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����������
�������

Citation: Kozakiewicz, P.;

Tymendorf, Ł.; Trzciński, G.
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Abstract: Scots pine (Pinus sylvestris L.) is one of the most important forest tree species in Europe,
and its wood is a main raw material in the wood industry of many countries of the region. The
high variability of pine wood density in connection with its moisture content is a challenge in
transport operations. An important part of the roundwood transport of pine wood by trucks is the
transport of large-size roundwood (sawlogs). As part of the research, an analysis was carried out
of the influence of absolute wood moisture content, determined in various ways, on selected truck
transport parameters of large-size pine wood. The analyses of the supply of wood to a large sawmill
in northern Poland took into account different seasons. The results indicate that the average moisture
content of the transported pine wood is at a level of approximately 95% (determined by dry weight)
and the density at 0.878 Mg m−3 (determined using the stereometric method). Quick measurement
with the use of a resistance hygrometer gives significantly lower results both on the side surface and
on the cross-cut end of the log. Regardless of the method of measurement, the absolute moisture
content of wood in loads depends on the date of delivery (season), which is reflected in the variability
of the density and weight of the loads. The indicated strong correlations between the selected, tested
characteristics of roundwood transports are important for forestry practice too. It is the possibility of
using the methods of quick determination of fresh wood moisture to estimate the density of wood
and to predict and determine the mass of the load.

Keywords: Scots pine wood; absolute moisture content; density of wood; road transport; raw wood

1. Introduction

Moisture content is the basic feature of wood that has a relevant effect on other
properties including density and strength, suitability for further technological operations
and resistance to biotic factors [1]. It is also a feature that affects the parameters of road
transports of roundwood [2]. Moisture content, followed by the density of the wood, is
the basis for determining the limitations capacity in the existing transport regulations [3,4].
At the same time, the high variability of these parameters, despite the guidelines in the
regulations, can lead to overloading or to not using the full capacity of the trucks with
wood [5–11]. Research conducted in Ireland, based on the analysis of 100 deliveries of
Sitka spruce (Picea sitchensis L.), showed that the total weight of the truck was exceeded
in 67% of cases [2]. Moisture content of roundwood is an extremely important factor in
its transport, determining, among others, the weight of the load. Due to the complexity
and variability of moisture content, this issue is still not fully recognized. This also applies
to Scots pine wood, one of the most important species in the wood industry in many
European countries. It is a species with unflagging potential [12]. Scots pine forest covers
an area of 41 million hectares in Western Europe, e.g., in Finland, Sweden and Poland,
and it is a dominant species on more than 50% of forestland [13]. In Poland, it finds
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optimal conditions for its growth. At the same time, this species, due to the wide range
of occurrence and genetic variation, is characterized by high variability of morphological
and fitness features, physiological growth and adaptive-immune traits [14,15]. Depending
on the above factors, Scots pine will generate wood of various densities. Even the density
is interchangeable due to the position in the trunk. Wood has the highest density in the
butt, decreasing with the height of the trunk. Density also changes on the cross-section,
increasing along with distance from the core [16–18]. The moisture content of wood in Scots
pine trees also changes during the year [1,19,20], which affects the weight of logs harvested.
This variability is also determined by the proportion of sapwood and heartwood with
significantly different moisture levels in standing trees. The elapsing time since the trees
were felled and the method of storing the harvested roundwood, which determine the
speed of its drying, are also important [21,22]. The problem of determining the volume
and weight of the transported wood load in the context of changes in its moisture and
density is a universal problem and analyzed for various species on different continents.
The aim of the work is to investigate this issue for Scots pine wood on the example of
round timber deliveries to a sawmill in northern Poland. Knowing the actual weights of
transported Scots pine roundwood loads and trying to relate them to the varying moisture
content of the load will help to avoid overloading the trucks. At the same time, it will make
it possible to optimize the capacity of the transport set. This knowledge has important
practical implications and the issue itself has a universal scope.

2. Materials and Methods
2.1. Roundwood Deliveries

The research was carried out for the supply of Scots pine (Pinus sylvestris L.) round-
wood to a large sawmill located in the northern part of Poland (Latitude: 53◦23′ North,
Longitude 20◦56′ East), receiving homogeneous loads of large-size wood in the form of
unbarked sawlogs (Figure 1).

Figure 1. Example of a typical delivery of large-sized pine sawlogs (curried by truck and semi-trailer).

