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ABSTRACT

Background. In order to conduct the investigations pine wood (Pinus sylvestris L.) was used in the form of
large-sized roundwood of grade WCO. This raw material is a basic material processed in the domestic sawmill
production.

Material and methods. The aim of presented research was to evaluate the effect of roundwood dimensions
on material recovery efficiency indicators. The model large-sized roundwood was processed into logs. Next,
logs were sawn in order to provide edged timber with the target application as prefabricated materials.
Results. The results are presented starting with log manipulation and ending with timber sawing and manu-
facturing of final products.

Conslusions. On the basis of presented results it was found that both raw material selection and the applied
technology were important factors affecting material recovery efficiency indicators in the large-sized round-
wood sawing process. The study shows an increase in values of performance indices for the processing of

logs with smaller diameters. This indicator results from prefabrication assumptions.
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INTRODUCTION

Wood is one of the most important and currently defi-
cit material playing a crucial role in meeting the social
needs. It is widely used in various industry branches
such as building, furniture and power generation. The
functional characteristic of wood is related to its struc-
ture and mechanical properties.

The main supplier of raw material in the domestic
market is the State Forests National Forest Holding,
which is responsible for sourcing the raw material.

The harvested wood is then transported to the wood-
working enterprises (Przypasniak, 2015). The State
Forests is an institution established based on the fol-
lowing regulations: the Regulation of the President of
Poland of 30 December 1924 on the State Forests or-
ganization and of 28 June 1924 on the company statute
of the Polish State Forests. The purpose of introduced
regulations was to reduce problems with continuing
deficits of forest resources (Lasy..., 2018).
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The continuous shortage of wood resources on the
global scale was accompanied by an increase in the
percentage share of Polish forested areas from ap-
prox. 28.8% (GUS, 2005) to 29.6% in 2018 (Lasy...,
2014-2020). It resulted in the possibility to increase
the quantity of sourced wood. Over the past 20 years
the Polish State Forests noted a growth in merchant-
able wood volume at 1225 million m3. Moreover, the
total allowable harvest is about 44.2 m* (GUS, 2019)
of wood each year, which means that sourcing level is
lower than the annual growth of forests resources.

The increase in wood resources results from the
increase in forested areas and the growing shares in
particular age classes (Publikacje..., 2018).

The most common wood species occurring in Po-
land is pine (Pinus sylvestris L.). It constitutes around
58% of all forest areas, 60.2% in the Polish State For-
ests and 54.9% of private forests (Raporty..., 2018).
It is a widely available species characterized by good
technical properties and optimal market value (Ada-
mowicz and Cierniak, 2011). Pine wood is commer-
cially available in various quality classes (grades) and
comes in various dimensions, which have an influence
on adjusting the processing technology and efficiency.
Because of these differences it was decided to investi-
gate the effect of qualitative and dimensional structure
on the material recovery efficiency indicators.

Pine trees are characterized by characteristically
straight stems and a highly variable level of branch oc-
currence. The possible diversity in the structure within
the native species results from the adaptation to vari-
ous site conditions (Androsiuk et al., 2011; Biatobok
et al., 1993; Tomczak and Jelonek, 2013).

The dependence between wood selection and its
technological or physical properties shows that wood
obtained from trees growing in harsher conditions is
characterized by better properties, which consequent-
ly results in easier technological processing (Krzosek
and Grzeskiewicz, 2008; Lis and Lis, 2013).

Several more significant factors showing the rel-
evant effect on material recovery efficiency may be
distinguished, of which a major role is played by
dimensional selection. In order to increase produc-
tion capacity, the quality of wood and its dimensions
should be adjusted to reach the requirements on the
maximum use of roundwood cross-sections. Moreo-
ver, attributes such as top log diameter and the size
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of the knotless section also determine the number of
obtained semi-finished products.

Production efficiency is also dependent on the
presence of wood defects. Their types, dimensions,
location and frequency affect the material productiv-
ity. The native species are usually characterized by the
presence of defects such as blue stain, slope of grain
and taper (Mirski et al., 2019). To avoid or minimize
their effect on the production capacity the defects are
grouped in specific sections during log manipulation
(Gawronski, 1960).

Another significant factor is connected with produc-
tion technology, which includes the number of opera-
tions, machinery, saw set determining timber thickness
and the organisation of work at each stage of the pro-
cess (Bidzinska et al., 2007). However, the type of ap-
plied technology is mainly dependent on the type of the
final product (Hruzik, 2006; Hruzik et al., 2005). The
variability of products requires the use of roundwood
having dimensions, which allow to include adequate
material excesses in every operation. In order to obtain
quality products it is necessary to properly sort both
large-sized roundwood and manufactured timber in re-
lation to their dimensional and qualitative parameters
(Buchholz and Hruzik, 1981; Dzbenski et al., 2007).

