Preliminary note

Extraction of spruce timber by
Gantner cable crane from selective
forests of Artvin region

Abstract — Nacrtak

Tolga Ozturk, Necmettin Senturk

The purpose of this study is to investigate the productivity of the Gantner cable crane dur-
ing extraction of Spruce timber from mixed stand of Oriental spruce, Scots pine and Orien-
tal beech in North Eastern Turkey. Cable crane productivity is determined by using the
methods of work and time study. The research results implies that some working characteris-
tics of the Gantner cable crane such as extraction distance, speed of the carriage (loaded and
unloaded), load volume, time consumption of handling operations and fuel consumption
have an important impact on productivity of the cable crane.
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1. Introduction — Uvod

Turkey has 21.2 million ha of forests, which occu-
pies 26.6% of its total land area. Approximately 75%
of the forested area is on steep terrains with slopes
greater than 40%. Therefore, harvesting in moun-
tainous regions has always posed a special difficulty.
In the last 30 years, Turkey’s forests have been opened
by road network. Currently, there are 144,000 km of
forestry roads. Also, approximately 50,000 km of
public roads, which are used predominantly in for-
ested areas, are essential routes in the road network.
An average road density is 10.7 m/ha in the whole
forested area.

The timber harvesting is still one of the most im-
portant forestry activities. Three types of primary
transportation methods are used in Turkish forestry,
and they are: human power, animal power and me-
chanization. Manual ground skidding (man and gra-
vitation) is generally applied in small steep forest ar-
eas for extraction of fuelwood over short distances.
Animal skidding, mainly by horses and oxen, is
used for pre-skidding for bunching distance be-
tween 20 m and 100 m. Mechanical skidding is car-
ried out by ground based forestry vehicles. Also
Gantner, Koller and URUS cable systems are used
for timber extraction on steep terrains.

2. Material and Methodology —
Materijal i metodologija

In Turkey, Gantner cable cranes have been in use
since the late 1950’s. The actual share of cable sys-
tems is not very high in total timber extraction. How-
ever, in mountainous parts of Turkey such as the
study area, this is the only possible system of timber
extraction. That is the reason why the Forest General
Directorate in Turkey has imported many of the
URUS and Koller series mobile tower yarders, Koller
carriages, Gantner cable cranes and other equip-
ments. The Gantner cable crane is mounted on a
sledge. The extraction distance of the cable crane is
1500 m (2000 m). Four workers are employed for op-
erating the cable crane. The time of installation of the
cable crane is between 20-50 hours, while the dis-
mantling time is between 7-14 hours depending on
terrain conditions.

The basic characteristics of the Gantner cable crane
are as follows (Figure 3):

— Cable crane mass is 1420 kg (with winch, ropes

and engine),

— Diesel engine power is 45 HP,

— Maximum pulling force is 6840 kN,
— Maximum cable speed is 7.5 m/s,
- Single drum width is 800 mm,

— Maximum payload is 2.5 t,
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— Diameter/length of skyline is 24 mm /2000 m,

— Diameter/length of mainline is 16 mm /1500 m,

— Fuel consumption is 20 L/day,

— Dimensions (length, width, height): 2500x

1500x1200 mm,

— Carriage type: SKA-2.5

In order to conduct this research, the first step
was to choose the harvesting area. The selected stu-
dy area is situated in Artvin province (Figure 1).
Gantner sledge cable crane was selected and located
at the peak of the selected area. The sledge winch
was placed 800 meters away from the roadside land-
ing due to decreasing of harvesting costs and in-
creasing the machine’s performance. During the tim-
ber extraction some variables were measured and
data collected.

3. Study Area — Mjesto istraZivanja

In Turkey, the forests are managed by a state au-
thority called »General Directorate of Forestry«. Un-
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der this Directorate 27 regional forest administra-
tions have been established. Each of them has been
authorized to administer a local Forest Offices, re-
sponsible for managing a certain part of forestlands.
Nowadays there are 1238 Forest Offices, which have
been managing about 21.2 million ha of forests. 15.4
million ha of forests with growing stock of 1195 mil-
lion m? are considered as high forests and have been
managed for production of technical roundwood.
The remaining 5.8 million ha of forestlands are cop-
pice forests with growing stock of 1255 million m3
and they have been managed with the aim of pro-
ducing firewood.

