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Abstract — Nacrtak

A field-based study was performed to broaden our knowledge of industrial round-wood
(IRW) losses associated with most applicable motor-manual (MM) and fully mechanized
(FM) harvesting systems in Russia. Observations were made for five harvesting systems,
namely cut-to-length (MM CTL and FM CTL), full-tree (MM FT and FM FT), and tree-
length (MM TL), during the felling, skidding/forwarding, processing, sorting, and loading
operations. Damage to IRW was examined in 15 logging companies in Karelia. There were
about 23 400 measured logs in 17 harvesting sites during summer and winter seasons. The
damages detected were broken down into four groups: mechanical damage, processing de-
fects, contamination with dirt, and deviations from the desired log dimensions. The results
were then compared with the effective quality requirements in a given logging company, and
the IRW volume loss was determined in terms of the reject rate and value loss per unit vol-
ume in the context of a harvesting system. Mechanical damage (torn and loosened grain,
cuts in stemwood, and gouges made by grapples), processing defects (branches, log end
splits and cracks) and contamination with dirt were the most frequent types of damage. The
MM CTL and FM CTL systems provided the minimum losses (the reject rate was 2% of ob-
served logs and 0.5-0.6 € per m3 of total industrial wood). The FT systems resulted in some-
what lower but still acceptable quality (MM: 4% and €1.1; FM: 3% and € 0.9). The quality
of wood harvested with the MM TL system turned out to be the lowest (5 % and € 1.4), espe-
cially in the summer season. The total annual losses in IRW value at the companies studied
were estimated as 1.0 € per IRW m?3 or € 1.8 million.

Key words: volume loss, value loss, sawlog, pulpwood, pine, spruce, birch, cut-to-length,

tree-length, full-tree

1. Introduction — Uvod

The use of fully mechanized (FM) systems is in-
creasing in wood harvesting operations globally. The
increase in the use of mechanized harvesting systems
has led to problems of log damage, including butt
pull, log splitting during handling, and bucking and
crushing of the log. Damage to a harvested log can oc-
cur during the felling, delimbing, bucking, skidding
or forwarding, piling, loading, and hauling functions
of wood harvesting. Several studies have reported
log damages during harvesting operations. Greene
and McNeel (1987, 1989) and Faust and Greene (1989)
studied log damage by feller-bunchers with shear
and saw heads. Volume losses of up to 4.5% were
found when using a shear head, while losses of only
0.25% were found when using a saw head. Egan
(1999) and Unver and Acar (2009) studied the log

damage caused by ground based skidding. The con-
tamination of the logs with dirt was highlighted.
Brunberg et al. (2006), Jonsson and Hannrup (2007),
and Nuutinen et al. (2010) studied the log damage
caused by the harvester. They found that feed rollers
equipped with steel spikes caused the greatest dam-
age, leading to a 3% reduction in value.

According to Hamish et al. (2006), on average
mechanical log-making systems lose 18% of the poten-
tial value compared to 11% for motor-manual (MM)
systems. However, Connell (2003) and Spinelli et al.
(2010) reported that some mechanized harvesting
operations have reduced the incidence of log dam-
age due to mechanical handling. In addition, log
damage and value loss associated with tree-length
(TL) and full-tree (FT) harvesting systems were re-
ported by Wang et al. (2004). The MM TL system
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Table 1 Basic data about conditions for sites and number of measured logs during summer and winter seasons (MM - moto-manual, FM - full mechanized)

Tablica 1. Osnovni podaci o uvjetima na radilistima te broju izmjerene oblovine tijekom ljetne i zimske sjiece (MM - djelomicno mehanizirani sustavi, FM
- potpuno mehanizirani sustavi)

. " - Total logs sampled, pieces
Technology - Tehnologija rada Conditions - Radhi vvjeti Ukupan broj trupaca, ko,
Species composition, % Pine Spruce Birch
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with chain-saws and skidders and the FM FT system
with feller-bunchers and skidders were studied. Vol-
ume losses of up to 6.1% and 1.1% were found and
value losses of up to 6.0 US $/m3 and 1.5 US $/m?
were found when using MM TL and FM FT system:s,
respectively. The majority of the value loss was caus-
ed during the felling function when using an MM TL
system.

The world’s best harvesting operations using the
modern cut-to-length (CTL) machinery — many of
them in Nordic countries —are currently losing 4-5%
of the wood value of forests at harvest (Murphy
2005). However, wood harvesting operations in many
countries, such as Russia, using a number of differ-
ent harvesting systems, such as MM FT, FM FT, MM
CTL, FM CTL, and MM TL, have shown losses of
11-18% of the wood value at harvest (Marshall et al.
2006). Certainly, the influence of wood quality on in-
dustrial round-wood (IRW) value cannot be ignored

Fig. 1 Measurement of logs in MM CTL harvesting (chainsaw + forwarder)

Y. Gerasimov and A. Seliverstov

when comparing different technologies. This is de-
termined by evaluating it in accordance with the
quality specifications in the customer contracts as
well as other quality requirements. To remain com-
petitive, logging companies should minimize the
wood loss at the time of harvest by using a more ad-
vanced harvesting technology. The major objective
of this study was to identify the major sources of
damage to IRW arising from applied harvesting sys-
tems in Russia to minimize this damage loss.