All of the above-mentioned factors are determi-
nants affecting the process efficiency and they are
closely interdependent. The right relation between
them and the characteristics (both qualitative and di-
mensional) of manufactured products have an effect
on the final production capacity.

THE PURPOSE OF RESEARCH

The aim of the presented work was to evaluate indi-
cators of processing pine raw material depending on
wood qualitative and dimensional class. The capacity
structure is related to the share of both main products
and by-products in the production process.

METHODOLOGY

The investigations were conducted in a sawmill in
2019. The raw material was delivered to the enterprise
from the Szczecinek Forest Inspectorate in the form
of large-sized roundwood and then it was sawn into
experimental logs. Five model pieces of roundwood of
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Table 1. Dimensional characteristic of experimental large-sized roundwood
Tabela 1. Charakterystyka wymiarowa dhuzyc badawczych

Top log diameter

Midpoint diameter

Label Lengt%lr Srednica w cienszym koncu Srednica $rodkowa Vo.l um,e ,
Dhugosé Objetosé
Numer m ,) ) e
cm cm
D1 132 25.5 31 0.99
D2 12.9 24.0 29 0.85
D3 12.6 21.0 27 0.72
D4 12.1 21.0 27 0.69
D5 8.2 315 23 0.70

grade WCO (Table 1) were distinguished. During ma-
nipulation and sawing the dimensional characteristics
(taper, curvature) and anatomical defects were taken
into account. The sawing process was conducted with
the use of a frame saw including a block unitary saw-
ing set. The saw kerf width was 5 mm and the thick-
ness of green timber was 31 mm.

Unedged sawntimber produced after sawing was
subsequently cut into a multiple width of 10 cm. This
dimension resulted from the maximum width of the
elements directed to optimise the cutting process. It
was the upper limit adopted for semi-finished prod-
ucts. Manufactured sawn materials were subjected to
the process of measurement and grading.

In order to verify the material flow, volume measure-
ments of both large-sized roundwood and manipulated
logs were carried out in accordance with the Huber for-
mula (PN-D-95000:2002; PN-EN 1309-2:2006). The
measurements were made accurate to 0.1 mm using
a caliper in the case of diameters and a tape measure
in the case of length. The diameters were measured
at the midpoint of length in each piece. The width of
individual unedged boards was measured on the nar-
rower side (Gerszynski, 2013).

RESULTS

Five pieces of large-sized roundwood were manipulat-
ed into a set of logs with a length from 2.3 m to 4.5 m.
Every log was classified as WCO (PN-D-95017:1992)
and their specific dimensions are given in Table 2.
The highest level of manipulation efficiency was noted
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in the case of roundwood no. 2 (124%), while it was
lowest for roundwood nos. 1 and 3 (approx. 111%).
Piece no. 2 reached 10% higher values of recovery ef-
ficiency than the other pieces. Presumably, the reason
for such a major difference was that this piece of round-
wood was processed into the log characterized by the
greatest taper, which may have affected the results.

On the basis of the presented results it was found
that butt logs have higher values of taper than the oth-
ers. Logs nos. 1 and 2 achieved particularly high val-
ues of 2-3 cm/m, which probably resulted from the
butt-end log origin. It was also found that the material
recovery efficiency increased after log manipulation
and it resulted from the xylometric paradox.

Table 3 presents the material recovery efficiency
values in relation to log diameter. The highest values
were recorded for roundwood pieces nos. 1 and 4,
amounting to 81% and 82%, respectively.

The highest sawing efficiency of unedged sawn
timber was observed for processing logs with small
diameters. It was maximum of 80% for the diameter of
21 cm. The average log efficiency at the first stage of
the sawing process was between 64 and 74%. Moreo-
ver, both the material efficiency values and log share
in model roundwood volume were also investigated.

