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Abstract
The article's main aim is to assess the effects of species and moisture content (MC) on the behaviour of solid wood material 
under the low velocity of impact and present a pattern for predicting loading vs time curves for these species in different 
moisture levels. Three groups of samples (300 × 20 × 20 mm) were made from beech, oak, and spruce wood. Each group 
was subdivided into two groups with low moisture content (LMC) level (10–12%) and high moisture content (HMC) level 
(40–60%). A drop-weight impact machine did the tests, and high-speed cameras recorded the lateral specimens' surface dur-
ing the impact. The digital image correlation technique (DIC) determined the strain pattern and the deflection. The timing 
of the crack initiation was also observed. Also, the force–time charts, the maximum force required for crack initiation, the 
work needed for crack initiation, and the total work required for the breakage of every specimen were gathered. A general 
force–time pattern with five identifiable steps was determined for each group. It turned out that the maximum deflection 
and longitudinal tensile strain of the beams up to crack initiation increase with increased moisture content while maximum 
force decreases. Unlike beech, the required work for rupture of HMC samples of oak and spruce is higher than LMC group.

1 Introduction

Jansson (1992) did a series of static and impact tests to con-
clude the failure modes and failure stresses. The strength 
ratio between dynamic and static failure stress (with dif-
ferent loading rates) was measured to clarify the effect of 
impact loading. The research stated that both the initiation 
and propagation toughness increase with the loading rate. 
Bocchio et al. (2001) compared the static and impact bend-
ing strength of two species, and they showed that the species 
effectively determines the wood behaviour (in their research, 
the guard-rail for the roads), and brittleness or the ductility 
of the species may be a vital property. Jacques et al. (2014) 
tested lumber within a range of low and high strain rates to 
study the influence of loading rate on the flexural response of 
typical light-frame wood construction. A single-degree-of-
freedom iterative solution procedure computed the modulus 
of rupture (MOR) and modulus of elasticity (MOE). Marur 

et al. (1994) offered a simple dimensional inertial model for 
transient response analysis of isotropic homogenous notched 
beams under impact. Their mass-spring model was able to 
model the impact process despite the simple linear nature 
of the formulation. Wood (1951) offered a mathematical 
expression of the relationship between an important struc-
tural property of wood, such as bending strength and load 
duration. An empirical hyperbolic equation is developed 
to represent the data trends using the data of small clear 
beams subjected to long-time, rapid, and impact loading. 
Found and Howard (1998) developed a mathematical spring-
mass model to describe the drop-weight impact response of 
CFRP panels. The presented model can identify the differ-
ent influences of the main impact impulse, high-frequency 
oscillations, and free vibrations on the force–time plot of 
the impact. Also, this model can distinguish the difference 
in response in thin and thick laminates. It can be used as a 
reliable guide for effective digital filtering of signals from 
drop-weight impact tests. Xing et al. (2013) studied dynamic 
fracture behaviour using a three-point bending drop-weight 
test method to clarify the effect of impact velocity on the 
impact behaviour of the samples. Olmedo et al. (2015) meas-
ured the dynamic response of fresh stems under impact load-
ing experiments using Charpy's test. They offered a practical 
method for assessing the capacity of wood structures, which 
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considers the inertial effects of the impacts. In order to over-
come the difficulties in interpreting the resulting data due to 
a lack of a detailed understanding of the inertial forces and 
the wave mechanics in Charpy's specimens, Yokoyama and 
Kishida (1989) proposed using the Split-Hopkinson pres-
sure-bar technique for the three-point bending impact test. 
They concluded that a reliable result could only be obtained 
by evaluation procedures considering the inertial effects. 
Rubio et al. (2003) studied the dynamic fracture-initiation 
toughness of materials by doing three-point bending tests 
using a Split Hopkinson Bar. A high-speed photography sys-
tem measured the crack and crack mouth opening displace-
ment propagation. Jiang et al. (2004) performed dynamic 
three-point bending tests with a Hopkinson pressure bar. 
They tested the pre-cracked three-point bending specimen 
to derive a formula for the dynamic stress intensity fac-
tor. They used the vibration analysis method considering 
shear deformation and rotary inertia, which influence the 
stiffness and the natural frequency. Widmann and Steiger 
(2009) experimentally studied the impact bending and static 
bending behaviour of large-sized samples of Norway spruce 
wood with a 3-point bending test without consideration of 
inertia effects. The impact bending strength and work were 
significantly higher (about 27% in bending strength) than 
static ones. Polocoşer et al. (2016) compared the energy 
absorbed by samples loaded by static three-point bending 
and dynamic pendulum tests. Polocoşer et al. (2018) studied 
the dynamic failure stresses and stiffness of three different 
wood species subjected to low-velocity impact testing. They 
validated the analytical computations based on Euler–Ber-
noulli and Timoshenko beam theories in combination with 
a plastic contact law. Fortin-Smith et al. (2016) performed a 
two-step method to characterize the mechanical behaviour 
of wood. In the first step, a four-point bending test was done 
to determine elastic moduli and strength. Also, Charpy's 
tests determined strain at failure as a function of strain rate 
and wood density. In the next step, finite element simulation 
using the experimental data was performed. Yamada et al. 
(2018) determined the energy absorbed by the shelter facili-
ties by measuring the projectile's velocity before and after 
the impact. Baumann et al. (2021) used an impact pendulum 
test setup to investigate the effect of the temperature at five 
temperature levels, ranging from − 30 to + 90 °C, on birch 
and beech wood impact behaviour.

