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ABSTRACT

In this study, it is aimed to determine the waste and productivity losses of Scots pine (Pinus
sylvestris L.) logs that were exposed to blue stain degradation. In this context, a total of 39 timber
production processes were analyzed in 7 different lumber managements using prism cutting
and sharp cutting method. The main product yield and additional processing requirements
were determined for flawed and flawless logs in blue stain damage. As a result of the study, it
was determined that the blue stain degradation decreased the main product efficiency by 17%
in the prism cutting method and by 33% in the sharp cutting method. Statistically significant
differences were discovered between the efficiency values obtained as a consequence of cutting
flawed and flawless logs with prism and sharp cutting methods. In addition, additional processing
requirements were determined in the sharp mowing method.
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INTRODUCTION

The processing of wood-based products supplied from forest resources in such a way that
will minimize waste has a significant contribution to the sustainability of forest resources (Kantay
and Kése 2009, Khalili et al. 2015). A considerable part of wood-based plants in forests are not
suitable for use in industrial production. On the other hand, there is a vast scale of loss during
the conversion of the obtained wood products to the final products (Gladstone and Ledig 1990).
While the use of efficient and profitable production methods is increasing the likelihood of
economic success of managements, it will reduce the consumption pressure on forest resources
(Fuwape 2001, Sloan and Sayer 2015).

Significant raw material losses occur during the processing phase of logs (Eshun et al. 2010).
It is reported that these losses can reach to approximately 80% beginning from cuttings of the tree
to the final product (Dionco-Adetayo 2001, Eshun et al. 2012). That most of these wastes are
not used directly for industrial production reduces the added value potential of the resources and
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leads to significant economic losses. However, it is known that there is a considerable amount of
hardship in reducing the waste amount in the lumber industry (Eshun et al. 2015).

As well as the heterogeneous structure of the wood material, its nature is easily affected by
environment and storage conditions which have important effects on the losses occurring during
the processing of logs (Blanchette et al. 1989, Sen et al. 2018). On the other hand, factors like
the production technique, the suitability of the machine-equipment used and the competence of
machine operator increase these losses (Daian and Ozarska 2009, Tungel and Kog 2017).

Logs are exposed to many harmful effects such as foremost discoloration, crack formation,
dote and insect damage until they are taken to production in the forest industry managements
(Kantay and Kose 2009, Ahmad et al. 2018). Discoloration of wood material may occur due to
different reasons such as sunlight, humidity, temperature, contact with metals and microorganisms
(Tolvaj et al. 2011, Li et al. 2019). Fungi are reported to be effective on about one third of the
annual industrial wood production (Ors and Keskin 2001, Hong et al. 2019). Especially the blue
stain degradation caused by the effect of fungus in the sapwood part of coniferous wood logs leads
to significant losses due to its rapid development and visual anomalies it causes (Ors and Keskin
2001). On the other hand, the waste amount generated during the processing of the logs depends
on the production method and the technological foundation, hence it depends on the production
efficiency (FAO 2014, Gligoras and Bor 2015). The waste amount in question may vary between
different companies in the same country (FAO 2014).

In this study, it is aimed to determine the waste amount generated during the industrial
processing of Scots pine logs exposed to sapwood discoloration and their productivity loss in the
context of the production method variable.

MATERIAL AND METHODS

The study was carried out in 7 small and medium-sized lumber production managements
operating in Gumushane province, Turkey. The said forest industry managements provide
their raw material needs from planted tree sale auctions conducted by the Forestry Directorate
of Giimiighane and Torul affiliated to the General Directorate of Forestry. In the study, the
production process of 7 managements, 3 of which use the sharp cutting method and 4 use the
prism cutting method, were examined.

Although discoloration and mold fungi do not affect the structural features of wood, the
deterioration they cause leads to aesthetic and economic losses (Zeleniuc 2008). In this study, the
effects of blue staining caused by coloring fungi on the sapwood part of Scots pine (Pinus sylvestris
L.) logs were investigated. In this context, firstly, the defect detected in the logs was measured as
shown in Fig. 1 and calculated by Eq. 1: (Komut and et al. 2013).