The timber manufactured in the sawing process
was edged and optimised to obtain the width of the
closest multiple of 10 cm (Fig. 1). The experiment
eliminated shavings and slabs generated as a result of
wood processing. The average material efficiency in
relation to the volume of processed roundwood at this
stage ranged from 46 to 63% for D1-D5. The highest
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Table 2. Performance and dimensional characteristics of logs
Tabela 2. Charakterystyka wymiarowa i wydajno$ciowa ktod

. Midpoint
Top log diameter . Log recovery
. ‘ . diameter f Log recovery
Large-sized Length Srednica - . Taper efficiency from .
2 . , Srednica . o efficiency
roundwood Dhugos¢  w cienszym koncu , Zbiezystosc roundwood NP
. Ktoda srodkowa . Wydajnos¢ ktéd
Dluzyca d,) cm/m Wydajnos$¢ ktody
. ) 0 %
cm om %
D1 1 3.7 34 38 2.39 43.98 111.45
2 3.8 31 32 0.79 31.63
3 2.3 29 30 0.87 16.37
4 33 25 27 1.05 19.48
D2 1 35 32 40 4.43 52.11 124.00
2 32 30 21 0.78 28.81
3 3.0 28 29 0.67 23.19
4 32 24 26 1.25 19.91
D3 1 37 30 33 1.61 45.43 111.08
2 3.1 27 28 1.11 28.25
3 2.7 25 26 0.73 20.08
4 3.0 21 23 1.33 17.31
D4 1 3.6 30 34 1.91 47.84 112.68
2 3.8 26 28 1.03 35.59
3 4.5 21 24 1.20 29.25
D5 1 4.0 34 37 1.73 63.77 113.12
2 4.1 31 33 0.61 49.36
90
y=0.042x> - 2.9345x + 118.4 A efficiency of timber
_ 80 A 7Y R2=0-1396 from log
N :_ 70 A Y A : A 4 wydajnos$¢ tarcicy
>3 A A z ktody
2860 L A— .
é g 50 *—e .—L. A @ efficiency of edged
g E 40 i .\ timber from log
= :§ ) o wydajno$é tarcicy
k5 £ 30 obrzynanej z ktody
g 3, 20 y =-0.0923x2 + 4.5131x - 2.5165
= R?=0.1446
10
0
20 22 24 26 28 30 32 34 36

Diameter of logs, cm — Srednica ktod, cm

Fig. 1. The effect of timber diameter on sawn timber recovery efficiency
Rys. 1. Wplyw $rednicowy surowca drzewnego na wydajno$¢ materialow tartych
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Table 3. Percentage characteristic following the sawing process

Tabela 3. Charakterystyka procentowa po przetarciu

Recovery efficiency Recovery efficiency Recovery efficiency

Recovery efficiency

Top !og dl.a meter of sawn timber of sawn timber of edged timber of edged timber
Srednica from large log
Largelog Log . , from log from large log from log o
. w cienszym koncu . . Y - . . Wydajno$é
Dhuizyca  Kloda Wydajnos¢ tarcicy  Wydajnos$é tarcicy  Wydajno$¢ tarcicy . .
d,) . . tarcicy obrzynane;j
ck z klody z dtuzycy obrzynanej z ktody .
cm o o o z dluzycy
% % % 0
%

D1 1 34 69.27 30.43 55.95 24.58

2 31 74.77 23.66 56.10 17.74

3 29 74.32 12.15 52.72 8.63

4 25 78.97 15.39 58.53 11.40

Average efficiency 74.33 81.63 55.83 62.35
D2 1 32 53.63 27.96 36.57 19.06

2 30 73.71 21.28 52.75 15.20

3 28 64.18 17.60 47.85 13.11

4 24 64.95 12.90 52.52 10.45

Average efficiency 64.12 79.74 47.42 57.82
D3 1 30 60.90 27.23 42.84 19.17

2 27 62.83 17.72 42.94 12.13

3 25 68.06 13.70 52.72 10.59

4 21 80.01 13.87 44.94 7.78

Average efficiency 67.95 72.52 45.86 49.67
D4 1 30 69.52 33.29 54.68 26.16

2 26 77.89 27.75 58.44 20.80

3 21 71.84 20.98 55.95 16.37

Average efficiency 73.08 82.02 56.36 63.33
D5 1 34 67.90 43.25 36.51 23.20

2 31 72.25 35.71 47.99 23.69

Average efficiency 70.08 78.96 42.25 46.89

average indicators for the groups of logs were record-
ed for the pieces of large-sized roundwood nos. D1
and D4 and they were around 56%. The efficiency of
the edging process was 71.4%.

The previously verified effect of processed log
diameters allows to specify the function of material
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recovery efficiency variations in the process of obtain-
ing unedged timber y = 0.042x? — 2.9345x + 118.4.
The exponential function shows a gradual decrease de-
spite the increase in the diameters included in the ana-
lyzed top log diameters within the range of 20-35 cm.
At the same time the edging process significantly
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reduced the material recovery efficiency indicator val-
ues on the basis of the following exponential function:
¥=0.0923x*+4.5131x—2.5165. The average decrease
in material efficiency in relation to the top log diameter
was between 17% and 25%. The obtained values for
the experimental sawing processes was from 12% up
to 35% (piece of large-sized roundwood D4, log no. 4).