Logs are transported by various types of truck units. Truck and trailer and truck and
semi-trailer are dominated in transport. Most trucks do not have loader scales, and if so,
they do not allow the weight of the load in the trailer to be determined. More about the
road transport of roundwood in Poland and the trucks used for this purpose is presented by
Trzciński et al. [10]. Large-size wood is wood with a thin end minimum diameter of 14 cm
(excluding bark), calculated in single pieces. In terms of quality and size, large-size wood
is divided into four classes—A, B, C, D—and into two sub-classes—general-purpose wood
and special-purpose wood [23,24]. The large-size general-purpose wood is comparable to
the assortment defined as sawmill wood. Medium-size wood is wood with a minimum
diameter of 5 cm and more (excluding bark), with a thick end diameter of up to 24 cm,
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calculated in single pieces, in pieces as groups and in stakes [10,23,24]. The transport was
performed by external companies acting on behalf of the sawmill. A total of 515 deliveries
were investigated, at different times of the year. The research was conducted in November
(fall) 2018 and in February (winter), April (spring), and June (summer) 2019 (Table 1). The
volume of transported wood m3 (solid cubic meter m3) was determined on the basis of
a sawlogs delivery note issued to the carrier by the State Forest District (forester) after
verification by the Wood Reception Department at the sawmill.

Table 1. Overview of research material collected.

Parameter
Date

Scots Pine Sawlogs
Deliveries

Delivered Quantity
of Wood (m3)

Number of Deliveries
Tested and Sampled

5–6 XI 2018 112 3.306 58

4–6 II 2019 154 4.540 61

8–9 IV 2019 93 2.763 41

17–19 VI 2019 156 4.608 31

Total 515 15.217 191

The weight of the transported wood (Mg) was determined as the difference between
the gross vehicle weight (GVW) and the weight of the empty truck set (tare). Weights were
determined by weighing trucks on a stationary scale at the sawmill (to the accuracy of
0.05 Mg) before unloading (with wood) and again after unloading (empty truck) (Figure 2).

Figure 2. Weighing station for whole transport sets on a stationary scale (roundwood carried by
truck and trailer).

2.2. Moisture Content of Wood

In a research of 191 out of 515 roundwood deliveries, the absolute moisture content
of wood was determined directly at the sawmill by the electrometric method (resistance
meter) using an electric resistance moisture meter (hammer moisture meter with WRD100
needle probes). Approximately 20 measurements of absolute moisture content of sapwood
(AMCSs) were made for each single delivery. These measurements were made after the
sapwood had been exposed (local bark removal) on the sides of at least four randomly
selected sawlogs. During the measurements of moisture contents with a resistance meter on
the side of the sawlog, the guidelines of EN 13183-2:2002 [25] were used. These regulations
were adapted for the needs of moisture contents assessment of roundwood. A measurement
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was also taken for absolute moisture content of sapwood (AMCSc) on the cross-cut ends of
the sawlog. This is an easier operation because it does not require bark removal. However,
this method can lead to inaccurate determinations and shall be taken as indicative. For
the obtained results, the coefficient of variation and standard deviation were calculated.
It was assumed that if the coefficient of variation was at the level of 20%, the variability
of the absolute moisture content from the measurements with the resistive hygrometer is
weak [26] and mean values were used for further comparisons (statistical analyses). At
the same time, from the same transports, wood slices with a thickness of 5 to 10 cm were
obtained, cut at a distance of at least 50 cm from the front of the logs. These slices were
used for the evaluation of green density by the stereometric method and for an alternative
method of determining the absolute moisture content of wood (AMC) by the dryer-weight
method. After labeling the wood sample, it was immediately weighed on an electronic
scale with an accuracy of 2 g. With the regular circular shape of the slices, their volume
was determined by measuring their diameter and thickness, and with the less regular, by
immersion method on the basis of the volume of water displaced. In terms of the accuracy
of mass measurements, the method of drying samples and the method of calculating
the absolute moisture content with the drying-weighing method, the provisions of the
EN 13183-1: 2002 [27] standard have been adopted. The obtained results were analyzed
statistically with the use of the STATISTICA 12 package. For comparative analyses, average
values obtained from all slices from each transport were adopted. The overall results were
divided into four groups related to the selected seasons (four two-day field trips during
which measurements were taken). The significance of differences in the analyzed features
between transports depending on the date (season) was checked by the Kruskal–Wallis test
and the Dunn test (significant level was 0.05). An analysis of the relationship between the
absolute moisture content (AMC) and the absolute moisture content of sapwood (AMCSs
and AMCSc) with the selected tested load characteristics was also carried out, using the
Spearman’s rank order correlation test. The Mann–Whitney test was used for randomly
selected values of density and absolute moisture content of wood.