2. Methods and data — Metode i podaci

The Republic of Karelia was selected as the study
region, because its territory is very representative in
terms of a wide range of harvesting methods, sys-
tems, and equipment used and in terms of nearly all
harvesting technologies being employed in different
natural conditions typical for northwest Russia. The

Roadside landing — Pomocno stovariste
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Slika 1. zmjera oblovine pri djelomicno mehaniziranom pridobivanju drva sortimentnom metodom (motorna pila i forvarder)
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study was performed in 2007-2009 and involved 15
logging companies that provide approximately 35% of
the total harvesting volume in Karelia (2.2 million m?
per year). The selected companies perform harvest-
ing operations across the whole territory of Karelia
in different conditions and apply MM CTL, FM CTL,
MM FT, EM FT, and MM TL harvesting systems us-
ing both Russian and foreign machinery (Gerasimov
and Sokolov 2009).

A common approach was used for field data col-
lection directly at harvesting sites in the actual work-
ing conditions (Table 1). The harvested stands were
not managed or thinned before the final felling. A
typical study stand was mixed in terms of tree age
and species. The tree species composition included
spruce (31% on average), pine (35%), birch (28%),
and aspen (6%). The average stem volumes of the
harvesting sites varied between 0.13 and 0.64 m3 with
the average value 0.29 m3. The average growing stock
of stands in the studied regions was 150 m3 per ha

Industrial Round-Wood Losses Associated with Harvesting Systems ... (111-126)

with tree density of approximately 520 trees per ha.
The typical soils in the test areas were silt loam, clay
loam, and sandy loam. The harvesting sites were on
flat terrain.

According to the methodology used, the required
number of logs to be measured equals 300 both for
each species and for each assortment per harvesting
site separately in the winter and summer seasons.
The total number of observed logs was 23 400, and
the number of observed harvesting sites was 17 in-
cluding 7 in winter and 10 in summer (Table 1).

All the measurement results were registered on
checklists using a data collector. In CTL harvesting
systems, the logs were measured at the felling site
and at the road-site landing (Fig. 1 and 2).

In TL harvesting, the logs were measured both at
the felling site before skidding and at the road-site
landing after skidding and piling. In addition, the
logs were measured at the bucking and sorting line
of the central processing yard (Fig. 3).

Fig. 2 Measurement of logs in FM CTL harvesting (harvester + forwarder)

Felling site — Sjecina

Slika 2. |zmjera oblovine pri potpuno mehaniziranom pridobivanju drva sortimentnom metodom (harvester i forvarder)
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i’Felling site — Sjecina
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Fig. 3 Measurements during MM TL (chainsaw + skidder)
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Slika 3. Izmjera pri djelomiéno mehaniziranom pridobivanju drva deblovnom metodom (motorna pila i skider)

In FT harvesting, the logs were measured at the
road-site landing and logs at the cross-cutting and
sorting line of the central processing yard (Fig. 4
and 5).

The IRW damage evaluation was based on a
number of damage indicators, which are regulated
by relevant national standards and forest industry
specifications, as follows (Fig. 6).

= mechanical damage, which occurs during

skidding, sorting, piling, and transportation
of timber; there are the following types of
damage: torn and loosened grain, barked stem,
cuts (damage by chainsaw, skidder cable),
and gouges made by grapples,

= processing defects, including unprocessed
branches and defects caused by improper
tree-felling and cross-cutting, namely: log end
(butt and top) splits, cracks, log splitting, and
snipes,

= contamination with dirt,

= deviation of IRW dimensions, including log-
length allowances and tolerances, as well as
the grades and the maximum butt and mini-
mum top diameters of assortments.

The results were then compared with the effec-
tive quality requirements in a given logging com-
pany and the percentage of rejected logs was deter-
mined. The obtained estimates for all the measured
parameters were integrated into one indicator — the
so-called reject rate.

The quality requirements for IRW of various spe-
cies, grades, and end-uses (sawlog, pulpwood, etc.)
were determined in the contract between the log-
ging company and the IRW buyer, that is, in the tech-
nical specifications. The specifications include the
following: tree species, harvesting schedule, dimen-
sions, requirements for processing and quality re-
quirements, such as compliance with relevant na-

Croat. j. for. eng. 31(2010)2

115



Y. Gerasimov and A. Seliverstov

Fig. 4 Measurements during MM FT (chainsaw + skidder + delimber)

Industrial Round-Wood Losses Associated with Harvesting Systems ... (111-126)

7

Slika 4. |zmjera pri djelomiéno mehaniziranom pridobivanju drva stablovnom metodom (motorna pila, skider, procesor)

tional standards, for example the national technical
specifications for export (TU 13-2-12-96, TU 13-2-1-95),
the national standards for the domestic market (GOST
9462-88, GOST 9463-88), or other technical specifica-
tions used in trade contracts, or by using internal log
quality specifications of the given logging company
in the case where the logs were to be used within the
company. Where contamination of dirt was not ac-
ceptable according to the contractual specifications,
logs were rejected if more than 15% of the log side
surface area or 50% of the log end was contaminated.
Logging companies also develop their own addi-
tional specifications for grading and piling logs, de-
fining the length and diameter of piles, as well as the
most preferable log length. Quality requirements of
the measured logs of various species and end-uses
are shown in Tables 2 and 3.

If a log complies with both the quality and di-
mension requirements, it is accepted. If a log does

not comply with the above-mentioned requirements,
it is rejected or transferred to another grade accord-
ing to its quality: sawlog to pulpwood, pulpwood to
fuel wood.

