblique angle to the
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Fig. 2 Static equilibrium in

specimens tested according to 824,
EN 392 (CEN 1995) A
Abb. 2 Kriftegleichgewicht | ¥
bei Scherversuchen gemifl EN i |
392 (CEN 1995) | &
—
| A

[ o A
T_. il -
£=7to 10 mm
Av
o, =0
O-f_ O-(l’ 0‘1
—- -+
[24

(a)

‘“‘7 @ = arctan(A,/A,)

uplift of test bar l A

Fig. 3 (a) 2D-element with a stress o, acting at an angle « to the grain direction. (b) Stresses parallel and perpendicular to grain oy, o9 as well

as shear stress t resulting from oy

Abb. 3 (a) 2D-Element mit einer unter einem Winkel o schriag zur Faser wirkenden Normalspannung o,. (b) Aus o, resultierende Normalspan-

nungen parallel und senkrecht zur Faser o9, 099 und Schubspannung t

grain can be used to improve the block shear test method as
follows:

Different angles o between loading and grain direction
can e.g. be modeled using the Hankinson-formula (Hank-
inson 1921), which was also found independently by Koll-
mann (1934) based on scientific findings in crystal physics
by Horig (1931). However, the Hankinson-formula does not
provide any information on failure modes to be expected
with varying angles .

Stiissi (1946, 1949) showed (as was already found in
1920 by Jenkin), that for isotropic materials a relation be-
tween normal stresses o and shear stresses T can be deter-
mined by formulating stress equilibrium of a plane strain
element subjected to a stress o, inclined by an angle «
with reference to the grain direction (Fig. 3a). The princi-
ple stresses o1 and o are:

01 = Og, (2)
op =0. (3)

Respective stresses parallel and perpendicular to the grain
and shear stresses (Fig. 3b) can be calculated according to
the theory of the strength of materials:

00 = 0q - COS” @, “4)
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090 =0y - sin®a, &)
70,90 = O - COSQ - Sina. (6)
Depending on the actual angle o between the loading and

grain direction there are three different failure modes possi-
ble:

e compression failure parallel to the grain:

00
cos” o
e shear failure:
70,90
Oy = T (8)
sinw - cos o
e compression failure perpendicular to the grain:
090
Oy =— ©)
sin” o

Solving Airy’s stress function, Ylinen (1963) found that
these formulas are valid for orthotropic materials as well.
The dependency of compression strength from the angle be-
tween grain and load direction is shown in Fig. 4, wherefrom
it can be concluded that:
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Fig. 4 Influence of the angle 60
between loading and grain
direction on compression
strength according to Stiissi
(1946, 1949)
Abb. 4 Einflul des Winkels 50 -
zwischen Kraft- und ‘T/
Faserrichtung auf die .
Druckfestigkeit nach Stiissi .
(1946, 1949)

40 -

oo [N'TMM?]
w
o

compression failures parallel to the grain

shear failures

- - - -Hankinson

0,09y

o, = - -
“ o,sin’a+0,, cos’

z.(),‘)()

compression failures perpendicular to the grain

20

10 4
a1

0
0 15

o the shear strength f, 0,90 can be derived from compres-
sion tests at an oblique angle « to the grain based on (8):
Jv.0.90 = fe.a - COSC - Sinc. (10)

e shear failures can be expected for force to grain angles in
the range of o1 < @ < ap with o] =~ 13° and ap ~ 34°.
Analyzing test results by Baumann (1922) and Kraemer
(1929), Stiissi (1945) showed, that this assumption is
valid (Gehri and Steurer 1979).

1.2.2 Prototype of a new shearing tool

Based on the approach presented above, a prototype of a
new test apparatus to derive shear strengths of bondlines has
been developed recently (Abplanalp and Bogusch 2007).
Owing to the fact that high compression stresses perpen-
dicular to the grain result in higher shear stresses (Fig. 4),
an angle « near o is to be preferred. In analogy to the EN
408 (CEN 2003) rules for panel shear tests an angle « of
14° was chosen (Fig. 5), being equal to an inclination of 1:4.
Prototype tests and calculations showed that smaller slopes
of e.g. 1:5 or 1:6 would not be possible since the specimens
crushed due to exceeding compression stresses parallel to

T

30 45 60 75 90

Stress to grain angle a [°]

50 mm

a=14°

Fig. 5 Loading scheme of the new shearing tool (The arrow in the
specimen indicates the grain direction)

Abb. 5 Belastungsschema der neuen Scherpriifeinrichtung (Die Pfeil-
markierung auf dem Priifkorper zeigt die Faserrichtung an)

the grain in the loading zone. With a slope of 1:4 for soft-
wood specimens, shear strengths up to 10 to 12.5 N/mm?