The study area is managed by Atila Forest Office
within the Artvin Forest Administration. Atila For-
est Office manages 6910 ha of forest with the grow-
ing stock of 1.4 million m3. Road density in Atila For-
est Officeis 17 m/h. The most important commercial
tree species are Picea orientalis (L.) Link, Abies nord-
manniana (Steven) Spach, Fagus orientalis (Lipsky)
and Pinus sylvestris (L.).

i
=
Yalnizcam Cuit-block 4
Sjedina Yalmizcam L

Black Sea
Cmo move
&
o N Artvin Province
: Regija Artvin
\(z . '
= TURKEY
A TURSKA
~ [
_ant oy
'- IR ", h
m & o
o B vy
S Black Sea y,
3-5 Crmo maore '
'.E:- A
Forest Office Atila Fd
Sumarija Atila _
~
N (o 5

Forest Administration Artvin
Uprava duma Artvin
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60

Croatian Journal of Forest Engineering 27(2006)1



Extraction of spruce timber by Gantner cable crane (59-66)

T Bty
e e
L] *
]I s \
\. T:-_‘ "'ll J
X N \
\, 0\
AN 7 \
.I'I' 1} H
M Winch - Vitlo \ ‘wi |
B Anchor tree - Sidrfle - \‘ L n
2 Intermediale support - Meduupor e 0 N i'J }
——# Hauling direction - Smjer priviadenia e W | o
=== Felled timber - Pogjeteno dno g s
L— - r lrﬁ'f

Figure 2 Ganiner cable crane inside the felling area

Slika 2. Polozaj zi¢ne linije v sjecnoj jedinici
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Figure 3 Gantner cable crane
Slika 3. Zicara Gantner

The research was conducted at subcompartment
69 named Yalnizcam, in July-August 2002. The sub-
compartment area is 37 ha and the volume of re-
moval is 750 m3. Length of timber assortments ranges
from 4 to 6 m.

4. Variables and data collection —
Varijable i prikupljanje podataka

This study tried to determine the impact of inde-
pendent variables to »total cycle time« (total time).
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The total cycle time has been selected as a dependent
variable whereas: »outhaul empty«, »lateral out,
»hookup«, »lateral in«, »in haul«, »unhook« and
»lost time« have been selected as independent vari-
ables. Furthermore, »extraction distance«, »lateral
bunching distance«, »load volume« and »timber
quantity« have been selected as independent vari-
ables having impact on total cycle time.

The definitions of both dependent and independ-
ent variables are summarized below and the expla-
nation is given of their measurement:

Dependent variable:

— t - total time, measured as time at scale level
variable and the measurement unit is minute.

Independent variables:

— a-outhaul empty, starts when the operator is
ready to move the carriage to the choker setter
and ends when the choker setter keeps the
hook.

— b -lateral out, this phase begins at the end of
outhaul empty and ends when the choker set-
ter is ready to hook a load.

— ¢ —hookup, it begins at the end of lateral out
and ends when the choke setter has com-
pleted hooking and given the signal to the op-
erator by wireless phone to begin to drag the
load.

— d -lateral in, begins at the end of hookup pe-
riod and it ends when the operator is ready to
move the carriage to the roadside landing.

— e —inhaul, begins at the end of lateral in and
ends when the carriage has reached the road-
side landing, where the hook is unlocked and
the log is left to the ground.

— f-unhook, begins at the end of in haul when
the carriage passes over to the tripblock and
ends when the hook is pulled back to the load-
ing point.

— g -lost time, is the all work breaks.

— sg — extraction distance, is described as dis-
tance between loading point and roadside
landing, measured by meter-tape and marked
at regular intervals.

— sy —lateral bunching distance, is described as
a distance between skyline and the closest log
and is measured either by pacing the distance
or by visual estimate.

— Iy -load volume, is a variable that represents

the volume of all logs in the load, measured in
cubic meters.

All the variables given above are considered as
scale variables.
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Theoretically, the mathematical function is ob-
tained as follows:

t=flabcdefgsesuly)

H, (null hypothesis) means that the proportion of
variance in total cycle time (t) explained by outhaul
empty, lateral out, hookup, lateral in, in haul, un-
hook, lost time, extraction distance, lateral bunching
distance, load volume included in the regression
model is equal to zero, in the population from which
the sample was selected. Null hypothesis also im-
plies that none of the independent variables has sta-
tistically significant effect on total cycle time.

Alternative hypothesis means that the propor-
tion of variance in total cycle time that is explained
by the set of ten independent variables included in
the regression model is greater than zero, in the pop-
ulation from which the sample was selected. It also
implies that at least one of these independent vari-
ables has statistically significant and linear effect on
total cycle time.