Many researchers tried different approaches to express 
the relationship between an important structural property 
of wood, such as bending strength, and the load duration for 
the structural engineers designing a load-bearing part of a 
shock absorber in the road industry. The three-point bending 
(TPB) test has become an essential tool in determining the 
mechanical behaviour of a material under high-rate load-
ing and impact (Marur et al. 1994). It can be used to assess 
different types of isotropic or orthotropic materials, such as 

composites, for evaluating the effects of material proper-
ties, geometric dimensions and type of loading (Daniel et al. 
2002). In the processing and measurement of static fracture 
toughness, two parameters of length and force are involved. 
However, measuring dynamic fracture toughness data 
requires additional parameters, and time is the most critical 
parameter to consider. Also, the influences of time on mate-
rial behaviour must be measured. However, the time param-
eter can also influence the measuring procedure (Kalthoff 
1985). Fracture energy cannot be specified in terms of force 
and dimension alone. It also depends on the rate at which 
it is supplied to the fracture process, regardless of whether 
the internal material structure is isotropic or orthotropic 
(Guo et al. 1997). In general, dynamic measuring proce-
dures have their roots in measuring procedures for equivalent 
static values. Static procedures are often transferred directly 
to dynamic ones without changes or slight modifications 
(Kalthoff 1985). Ideally, the impact test should be designed 
to simulate the loading conditions and reproduce the failure 
modes and mechanisms likely to occur on a component in 
operational service or natural environments, such as low-
velocity impact by a large mass (such as boulders) and high-
velocity impact by a small mass (such as runway debris, 
small arms fire). These tests are generally chosen based on 
the desired condition to simulate, such as drop-weight or a 
swinging pendulum for lower and higher velocities, a gas 
gun, or some other ballistic launcher (Cantwell and Mor-
ton 1991). Since the methods and standards are different in 
testing dynamic loadings, there are differences between the 
results, making direct comparisons of the dynamic response 
complicated (Found and Howard 1998). Also, while stand-
ard test methods and specimen geometries permit compari-
sons between the impact response of different materials, 
extreme care should be used to predict the likely response of 
large structures based on small laboratory specimens (Found 
and Howard 1998). Based on some research done, it can 
be stated that the damage initiation and growth are closely 
dependent on both impact source properties (e.g., impact 
force, impact velocity, impact energy) and impact response 
of the material (e.g., material strength, displacement under 
force, energy dissipation, impact duration). Even the shape 
of the impactor, length-to-diameter ratio, and impactor's 
mass are among the parameters that have a crucial influence 
on damage characteristics (Evci and Gülgeç 2012).