The IRW damage was analysed in terms of value
losses. The losses in IRW value in the context of a
logging company and a harvesting system were esti-
mated as follows:

L= Rpsl X Ppsl(Cpsl - Cppw - C') +
+ Ryg1 X Pggr X (Cssl - Cspw - C') +
+ Rpst X Pt X (Cps1 = Cppw = C') +
+ Rppw X Ppgt X (Cppw = Cprw = C') +
+ Ropw X Popy X (Cypw = Copw = C') +
+ prw X Pbpw X (Cpbw = Chw — C')
Where:
L value losses due to IRW damage at harvest,
€/m?
R average reject rate of the IRW assortment
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P proportion of the assortment production in
the total volume of industrial wood at the
given logging company

C average EXW (ex works) price of the IRW as-
sortment at the road-site or central processing
yard, €/m?3

C’ additional expenses associated with load, un-
load and transport of rejected wood, €/m?

psl, ssl, bsl indexes for pine, spruce, and

birch sawlogs

ppwW, spw, bpw indexes for pine, spruce, and

birch pulpwood

fw index for fuel wood

A log pricing system was developed based on
IRW market prices from the Karelia timber market
reports (Timber Prices 2010). A monetary value was
assigned to the IRW based on its tree species, assort-
ment, and delivery terms.

Y. Gerasimov and A. Seliverstov

3. Results — Rezultati

To summarize, Table 4 shows the distribution of
reject rates by assortment in 17 studied harvesting
sites.

The results include all harvesting systems and
apply to both the winter and summer seasons. A re-
jected log sometime had two or more types of dam-
ages. In that case the log was rejected with several
reasons. The difference between results in Table 4
and Tables 5 — 7 (original tables by damage type for
coniferous sawlogs, birch veneer logs, and pulp-
wood) shows a common fact that a rejected log had
more than one type of damage.

The MM TL system caused the highest reject rate
both for sawlogs (7% of observed logs in winter and
9-10% in summer) and for pulpwood (3% in winter
and 7-8% in summer). The lowest reject rate for saw-
logs was provided by the FM CTL system (3%). The

Fig. 5 Measurements during FM FT harvesting (feller buncher + skidder + delimber)
Slika 5. |zmjera pri potouno mehaniziranom pridobivanju drva stablovnom metodom (feller buncher, skider, procesor)
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Torn and loosened grain — Pokidana drvna viakanca

Fig. 6 Typical IRW damages regulated by relevant national standards and log quality specifications
Slika 6. Tipicna otecenja oblovine propisana vazecim nacionalnim normama
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Table 2 Quality requirements for saw and veneer logs in domestic and export markets

Tablica 2. Zahtijevi za kakvocom pilanskih i furnirskih trupaca za domace i inozemno trziste

Y. Gerasimov and A. Seliverstov

Sawlogs - Pilanski trupci Birch veneer logs
Damage type Pine - Bor Spruce - Smreka Brezovi furnirski trupci
Vrsta osfecenja Export Domestic Export Domestic Export
Izvoz Domace trziste Izvoz Domace trziste [zvoz
1. Mechanical d Mehanick TU 13-2-1296 TU 13-2-1296
'ngecée‘j)?lf° amage - MeRanicka ot acceptable GOST 9463-88 Not acceptable GOST 9463-88 TU 13-2-896
I Nije prihvatijivo Nije prihvatijivo
2. Processing defects - Greske pri izradbi drva
Branch TU 13-2-12:96 TU 1321296
s /<10/20 mm GOST 946388 1<10 mm GOST 946388 TU 132896
slalct grana d<50/60 mm d<50 mm
Log end splits, cracks Not acceptable ] Not acceptable ]
Raspucano celo, pukotine Nije prihvatljivo COST9463-88 Nije prihvatljivo COST9463-88 TU13:2:896
Log end splinters Not acceptable Not acceptable Not acceptable Not acceptable Not acceptable
Raspukline Nije prihvatfjivo Nije prihvatfiivo Nije prihvatijiivo Nije prihvatfjivo prable [
Butt trimming Not acceptable Not acceptable
Obrada éela Nije prihvatfjivo E] COST 946388 Nije prihvatijivo ] COST 946388 TU13:2:896
3. Contamination with dirt - Not acceptable Not acceptable Not acceptable Not acceptable Not acceptable
Zablaéenost drva Nije prihvatfjivo E] Nije prihvatljivo Nije prihvatijivo E] Nije prihvatfiivo E] Nije prihvatijivo E]
4. Dimension non-compliance - Neodgovarajuce dimenzije
5.0;5.5;6.0; 6.1 50:5.5 60; 6.1
, [0/+10) ,

Length, m (allowance, cm) 49,55(0/ +6) 6.1:4.0: 3.1 5.5 (3 /+6) (0/+10) 3.3;6.0(0/+10)
Dyl ' (nadhmi ' ) 40(0/ +¢) '(+'3 / ;5) 55(0/+6) additional - dodatno 4.4;50(0/+5)
e, minacmlera, em 43;46,6.1 (+5/+8) N 405(0/+6) 40;43;52 33(0/+5)

additional - dodatno (+3 /+10)
40,43 (+3/+10)
Moximum diameter of the butt end * 75 *
without bark, cm 55.0* 75 151(5)8* 52.0* 228*
Najvedi promjer na debljem kraju 34.0 42.0% ) 36.0 b
bez k 14.9 50.0
ez kore, cm 56.0
Minimum diameter of the butt end X 18.0*
without bark, cm ]]85'00 }jg 17.0* 16.0 25*
Najmaniji promjer na debljem kraju ok ' 16.0* 14.0 18.0*
bez k 15.0 11.0
ez kore, cm 12.0

- Quality requirements in contractual specifications - Ugovorni zahtjev za kakvocom drva

*

- Diameter over bark - Promjer s korom

I - Max. acceptable branch length - Najveca prihvatljiva duljina éaprlja (grane)

d - branch diameter - promjer grane

lowest reject rate for pulpwood (2%) was registered
with the MM CTL system (Table 4).