3. Results
3.1. Characteristic of Scots Pine Sawlogs Deliveries

As part of the field work (four trips of two days), a total of 515 deliveries of Scots pine
sawlogs to the sawmill were registered, which delivered 15.217 m3 of Scots pine wood. For
37% of all deliveries (191 deliveries), wood samples (slices) were taken to measure wood
density and moisture content (Table 1). The moisture content was also measured with a
resistance electrometric hygrometer with a hammer probe on the side surface and cross-cut
end of the log.

The average volume of transported wood (from 515 transports) was 29.64 m3 with
the result range from 22.87 to 35.85 m3 with SD = 1.87 (Table 2). The average weight of the
load was 30.88 Mg with SD = 2.52, with range from the minimum value of 22.10 Mg up to
37.60 Mg. The calculated weight of 1 m3 of the load is 1.042 Mg m−3 with low variability
SD = 0.069. This parameter was calculated as the weight of the load divided by volume of
the load.

Table 2. Characteristic of Scots pine sawlogs deliveries parameters.

Measure Mean SD Min Max Q1 Median Q3

Weight of load (Mg) 30.88 2.52 22.10 37.60 29.15 31.00 32.50

Load volume (m3) 29.64 1.87 22.87 35.85 28.43 29.17 30.95

Weight of 1 m3 of load from weighing
the trucks (Mg m−3)

1.042 0.069 0.805 1.309 1.004 1.041 1.082

Green density (Mg m−3) 0.878 0.162 0.392 1.698 0.782 0.861 0.935

Notes: SD. standard deviation; Q1. first quartile; Q3 third quartile.
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The volume of transported wood is very similar throughout the period and there are
no statistically significant differences (Kruskal–Wallis test p = 0.735) between transports
depending on the delivery date (Figure 3a). Small variability of the weight of the load
(mean, median and Q1 and Q3 values) depending on the delivery date (Table 2) was
confirmed by the statistical analysis using the Kruskal–Wallis test (p = 0.073), showing
no significant differences (Figure 3b). The weight of 1 m3 of the load varies greatly de-
pending on the time of delivery (p = 0.001), and statistical analyses (Dunn’s test) showed
no differences between the data from IV and VI and for XI from II. Fresh wood density
(green density) obtained from collected slices significantly differs depending on the date of
delivery (p = 0.001 Kruskal–Wallis). There are similar results for selected pairs of months
(Dunn’s test) IV with VI (p = 0.055) and XI with II with p = 0.550 (Figure 3d). There are clear
differences for both parameters between XI (autumn) and II (winter) and IV (spring) and
VI (summer). An interesting relationship is revealed on the basis of the density analysis of
fresh Scots pine wood. In all analyzed periods, the average density of the wood slices is
lower than the weight of 1 m3 of the load obtained from the trucks’ weighing (Figure 3c,d).
The weight of 1 m3 of the load obtained from weighing transport sets (dividing the weight
by the volume), on average 1.042 Mg m−3, differs from the obtained density of (fresh)
wood determined on the slices (0.878 Mg m−3). This was confirmed by statistical analysis
with the Mann–Whitney test (p = 0.001) and shown in (Figure 4).

Figure 3. Characteristics of Scots pine sawlogs deliveries parameters depending on the delivery date: (a) Load volume (m3),
(b) Weight of load (Mg), (c) Weight of 1 m3 of load from weighing the trucks (Mg m−3), (d) Green density (Mg m−3).
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Figure 4. Comparison of the weights of 1 m3 of load depending on the measurement method.
MS-from weighing of transport sets, MC-from collected wood slices.

3.2. Moisture Content of Scots Pine Sawlogs Deliveries

For each delivery, the mean values of absolute wood moisture content from the
collected slices and for absolute moisture content of sapwood measured along the length
of the log (AMCSs) and on the fronts of the log (AMCSc) were calculated using a resistance
electrometric hygrometer with a hammer probe. Average values for each delivery were
used for further comparative analyses. The mean absolute wood moisture content for all
collected samples (515 slices) was 94.17%, with the standard deviation SD = 21.53% with
the range of occurrence of results from 40.26% to 157.00% (Table 3). Absolute moisture
content of sapwood on the side of logs (AMCSs) was on average 58.31% for all tested
deliveries, with a range from 30.11% to 89.05%, and it is greater than the average value for
absolute moisture content of sapwood on cross-cut ends of the log (AMCSc)—52.60%. The
result range for AMCSc measurements is 27.18% up to 87.80%. (Table 3).