The relation of wood's strength to the load's duration has 
been investigated at laboratories for many years. However, 
despite the considerable amount of time and effort, the lack 
of accurate experimental tools with the ability to observe the 
test specimens during the test causes a need to redo some 
tests to re-evaluate the results of impact tests (Wood 1951). 
Although the inelastic strains produced by dynamic loads 
have been investigated extensively, the dynamic failure of 
structures due to severe deformations and material rupture 
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is poorly understood. The main difficulty lies in the fact that 
deformation is a global response, while failure is a local 
phenomenon (Yu and Jones 1997). Measuring the absorbed 
loading at the time of impact is a means of assessing the 
deformation properties of the test sample. One of the main 
issues is the locality of the deformation in that the evolution 
of localized damage zone is the main region of the rupture 
in heterogeneous materials (Hao et al. 2010). However, the 
effect of the strain locality can be overcome by determining 
the strain pattern and deflection in a full-field mode. The 
effect of species on the impact behavior of wood should 
also be considered (Lokaj and Vavrušová, 2010). The dis-
placements and deformation of test samples are possible by 
using a high-speed camera which captures the lateral sam-
ple's side during the test and using the camera images as 
an input for the digital image correlation (DIC) technique 
(Yamada et al. 2018).

DIC is a robust optical method for displacement meas-
urement and strain calculation based on image processing. 
A typical experimental arrangement for DIC consists of an 
incoherent light source to illuminate the object's surface 
uniformly, and a digital camera suitable for the loading 
rate of the test is placed parallel to the illuminated surface 
(Zhang and Arola 2004). DIC can process the data in a full-
field mode and can be used to evaluate the more critical 
points, such as joints (Timbolmas et al. 2022). According 
to Haldar et al. (2011), DIC has immense potential within 
wood mechanics, especially in fracture studies. However, 
it should be noted that DIC also has excellent potential for 
other biomaterials due to its advantages (Gómez et al. 2021). 
However, appropriate DIC requires a high-contrast texture 
of captured surface with a random grey intensity distribu-
tion, i.e., a specific speckle pattern with a constant grey level 
during the test. Creating this speckled pattern can be chal-
lenging to fulfil when (besides others) the soaked specimens 
are loaded and captured, as in this study, the leaking water 
changes a grey intensity significantly and washes the pattern, 
thus, making recognizing tracking points difficult or impos-
sible. However, the soaked wood has almost sufficient con-
trast and does not need an artificial speckle pattern. For non-
contrast wood species, a slurry of talcum powder can fill the 
lumen and consequently provide the required greyscale and 
enhance the quality of images to an acceptable level (Thu-
vander et al. 2000). The undesired changes in grey levels 
caused by leaking water can be considerably overcome using 
incremental correlation when matching the tracked pixels 
(Pan et al. 2009). There are articles about applying DIC in 
tensional, compressional high-rate wood loadings; however, 
the analysis of wood samples under 3-point bending impact 
loading is missing (Dave et al. 2018). This study aspires to 
fulfil this lack. In order to verify the hypothesis about the dif-
ferent impact behaviour of various wood species, this study 

collects accurate data about the force and deflection pattern 
of wood under high-rate bending loading.