@ Springer
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were recorded resulting in compression stresses parallel to
the grain from 40 to 50 N/mm?.

As is shown in Fig. 6 and was experimentally proven
(Keylwerth 1951), a shear strain occurs during the shear test.
This strain may not be hindered or blocked but rather be
made possible. That is why the upper and the lower plungers
are coupled to the loading parts by means of pivot bearings.
To account for the specifications given by EN 392 (cylindri-
cal bearing) one of the plungers has a two-way pivot bearing.

When calculating the shear strength f, , from the ulti-
mate load F, and the sheared area A = b - ¢, it has to be
taken into account, that there is an inclination between act-

friction

equlibrium?
stress distribution?

intended loading loaded and deformed

specimen

Fig. 6 Intended loading (compression inclined to the grain) (left) and
deformed specimen with undefined state of stress and occurring shear
strain (friction) in contact with the punches (right)

Abb. 6 Angestrebte Beanspruchung des Priifkorpers (Druck schrig
zur Faser) (links) und verformter Priifkorper in einem unbestimm-
ten Spannungszustand infolge gleichzeitig mit der Druckspannung
wirkender Schubspannung aus Reibung in der Krafteinleitungszone
(rechts)

ing force and shear plane. The respective formula to derive
shear strength therefore is:

F, . Fu
fv,a=K~cosl4 =X-O.970. (1)

2 Experimental
2.1 Aims

The test series carried out aimed at:

e quantifying the influence of friction properties of the
plates supporting the specimens when tested with the es-
tablished device,

e comparing the established device and the prototype of
the new device under lab conditions with regard to shear
strength and percentage of wood failure for several series
of specimens with bondlines made with different types of
adhesives,

e cvaluating the new shear testing method in terms of han-
dling the device and preparation of test specimens.

2.2 Method
2.2.1 Preliminary test series

In a preliminary test series, the influence of different fric-
tion properties of the steel plates supporting the test bars
when performing shear tests with the established device was
studied by comparing (a) the situation “indented steel plate*
with (b) a plain steel support and with (c) a nearly friction-
less situation where a Teflon® sheet was placed between the
test bar and the plain steel plate.

In order to prevent test results from being influenced by
the type of adhesive, the preliminary test series was carried
out on solid wood shear test specimens without any bond-
lines. The sample size for each type of support (a, b, ¢) was
n = 30. Each sample was divided into two equally-sized sets
of specimens with distinct (low/high) densities (Table 1).

Table 1 Density and moisture

content of the test specimens Subseries S.ample MC [%]° Density [kg/m?]?
tested in the course of the size Mean Range Mean CoV¢
preliminary test series
Tab. 1 Rohdichte und Indented plate High density 15 442 1.23%
Feuchtegehalt der Priifkorper Low densit 15 362 1.44%
der Vorversuchsreihe Sy ’
Plain plate High density 15 444 2.10%

aoven-dry density Low density 15 1.3 10.4-122 362 1.57%
b .

Sfot Cgecks by oven-drying Teflon® sheet High density 15 442 1.96%
selected specimens Low density 15 363 1.73%

Ccoefficient of variation

@ Springer
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2.2.2 Main test series

The main test series concentrated on comparing shear
strengths and percentages of wood failure derived from tests
with either the established device or the new one. Compa-
rability of test results was made possible by testing pairs
of edge bars (E) and centre bars (C) taken from two slices
(A and B) cut from front ends of glulam beams directly
after finishing the production in the glulam plant (Fig. 7).
Eight glulam producers supplied the test bars cut from 3 to
4 different glulam beams each. The bars contained 8 to 10

Fig. 7 Sampling of test bars for
the main test series: Two slices
A and B containing pairs of
edge bars (E) and centre bars
(C) of cross-section

50 x 50 mm? were cut from

r Edge bar (E)

Centre bar (C) —

bondlines. Due to geometrical restrictions when trimming
the block shear specimens, not all bondlines could be tested.
The actual sample sizes are reported in Table 2. In total ap-
proximately 600 block shear tests were carried out in the
course of the main test series.