Table 3. Characteristics of average values of absolute moisture content of Scots pine sawlogs loads.

Measure Mean SD Min Max Q1 Median Q3

Absolute moisture content of wood
(AMC) (%) 94.17 21.53 40.26 157.00 79.91 95.33 108.60

Absolute moisture content of sapwood
on side of log (AMCSs) (%) 58.31 11.43 30.11 89.05 50.20 56.68 66.69

Absolute moisture content of sapwood
on cross-cut end (AMCSc) (%) 52.60 14.31. 27.18 87.80 41.35 47.27 65.60

Notes: SD, standard deviation; Q1, first quartile; Q3, third quartile.

The absolute wood moisture content in the loads depends on the delivery date, which
was confirmed by statistical analysis (Kruskal–Wallis test p = 0.001). Comparison of the
sampling terms with each other (Dunn’s test) shows no statistically significant differences
only for the absolute moisture content of wood from terms XI with II, and the collected
data for IV and VI differ with all terms (Figure 5).
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Figure 5. Absolute moisture content (AMC) of Scots pine sawlogs depending on the delivery date.

The mean values of the absolute moisture content of sapwood regardless of the
measurement places (AMCSs and AMCSc) vary greatly depending on the delivery date.
This was confirmed by analysis by the Kruskal–Wallis test p = 0.001 (Figure 6). At the
same time, in both cases the measurements (AMCSs and AMCSs) show high variability.
There are no statistically significant differences only for the measurements from IV and VI
(Dunn’s test).

Figure 6. Absolute moisture content of sapwood depending on the measurement place (on side of
log and on cross-cut end) and delivery date.

Absolute moisture content values of sapwood depending on the measurement point
(AMCSs) and (AMCSc) are very different from each other (Figure 7), which was confirmed
by the Mann–Whitney test analysis (p = 0.001). The average moisture content indicated on
the cross-cut ends of the log is lower than indicated on the side of the log.
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Figure 7. Comparison of the absolute moisture content of sapwood by measurement point (AMCSs
with AMCSc).

3.3. Relationships between Scots Pine Sawlogs Moisture Content and Wood Deliveries Parameters

The obtained statistically significant coefficients of Spearman’s correlation between
the selected analyzed features are presented in Table 4. The performed analyses show
that in the case under consideration, the absolute moisture content (AMC) is a factor that
significantly influences (0.6804) the wood density, as well as the moisture content of sap-
wood (AMCSs) and (AMCSc) with correlation coefficients 0.4936 and 0.3692, respectively.
The high correlation coefficient of 0.8039 between AMC and AMCSs proves the strong
relationship of these features. The absolute moisture content of sapwood on the side of the
log (AMCSs) measurement method can be useful for quick determination of the moisture
content of fresh wood, and hence the wood density, to determine the weight of the load.

Table 4. Spearman’s correlation coefficients (r) for the analyzed parameters.

Measure
Parameters

Load Volume
(m3)

Weight of Load
Volume

(Mg)

Weight of 1 m3

of Load
(Mg m−3)

Green Density
(Mg m−3) AMC (%) AMCSs (%) AMCSc (%)

Load volume
(m3) - 0.6120 - - - - -

Weight of load
(Mg) 0.6120 - 0.4653 0.2445 0.1724 0.2253 0.2335

Weight of 1 m3

of load
(Mg m−3)

- 0.4653 - 0.3729 0.3216 0.3520 0.3337

Green density
(Mg·m−3)

- 0.2445 0.3729 - 0.6804 0.4936 0.3692

AMC (%) - 0.1724 0.3216 0.6804 - 0.5975 0.5062

AMCSs (%) - 0.2253 0.3520 0.4936 0.5975 - 0.8039

AMCSc (%) - 0.2335 0.3337 0.3692 0.5062 0.8039 -

‘-‘ means no statistically significant correlation (significant level 5%).

The highest correlation between absolute moisture content and load parameters was
obtained for green density of 0.6804, which indicates the possibility of searching for a
regression equation. The linear regression model was developed using the least squares
method (OLS), and the significance of the calculated coefficients was assessed using the
Student’s t-test at α = 0.05 and the results are presented in Table 5 and Figure 8.
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Table 5. Evaluation of model parameters on green density depending on absolute moisture content of wood (AMC).