The study of the quality of IRW harvested with
the MM CTL system demonstrated that log end
splits and cracks (up to 3% of observed logs), as well
as cuts by chainsaws and gouges by forwarders’
grapples during loading operations (up to 2%), were
the most common types of processing defects (Ta-
bles 5-7). The reject rate was about 5% in winter and
4% in summer for coniferous sawlogs and about 1%
for pulpwood regardless of the harvesting season
(Table 4).

The FM CTL system, in both winter and summer,
was mostly associated with the following types of
defects (Tables 5 and 7): unprocessed branches (2%
of observed logs), log end splits and cracks during
felling and bucking (2%), and log surface damage.
The latter appeared in the form of damage by
delimbing and feeding mechanisms of the harvester
head during delimbing, that is, torn and loosened
grain (2%). This damage was accompanied by
barked stems or even lost layers of stemwood. Logs
damaged by harvester head saws (cuts) or forward-
ers’ grapples were rare (about 1%).
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119



Y. Gerasimov and A. Seliverstov

Table 3 Pulpwood quality requirements for domestic and export markets

Industrial Round-Wood Losses Associated with Harvesting Systems ... (111-126)

Tablica 3. Zahtjevi za kakvoéom celuloznoga drva za domace i inozemno trziste

Pine - Bor Spruce - Smreka Birch - Breza
Damage type i )
Vrsta ostecenja Export Domestic Export Domestic Export
Izvoz Domace trziste Izvoz Domace frziste lzvoz
s dafe U 13:2-195;
ocesing deEel GOST 9463-88; GOST 9463-88; GOST 9463-88; TU 13-2:1096;
(branches| - Greske pi TU 13:2-10.96 GOST 946388 TU 13-2:1096 TU 13:2-10.96 TU 1321196,
izradbi (grane) [<20mm
2. Contamination with dirt - Not acceptable Not acceptable Not acceptable GOST 9463-88; Not acceptable
Zablacenost drva Nije prihvatijivo E] Nije prihvatljivo Nije prihvatfjivo E] TU 13-2-1096 Nije prihvatijivo E]
3. Size non-compliance - Neodgovarajuée dimenzije
2.4;3.6;4.8;6.0(-5/+15);
4.0; 5.5 (-5/+15);
12(-2/+2);
Length, m (allowance, cm) 3.0;4.0;6.0 3.0;4.8.6.0 ' 4.0;55(0/+10);
Dufnc, m {nodmjerg, ) (0/+10) 30-601-20/+20) (0/+10] et 43 (1515 | S040601-10/410
40and 5.5(-10/+10);
2.4 and 3.6 (+3 / +5)
Maximum diameter of the 60.0:
butt end without bark, cm o
o ) ) 60.0 40.0 40.0 50.0; 60.0
Najveci promjer na debliem 360
kraju bez kore, cm ’
Minimum diameter of the
butt end without bark, cm 8.0; 60 8.0* 16.0; 16.0;
Najmanji promjer na 6.0 ' ' 6.0 6.0
debljem kraju bez kore, cm

- Quality requirements in contractual specifications - Ugovorni zahtjev za kakvoéom drva

* - Diameter over bark - Promjer s korom

| - Max. acceptable branch length - Najveca prihvatljiva duljina éaprija (grane)

Table 4 Reject rates of round-wood (% of observed logs) at the studied harvesting sites by harvesfing system and season

Tablica 4. Stopa odbacivanja oblovine (% od oblovine uzorka) na istraZivanim radilistima s obzirom na sustav pridobivanja drva i sezonu radova

Pine sawlog Spruce sawlog Pine pulpwood Spruce pulpwood Birch veneer logs Birch pulpwood
System Borovi trupci Smrekovi trupci Borova celuloza Smrekova celuloza | Brezovi furnirski trupci Brezova celuloza
Sustav Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer
Zima Ljeto Zima Ljeto Zima Ljeto Zima Ljeto Zima Ljeto Zima Ljeto
MM CTL 4.0 37 5.3 4.0 1.0 13 1.0 13 27 3.0 1.7 13
FM CTL 27 33 30 33 20 2.0 1.7 17 nla nla 2.0 21
MM TL 7.3 9.0 7.0 10.3 27 8.3 2.7 8.0 6 8.3 2.3 7.3
MM FT 47 7.7 6.3 73 21 6.0 18 6.3 33 7.0 1.7 5.0
FMFT 53 5.0 5.0 5.3 23 2.0 2.7 23 nla nla 2.3 2.3

When harvester operators followed all work re-
quirements and instructions, the reject rate was less
than 3% for coniferous sawlogs harvested with the
FM CTL system, and less than 2% for coniferous
pulpwood, regardless of the season. The FM CTL
system also ensured efficient cross-cutting of the
stems with the required length allowance, normally
+(0—4) cm, which maximized the amount of received

IRW assortments, unlike the MM CTL system, where
the allowance was mostly +(5-10) cm.

