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crack depth in different veneer thicknesses between 0.7 and 
3.0 mm. They found that cracks start to appear from a certain 
veneer thickness and increase with increasing veneer thick-
ness. At 0.7 mm thick veneers, cracks could not be found. 
Furthermore they found that the crack depth of 3 mm thick 
veneers amounts to about 70% of their thickness. Antikainen 
et al. (2015) studied cracks at 3.4–3.5 mm thick veneers 
peeled at different softening temperatures. They observed 
that the crack depth decreases with increasing crack quantity. 
Furthermore, they found a lower crack depth with increas-
ing softening temperatures. Pot et al. (2015) have investi-
gated 3 mm thick peeled beech veneer. Their investigations 
confirmed the correlation between crack depth and crack 
frequency. They have determined a crack depth between 10 
and 60% and 2.5–5.9 cracks per cm.

Dupleix et al. (2012) investigated cracks of 3 mm thick 
beech, birch and spruce veneers in dependence of heating 
parameters. They found that the crack distribution is a func-
tion of heating temperature. In dependence of the heating 
parameters, the measurements yielded crack depths between 
20 and 90% of veneer thickness for beech veneer.

Tomppo et al. (2009) conducted investigations on 1.5 mm 
thick peeled birch veneers. Among others they have deter-
mined a crack depth between 34 and 57% of the veneer 
thickness, a crack angle between 43° and 54° and between 
6.8 and 9.5 cracks per cm. Thibaut and Beauchêne (2004) 
investigated different phases of the crack development dur-
ing veneer production. They have shown that the adjustment 
of the nose bar pressure has an important influence on crack 
formation. With an optimized adjustment, 2–3 mm thick 
veneers could be manufactured without cracks in the labo-
ratory scale.

Altogether the conducted studies concerning cracks in 
veneers prove a consistent occurrence of cracks caused by 
the peeling process. The cracks appear throughout the veneer 

Abstract During the manufacture of veneers cracks and 
other damages occur. These damages impair and reduce the 
veneer cross-section. By means of microscopic investiga-
tions cracks and damages in veneer cross-sections were 
documented and measured. These investigations were con-
ducted with industrially sliced 0.3, 0.6 and 1.2 mm thick 
veneers. The results determine the residual cross-sections 
in dependence of veneer thickness which can be used for 
numerical calculations.

1 Introduction

Veneers are thin sheets of wood manufactured by slicing or 
peeling. The veneer thickness varies with regard to different 
applications. DIN 4079 (2016) defines nominal thicknesses 
for face veneers. The nominal thickness ranges between 
0.5 and 0.6 mm, but other thicknesses are also available. 
In general, sliced veneers can be produced in a range from 
approximately 0.3 mm to more than 2 mm.

During the slicing or peeling process, cracks and other 
damages occur, independent from the method of manu-
facture. Investigations concerning cracks in veneers were 
mainly conducted with peeled veneer (Pałubicki et al. 2010; 
Dupleix et al. 2012; Tomppo et al. 2009; Antikainen et al. 
2015; Pot et al. 2015). Pałubicki et al. (2010) investigated the 
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sheet. Such cracks are damages that impair and reduce the 
veneer cross-section. Antikainen et al. (2015) summarized 
that tensile strength perpendicular to the fibre direction cor-
relates strongly with crack depth in veneers. Pot et al. (2015) 
give more information about the impact of lathe check on 
LVL bending properties.

For the use of veneer in technical or other applications, 
calculations become more and more necessary (see Pot et al. 
2015). The basis of each technical calculation is the dimen-
sion of the elements used. The investigations represented 
in this study show which veneer cross-sections are realisti-
cally present to develop calculations and models close to 
reality. By means of microscopic investigations cracks and 
damages of different veneer cross-sections were documented 
and measured.