Degradation width = (3",= ; x,,)/n @

Prism and sharp cutting methods were applied for the production of flawed with blue
staining - flawed in terms of appearance (FTA) and flawless without blue staining (flawless in
terms of appearance (FssT'A) in the processing of Scotch pine logs (Fig. 2). Prism cutting method
is preferred in the production of lumber with equal width; sharp cutting method is preferred in
timber production with equal thickness (Colakoglu and Colak 2003).
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Fig. 1: Cross-section of the blue stained log and the measurement of degradation width (Komut and
Ozturk 2018).

Fig. 2: Cutting methods used in efficiency calculation (a) FTA timber production with rism cutting
method, (b) FssTA timber production with Prism cutting method, (c) F'TA timber production with sharp
cutting method, (d) FssTA timber with sharp cutting method.

Eq. 2 was used to calculate the production efficiency for timber obtained with different
production methods.

Vlag

Iiiecgaly

= @
where: R - production efficiency (%), Ving = log volume (cm3), e, - lumber thickness (cm),
&, - lumber width (cm), Z, - lumber length (cm).

Additional processing was observed to be performed in the side pick-up and multi-slitting
machines in order to remove the degraded part of the FTA timbers obtained from logs exposed
to blue staining. In the study, the durations (energy consumption and labor times) required by the
additional procedures were measured with the help of a stopwatch.

IBM SPSS (20,0) package program was used in the analysis of data concerning cutting
methods. In the study, since the number of samples was less than 30, Mann-Witney U test with
two independent variables from non-parametric tests was used (Kalayc: 2010). Microsoft Office
Excel 2010 package program has been utilized to make comparisons of frequency, ratio etc.
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RESULTS AND DISCUSSION

Findings regarding the managements using prism cutting method

In this study, the efficiency values obtained during the process of cutting of healthy and blue
stained logs in 4 different lumber managements by prism cutting method are given in Tab. 1.
A total of 9 cleaned (not irrigated) round wood pieces, which was obtained as a result of processing
of FssTA Scotch pine logs, was measured and the average main product efficiency was calculated
as 59%. For the timber production of FssTA timber by cleaning the part with blue staining in
cross section area, 14 logs were cut, and the main product efficiency value was determined as 42%.

Tab. 1: The efficiency values obtained in Prism cross-cutting method.

Log Measured | Total Main Main Main product
Workplace | diameter Log length distortion | volume product pI'.OfiuCt efficiency loss
(cm) (m) (cm) (o) volume efficiency %)
(m3) (%)
32 3 0 0.241 0.154 64 0
30 3 5 0.212 0.135 44 15
26 3 7 0.159 0.101 34 25
1 42 3 7 0.416 0.265 44 15
45 3 10 0.477 0.304 39 20
36 3 0 0.305 0.194 59 0
43 3 0 0.436 0.277 60 0
27 2 4 0.115 0.073 46 13
32 2 0 0.161 0.102 62 0
2 28 2 0 0.123 0.078 55 0
37 2 5 0.215 0.137 48 11
35 2 5 0.192 0.123 47 12
20 3 4 0.094 0.060 41 18
28 3 7 0.185 0.118 36 23
3 26 3 0 0.159 0.101 58 0
35 3 0 0.289 0.184 55 0
28 3 8 0.185 0.118 32 27
31 3 9 0.226 0.144 32 27
45 3 10 0.477 0.304 39 20
26 3 0 0.159 0.101 57 0
4 22 3 0 0.114 0.073 58 0
38 3 5 0.340 0.217 48 11
56 3 5 0.739 0.470 53 6

* Average product efficiency was taken as 59%.

In the prism cutting method, the efficiency loss for the main product is observed to increase
as the blue stained area width and the log diameter increase in the log cross section (Fig. 3). On
the other hand, differences were observed between the 4 managements in terms of average main

product efficiency (respectively 50.2%, 53%, 43%, 51%).
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Fig. 3: The effect of discoloration on the efficiency of the main product in the prism cutting method.