For the MM TL and MM FT systems, regardless
of the season, the following types of damage were
typical (Tables 5-7): torn and loosened grain (2-3% of
observed logs) and cuts in stemwood and gouges
made by grapples (2-3%). Less frequent were unpro-
cessed branches (1%) and log end splits and cracks
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Table 5 Losses of coniferous sawlogs volume (% of observed logs) at the studied harvesting sites by harvesting system and damage type (PSL - pine, SSL
- spruce)

Tablica 5. Gubitci obujma pilanskih frupaca Cetinjaca (% od oblovine uzorka) na istraZivanima radilistima s obzirom na sustav pridobivanja drva i vrstu
ostecenja (PSL - bor, SSL - smreka)

Mechanical damage - Mehanicka ostecenja Processing defect - Greske pri izradbi drva Contamination
Torn Cuts, gouges Unprocessed branches Splits, cracks Wifh dirt
System Pokidana drvna vlakanca Zarezan plast, odluplieno drvo Neokresane grane Raspukline, pukotine Zablacenost drva
Sustav Winter Summer Winter Summer Winter Summer Winter Summer Summer
Zima Ljeto Zima Ljeto Zima Ljeto Zima Ljeto Ljeto

PSL SSL PSL SSL PSL SSL PSL SSL PSL SSL PSL SSL PSL SSL PSL SSL PSL SSL
MMCTL| 2.0 2.3 0 0 0 0 1.7 20 0 0 0 0 2.3 27 2.0 1.3 0 0
FMCIL | 0.7 0.7 1.5 1.7 1.3 1.7 1.0 1.0 1.7 2.1 1.7 1.7 1.7 2.1 1.5 1.7 0 0
MMTL 2.0 2.7 27 3.0 23 2.7 2.0 2.1 0.9 1.0 1.1 1.3 1.0 0.9 1.0 1.3 8.1 7.3
MM FT 2.0 2.7 2.0 2.7 23 2.0 1.7 1.7 1.0 1.3 1.1 1.3 1.0 1.1 1.3 1.0 5.0 43
FMFT 3.0 3.1 1.7 1.3 1.3 1.7 1.3 1.3 1.3 1.3 1.3 1.7 2.1 1.9 1.7 1.3 0 0

Table 6 Losses of birch veneer logs volume (% of observed logs) at the studied harvesting sites by harvesting system and damage type

Tablica 6. Gubitci obujma brezovih furnirskih trupaca (% od oblovine uzorka) na istraZivanim radilistima s obzirom na sustav pridobivanja drva i vrstu
ostecenja

Mechanical damage - Mehanicka ostecenja Processing defect - Greske pri izradbi drva Contamination
with dirt
System Pokidana J:/r:a vlakanca Zarezan ;Z;Z’f QOO(ZS;;eno drvo Urﬁ;i:zz(j]eb;g;:es Rassgly;i:ecr;zt;ﬁne Zablacenos
Sustav ’ ' drva
Winter Summer Winter Summer Winter Summer Winter Summer Summer
Zima Ljeto Zima Ljeto v Zima Ljeto Zima Ljeto Ljeto
MM CTL 0 0 1.8 1.7 0 0 1.7 1.7 0
MM TL 27 3.0 27 2.0 1.0 1.1 1.1 1.3 8.3
MM FT 1.7 1.7 2.3 2.0 1.3 1.3 1 1.3 6.0

Table 7 Losses of pulpwood volume (% of observed logs) at the studied harvesting sites by harvesting system and damage type (PPW - pine, SPW -
spruce, BPW - birch)
Tablica 7. Gubitci obujma drva za celulozu (% od oblovine uzorka) na istraZivanim radilistima s obzirom na sustav pridobivanja drva i vrstu ostecenja

(PPW - bor, SPW - smreka, BPW - breza)

Unprocessed branches - Neokresane grane Contamination with dirt - Zablacenost drva
?;S:;r: Winter - Zima Summer - Ljeto Summer - Ljeto
PPW SPW BPW PPW SPW BPW PPW SPW BPW
MM CTL 0.7 0.7 0.7 0.7 0.7 1.0 0 0 0
FM CTL 1.7 1.3 1.7 1.7 1.7 2.0 0 0 0
MM TL 0.9 1.0 0.9 1.0 13 1.0 9.1 8.3 8.0
MM FT 1.0 1.0 07 1.0 0.9 0.9 50 57 4.0
FMFT 13 1.7 1.3 13 1.7 1.7 0 0 0
(1%). In summer, contamination with dirt was also and 8-9% for pine in summer. The maximum reject
found (up to 9% for the MM TL and 6% for the MM rate was registered for the sawlogs intended for the
FT). For spruce and pine sawlogs, the following re- export market. For birch pulpwood, this figure reach-
ject rates were registered (Table 4): 6-7% for spruce ed 2% in winter and up to 7% for the tree-length sys-
and 5-7% for pine in winter, and 7-10% for spruce tem and 5% for the MM FT system in summer. For
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Table 8 Losses of industrial round-wood volume and value at the studied companies by harvesting system

Tablica 8. Gubitci obujma i vrijednosti obloga drva za istraZivana poduzeca s obzirom na sustave pridobivanja drva

Annual harvest - Godisnji etat, 1000 m® Volume loss Value loss
Zsszmv '(.ESJZJZZZ Total Fuel round-wood | Industrial round-wood Gubitak obujma Gubitok vijednost

Ukupno Ogrjevno drvo Tehnicka oblovina % 1000 m’ €/m’ 1000 €
MM CTL 2,3,7,89 363.0 56.2 306.8 1.8 5.64 0.51 156.6
FM CTL 1,2,3,4,56 503.0 64.8 438.2 23 9.98 0.65 286.2
MMTL 1,510, 11,1213, 14 035.4 155.6 779.8 50 39.14 1.38 1074.9
MM FT 15 67.1 6.7 60.4 42 2.52 1.04 62.7
FM FT 1,14 318.2 31.8 286.4 33 9.56 0.86 247 4
{7/:13”0 2186.7 315.1 1871.6 3.6 66.84 0.98 1827.8

pine and spruce pulpwood, the reject rates were up
to 3% and 2% in winter, respectively, and 3% in sum-
mer.