2  Materials and methods

For the investigations, sliced veneers were used. The use 
of sliced veneers allows to some degree a consideration of 
the anatomical direction. In general, veneers manufactured 
by a slicing process are usually thinner than veneers manu-
factured by a peeling process. That is why, considering the 
studies known from literature, comparable thin veneers were 
investigated. To verify an influence of the thickness on the 
development of cracks (compare Pałubicki et al. 2010), dif-
ferent thicknesses of 0.3, 0.6 and 1.2 mm were regarded. 
One beech log (Fagus sylvatica L.) was sliced in the veneer 
slicing factory Furnierwerk Prignitz, Germany, under com-
mon production conditions. Thereto the log with a diameter 
of 0.57 m was slowly heated to a temperature of 87 °C in 
a closed trough. This temperature was held constant and 
reduced to 65 °C before removing. The whole dwell time for 
softening in the trough amounted to 137 h. All veneers were 
flat sliced. The veneers were gently dried in a three step pro-
cess. The temperature in the first step amounted to 150 °C, 
in the second step 160 °C. In the third step the veneers were 
cooled down with fresh air. The cycle time for one veneer 
was 108 s. The cutting direction as well as the crack side 
of the veneer was marked during the manufacturing pro-
cess so this information was available a priori within the 
scope of the investigations described here. From each veneer 
thickness, six specimens with a width of about 15 mm were 
prepared for microscopic investigations. Thereto, the veneer 
stripes were gently curved with the crack side pointing out-
wards so that the cracks were slightly opened and became 
visible. Then the stripes were embedded in epoxy resin and 
ground. All cracks were observed with an incident light 
microscope and measured with the software vidmess 2016.

The crack and ray angles were estimated as angle to the 
perpendicular of the veneer surface. The residual thick-
ness means the minimal thickness of a veneer caused by 

surface outbursts. Nominal thickness, residual thickness and 
ray angle were measured five times at each specimen and 
averaged.

3  Results and discussion

3.1  Crack angle

The measured values are shown in Fig. 1a. Microscopic 
investigations show acute angles as well as obtuse angles 
between cracks and rays, meaning that the cracks arise inde-
pendently of the anatomical direction of the veneer during 
cutting. Thus, the direction of cracks is only influenced by 
the knife and the cutting direction. So an absolute angle is 
defined as a result of the cutting conditions, independent of 
the direction of crack in relation to the rays.

For all veneer thicknesses, the crack angles lie in a 
range between approximately 10° and 80°, independent 
of the ray angle. Within every specimen, the crack angles 
show great variability. Thus, the crack angles include 
almost the whole possible range, which is why a compari-
son with literature values is unreasonable. An influence 
of ray angles on crack angles cannot be proven. Obvi-
ously, other tissue parts have a greater influence on the 
crack progress. Probably, the fundamentally influencing 
variable is the structure of wooden tissue (vessels, paren-
chyma cells etc.) at the crack place, exemplarily shown in 
Fig. 1b. However, by means of the measurements it can be 
assumed, if crack and ray run into the same direction and 
build an acute angle, the crack follows rather the ray than 

Fig. 1  a Measured values on veneer cross-section. b Cracks (indi-
cated by arrows) in a 1.2 mm veneer
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cutting the ray. The main influence on the crack progress 
is the cellular structure with vessels and fibres. Only with 
this understanding, the high crack angle distribution can 
be explained. However, the knife and the cutting condi-
tions undoubtedly affect the crack development.

An influence of veneer thickness cannot be evaluated.

3.2  Crack depth and number of cracks

Figure 2a shows the crack depths related to the corre-
sponding veneer thickness. All veneers have crack depths 
between 10 and 60% of the veneer thickness. Thus, they 
have a very large distribution. On average the crack depth 
lies between 30 and 40% of the veneer thickness. Hence, 
the values are in accordance with the results by Tomppo 
et al. (2009) who determined a crack depth between 34 and 
57% for 1.5 mm thick peeled birch veneer. Obviously, the 
veneer thickness does not have an influence on the rela-
tive crack depth in a range of 0.3–1.5 mm thick veneers. 
In this case, cracks up to 60% of the veneer thickness have 
to be expected.

Figure 2b shows the number of cracks. The 1.2 mm thick 
veneers exhibit all in all the slightest number of cracks. The 
values comprise a range between 0.7 and 1.1 cracks per mm, 
on average 0.9 cracks per mm. These values are in accord-
ance with the results by Tomppo et al. (2009) who deter-
mined 0.7–0.9 cracks per mm for the 1.5 mm thick peeled 
veneer. Regarding the 0.3 and 0.6 mm thick veneers, the 
number of cracks is on a clearly higher level. For both veneer 
thicknesses the number of cracks is in the same range, but 
the 0.3 mm thick veneers have a wider distribution. Fur-
thermore, the box of the 0.6 mm boxplot indicates a greater 
number of cracks for these veneers.