Parameter Parameter Value Standard Error t-Statistic p-Value Standard Error
of Estimation

r2-Coefficient of
Determination

Constant term 0.48144 0.04393 10.9595 0.0000
0.1349 0.3116

AMC 0.00421 0.00046 9.2487 0.0000

Figure 8. Relationship of the density of fresh wood on the absolute moisture content (AMC).

Determining absolute moisture content (AMC) by the dryer-weighing method is very
laborious and impossible in the field. In opposite, absolute moisture content of sapwood
(AMCSs), as measured by a hammer probe resistance electrometric hygrometer, produces
an immediate result. These moisture contents are strongly correlated with each other,
where the Spearman correlation coefficient was 0.5975 (Table 4). A model of the linear
relationship of AMC on AMCSs was developed, where statistically significant coefficients
of the equation are presented in Table 6 and Figure 9.

Table 6. Assessment of model parameters for absolute moisture content of wood (AMC) depending on absolute moisture
content of sapwood on the side of the log (AMCSs).

Parameter Parameter Value Standard Error t-Statistic p-Value Standard Error
of Estimation

r2-Coefficient of
Determination

Constant term 33.82887 7.90207 4.24102 0.0000
18.236 0.2808

AMC 0.99382 0.13302 7.47148 0.0000

The problem in the transport of fresh roundwood is determining the weight of the
load that can be taken in order not to exceed the permissible weight of the wood transport
set when determining the load by the forester in m3, which was already described in the
introduction. The volume of the wood as well as the moisture content of the wood have
an influence on the large variability of the weight of the load. We have developed a linear
dependence on the weight of the wood load on the volume of the load and the absolute
moisture content of sapwood on the side of the log (AMCSs) due to its easy measurement.
The obtained linear equation, for which the constant term can be omitted because its values
are not statistically significant (p = 0.0960), is presented in Table 7.
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Figure 9. Relationship of the absolute moisture content (AMC) on the absolute moisture content of
sapwood on the side of the log (AMCSs).

Table 7. Evaluation of the model parameters for weight of wood delivery depending on the volume of the load and absolute
moisture content of sapwood on the side of the log (AMCSs).

Parameter Parameter Value Standard Error t-Statistic p-Value Standard Error
of Estimation