FM FT harvesting in both winter and summer
was mostly associated with the following types of
timber defects (Tables 5 and 7): cuts in stemwood
and gouges made by grapples (2% of observed logs),
log end splits and cracks (2%), torn and loosened
grain (2-3%), and unprocessed branches (2%). The
reject rate for spruce and pine sawlogs (Table 4) was
about 5%, regardless of the season. For birch, pine,
and spruce pulpwood, this figure was about 3% in
winter and up to 2% in summer.

The seasonality of harvesting operations has a
negative impact on the quality of harvested wood;
this pertains to the MM CTL, MM TL, and MM FT
systems.

In 15 studied companies, volume losses of IRW
(in terms of the reject rate as a percentage of total IRW
on average per year) were found by harvesting sys-
tem as follows: MM CTL: 1.8%; FT CTL: 2.3%; MM
TL: 5.0%; MM FT: 4.2%; and FM FT: 3.3% (Table 8).

The total average volume loss of IRW in the stud-
ied companies was 3.6% or around 67 000 m? of IRW
per year. Value losses of IRW (in terms of value loss
per unit volume of IRW) were found by harvesting
system as follows: MM CTL: € 0.51; FT CTL: € 0.65;
MM TL: €1.38; MM FT: € 1.04; and FM FT: € 0.86. The
total average value loss of IRW in the studied com-
panies was € 0.98 per m? of IRW or around € 1.8 mil-
lion per year.

4. Conclusion and recommendations
—Zakljucci i preporuke

The analysis of the obtained results indicates that
CTL harvesting can ensure the highest quality of
harvested wood (reject rate below 3% of observed

logs) in all the studied companies, with different
species composition. The FT harvesting systems de-
monstrated acceptable IRW quality (reject rate about
3-5%). The quality of wood in TL harvesting was
low (reject rate over 6%), particularly in summer (re-
ject rate up to 10%).

Over 50% of the harvesting sites in Russia are on
wet and soft soil terrain and the proportion of sandy
soils is small in Russian forests in comparison with
loams and clays (Gerasimov and Katarov 2010). The
MM TL system causes the highest reject rate due to
the fact that debranched tree-length logs are bunch-
ed and skidded by a cable skidder in this type of ter-
rain, which leads to contamination with dirt and
other damages. The MM FT has the same reason for
high reject rate, particularly in summer season, but
branches in some extend protect stemwood from
damages. The FM FT is largely free from this disad-
vantage due to bunching by a feller-buncher and
skidding by a grapple skidder. Regardless of the sea-
son, the CTL systems show the lowest rejection rate
due to using forwarding (round-wood is carried out
on a trailer) instead of skidding (logs are dragged
out of the forest over soft soils). Therefore, the selec-
tion of the harvesting system has to be adapted to
the most common soil terrains in order to reduce
wood losses.

Mechanical damage (torn and loosened grain, cuts
in stemwood, and gouges made by grapples), pro-
cessing defects (branches, log end splits and cracks),
and contamination with dirt were the most frequent
types of damage. On the whole, damage to IRW in
terms of volume loss did not differ much from what is
obtained with FT systems in the USA (Wang et al.
2004) and CTL systems in Finland and Russia (Eronen
et al. 2000, Syunev and Seliverstov 2006).

Certainly, the improvement of harvesting opera-
tions is needed for the reduction of IRW losses even
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in the same harvest system. Loggers (operators and
lumberjacks) need to pay more attention to value,
rather than volume alone: this could be accomplish-
ed by the development of a payment system and
harvesting instructions for utilizing the forest re-
sources better by not damaging valuable logs. The
seasonality could be taken into account: the reject
rate is higher for the MM CTL system in winter and
for MM TL and MM FT systems in summer. Bed logs
under piles should be used for IRW piling at road-
site landings, depending on the dirt conditions. Op-
erators need to perform the maintenance of harvest-
ing machines properly (e.g. adjustment of the de-
limbing and feeding mechanisms of harvester heads,
sharpening the delimbing knives, cleaning the roll-
ers to remove bark and timber residue, etc.). A har-
vester head must match both the base machine and
the site conditions (species composition, tree size).
The development of new guidelines and corre-
sponding training to minimize IRW damage occur-
ring during wood harvesting are needed as well
(Syunev et al. 2008). However, prior to specializing
in operating sophisticated machines, as a harvester,
a forwarder, and a feller-buncher, an operator is re-
quired to have a relevant vocational education.

The potential improvement of rejection rate was
roughly estimated from the best practices in the studi-
ed logging companies in comparison with the com-
mon practices. If all the discovered shortcomings
typical for FM CTL and FM FT harvesting were elim-
inated, it should be possible to decrease the reject
rates by approximately 20% and 25%, respectively. It
should be noted that bucking optimization of the FM
CTL harvesting system allows an increase in the
amount of received IRW assortments. Improvements
made to the MM CTL system would enable the reject
rate to be reduced by approximately 15%. In MM TL
and MM FT, the potential reductions in the amount
of damaged logs could reach 20% and 15%, respec-
tively.