2.2.3 Test procedure
The block shear specimens were tested to shear failure us-

ing either the established shear test device (with indented
steel plate as support) or the new one. Force was applied

front ends of glulam beams

Abb. 7 Probenahme fiir die

Bond line 10

Hauptversuchsreihe: Zwei
Scheiben A und B, enthaltend

Paare von Priifstangen mit den

Querschnittsabmessungen

50 x 50 mm?, entnommen vom

Rand des
Brettschichtholztrigers (E) und

aus dessen Mitte (C)

Slice B, tested with

N
o the new device

Bond line 1

50 | 50 |

< Lan

[mm]

A@' Slice A, tested with

the established device

Table 2 Properties of test specimens tested in the course of the main test series

Tab. 2 Eigenschaften der Priifkorper der Hauptversuchsreihe

Glulam producer Adhesive® Established device New device Glulam class?
Sample size MC [%]° Sample size® MC [%]°

A RF 21 17 (4)

UF 18 18
B PUR 40 26 (14) GL 24h
C MUF 65 54 (1D
D PUR 38 (101.'545) 22 (16) (1(?.534)
E PUR 21 18 (1) unknown
F MUF 40 37(3) GL 24h
G MUF 42 42 GL 24c
H EPI 40 36 (4) GL 24h

4PUR = Polyurethane, MUF = Melamine-Urea-Formaldehyde, RF = Resorcinol-Formaldehyde, UF = Urea-Formaldehyde, EPI = Emulsion

Polymer Isocyanate

YMC = moisture content: mean value and (coefficient of variation)

€in brackets: number of tests where the ultimate load could not be reached due to insufficient travel of the piston

dac:cording to EN 14080 (CEN 2005)
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by a 100 kN universal testing machine Zwick with a load-
ing rate of 3 mm/min. Maximal error of the force measure-
ment was <1%. Shear strength was calculated by dividing
the registered maximum force by the sheared area according
to (1) and (11), respectively. Additionally the percentages of
wood failure in the bondlines were determined using a new
semi-automatic method (Kiinniger 2008). There, for a bet-
ter differentiation of wood fibers and adhesive, the fractured
surface is stained using an acid-based indicator (Dibuz and
Shelton 1967) and/or the detection reagent DACA (Paulitsch
1986) and the fractured surface ratio covered by wood fibers
and adhesive, respectively, then is estimated by applying an
image processing procedure.

2.3 Material
2.3.1 Preliminary test series

The test bars with cross-sections of ¢ x b =40 x 50 mm?
were made from Norway spruce (Picea abies Karst.) solid
timber. While the tests with the established device could be
carried out directly on the bars, the specimens tested with the
new device had to be trimmed first. Block shear test speci-
mens with dimensions 40 x 50 x 50 mm? were cut from the
bars, assuring that the acting shear force would be placed
exactly in the area of ¢ x b =40 x 50 mm? to be tested.
Because the thickness of the specimens was smaller than
50 mm, derived shear strengths had to be corrected with
k =0.956 according to (1).

Prior to testing specimens were stored under climate con-
ditions at 20°C and 65% relative humidity until equilibrium
moisture content was reached. After the tests spot checks of
the moisture content were made using the oven-dry method
according to ISO standard 3130 (ISO 1975) and the oven-
dry density was calculated for each specimen. The mean
moisture content was 11.3% with a variation of 10.4% to
12.2%. The density of the specimens is listed in Table 1.

2.3.2 Main test series

The test bars with a cross-section of 50 x 50 mm? were taken
from homogenous (#) and combined (c) glued-laminated
timber of strength class GL 24 (CEN 2005), which was pro-
duced from Norway spruce lamellas (Picea abies Karst.)
bonded with different types of adhesives (Table 2).

