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ABSTRACT 
This paper examines the effect of selected factors on the wood bonded joint strength. 
The structural factor under scrutiny was the geometry of the surface area; however, 
other major dimensions of adherends were compared as well. The tests were per-
formed on 6 joint types: butt, v-shaped, interlocking, scarf, tongue & groove, and 
single lap joints, which were formed on two types of substrate materials – pine and 
oak wood, and adhesively bonded. The joints were bonded with Prefere 6312 wood 
adhesive and Loctite 3430 two-component epoxy adhesive. Strength testing of the 
joints was performed on Zwick/Roell Z150 material testing machine, according to 
DIN EN 1465 standard. The results obtained from the tests indicate that bonded joints 
of oak wood exhibit higher strength properties than those of pine wood adherends, 
which was confirmed in nearly all strength tests. 
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INTRODUCTION

Adhesive bonding offers several important 
benefits over other joining techniques, such 
as: producing small-sized joints at a relatively 
low cost per piece, improvement of the visual 
aspect of the joint, high impenetrability of the 
joint, joining heterogeneous materials and low-
weight joints [1, 11, 17]. Despite numerous ad-
vantages of adhesive joints, these can too fail. 
There is several failure mechanisms observed 
in adhesively bonded joints: adhesive/interfa-
cial failure, cohesive failure in the adhesive 
or cohesive failure in the adherend [5]. The 

risk of failure, however, does not diminish the 
great practical applicability of adhesive bond-
ing technology, as adhesive joints are rightly 
regarded as highly durable and are therefore 
long-established in different industries, includ-
ing automotive, furniture or clothing industries 
[1, 12, 22]. Bonding of wood is also a key issue 
in the manufacturing of numerous wood prod-
ucts [16, 22]. Especially regarding applications 
in the structural field, mechanical performance 
of wood-adhesive bonds is of fundamental im-
portance. Apart from other influencing factors 
like adherend material, geometric design of 
the bond line and its loading conditions, the 
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adhesive properties significantly impact the 
strength of an adhesive bond [3, 6, 7, 9, 13, 
24]. The strength of adhesive joints is affected 
by a number of technological factors [4, 8, 12, 
18, 19, 20, 23], e.g. proper surface treatment, 
adhesive preparation, temperature and load-
ing conditions during cure, and a few struc-
tural factors [1, 2, 15, 21], such as the type 
and thickness of adherends, overlap length, the 
type of joint, adhesive layer thickness. In order 
to improve the adhesive joint strength they are 
constantly subjected to a variety of tests that 
evaluate the impact of e.g. joint geometry, to 
determine the optimal joint type.

The aim of the present paper was to deter-
mine the impact of selected structural factors 
on the strength of adhesive joints of wood ad-
herends based on the analysis of strength test 
results. The tests were conducted on 6 joint 
types of pine wood and 6 types of oak wood 
substrates, bonded by means of two tested ad-
hesives. The analysed joint types were as fol-
lows: butt, v-shaped, interlocking, scarf, sin-
gle-lap symmetrical and single lap joints.

TEST METHODOLOGY

Substrate material and shape of specimens

Two substrate materials were used in adhe-
sive joints: pine and oak wood. The specimens 
were prepared for joining by means of different 
machinery and tools. The majority of specimens 
were produced with a milling machine equipped 
with a special cutting tool for a small-sized wood 
workpiece, nevertheless single-lap and butt joints 
did not require the application of the milling ma-
chine due to their simple geometry, and were pro-
duced with the hacksaw. The types of wood adhe-
sive joints were presented in table 1.

The example of one of wood adhesive joints 
was presented in Fig. 1 and the view of adherend 
was shown in Fig. 2.

The dimensions of butt adhesive joint (Fig. 1) 
were following: H1=H2=19,38±0,02 mm, B1=B2 
= 19,37±0,02 mm, L1=L2=71,60±0,15 mm and 
GS = 0,23±0,01 mm

The adhesive joint design types under analysis 
slightly differed in dimensions, the geometry of the 
surface area and the cross-sectional area of the joint.

Table 1. The tested types of pine and oak wood adhesive joints

Type of joints
Type of wood

pine oak

Butt

V-shape (wedge)

Interlocking

Scarf

Single-lap 
symmetrical

Single-lap
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Joint assembly conditions 

The strength tests were conducted on the total of 
144 joint specimens, half of which were assembled 
with pine and the other half with oak adherends. All 
specimens created 72 joints, which were adhesively 
bonded with two types of adhesives: Loctite 3430 
epoxy [14] and Prefere 6312 wood adhesive [15].

The specimens were prepared at the wood-
working shop, equipped in the necessary tools 
and machinery.

Once the wooden specimens had been pre-
pared, the wood chip contamination was removed 
from their surface in a two-fold process. First the 
surface was treated with the 100 and 180 grit sand-
paper, and subsequently with the angle grinder.

The first stage of adhesive joining technology 
consisted in removing all contamination from the 
surface of adherends: the dust and wood swarf 
was brushed off the adherends.