The main aim of this article consists of a few connected 
objects. The effect of the species on the mechanical proper-
ties of wood in static loadings and the severity and patterns 
of the effect of the species has been studied and evaluated 
(Glass et al. 2010). However, the correspondence of the spe-
cies on the mechanical properties in dynamic loadings needs 
to be studied more extensively. The first main objective is to 
evaluate the species' effect on the wood's impact behaviour 
by comparing the results of the tests of three different spe-
cies. The second object is the determination of the effect of 
the moisture content. The moisture content level can affect 
the dynamic behaviour of wood (Hernández et al. 2014). 
The effect of the moisture content can be derived by creating 
groups of samples from the same species but with different 
moisture content.

2  Methodology

2.1  Production and preparation of the samples

Solid wood boards of European beech (Fagus sylvatica L.), 
English oak (Quercus robur L.), and Norway spruce (Picea 
abies L. Karst) were provided by a local sawmill process-
ing the wood from stands close to Brno. The test specimens 
were made from these boards as clear special orthotropic 
blocks with the dimensions of 300 × 20 × 20 mm (longitu-
dinal × radial × tangential direction). In total, 90 specimens 
were made for each species in a way that 30 specimens 
were stored in an environment of 20 °C and 65% relative 
humidity up to the equilibrium moisture content (EMC) of 
11 ± 2%; these groups are called the low moisture content 
group (LMC). The moisture content was determined gravi-
metrically as a difference in the weight of the specimens 
just before the impact test and after drying to oven-dry state 
related to oven-dry weight. The other 60 specimens were 
submerged in water to increase their moisture content level 
and were called the high moisture content groups (HMC). 
The moisture content of the second group had a broader 
spectrum; however, the Kruskal–Wallis test and post-hoc 
Tuckey's test proved almost in all cases no effect of MC on 
investigated parameters of the higher moisture level group 
(P-value <  < 0.001); therefore, the HMC group was con-
sidered one group, and it was not necessary to be divided 
into more groups. Median EMC of beech, oak and spruce 
for HMC was 56%, 49% and 56%, respectively. The thin 
uniform white paint coating and black speckle pattern were 
created on the lateral LMC specimens' side to be captured. 
The texture of HMC specimens has sufficient contrast and 
does not need an artificial speckle pattern.
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2.2  Impact tests configuration

The tests were done in the Mendel University research cen-
tre laboratory in Brno Utechov, Czech Republic. The test 
was carried out on the drop-weight impact testing machine 
DPFest 400 (Labortech s.r.o., CZ). The impact test was per-
formed according to CSN 490115 (1979) and CSN 490117 
(1980) as the three-point bending test with a 9.05 kg hammer 
dropped from the starting height of 815.7 mm. This configu-
ration resulted in a 72.4 J potential hammer energy and the 
velocity of the hammer at the impact equal to 4 m.s–1. The 
position of the hammer was controlled with 0.01 mm read-
ability, and the reaction force was sampled with a frequency 
of 1 MHz by the HBM force sensor CFTplus series installed 
on the hammer. The tests were done at room temperature (≈ 
20 °C). Half of the specimens from each group were tested 
in the radial direction and the other half in the tangential 
direction to investigate the grain direction's effect on the 
impact strength and other determined parameters.

2.3  DIC equipment utilization

The strain pattern on the lateral side of specimens and 
deflection of specimens was determined by employing a 
digital image correlation (DIC) technique in a 2 × 2D con-
figuration. An acquisition set consisted of two independent 
high-speed (HS) cameras. One was Photron Fastcam SA-X2 
1000 K-M2 with a cell size of 20 μm equipped with a lens 
Nikon Micro-Nikkor G with a focal length of 105 mm and 
two teleconverters Nikon. In contrast, the latter was Olym-
pus i-SPEED 726R with a cell size of 13.5 μm equipped with 
a lens Nikon Macro-Nikkor with a focal length of 200 mm. 
Both cameras were positioned horizontally to align the spec-
imens' length direction with the longer side of the field of 
view and, simultaneously, planned parallel to the specimens' 
surface to be captured. The lower resolution (1024 × 672 
Px) camera (Photron) was used for the detailed study of the 
middle-third part of the specimens; whereas, the higher reso-
lution (2048 × 600 Px) camera (Olympus) for the study of 
the whole lateral specimens' surface (Fig. 1). Both cameras 
took the images with 20,000 fps rate. Two high-speed Mul-
tiLED QT light sources enhanced the texture contrast on 
the captured surface. The images were processed in Vic-2D 
v. 2010 (Correlated Solutions, Inc.). The conversion factor 
was obtained by using a simple scale calibration. The strain 
tensor was computed using the Lagrange notation. The low-
est possible displacement field of 3 × 3 points and the strain 
filter size of 5 × 5 points were applied to obtain a high strain 
resolution. For the LMC specimens, the standard correlation 
with the same reference image (the first image) for all other 
images was sufficient; meanwhile, for HMC specimens, the 
incremental correlation with changing reference (the previ-
ous image) for all other images had to be applied.