r2-Coefficient of
Determination

Constant term 4.26925 2.54496 1.67753 0.09564

1.8465 0.4385Load volume (m3) 0.77451 0.08119 9.53947 0.00000

AMCSs 0.06060 0.01347 4.49967 0.00001

4. Discussion

The obtained results and the observed differences between the distinguished periods
(autumn–winter and spring–summer) effect from the natural cyclicality of wood moisture
in living Scots pine trees (higher moisture content during the rest period and lower moisture
content during the growing season) [1]. This is confirmed by Millers and Magaznieks [19]
conducting research of Scots pine steam wood in the whole territory of Latvia in 2011.
Sapwood moisture content changes from 113% (in the summer) to 130% (in the winter),
without any reference to the age of the tree. The observed differences in wood humidity
are also a consequence of typical weather conditions for a given season in the temperate
climate in northern Poland (usually high relative air humidity in autumn and winter
compared to average relative air humidity in spring and summer) [28]. Air with lower
relative humidity has stronger drying properties and, in such conditions, the wood after
harvest, in forest warehouses, loses moisture faster [22], and consequently its density
decreases [1]. Regardless of the season (in all analyzed periods), the average density of the
wood from the slices is lower than the weight of 1 m3 of the load obtained from weighing
trucks (Figure 3c,d and Figure 4). The density of fresh Scots pine wood, determined on the
basis of the slices taken, seems more probably (correct) closer to the actual density of Scots
pine wood with a moisture content of 95%. According to collective data provided in wood
atlases [29], the typical density of fresh Scots pine wood ranges from 0.750 to 0.850 Mg m−3,
with an average value of 0.820 Mg m−3. According to Shmulsky and Jones [30], in the case
of freshly harvested pine wood, the weight of 1 m3 is estimated at 0.750 Mg. The density
of the wood also depends on the part of the tree from which the assortment comes. The
butt-end section is characterized by the highest density of 0.816 Mg m−3, and the lowest
values are recorded in the top parts of the tree, at 0.707 Mg m−3 [20]. The large-size Scots
pine sawlogs investigated in this study came mainly from the butt-end parts and possibly
from the middle part of the tree. The density of 1.042 Mg m−3 calculated on the basis of
the quotient of weight and the volume of whole loads is overestimated, and the error most
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likely results from the method of determining the volume of the load [23,24]. The bark is
not included in this volume, while its weight is added to the weight of the wood loads.
Additionally, in winter, it can be increased by layers of crushed snow and ice attached to the
logs. It should also be noted that the variability of the weight of the transported Scots pine
wood volume is also influenced by the season of the year, which is confirmed in previous
research [4,8,10]. As in the case of density, when measuring Scots pine wood moisture
content, the influence of the seasons (Figures 5 and 6) is also significant, which determines
the level of moisture content in living trees, as well as after cutting, depending on the
drying properties of the air (its parameters: temperature and relative humidity) [31]. The
analyzed parameters are also influenced by the fastness of the supply chain. According to
Tomczak et al. [22], naturally dried (after cutting) small-diameter Scots pine wood for three
summer months may have lost over 10 percentage points of its initial moisture content.
The processes of natural drying of sawmill roundwood can be modeled similarly to wood
for energy purposes [32]. Unfortunately, so far there are insufficient data to perform such
simulations for large-size roundtimber. When measuring wood moisture using various
methods, the most correct one should be the moisture obtained by the dryer-weight method.
This method is considered to be more accurate and it is the so-called arbitrator’s method,
checking the uncertainty of determinations using resistance hygrometers, which, when
measuring humidity in the range above the fiber saturation point (above 30%), give results
with an accuracy of ±5%. The correctness of the measurement also depends on the depth
of insertion of the hammer probe needles [1]. In the performed measurements, it was
small in relation to the diameter of the logs. The results of the research show that the
mean values of absolute moisture content of sapwood regardless of the measurement
place (AMCSs and AMCSc) differ significantly depending on the delivery date (Figure 6).
The average moisture content marked on the cross-cut ends is lower than that marked
on the side surface of the log. This result seems obvious. The exposed cross-cut ends of
the logs dry the fastest compared to the side surface covered with bark. The unbarked
roundwood at the cross-cut ends usually has a lower moisture content, which is not fully
representative of the entire volume of the log, it is lower than the average [31]. One of the
basic problems in the transport of roundwood is the correct determination of the weight
of 1 m3 of load, which would allow transport companies to determine the permissible
volume of roundwood loads, while using the maximum GVW (gross vehicle weight) and
the capacity of the transport set, which is the subject of many studies [5,7,9,11,33–36]. The
determined and described correlations between the examined characteristics of roundwood
deliveries (Table 7) are an important hint for forest practice to estimate and predict the
weight of roundwood loads.

5. Conclusions

As part of the work, an analysis was conducted of the influence of absolute wood
moisture content, determined in various ways, on selected parameters of transports of
large-size Scots pine sawlogs, taking into account the seasons of the year. Depending
on how the absolute moisture content of the wood is measured, different values are
obtained. The highest average value was obtained when determining this feature with
an accurate dryer-weight method on slices obtained from logs (the average mositure
content of wood was 94%), and significantly lower values were obtained when using
a resistance hygrometer and measurements on whole logs, especially on log cross-cut
ends. Regardless of the method of measurement, the absolute moisture content of wood in
loads depends on the date of delivery (season), it translates into the density and weight
of the delivery. The density of 1 m3 of Scots pine wood load obtained from weighing
transport sets in relation to the estimated volume of wood is overstated (significantly
higher) compared to the density of fresh wood, the density determined in a laboratory by
the stereometric method on slices taken from the logs. As a consequence, it is difficult to
correctly determine the permissible load volume in truck transports. As part of the analyses,
high and statistically significant correlation coefficients were obtained between the selected,
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tested characteristics of the transported Scots pine wood. They found that correlations
are of practical importance, because they open up new possibilities, including the use of
methods of quick determination of the moisture content of fresh wood, to estimate the
density of wood and to predict and determine the weight of the load still in the forest
depots (before loading the wood).
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15. Andrzejczyk, T.; Żybura, H. Sosna Zwyczajna. Odnawianie Naturalne i Alternatywne Metody Hodowli (Scots Pine. Natural Regeneration
and Alternative Breeding Methods); State Agricultural and Forest Publishing House: Warsaw, Poland, 2012. (In Polish)
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