The IRW damage in terms of value loss per unit
volume in the studied companies may not seem im-
portant. This is especially true when looking at the
lack of difference between FM CTL and MM CTL
systems. However, the switch from the traditional
motor-manual TL to CTL gives an average savings
value of € 0.8 per m?3 of industrial wood, or around €
100 000 per year for an average size logging com-
pany. With the initial investment cost in CTL ma-
chines of several hundred thousand euros (a for-
warder costs over € 200 000, a harvester over € 300
000), the switch from motor-manual TL and FT sys-
tems to an FM CTL system might be worth it in the
long run, but the switch to an MM CTL system might
be justified in the medium run. Additional analysis

Y. Gerasimov and A. Seliverstov

is needed before the system selection is made, taking
into account that the efficiency of a particular har-
vesting system depends on a number of criteria. The
economic benefits, which are the most applicable in
practice, are evaluated by productivity and costs
(Adebayo et al. 2007, Konovalov and Seliverstov
2008). Special attention has been paid to comfortable
and safe working conditions in felling operations.
This will make harvesting work more attractive to
young people and employment in a logging com-
pany more desired (Gerasimov and Sokolov 2009).
Environmental criteria and terrain conditions in-
clude dirt damage, damage to undergrowth or re-
maining trees, and so on (Syunev et al. 2009).

This study has been focused on various quality
requirements and wood harvesting practices at the
logging companies in Karelia. This fact might limit
the application of obtained results in other regions in
Russia. Moreover, further research is needed to de-
termine the influence of different quality require-
ments (for the domestic market, export, individual
customers) and bucking on IRW volume and value
losses. Improper bucking might not damage the log
in a physical sense, but could damage the potential
value gained from bucking correctly (Wang at al.
2004, Marshall et al. 2006). Taking into account natu-
ral and production conditions in Russia, it is neces-
sary to improve the design of the harvester head
delimbing and feeding mechanism, in order to en-
sure its higher efficiency in the processing of trees
with crooked trunks and tapering of large branches
of deciduous trees. More in-depth analysis of birch
veneer log degradation in fully mechanized CTL
and FT systems is also needed due to substantial in-
creases in the demand for veneer products.
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Sazetak

Gubitci obloga drva u sustavima pridobivanja drva u Rusiji

Terenska su istraZivanja provedena radi proSirivanja spoznaja o gubitcima obloga drva za najcesce koristene
djelomicno (MM) i potpuno (FM) mehanizirane sustave pridobivanja drva u Rusiji. Pracenja su obuhvatila pet
sustava pridobivanja drva s obzirom na sortimentnu (MM CTL i FM CTL), deblovnu (MM TL) i stablovnu (MM
FT i FM FT) metodu izradbe drva, tijekom sjece, privlacenja/izvoZenja, izradbe, uhrpavanja (razvrstavanja) i
prihvata (utovara) drva. IstraZivanje je provedeno u Republici Kareliji zbog Sirokoga raspona razlicitih sustava
pridobivanja drva i uporabe vozila na tom podrucju, sto je ujedno i primjerni uzorak za podrucje sjeverozapadne
Rusije, u razdoblju od 2007. do 2009. godine te je ukljucivalo 15 poduzeéa za pridobivanje drva koja godisnje sijeku
i izraduju oko 35 % od ukupnoga etata u Kareliji (2,2 milijuna m3/god.). Odabrana poduzeca pridobivaju drvo u
cijeloj Republici Kareliji te primjenjuju razlicite sustave pridobivanja drva (MM CTL, FM CTL, MM FT, FM FT i
MM TL) i koriste vozila ruskih i stranih proizvodaca.

IstraZivanje je obuhvatilo 23 400 komada obloga drva na 17 radiliSta, a osnovni podatci o uvjetima na
radilistima te broju izmjerene oblovine tijekom sjeca prikazani su u tablici 1. Pri sortimentnoj metodi pridobivanja
drva trupci su mjereni u sjecini i na pomocnom stovaristu (slike 1 i 2). Pri deblovnoj metodi pridobivanja drva
trupci su mjereni u sjecini prije privlacenja drva, na pomoénom stovaristu nakon privlacenja i uhrpavanja droa te
naknadno na glavnom stovaristu prilikom trupljenja i razvrstavanja drva (slika 3). Pri stablovnoj metodi
pridobivanja drva trupci su mjereni na pomocnom stovaristu te na glavnom stovaristu prilikom prerezivanja i
razvrstavanja droa (slike 4 i 5).

Gubitci su obloga drva procijenjeni na temelju broja ostecenja. Oni su propisani odgovarajuéim drZavnim
normama i propisima sumarske industrije, kako slijedi (slika 6): a) mehanicka ostecenja, b) greske pri izradbi drva,
c) zablaéenost drva i d) odstupanja od odgovarajucih veli¢ina (dimenzija). Rezultati su potom usporedeni s
vazZeéim zahtjevima kakvoce u pojedinim poduzecima te je dobiven postotak odbijenih trupaca. Zahtjevi kakvoce za
trupce i celulozno drvo prema raznim vrstama drveca te ciljano trZiste prodaje prikazani su u tablicama 2 i 3.
Dobivene procjene za sve mjerene velicine povezane su u jedan pokazatelj, tzv. stopu odbacivanja. Ako je trupac u
skladu i s kakvocom i s velicinama (dimenzijama) traZenih zahtjeva, oznacuje se kao prihvatljiv. Nadalje, ako
trupac nije u skladu bilo s kakvoéom bilo s izmjerenim veli¢inama, odbija se ili se upucuje za drugu namjenu, na
primjer trupci postaju celulozno drvo, celulozno drvo postaje ogrievno drvo.