DISCUSSION

On the basis of the analysis of the raw material selec-
tion and the edged timber production process it was
found that selection based on roundwood diameter had
amajor effect. The increase in diameters of large-sized
roundwood processed into small-sized timber resulted
in a decrease of material recovery efficiency. This was
probably caused by an increased share of saw kerf and
the quantity of generated slabs. It is contrary to the
standard assumptions that an increase in material re-
covery efficiency is always related to an increased raw
material diameter. The raw material volume after ma-
nipulation into logs was less influenced by the xylomet-
ric paradox. Moreover, the real volume of large-sized
roundwood was decreased by the presence of the taper.

The effect of timber edging on the values of ma-
terial recovery efficiency indicators was of particu-
lar importance in the case of applied prefabrication.
The introduction of the assumption that the width of
manufactured timber has to be a multiple of 10 cm
resulted in a major decrease of material recovery ef-
ficiency. It resulted from the increasing share of gen-
erated by-products, e.g. shavings. The less restrictive
assumptions on prefabrication may cause an increase
in recovery efficiency as noted based on empirical
observations (Hruzik, 1993; Wieruszewski and Hru-
zik, 2004).

Available industrial reports from processing of co-
niferous sawn timber into unedged sawn timber mate-
rials showed no negative productivity change. It can
be concluded that the results of processing sawn tim-
ber from thicker logs do not translate into an improve-
ment in the final yield of prefabrication.

A major reduction in manufactured timber volume
in relation to the volume of logs was expected and it
resulted from the taper and a considerable share of
by-products. The effect of production technology was
also noted. The sawing process conducted with the use
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of a frame saw and block sawing sets increased the
share of saw kerfs in the material cross section.

A clear disproportion between the volume of mate-
rial at the starting stage of the process and the volume
of finished products was also pointed out. The finished
products account for about 50% of the starting volume
of large-sized roundwood. Moreover, material recov-
ery efficiency decreased with every successive techno-
logical process.

CONCLUSIONS

1. On the basis of conducted investigations it was
found that large-sized roundwood of grade WCO is
characterised by a good material recovery efficien-
cy of approx. 111-124%. It results both from the
xylometric paradox and the presence of the taper.

2. A major reduction in the material volume was ob-
served for the edging process. The efficiency for
unedged materials was 64—75%.

3. The introduction of the edging process to the tech-
nology generates a decrease in material recovery
efficiency at the level of 20% (in the case of ex-
perimental observations) and 17-25% (in the case
of theoretical assumptions). The values of material
recovery efficiency depend on prefabrication, the
share of saw kerfs and the quantity of generated
by-products.

4. The material recovery efficiency decreases with an
increase in diameters of processed logs.
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WPLYW DOBORU SUROWCA SOSNOWEGO NA WSKAZNIKI PRZETARCIA

ABSTRAKT

Wstep. Do badan wykorzystano drewno sosnowe (Pinus sylvestris L.) w postaci wielkowymiarowego drew-
na okraglego charakteryzujacego si¢ klasg jakosci WCO. To podstawowy surowiec przetwarzany w krajowe;j

produkcji tartaczne;j.

Materiat i metody. Celem prezentowanych badan byta ocena wptywu wymiarow drewna okraglego na wskaz-
niki wydajnosci materiatowej. Modelowe drewno okragte wielkogabarytowe zostato przetworzone na klody.
Ponadto otrzymane ktody zostaty przetarte w celu uzyskania z nich tarcicy w docelowym zastosowaniu jako

materiat prefabrykowany.
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Wyniki. W pracy zaprezentowano wyniki poczawszy od manipulowania ktodami, a skonczywszy na ich
pitowaniu i wytwarzaniu produktéw koficowych.

Whioski. Na podstawie przedstawionych wynikoéw stwierdzono, ze zardwno dobor surowca, jak i zastosowa-
na technologia sa istotnymi czynnikami wptywajacymi na wskazniki efektywnos$ci materiatowej w procesie
wielkogabarytowego pilowania drewna okragltego. Badania wykazaty wzrost wskaznikow wydajnosci przy
obrobee ktod o mniejszych srednicach. Wskaznik ten wynika z zatozen prefabrykacji.

Stowa kluczowe: sosna, wydajnos¢ materiatowa, proces przetarcia, wymiary
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