Subsequently, the adhesives were prepared. 
While the single-component Prefere 6312 re-
quired no special preparation for the application, 
in the case of Loctite 3430 the resin and hardener 
had to be blended. Due to the short working life of 
the mixed adhesive the latter had to be prepared 
and applied on both adherends within a short time 
of mixing, not to exceed 5 minutes.

Prefere 6312 was applied with a brush on 
the surface of both adherends, due to locally ob-

 
Fig. 1. Scheme of butt adhesive joint of pine wood: H1 and H2- high of adherends, B1 and  B2 – width of adher-

ends, L1 and L2 – length of adherends and GS – thickness of adhesive layer

 
Fig. 2. Sample of pine wood

Fig. 3. Elements of the interlocking joint after application of Loctite 3430
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served high porosity of the substrate material. 
Immediately after the application of the adhesive, 
the adherends were assembled. Loctite 3430 ep-
oxy adhesive was applied on the adherend surface 
with the polymer adhesive spreader (Fig. 3).

After proper positioning and assembling the ad-
herends, in certain cases it was necessary to remove 
the excess of the adhesive from the side surface of 
the joint. Subsequently, the load of 250 N was ap-
plied to the joint assembly with two clamping tools: 
the hand screw and a special locating-clamping 
tool. The correct position of joint elements was 

ensured with a jig with a locating slot and an ad-
ditional set screw for applying pressure to the as-
sembly (Fig. 4). The pressure applied by the screw 
in the locating slot was predominantly applied with 
the clamp, although in certain cases (the scarf joint) 
an additional hand screw was employed to prevent 
adherends from moving during adhesive cure. In 
the single lap joint the load during cure was applied 
by means of the clamp and the vice.

Each joint was subjected to loading for ap-
proximately 40 minutes, after which time both 
developed initial bond strength and was prepared 
for suitable post-curing processes.

The cure of the tested joint assemblies was 
conducted at a room temperature of approximate-
ly 23°C and 34% air humidity for 48 hours. Ac-
cording to the manufacturer’s data, the adhesives 
develop the maximum strength after 24 hours’ 
cure. The assembled specimens were subjected to 
destructive testing in the material testing machine 
after 48 h, once the adhesive was assumed to be 
fully cured. The strength test was conducted in 
accordance with DIN EN [10].

TEST RESULTS

Test results - Prefere 6312

Fig. 5 collates the strength test results obtained 
from the destructive testing of both adherend types 
bonded with Prefere 6312 wood adhesive. 

 
Fig. 4. Schematic representation of the locating-

clamping tool for assembly and loading of adhesive: 
1 – locating slot, 2 – set screw, 3 – scarf joint, 4 – 

clamp

 
Fig. 5. Average adhesive joint strength of pine and oak wood adherends bonded with Prefere 6312 adhesive
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The results shown in Fig. 5 indicate that for 
all pine wood joint assemblies the highest aver-
age joint strength was recorded in v-shaped joints, 
and was equal to 6.78 MPa, whereas the lowest 
strength was obtained in interlocking joints (2.83 
MPa). The difference between the two assemblies 
amounts to more than 50%.

Among the oak wood adhesive joint as-
semblies subjected to tests the highest average 
strength was observed in single lap joints, where 
it amounted to 7.30 MPa, whereas the lowest 
strength was exhibited by interlocking joints: 
equal to 3.09 MPa. The difference between the 
extremes was 4.21 MPa, i.e. 58%. It ought to be 
mentioned, however, that the difference in the 
cross-sectional area of the joints under test could 
have contributed to the discrepancies.

Interlocking adhesive joints provide the best 
exemplification of the observation as they re-
quired the application of failure load. Their av-
erage strength was equal to 2.83 MPa (for the 
pine wood adherend), and 3.09 MPa (for the oak 
wood) and results from the fact that the cross-sec-
tional area of these joints were by far the highest 
and amounted to approximately 1200 mm2. 

It is apparent from the results reported in Fig. 
5 that in the majority of presented cases the oak 
wood adhesive joints exhibit higher strength than 
those of the pine wood adherend. The difference, 
however, is not significant because not all joint 
assembly types of oak wood showed superior 

strength. The highest difference between the aver-
age values of tensile strength detected in the tests 
was observed in single lap adhesive joints, where 
the oak wood adherend produced a 58% higher 
strength (2.84 MPa) than the pine wood one. In 
scarf joints the observed discrepancy was the low-
est (0.09 MPa), and the pine wood adhesive joint 
exhibited 97% strength of the oak wood joint. 

Test results - Loctite 3430

Fig. 6 collates strength test results conducted 
for different adhesive joint assemblies of pine and 
oak adherends, bonded with Loctite 3430 epoxy 
adhesive.

As shown in Fig. 6, all joint assembly types of 
the oak wood adherend bonded with Loctite 3430 
are characterised by a slightly higher strength than 
the pine wood joints. The highest strength value 
difference was noted in the case of the v-shaped 
assembly, where the oak adherend joint exhibited 
tensile strength higher than the pine wood joint by 
1.41 MPa; hence pine wood adhesive joint corre-
sponded to 80% of the oak wood adhesive joint. 
The difference is slightly less notable in butt joints, 
where the difference of 0.55 MPa indicates that 
the strength of the pine wood adhesive joint cor-
responds to 83% of the oak wood joint assembly.