Again the test series with the established device were
carried out on bars whilst specimens to be tested with the
new device had to be shaped accordingly. The thickness in
the grain direction of the sheared area was exactly 50 mm.
Therefore no correction of the shear strength values was nec-
essary.

Before carrying out the shear tests, the test bars were
stored in a climatic chamber at 20°C and 65% relative hu-
midity. After the shear tests the moisture content of the spec-
imens was derived according to ISO standard 3130 (ISO

@ Springer

1975). A mean value of 11.5% (variation between 9.8%
and 12.5%) was found for the specimens tested with the
established shear test device. The respective values for the
specimens tested with the new device were 12.3% (mean
value) and 11.3% to 13.3% (variation). The impact of the
small moisture content difference (about 0.8%) on the shear
strength, which may result in a maximum change of 2%, was
neglected.

3 Results and discussion
3.1 Preliminary test series

The results of the preliminary test series which aimed at
quantifying the influence of friction conditions at the sup-
port of the test bars are depicted in separate normal prob-
ability plots for the high-density samples (Fig. 8a) and the
low-density samples (Fig. 8b). All relevant statistical param-
eters are indicated in the plots.

It can be seen that for both the high-density sample
and the low-density sample the shear strength of the spec-
imens tested with an interlaying sheet of Teflon® between
steel plate and test bar is far below the respective values
of the other testing situations. A statistical test to prove
significance in difference is not needed. For double-sided
Norway spruce (Picea abies Karst.) test specimens sub-
jected to compressive block shear, a mean shear strength of
Sra=22 N/mm? in case of frictionless support conditions
has been reported by Henrici and Scheicher (1988), com-
pared to f, o = 4.9 N/mm? when the specimens were tested
on rough support.

Carrying out a z-test when comparing the series “in-
dented steel plate” and “plain steel plate” it can be found that
the difference in mean values for the low-density sample is
significant on the 5% level (P-value = 0.02), whereas sig-
nificance in difference of mean values for the high-density
sample is not given (Pps = 0.40). Except the test series “in-
dented steel plate” and “plain steel plate” of the high-density
sample, similar coefficients of variation (CoV) of on average
3.9% were found.

All test specimens tended to lift off from the support
as can be seen in Fig. 9. This phenomenon occurred pro-
nounced for specimens tested with the Teflon® interlayer
sheet and with the plain steel plate. The testing situation
with indented steel plate as well showed tendencies of lift
off caused by local compression deformations parallel to the
grain near the sheared area. The increasing lift off during
testing being accompanied with an increasing reduction of
the supporting surface leads to continuously raising stresses
parallel to the grain which itself further increases the lo-
cal deformations together with lift off. Since compression
strength parallel to the grain strongly depends on density, a
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Fig. 8 Normal probability plot 99.99 w — —— —
of shear strength f, , depending Series Sample Size Mean2 Standard dez\/latlon Coeff. of variation Mlnlmu;n MaX|mu2m
on frictional properties of the 99.9 N [N/mrm'] [N/mrm'] N/mm] | N ... N
rt of the test bar (indented Indented steel plate 15 12.4 0.91 7.3% 9.7 13.5
S?pliol @ lain steel plat Plain steel plate 15 12.3 0.99 8.0% 10.0 13.8
steel plate, plain steel plate, 5 S B RS T S S i
Teflon® sheet between test bar %9 [ Lretion ™ ' e 929 4% 2 82
and plain steel plate) for the 95 ‘ ‘
high-density sample (a) and for %0
the low-density sample (b) 2
Abb. 8 Darstellung der > 80
Schubfestigkeitswerte f, , in § 70
Abhéingigkei.t der E 50
Auflagerbedingungen der °
Priifstange (Stahlplatte mit £ 30
Zahnung, glatte Stahlplatte, E 20
Teflon® -Schicht zwischen 3 1
Priifstange und glatter 5
Stahlplatte) fiir die Stichprobe
hoher Dichte (a) und geringerer 1 :
Dichte (b) in einem —&— indented steel plate
‘Wahrscheinlichkeitsnetz mit —+&— plain steel plate
. . . 1 -
normalverteilter Ordinate *— Teflon™ sheet on plain steel plate
.01 : : ‘ ‘ : ‘ ‘ ‘ ‘
3.0 45 6.0 75 9.0 10.5 12.0 13.5 15.0
Shear strength f, , [Nlmmz]
(a)
99.99 T T - : .
X . Mean Standard deviation L Minimum Maximum
Series Sample Size 2 B Coeff. of variation 5 5
99.9 H [N/mm°] [N/mm°] [N/mm°] [N/mm?] | ... |
Indented steel plate 15 11.8 0.52 4.4% 11.0 12.6
Plain steel plate 15 11.4 0.36 3.2% 10.9 11.9
99 M1efion ® 15 6.0 027 45% 57 66 | 7