3  Results and discussion

Figures 2, 3, 4, 5 show the average deflection of specimens 
for each group. As evident, the loading direction has almost 
no effect on the deflection pattern. However, the MC has an 
apparent effect on the deflection.

DIC can give a considerable amount of data, and gener-
ally, it has magnificent potential for analysis of the failure 
process. Figures 6, 7, and 8 show the strain distribution in 
3 steps before the crack initiation, further at the moment of 
cracking, and after failure. Despite of unique potential of the 
DIC, there are some defects and limitations to the impact 
bending test. The area near the hammer cannot be processed 
due to considerable local compression, causing the disap-
pearance of points adjacent to the hammer. However, this 
local compression basically does not result in the failure of 
specimens, and failure always starts at the lower specimens' 
surface due to the exceeding tensile strength. The lack of 
ability to match the points after cracking (Fig. 8) and losing 
the output's accuracy is considered the more pronounced 
limitation of DIC. Thus, it is better to use DIC up to break-
age and neglect the data after crack initiation due to a high 
risk of mistakes. For HMC specimens, the matching ability 
was reduced by leaking water drops due to the shock of the 
impact. However, measuring without contacting the sample 
and expressing the locality of the strain field is the prior-
ity that DIC can accomplish efficiently. By considering the 
location of the crack initiation, the location of the maxi-
mum longitudinal strain can be derived. Figure 9 illustrates 
the longitudinal strain of the beam at the moment when the 
crack was initiated. The maximum strain magnitude was not 
affected by the loading direction; however, the MC affected 
the maximum strain.

Figure 10 shows the average force–time pattern of all 
specimens within the groups. It should be stated that ~ 10% 
of the specimens showed abnormal behaviours; thus, their 

Fig.1  Acquisition set of two independent high-speed cameras used 
for capturing the lateral specimens' surface during the impact test
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corresponding charts were cut out of the results. These 
abnormalities may occur due to knots or defects hiding 
inside the specimens and may not be recognized by the 
naked eye inspection.

In general, it can be recognized that the force–time pat-
tern has five steps. These steps may vary in size or location; 
however, their presence is inevitable. Figure 11 shows these 
steps as follows:

Fig. 2  Deflection of beech 
specimens with high and low 
moisture content
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Fig. 3  Deflection of oak 
specimens with high and low 
moisture content
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Fig. 4  Deflection of spruce 
specimens with high and low 
moisture content
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Fig. 5  Comparison of deflection 
for all species with different 
moisture content
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Fig. 6  Axial (longitudinal) strain during bending before any sign of crack

Fig. 7  Axial (longitudinal) strain at the moment of crack initiation

Fig. 8  Axial (longitudinal) strain during the cracking up to total breakage

Fig. 9  Maximum strain up to 
crack in all three species at low 
and high moisture content
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A. Some researchers call the first small peak the inertial 
peak (Marsavina et al. 2010).The inertial contribution is 
predominant at the early impact stage because the speci-
mens' deflection remains small. This contribution soon 
decreases and almost vanishes. This small local peak is 
always followed by a small local trough, resulting from 
a slight detachment of the specimen from the hammer 
due to initial inertia.