These observations are in accordance with the results by 
Pałubicki et al. (2010). They also found a decreasing number 
of cracks per cm with an increasing veneer thickness from 
1.5 up to 3 mm thick veneers. This behaviour is confirmed 
by our investigations regarding the 0.6 and 1.2 mm thick 
veneers but not for the thinner veneer (Fig. 2b).

The reason for the inconsistent behaviour of the number 
of cracks for thinner veneers in the investigations may be the 
cellular structure. Single large structural elements, such as 
large vessels, represent failure points, when stress occurs. 
Considering the cross-section of thin veneers (0.3 or 0.6 mm 
thickness), such failure points comprise a large area of the 
cross-section (compare Fig. 1a, that shows a 0.3 mm thick 
veneer) compared to the cross-section of thicker veneers. In 
general, these large structural elements could induce cracks. 
However, with decreasing veneer thickness the influence of 
single large structural elements increases because there is 
less sustaining tissue around them. This fact also explains 
the higher distribution of the very thin 0.3 mm thick veneers.

3.3  Residual cross-section

Independent of the bending stress due to slicing, the veneer 
cross-section is reduced because of an “eroded” surface. Due 
to the manufacture and the processing, outbursts occur at the 
surface. At locations with outbursts, the real cross-section 
is lower than the nominal thickness (compare Fig. 1a). Fig-
ure 2c shows the residual cross-section that remains undam-
aged. The measuring values were related to the nominal 
thickness, so that the diagram shows the percentage of the 

Fig. 2  a Crack depth related to veneer thickness (value perpendicu-
lar to the surface). b Number of cracks per mm veneer cross-section. 
c Residual, intact veneer thickness (without outbursts) related to the 
nominal thickness
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cross-section that remains undamaged and can be supposed 
as really existing cross-section.

As can be recognized in Fig. 2c, the residual cross-sec-
tion increases with increasing veneer thickness. Thereby, 
the absolute values of outbursts differ in a quite small area. 
They range between 161 µm (0.3 mm veneer) and 202 µm 
(1.2 mm veneer). Only the relation to nominal thickness 
reveals the differences. Thus, the undamaged residual 
thickness amounts to 1 mm for the 1.2 mm thick veneers, 
0.39 mm for the 0.6 mm thick veneers and only 0.15 mm for 
the 0.3 mm thick veneers (on average).

4  Conclusion

The results presented in this study show facts that should be 
considered for calculations requiring a veneer cross-section.

The crack angles result from the cutting conditions. The 
progress of a crack in the veneer strongly depends on the tis-
sue structure. For all veneer thicknesses, the crack angles lie 
in a range between 10° and 80°. Within every specimen, the 
crack angles distribute strongly. With these results, estab-
lishing a calculation rule is unreasonable.

Obviously, the veneer thickness does not have an influ-
ence on the relative crack depth of 0.3–1.2  mm thick 
veneers. So a crack depth of 60% of the veneer thickness 
should be supposed for calculations.

The number of cracks depends on the veneer thickness. 
The 1.2 mm thick veneers exhibit fewer cracks than the 0.3 
and 0.6 mm thick veneers. The reason for this behaviour 
is seen in the influence of single large structural elements 
which increase with decreasing veneer thickness. Evaluation 
of both results, crack depth and number of cracks, leads to 
the conclusion that the thin veneers (0.3 and 0.6 mm) are 
damaged strongly. If a good mechanical loading capacity 
was desired the veneer should not be weakened by strong 
damages. Thus, veneers with a thickness of more than 
0.6 mm should be used.

These results are in agreement with available literature 
results. Thus, the results, known from laboratory tests 
(Pałubicki et al. 2010; Dupleix et al. 2012; Tomppo et al. 
2009; Antikainen et al. 2015; Pot et al. 2015) were con-
firmed with the current measurement values, which were 
obtained from industrially produced veneer.

The residual thickness increases clearly with increasing 
veneer thickness. Independent of cracks, the determined 
values shown in Fig. 2c should be used as cross-section for 
calculations.
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