Cumulative frequency [%]

.01

indented steel plate
0 plain steel plate

Teflon®™ sheet on plain steel plate

3.0 4.5 6.0

reduction in supporting area could mainly be observed with
the low-density sample.

In the end, the reduction in supporting surface during
the test results in a continuous change of the inclination
of the resultant (net force) R (Fig. 2) which means that si-
multaneously acting stresses parallel and perpendicular to
the sheared area occur and thus derived shear strengths are
not pure ones. Hence theoretical considerations developed

7.5 9.0 10.5 12.0 13.5 15.0

Shear strength f, , [Nlmmz]
(b)

in the introduction part of the paper could be confirmed by
the tests.

3.2 Main test series
3.2.1 Comparison of established and new test equipment

Mean values, 10-percentiles and 90-percentiles of shear
strengths and percentages of wood failure are shown in

@ Springer
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(b)

Fig. 9 Independently from the friction conditions at the support, block shear specimens show tendency of lift off from support (a—c) when tested
with the established shear test device. The indented steel plate (c) leads to local deformations of the specimens near the sheared area

Abb. 9 Unabhingig von den Reibungsverhiltnissen in der Auflagerzone tendieren die Priifkorper bei der herkdmmlichen Priifeinrichtung zum
Abheben (a—c). Die Stahlplatte mit Zahnung (c) bewirkt nahe der Scherfliche lokale Eindriickungen in den Priifkrpern

Figs. 10a and 10b, respectively. Lower and upper percentiles
were taken directly from ranked test results without any in-
terpolation or distribution fitting but rather by assigning that
single test value to the 10/90-percentile which was directly
below/above the respective percentile. From Fig. 10a it can
be concluded, that independent of the type of adhesive shear
strengths derived with the new test device as well as their
variability are lower than those resulting from tests with the
established device. The differences exhibit the same trend
on the mean level and on levels of 10 and 90 percent, which
at the first glance would mean that the differences are not af-
fected by strength of material or adhesive bond, respectively.
When correlating all pairs of shear strength values derived
with both test devices (Fig. 11) the test data exhibit a linear
trend but the coefficient of determination is low. The depen-
dency of shear strengths derived with both test devices is
influenced by the level of strength: At high levels of bond-
line strength, testing with the new device leads to lower val-
ues compared to tests performed with the established device.
The reason for this phenomenon was identified by a detailed
examination of the specimens. As a result of limited area of
load transfer, specimens with high bondline strength tend to
crush due to exceeding compression stresses parallel to the
grain.

Regarding percentages of wood failure (Fig. 10b), no
clear difference between established and new test tool can
be seen. In the present study, wood failure percentages for
PUR-type adhesives were generally very high and exhibited
a small variation. On the other hand, some very low percent-
ages of wood failure, especially for MUF-type adhesives oc-
curred.

3.2.2 Benchmarking of test results to limits required
by standard EN 386

Benchmarking of test results to the limits required by bond-
line quality control in standard EN 386 (CEN 2001) is vi-

@ Springer

sualized in Fig. 12. Whereas the requirements for the mean
values of shear strength and percentages of wood failure are
met by all producers in case of shear tests performed with
the established device, the respective values of specimens
provided by producers A and H do not reach the target limit
anymore when tested with the new device (Fig. 12).