B. The gradual increase of force with slight oscillations. 
At this stage, the specimens loaded in a radial direction 
slightly have more vibration than tangentially loaded 
specimens. It should be taken into consideration that 
steps A and B are not significantly distinguishable for 
spruce.

Fig. 10  Force–time curve (pattern) of HMC and LMC beech, oak, and spruce loaded in radial and tangential direction

Fig. 11  Force–time curve (pat-
tern) of beech specimens with 
low moisture content under 
tangential and radial impact
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C. Sudden and almost stable increase of force up to the 
maximum force. At the maximum point, the crack is 
initiated.

D. Sudden considerable decrease of force after initiation of 
crack.

E. Random vibration from initiation of crack up to total 
failure. At this stage, the crack gradually increases, and 
the specimen gradually breaks.

The loading direction does not affect the force–time pat-
tern of all specimen groups. Also, that beech behaviour is 
far less affected by the MC, unlike oak and spruce, which 
are more affected by the moisture content. An increase in 
the MC decreases the maximum force and smooths the 
force–time pattern. To determine these patterns, it must 
be clarified that the shapes of the patterns of samples were 
similar; however, the location of the peaks and troughs of 
each sample usually was different. This difference in loca-
tion neutralizes the effect of peaks and troughs, so it was 
necessary to shift the peaks and troughs in a way that cre-
ates an understandable shape. This situation forced us to 
shift all the global maximum of each chart to one point, 
and by doing this shift, some charts were compressed or 
stretched. This change did not affect the general shape of the 

pattern; it just affected the total length in the x-axis (time) in 
a way that a final shape was created. Another parameter is 
the impact force achieved when the mid-span displacement 
reaches its maximum. This force value, not affected by the 
early contact oscillations, provides information concerning 
the impact force at the transition from the loading to the 
unloading phase (Olmedo et al. 2015).

The wood species and MC effect were quantified by cal-
culating the median of impact test parameters. Figures 12, 
13, 14, 15, 16, 17, 18 show the maximum deflection, maxi-
mum force, the work required for crack initiation, and total 
work required for rupture. The differences were statistically 
evaluated, proving that MC affects the parameters such as 
work, maximum deflection, or maximum force for all wood 
species.

Based on Figs. 12 and 13, it can be seen that for all spe-
cies, maximum deflection increases with an increase in 
MC. All species had a ~ 20% increase in max deflection by 
increasing their MC from ~ 11% to 40–60%. However, the 
orientation of growth rings does not significantly influence 
the maximum deflection. Both radial and tangential direc-
tions reach the same deflection before the crack initiation and 
the orientation of growth rings can cause a change from 3% 
up to a maximum of 7%; thus, the effect of the orientation of 

Fig. 12  Maximum deflection of each species in low and high mois-
ture content level

Fig. 13  Maximum deflection 
of each species in low and high 
moisture content levels and 
loading direction

Fig. 14  Maximum force (force required for crack initiation) of each 
species in low and high moisture content level
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growth rings relatively is not significant. Last but not least, 
for both LMC and HMC groups, beech can reach to more 
extended deflection, and spruce has the slightest deflection. 
The LMC species groups had 30 test samples; each radial 
and tangential orientation had 15 pieces. For HMC groups, 
each radial and tangential group had 30 pieces, making 60 
samples for each HMC group. However, the number of sam-
ples may change slightly due to technical limits.