Gubitci su obloga drva prikazani kao Qubitci trZisne vrijednosti drva pomocu formule 1, dok su cijene drva
preuzete s drvnoga trZiSta Republike Karelije. Tablica 4 prikazuje stopu odbacivanja oblovine na 17 istraZivanih
radilista pri svim sustavima pridobivanja drva tijekom zimske i ljetne sjece drva. Odbijeni trupac moZe sadrZavati
dva ostecenja i vise njih, $to je i prikazano u tablicama 5-7. Najvisa se stopa odbacivanja oblovine javlja pri
deblovnoj metodi i djelomicno mehaniziranom sustavu pridobivanja drva. Tako je stopa odbacivanja za pilanske i
furnirske trupce iznosila 7 % pri zimskoj sjeci i 9-10 % pri ljetnoj sjeci drva, dok je za celulozno drvo iznosila 3 %
pri zimskoj sjeci i 7-8 % pri ljetnoj sjeci drva. NajniZa je stopa odbacivanja za pilanske i furnirske trupce pri
potpuno mehaniziranom sustavu pridobivanja drva i sortimentnoj metodi te iznosi 3 %, dok je za celulozno drvo
najniza stopa odbacivanja pri djelomicno mehaniziranom sustavu pridobivanja drva i sortimentnoj metodi te
iznosi 2 % (tablica 4). Gubitci obujma i vrijednosti obloga drva za istraZivana poduzeéa s obzirom na sustave
pridobivanja drva prikazani su u tablici 8.

Analiza dobivenih rezultata pokazuje da sortimentna metoda pridobivanja drva osigurava najvisu kakvocu
oblovine u svim ispitivanim poduzeéima pri razlicitim vrstama drveca. Stablovna metoda pridobivanja drva
upuéuje na zadovoljavajuéu kakvocu oblovine odnosno stopu odbacivanja trupaca, dok se deblovna metoda
pokazala kao najmanje zadovoljavajuéa metoda, posebice pri ljetnoj sjeci drva. Mehanicka ostecenja drva (iskidana
drona vlakna, osteCenja debla, rezovi drva hvatalima), greske pri izradi drva (djelomicno okresane grane,
raspucano Celo i pukotine na drvu) te zablacenost drva bila su najceséa ostecenja na oblovini.

Zbog privlacenja oblovine skiderom za vrijeme male nosivosti tla i velike vlage u tlu deblovna metoda s
djelomicno mehaniziranim sustavom pridobivanja drva ima najvisu stopu odbacivanja trupaca Sto zbog
zablaéenja, $to zbog drugih gresaka. Pri stablovnoj metodi s djelomicno mehaniziranim sustavom pridobivanja
droa isti je razlog visoke stope odbacivanja, medutim grane na deblu ipak pruzaju kakvu-takvu zastitu debla
prilikom privlacenja. Sortimentna se metoda, bez obzira na vrijeme sjece, pokazala kao najbolja jer se drvo izvozi na
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forvarderu i nema izravni doticaj s tlom. Odabir odgovarajucega vozila za privlacenje drva treba se zasnivati na
terenskim uvjetima, odnosno na trenutacnom stanju tla.

Da bi se smanjili gubitci obloga drva pri raznim sustavima pridobivanja drva, potrebno je obratiti vise
pozornosti na vrijednost i kakvoéu drva, a ne samo na koli¢inu odnosno droni obujam. Stoga je potrebno razviti
platni sustav te upute za sjecu drva, Sto ce omogucéiti bolju iskoristivost drva te izbjeéi ostec¢ivanja vrijednih
sortimenata. Takoder treba voditi racuna o vremenu sjece (visa stopa odbacivanja za MM CTL pri zimskoj sjeci, te
za MM TL i MM FT pri ljetnoj sjeci). Da bi se izbjeglo dodatno zabla¢ivanje drva prilikom uhrpavanja na
pomoénom stovaristu, potrebno je koristiti se potpornim trupcima. Radnici trebaju redovito odrZavati vozila
(podesavanja harvesterske i procesorske sjecne glave, ostrenje nozeva, ciséenje valjaka i dr.). Vozila trebaju
odgovarati sastojinskim uvjetima te svakako treba voditi racuna o tome da su radnici osposobljeni za rad na
pojedinim vozilima odnosno za vrhunske nacine pridobivanja drva.

Gubitci obloga drva u smislu gubitaka novcane vrijednosti po jedinici obujma u pojedinim poduzecima moZda
se ne Cine znacajnim, posebice ako se usporede gubitci pri sortimetnoj metodi potpuno i djelomicno mehaniziranoga
sustava pridobivanja drva. Ipak, primjena sortimentne metode nasuprot tradicionalnoj deblovnoj metodi donijet e
ustedu od 0,8 €/m3 odnosno oko 100 000 €/god. prosjecnomu poduzecu. Pocetna ulaganja od nekoliko stotina tisuéa
eura za prelazak iz MM TL u FM CTL isplativa su za duZe razdoblje, dok je prelazak iz MM TL u MM CTL
isplativiji u kracem razdoblju. Potrebna su daljnja istraZivanja koja ce takoder ukljuciti proizvodnost sustava,
troskove, ergonomske uvjete i zastitu na radu, te svakako sastojinsku i okolisni pogodnost.

Key words: gubitak obujma, gubitak vrijednosti, pilanski trupci, celulozno drvo, bor, smreka, breza, sorti-
mentna, deblovna i stablovna metoda izradbe drva
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