Findings concerning the managements using sharp cutting method

In the study, efficiency values obtained by cutting FTA and FssTA sample logs with sharp
cutting method are given in Tab. 2. Six of processed logs were FssTA Scots pine logs, while 10
of them was selected as FTA logs. The average efficiency of non-irrigated lumber produced as
a result of cutting of FssTA logs with sharp cutting method is calculated as 71%. The average
efficiency of the main product for logs cleared from non-irrigated and stained parts produced

from the damaged logs was determined as 38%.

Tab. 2: The efficiency values obtained in the application of sharp cutting method.

Log Measured Total Main Main Main
Workplace | diameter Log length distortion volume product prOfluct pr.O(.iuct
(em) (m) (em) () volume efficiency | efficiency
(m3) (%) loss (%)
40 3 4 0.377 0.215 57 14
35 3 6 0.289 0.115 40 31
1 31 3 6 0.226 0.095 42 29
30 3 5 0.212 0.072 34 37
34 3 0 0.272 0.207 76 0
28 3 0 0.185 0.133 72 0
27 3 9 0.172 0.041 24 47
28 2 8 0.123 0.032 26 45
) 33 2 12 0.171 0.050 29 42
36 2 10 0.204 0.081 40 31
29 2 0 0.132 0.087 66 0
30 3 0 0.212 0.146 69 0
42 4 0 0.554 0.399 72 0
3 26 4 5 0.212 0.096 45 26
32 3 7 0.241 0.094 39 32
32 3 0 0.241 0.166 69 0

*Average efficiency of the main product is taken as 71%.

In the logs cut by the sharp intersection method, as the log diameter increased, while the
main production efficiency increased, the increase in the measured decay limited the increase in

productivity (Fig. 4).
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Fig. 4: The effect of color change on the main product efficiency in sharp cutting method.

Findings concerning the comparison of prism cutting-sharp cutting methods

In this study, 15 FssTA and 24 FssTA Scots pine logs were ensured to be cut in 7 different
managements. Of these logs, 23 were cut with prism and 16 were cut with sharp cutting method.
The mean width of the discoloration on the cross-sectional surface of the cut logs was 6.5 cm
in the prism cutting method and 7.2 cm in the sharp cutting method. There were statistically
significant differences (p < 0.05) in terms of efficiency and waste ratio between the cutting of
logs with and without the blue stain degradations with the prism and sharp cutting method (Tab.
3). The cutting method used is observed as one of the factors affecting the production efficiency
(Alvarez and Vera 2014). It is reported that the differences in productivity between managements
occur as a result of the usage of inefficient processes and methods as well as the lack of equipment
(Adhikari and Ozarska 2018, Eshun et al. 2012). On the other hand, there are studies that report
results regarding that decrease in efficiency may depend on the properties of the suplied log (Ors
and Keskin 2001, Choi et al. 2013, Pang et al. 2015).

Tab. 3: Mann-Whitney U test results concerning the cutting method during the processing of logs.

. Cutting Mean Mann- | Wilcoxon Asymp. Sig.
bl N
Variable Method | ™V | Rank Whitney U| W Z (2-tailed)
Effici L Prism Cutting | 14 8.29
Y 0% Sharp Cutting | 10 | 1840 | 1100 | 116.00 | -3.458 0.001*
for Flawed Logs
Total 24
Effici p Prism Cutting | 9 5.00
YT Sharp Cutting | 6 | 1250 | 0.00 4500 | -3.193 0.001*
Flawless Logs
Total 15

*p<0.05

While the production efficiency was higher in the sharp cutting method in the FssT'A logs,
thus the waste amount was lower, the efficiency loss occurred during the cutting of FTA logs
was higher. The efficiency in the timber production process varies significantly depending on
the log defects. In order to increase the efficiency, it is important to determine these defects
correctly (Todoroki 2003). Fungus-originated color changes also affect the log quality (Vanzetti
et al. 2018). However, although it is not considered as a log defect, the change in log diameter
and length is also reported to be effective on the efficiency thereby on losses (Yang and Jenkins
2008, Vanzetti et al. 2018).
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Findings concerning other losses