Figures 14 and 15 illustrate the maximum force for crack 
initiation. It can be seen from Fig. 14 that for all species, 
with an increase in MC, the maximum force decreases. 
The decrease of the maximum force median is 11%, 55% 
and 80% for beech, oak and spruce species, respectively. 
Figure 15 states that the orientation of loading is not sig-
nificantly effective for most groups. Also, it can be seen 
that for LMC groups, the max force for crack initiation of 
beech samples is the least, and the spruce needs the highest 
force for cracking in a way that this value is 5000, 7500 and 
12,200 (N) for beech, oak and spruce respectively. However, 
for the HMC groups, the trend is opposite with lower sever-
ity of difference. Figure 15 shows that all groups except oak 
LMC show no significant difference in the maximum force 
required for cracking in different orientations.

Figure 16 represents the required work for crack initia-
tion. The median of required work for crack initiation is less 
for beech HMC than for LMC specimens; however, HMC 
specimens of spruce and oak require more work for crack 
initiation.

Figures 17 and 18 represent the required work for rup-
ture. By using impact bending strength (IBS) instead of the 
work itself, we can avoid the effect of the dimensions up to 
a point making the comparison easier. IBS is the ratio of 
the required work for rupture (J) divided by the rectangular 
surface of the sample  (cm2) (Gaff et al. 2018). The median of 
IBS of beech 7% decreases by increasing MC, while IBS of 
oak and spruce increase by 15% and 86% respectively. One 
of the parameters that can be found in the former research 
is IBS for rupture and due to MC, only LMC group can 
be compared. The IBS for beech has the least difference 
compared to other studies, with only 1%, 13% and 22% dif-
ference from Lokaj and Vavrušová (2010), Kubojima, et al. 
(2000) and Borůvka et al. (2018). However, for oak and 
spruce our results showed a high difference with the other 
research results. IBS for oak samples was almost half of 
other results (Gaff et al. 2019, LOKAJ and VAVRUŠOVÁ, 
2010) and spruce samples showed IBS which was 30% of the 
former studies (Gaff et al. 2019, LOKAJ and VAVRUŠOVÁ, 

Fig. 15  Maximum force (force required for crack initiation) of each 
species in low and high moisture content levels and loading direction

Fig. 16  Work required for crack 
initiation (work done up to 
maximum force peak) of each 
species in low and high mois-
ture content level

Fig. 17  IBS for specimens’ failure of each species in low and high 
moisture content level



32 European Journal of Wood and Wood Products (2024) 82:23–34

1 3

2010). These considerable difference can be due to differ-
ence in computation method of work based on the type of 
the test. The beech HMC specimens have less IBS than LMC 
specimens; however, oak and spruce HMC specimens have 
higher IBS than LMC ones. Figure 17 also demonstrates that 
beech requires the highest amount of work, whilst spruce 
has the least IBS. Figure 18 compares the IBS for different 
orientations of each group.

Figures 19 and 20 show the boxplot of the max longitu-
dinal strain of all groups. Based on Fig. 19, it can be real-
ised that for all of the species, an increase in MC causes a 
clear increase in longitudinal strain in the centre of the lower 
region of the beam (9% for beech and 19% for oak and 18% 
for spruce). Also for both LMC and HMC groups, beech, 
oak and spruce have the highest to the lowest level of the 
max longitudinal strain up to crack initiation.

4  Conclusion

There were no statistical differences between radial and 
tangential directions for the maximum force, maximum 
strain, and work required for crack initiation of beech 

and spruce wood. Thus the wood can be assumed to be 
transversally isotropic for impact loading. However, this 
assumption may not be correct for oak wood.

Moisture content significantly affects the maximum force, 
work required for crack initiation, deflection, max strain, 
and IBS. Max deflection and longitudinal strain increase by 
a rise in MC. While max force tends to decrease with MC 
elevation. For IBS, beech behaves unlike oak and spruce. 
IBS of HMC beech is less than LMC while the HMC groups 
of oak and spruce are higher than LMC.

The generalized force–time curves allowed us to identify 
five steps of the impact behaviour concerning the moisture 
content level. They can be used for experimental verification 
when the impact behaviour of wood will be modelled in dif-
ferent methods such as finite element method.
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