5. Analysis — Analiza

Gantner cable crane was investigated in terms of
work performance by using time and work study
methods. The time periods of working components
were measured by using snap back chronometry
method. The extraction distance was measured by us-
ing a measuring tape, the slope gradient of the terrain
was measured by clinometers, and diameter of each
piece of timber under bark was measured by caliper.
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Slika 4. Ovisnost utroska vremena turnusa o udaljenosti priviadenja
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SPSS Statistical Software and Excel 2000 were
used for carrying out the analyses of data. A regres-
sion model was developed for the statistical analy-
sis.

Initially a 95% significance level was set to test
the null and alternative hypothesis presented above.
F-test (variance analysis) was used for testing whe-
ther the data verify statistical model or not.

F-test = 160,593 and statistically based on a 0.05
significance level. Since F-test (160.593) is higher
than Fy s, (2.42) we have rejected the null hypothe-
sis that none of these independent variables has a
statistically significant effect on total cycle time.

Consequently, the data were consistent with the
alternative hypothesis that the proportion of vari-
ance in total cycle time (t), explained by the set of in-
dependent variables included in the regression mo-
del, was greater than 0.0 in the population from
which this sample was selected. It also implied that
at least one of these independent variables had a sta-
tistically significant effect on total cycle time and
that this relationship was linear.

The regression model for Yalnizcam was calcu-
lated as follows:

t=1.269+0.900-a+1.220-b+0.705-c+0.938-e+
+1.311-f+1.043-g

In preparing the model for the Yalnizcam cut-
-block, when the other variables were hold constant
above the dependent variables, the coefficient of
Durbin-Watson was 2.220. Since the coefficient was
approximately 2 or below, this means that there was
no correlation between the independent variables
that form the model, and that they were completely
separated from each other.

6. Results and discussion —
Rezultati i diskusija

The first result revealed by this research is that
there is a linear and positive correlation between the
set of ten independent variables (outhaul empty, lat-
eral out, hookup, lateral in, in haul, unhook, lost
time, extraction distance, lateral bunching dis-
tance, load volume) and dependent variable (total
cycle time). This implies that when an independent
variable increases, total cycle time increases as well.

When we look at the relationship between each of
these independent variables and total cycle time,
some clear conclusions can be drawn.

Total cycle time (#) vs. outhaul empty (a): The
unstandardized coefficient is 0.900, which means
that the relationship outhaul empty and total cycle
time is positive. If outhaul empty increases one min-
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ute, total cycle time increases 0.900 minutes, when
holding all other variables constant. Since beta (f) is
0.244, the relationship between outhaul empty and
total cycle time is weak, but statistically significant.
Beta coefficient means that for the increase of each
standard deviation in the outhaul empty, total cycle
time increases 0.244 units, when holding all other in-
dependent variables constant in the model. Since the
coefficient is statistically significant, the relationship
between total cycle time and outhaul empty is linear.

Total cycle time () vs. lateral out (b): The unstan-
dardized coefficient is 1.220, which means that the
relationship between lateral out and total cycle time
is positive. If lateral out increases one-minute, total
cycle time increases 1.220 minutes, when holding all
other variables constant. Since beta (B) is 0.271, the
relationship between lateral out and total cycle time
is weak, but statistically significant. Beta coefficient
means that for each increase of standard deviation in
the lateral out, total cycle time increases 0.271 units,
when holding all other independent variables con-
stant in the model. Since the coefficient is statistically
significant, the relationship between total cycle time
and lateral out is linear.

Total cycle time (#) vs. hookup (c): The unstan-
dardized coefficient is 0.705, which means that the
relationship hookup and total cycle time is positive.
If hookup increases one minute, total cycle time in-
creases 0.705 minutes, when holding all other vari-
ables constant. Since beta (B) is 0.169, the relation-
ship between hookup and total cycle time is weak,
but statistically significant. Beta coefficient means
that for the increase of each standard deviation in the
hookup, total cycle time increases 0.169 units, when
holding all other independent variables constant in
the model. Since the coefficient is statistically signifi-
cant, the relationship between total cycle time and
hookup is linear.