Hence, the type of test equipment used for the block shear
tests affects the test results in terms of shear strength and
percentage of wood failure. That is why the limits given by
quality control standards (e.g. EN 386) cannot be directly
applied to the new shear test device. They need further ver-
ification and development. Additionally, it has to be clearly
said that the limits given in standard EN 386 are only valid
for that type of shear testing device they were derived with.
In that sense, standard EN 386 and EN 392 are lacking of
precision in describing the properties of this shear test de-
vice. Furthermore, in order to be able to reliably assess and
compare percentages of wood failure the bondlines should
be analysed using a computerised method as e.g. suggested
in Kiinniger (2008).

3.2.3 Handling of the new test device

The test series with the new test device could be carried out
without any noticeable complication compared to the estab-
lished procedure. When using templates, cutting of single
block shear specimens from the test bars to be tested with
the new device can easily be done. Request on geometri-
cal precision of trimming the single block shear specimens
however is higher, especially regarding the correct position
of the bondline with respect to the sheared area within the
new test device (Fig. 5). Due to limited travel of piston of the
new test device some specimens could not be sheared com-
pletely until failure occurred. This shortcoming has to be
overcome by a further development of the test device, since
manually splitting the bondlines perpendicular to the grain
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Glulam plants, grouped acc. to type of adhesive used in glulam production

after the test can provoke misinterpretation of percentages
of wood failure. One main advantage of the new test device
lies in the fact that the test results may not be influenced by
the person who carries out the test, since the test specimen
is not to be taken hold of during the shear test.

4 Conclusion

From the test results of the preliminary series on the influ-
ence of friction conditions at the support of the test bars it
can be concluded, that

o the resulting stresses in the bond line depend on the actual
design of the shear testing device and on the properties of
the supports with regard to friction;

(b)

e in the course of the shear test, the supporting surface of
the specimens is reduced continuously due to occurring
compression deformations near the sheared area as well
as due to lift off of the specimen. The resulting inclination
of the net force in the sheared area thereby depends on the
density of the specimen and on the load level;

e inclined resultants being not in line with the sheared area
lead to wrong test results since measured shear stress is
accompanied by noticeable stresses perpendicular to the
sheared area;

e in standards for the quality control of bondlines specifica-
tions for test devices to perform block shear tests should
be put in more precise terms.

The main series comparing the established shear test device
with the alternative one led to the following conclusions:

@ Springer



254

Eur. J. Wood Prod. (2010) 68: 243-256

Fig. 11 Correlation of shear
strengths derived with
established and with the new
test equipment

Abb. 11 Korrelation der
Scherfestigkeiten ermittelt mit
der herkommlichen und mit der
neuen Priifeinrichtung

Fig. 12 Shear strength with
regard to percentage of wood
failure derived with new and
established shearing test device
compared to requests of EN 386
(CEN 2001): Mean values

Abb. 12 Scherfestigkeit in
Abhingigkeit des
Faserbruchanteils ermittelt mit
der herkommlichen und mit der
neuen Priifeinrichtung gemessen
an den Anforderungen der EN
386 (CEN 2001): Mittelwerte
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e Instead of shear tests according to common standards e The prototype of an according new shearing tool has the

used in the quality control of bondlines, axial compres-
sion tests with an oblique angle between the grain and the
loading direction of 14° (slope 1:4) can be made.
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potential of deriving reproducible shear strength values
not being influenced by the person who carries out the
tests since along the shear test the specimen is not taken
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hold of, this being an advantage in glulam quality control
where reproducible and objective test results are of big
importance.

e Shear strengths of bondlines exhibit lower variation when
the tests are carried out with the new shearing tool,
whereas with regard to percentages of wood failure no
differences were found.

e The validity of target limits of shear strength and percent-
ages of wood failure in glulam quality control standards
has to be questioned. Actual limits seem to be related to
certain types of shearing tools. Hence as already stated
above, construction details of these tools have to be pre-
scribed more precisely in the respective standards. For the
new test device respective limits for shear strength and
percentage of wood failure have yet to be developed. In
the course of quality control of glulam the main focus has
to be targeted to shear strength, the latter directly influ-
encing the mechanical properties of the glued-laminated
timber. Percentages of wood failure are of lower interest.
However, when investigating and further developing ad-
hesives, percentages of wood failure gain of importance
since they help to improve adhesive products and applica-
tion technique.
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