The FTA obtained from the logs cut with the sharp cutting method has been shown to
require additional processing in the multi-slitting machine to remove this flaw. The distance
of the additional processing machines to the main processing machine was measured as 4 m in
management 1, as 5.5 m in management 2 and as 6.5 m in management 3. According to this,
transport times, machine processing and additional stacking times of timber were measured for
additional processing (Tab. 4). In the production of aesthetically flawless lumber by cutting a
total of 10 logs with blue-stained degradation in three managements, a work loss of 47.73 min
was calculated. On the other hand, an additional 20.07 min machine processing time has formed.

Tab. 4: Measurements for additional processing times.

Numb T

Log Log | Measured u.rn e r‘ansport . . Total

. . K of timber | time to | Processing | Re-stacking .

Workplace | diameter | length | distortion i . . K K K lost time

(width 3 | machine | time (min) | time (min) .

(cm) (m) (cm) . (min)
cm) (min)

40 3 4 7 2.57 4.08 2.33 8.98
i 35 3 6 5 1.83 2.92 1.67 6.42
31 3 6 5 1.83 2.92 1.67 6.42
30 3 5 5 1.83 2.92 1.67 6.42
27 3 9 1 0.50 0.47 0.33 1.30
5 28 2 8 3 1.50 1.40 1.00 3.90
33 2 12 1 0.50 0.47 0.33 1.30
36 2 10 3 1.50 1.40 1.00 3.90
3 26 4 5 3 1.80 1.75 1.00 4.55
32 3 7 3 1.80 1.75 1.00 4.55
Total 36 15.67 20.07 12.00 47.73

In the sharp cutting method, the production efficiency decreases as the cross sectional area
of the flawed part and color degradation measured horizontal to the log section increases with
increase in the obtained log amount. On the other hand, the increase in total loss time duration
remains limited. In this application, it was observed that the number of obtained flawless lumber
increased as the loss time increased (Fig. 5). There are a number of studies reporting that the
insect damage, crack etc cause significant economic losses due to losses in the production process

(Zeleniuc 2008, Loeffler and Anderson 2018, Vanzetti et al. 2018).

Transport time to machine (sec) E==== Machine processing time (sec)
Re-stacking time (sec) Measured distortion (cm)
—— Number of timber - Distortion/diameter ratio

Fig. 5: Total number of flawless lumbers, degradation amount and lost time condition according to the the
ratio of degradation fo the cross-sectional area variables.

309



WOOD RESEARCH

As the number of timbers that require additional processing and the timber length increase,
the lost time increases. On the other hand, as the degradation on the cross-sectional surface of
the timber increases, the number of flawless lumber obtained decreases, thus decreasing the lost
times (Fig. 6).
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Log length (m) Measured distortion (cm) = Number of timber

Transport time to machine (sec) Machine processing time (sec)

Fig. 6: The effect of lumber length, number and degradation amount on lost time.

CONCLUSIONS

Blue stain is the appearance defect that can develop in all production and waiting processes
of wood material. Blue stain greatly increases the loss in the timber industry sector, therefore leads
to a decrease in the main product yield. The amount of loss occurs at a higher level at the sharp
cutting method than the prism cutting method. If sharp cutting is chosen as the cutting method,
the occurrence of additional production processes causes an increase in economic losses. On the
other hand, differences in the main product efficiency may occur in different managements using
the same production method.

It is clear that the most effective way to prevent loss is to prevent the formation of blue
staining. Therefore, an effective and efficient inventory control system can reduce waiting times
(Zeleniuc 2008). However, the application of the prism cutting method for the blue stained logs as
well as the preference for the logs with low sapwood width will benefit for a decrease in the losses.
The efficient and effective usage of the products obtained from forest resources will contribute
greatly to the sustainability of these resources.
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