Total cycle time (£) vs. in haul (e): The unstan-
dardized coefficient is 0.938, which means that the
relationship between outhaul empty and total cycle
time is positive. If outhaul empty increases one min-
ute, total cycle time increases 0.938 minutes, when
holding all other variables constant. Since beta (B) is
0.281, the relationship between outhaul empty and
total cycle time is weak, but statistically significant.
Beta coefficient means that for the increase of each
standard deviation in the outhaul empty, total cycle
time increases 0.281 units, when holding all other in-
dependent variables constant in the model. Since the
coefficient is statistically significant, the relationship
between total cycle time and outhaul empty is linear.

Total cycle time (#) vs. unhook (f): The unstan-
dardiszed coefficient is 1.311, which means that the
relationship between in haul and total cycle time is
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positive. If in haul increases one-minute, total cycle
time increases 1.311 minutes, when holding all other
variables constant. Since beta (B) is 0.430, the rela-
tionship between in haul and total cycle time is mod-
erate, but statistically significant. Beta coefficient
means that for the increase of each standard devia-
tion in the in haul, total cycle time increases 0.430
units, when holding all other independent variables
constant in the model. Since the coefficient is statisti-
cally significant, the relationship between total cycle
time and in haul is linear.

Total cycle time () vs. lost time (g): The unstan-
dardized coefficient is 1.043, which means that the
relationship between lost time and total cycle time is
positive. If lost time increases one minute, total cycle
time increases 1.043 minutes, when holding all other
variables constant. Since beta (B) is 0.511 the relation-
ship between lost time and total cycle time is moder-
ate, but statistically significant. Beta coefficient
means that for the increase of each standard devia-
tion in the lost time, total cycle time increases 0.511
units, when holding all other independent variables
constant in the model in the model. Since the coeffi-
cient is statistically significant, the relationship be-
tween total cycle time and lost time is linear.

The cable crane performance was being observed
at the felling site for 12 working days. During that
time 700 m3 of timber was extracted in 90 recorded
cycles. Timber extraction was carried out at three dif-
ferent distances. The total cycle times of Gantner ca-
ble crane at the distances of 200, 300 and 400 m are
11.20; 12.83 and 13.83 minutes. The average total cy-
cle time is 12.62 minutes.

The average lost time was 1.26 min/cycle. Lost
times were occurred during loading and unloading
and due to defect of carriage.
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Figure 5 Structure of fime consumptions

Slika 5. Struktura utrosaka vremena
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Table 1 Results of measurements
Tablica 1. Rezultati mjerenja

Extraction of spruce timber by Gantner cable crane (59-66)
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The average load volume is 1.3 m3/cycle. The
volume of an average piece of timber was 0.43 m3
and it was 5 m long. The results of time measure-
ments are shown in Table 1.

The average productivity at the felling site was
6.2 m3/h. The costs of Gantner cable crane was 4.10
$/m3. Daily fuel consumption was measured by the
volume method. The average fuel consumption per
operating hour was 3.5 L/h. Fuel consumption per
unit of extracted timber was 0.56 L/m3.
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Figure 6 Time consumptions by working component

Slika 6. Utrosci vremena radnih sastavnica

8. Conclusions — Zakljucci

This paper shows the results of research of yard-
ing spruce timber by the Gantner cable crane. The
cable crane with an 800 m line length was installed
and four workers were engaged. Lateral dragging
distance was between 20-50 m. The corridor for the
main cable was not used, because the main line
height was between 20-30 m. Two intermediate sup-
ports were used along the cable crane line. The height
of intermediate supports was between 10-12 m. The
timber extraction was carried out downhill.

When moving on the main line, the average
speed of a loaded carriage (downhill) was 2.32 m/min
and the average speed of unloaded carriage (uphill)
was 2.74 m/min (higher by 15%).

The average total time consumption was 12.62 min/
cycle. The average lost time was 1.26 min/cycle.

The average load volume was 1.3 m3/cycle and it
consisted of 3 pieces of 5 m long timber.

The average fuel consumption was 3.5 liters per
operating hour of the Gantner cable crane or 0.56
L/m3. Possible productivity of the Gantner cable
crane is shown depending on the distance of timber
transport and it was 6.7 m3/h (200 m), 6.1 m3/h (300
m) and 5.9 m3/h (400 m), respectively, and 6.2 m3/h
on average. The costs of the Gantner cable crane was
410 $/ms.

In the areas where log transportation is per-
formed by cable crane, after determining its route
and setting the skyline line, processed logs are pre-
-skidded toward the skyline by human force. Thus,
lateral out distance is shortened and the required
time is also decreased to some extent. Consequently
the hourly performance of the cable crane will be in-
creased significantly.
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The quality of forest roads which must be con-
structed depends on site conditions and harvesting
density. Regarding to the harvesting density;, it is es-
sential to decide which cable crane is to be used.