However, it must be re-emphasised that the 
discrepancy in the performance between particu-
lar joint types results from the differences in the 

 
Fig. 6. Strength of pine wood adhesive joint bonded with Loctite 3430
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cross-sectional area of the joint. The interlocking 
joints, for instance, required higher failure load, 
i.e. 4.26 MPa and 5.15 MPa for the pine wood 
and the oak wood adherend respectively. These 
results from the fact that the cross-sectional ar-
eas of the joint, of 1200 mm2, was incomparably 
higher than in all the other assemblies subjected 
to tensile testing. 

Results of comparative tests of adhesive joint 
strength of pine and oak wood adherends

The results of the pine wood adhesive joint 
strength tests are collated in Fig. 7 and show the 
impact of the type of adhesive on the strength of 
the assembly.

The analysis of results collated in Fig. 7 indi-
cates that Loctite 3430 produces higher strength 
joints (except for butt and v-shaped joints). In 
the majority of analysed cases higher load values 
were obtained by these assemblies rather than by 
Prefer 6312-bonded joints. 

The most significant difference between the 
strength values measured for particular adhesive 
joint assemblies relative to the type of adhesive 
was observed in the single lap adhesive joint. The 
tests showed that single lap joints bonded with 
Loctite 3430 are characterised by higher strength 
than the corresponding joints bonded with Prefere 
6312. The 5.01 MPa difference between two ad-
hesives converts to a 47% drop in joint strength 

in the case of the latter adhesive. The lowest dis-
crepancy between the joint strength of identical 
assemblies bonded with different adhesives was 
noted in tongue & groove joints, where Loctite 
3430 produced the bond that could withstand the 
load of 5.01 MPa higher than the Prefere 6312. 
Therefore, the strength of tongue & groove joints 
bonded with Prefere 6312 adhesive amounted to 
96% of the strength obtained in tensile tests of as-
semblies bonded with Loctite 3430.

It must be, nevertheless, re-emphasised that 
the discrepancy in the joint strength may be at-
tributed to the difference in the cross-sectional 
area of particular adhesive joint assemblies.

The results of the oak wood adhesive joint 
strength tests are collated in Fig. 8, and show the 
impact of the type of adhesive on the strength of 
the assembly.

We observe from Fig. 8 that adhesive joints 
bonded with Loctite 3430 showed higher strength 
in all the analysed assemblies except for the butt 
joints. In the majority of tested configurations 
they demonstrated higher values than adhesive 
joints bonded with Prefere 6312.

The most considerable difference between the 
values of strength obtained from the test was ob-
served in the single lap joints bonded with Loctite 
3430, which exhibit strength higher by 2.51 MPa 
than the joint assemblies bonded with Prefere 
6312. This reveals that the strength of the lap ad-

 
Fig. 7. The effect of the type of adhesive on the pine wood adhesive joint strength
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hesive joints bonded with Prefere 6312 amounts to 
74% of the joints bonded with Loctite 3430. The 
lowest difference between the strength values, 
measured for particular tested joint assemblies, 
was recorded in tongue & groove joints. In the de-
sign in question it was Loctite 3430 adhesive that 
produced stronger joint than Prefere 6312, and the 
difference in these values amounted to 5.01 MPa. 
It therefore indicates that the latter adhesive forms 
the joint whose strength corresponds to 66% of the 
strength of the joint produced with Loctite 3430.

CONCLUSIONS

The evidence from the strength tests analysed 
in this paper, would seem to suggest that: 
•	 Among the 6 types of the tested adhesive 

joint assemblies the highest failure load was 
recorded for the butt joint, which required 
the application of the highest failure load; 
simultaneously, the lowest failure load was 
obtained in the case of the butt joint assem-
bly. The highest strength was demonstrated 
by the v-shaped joint and the single lap joint, 
whereas the interlocking joint was found to 
be the weakest of all the tested joint designs. 
The scatter of strength test results was rela-
tively wide, owing to the discrepancies in the 
cross-sectional area of the joints.

•	 The adhesive joint of the oak wood adherend 
demonstrates better strength properties than 

the pine wood adhesive joint. In nearly all 
tests the oak wood adhesive joint exhibited 
higher strength.

•	 Wood rarely succumbs to deformation and 
is therefore a highly durable material. This 
is confirmed by the results from the strength 
tests, where in all but one tested configura-
tions the failure occurred in the adhesive lay-
er (cohesive failure in the adhesive).

•	 In the majority of tested adhesive joint de-
signs, regardless of the type of adherend, it 
was proven that the epoxy is a more suitable 
solution for adhesive bonding, as it produces 
joints of strength properties that are superior 
to those of the Prefere 6312.
The results obtained from the tests indicate 

that all operations involved in the technologi-
cal process of adhesive joining should be carried 
out with utmost precision and care: from surface 
preparation to application of pressure during cure 
and observing the time required for the full cure of 
the adhesive. Furthermore, the strength of joints 
will be affected by a number of structural factors, 
including the shape/type of adhesive joints or the 
cross-sectional area of the joint.
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