On the other hand, regular maintenance based on
technical features should also be taken into consider-
ation. Consequently, fuel consumption and repair
requirements are also decreased.
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SaZetak

IznoSenje smrekova obloga drva Zi¢arom Gantner iz
artvinskih prebornih Suma

U radu se prikazuju rezultati istraZivanja proizvodnostii statisticka rasclamba utjecajnih ¢imbenika ukupnoga
vremena turnusa pri radu uZetno-zZicnoga sustava za iznosenje obloga drva iz turskih drZavnih Suma. IstraZivanje
je provedeno u mjesovitoj sastojini orijentalne smreke, orijentalne bukve i obicnoga bora u sjeveroistocnom dijelu
Turske, u regiji Artvin. Podrucje se odlikuje strmim razvedenim terenom i velikom bioloskom raznolikoscu.
Izradena se oblovina iznosila niz nagib terena, a kolica su po nosivom uZetu bila pogonjena preko vucnoga uZeta
vitla na saonicama proizvodaca ,Gantner«. Nosivo je uZe razapeto na visini od 20 do 30 m iznad razine tla, te su
postavljena dva meduupora nosivoga uzeta Zicne linije.

Proizvodnost ovoga sustava primarnoga transporta drva ispitana je metodama studija rada i vremena. Vrijeme
radnoga turnusa podijeljeno je na sastavnice koje su mjerene povratnom metodom kronometrije. Svaki se turnus
sastojao od vraéanja praznih kolica u sjecinu, izvlacenja uZeta za vezanje tovara, vezivanja tovara, postranoga
privlacenja tovara do Zicne linije, iznosenja tovara do pomocnoga stovarista, odvezivanje tovara te nepotrebno
izgubljenoga vremena. Osim tih radnih sastavnica, mjerene su jos neke znacajke radilista: udaljenost iznoSenja
tovara po nosivom uZetu, udaljenost postranoga privlacenja drva, obujam tovara te broj komada oblovine u tovaru.

IstraZivanje Ze trajalo 12 radnih dana, tijekom kojih je snimljeno 90 turnusa. Ukupno je na pomocno stovariste
izneseno 700 m® obloga drva. Utvrdena proizvodnost ovoga sustava iznosila je 6,2 m®> po pogonskom satu rada.
Owisno o udaljenosti iznosenja drva, ucinak ovoga uZetno-zicnoga sustava bio je za udaljenost iznosenja od 200 m
jednak 6,7 m*/h, za udaljenost iznogenja od 300 m 6,1 m’/h, dok je najmanji bio za udaljenost iznosenja od 400 m i
iznosio je 5,9 m*/h. Trosak rada ustanovljen je u iznosu od 4,10 $/m’. Prosjecni je turnus trajao 12,62 minuta. Kod
udaljenosti iznosenja od 200 metara, uz postrano privlacenja drva do Zicne linije od 15 metara i obujma tovara 1,25
m’, prosjec¢no ukupno vrijeme radnoga ciklusa iznosilo je 12,20 minuta, dok je kod udaljenosti iznogenja od 400
metara, postranoga privlacenja od 22,5 metara i prosjecnoga obujma tovara od 1,30 m’ bio 13,83 minuta. Prosjecna
brzina kretanja opterecenih kolica niz nagib bila je 2,32 m/min, a neopterecenih (uz nagib) 2,74 m/min.

Radi utvrdivanja utjecaja na ukupno radno vrijeme radne su sastavnice kroz statisticku rasclambu tretirane
kao nezavisne varijable. Znacajke radilista (udaljenost iznoSenja tovara po nosivom uZetu, udaljenost postranoga
privlacenja i obujam tovara) takoder su promatrane kao nezavisne varijable. Ukupno radno vrijeme u ovom slucaju
bila je zavisna varijabla. Utvrdeno je da postoji pozitivna linearna korelacija izmedu ukupno utroSenoga vremena
turnusa i svih deset nezavisnih varijabli (7 radnih sastavnica i 3 znacajke radlilista). Navedeno potvrduje da se
poveéanjem bilo koje nezavisne varijable poveéava i utrosak ukupnoga vremena turnusa. F-testom ustanovljeno je
da svaka radna sastavnica ima statisticki znacajan utjecaj na ukupno vrijeme turnusa.

Kljuéne rijeci: Zicara na saonicama Gantner, kolica, proizvodnost, Turska, Artvin
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