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Abstract

The purpose of this study is to investigate the productivity of the MB Trac 900 tractor during extraction of beech
timber from stand of oriental beech in the North of Turkey. By using the methods of time study, the productivity of MB
Trac 900 tractor was determined considering two different average skidding distances (i.e. short : 55 m and long: 105
m). The research results implied that some working characteristics of the MB Trac 900 tractor such as skidding distance,
load volume, time consumption of handling operations and fuel consumption had an important impact on productivity
of the tractor. Hourly productivity was computed as 14.580 m3/hour for the average skidding distance of 55 m while it
was 8.850 m?/hour for the average skidding distance of 105 m. The cost of skidding was 3.5 $/m? and 9.6 $/m* for the
specified average skidding distances, respectively. The average load volume for each cycle was found to be 1,490 m* and

2,130 m?, respectively.
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Introduction

Forest harvesting systems chosen must be bal-
anced for the characteristics of the forest, machine
types, intensity of the harvesting operation, and oth-
er variable factors that affect equipment productivity
(Akay et al. 2004). One of the common harvesting sys-
tems is ground skidding system, which is the process
of moving timber from the felling area to roadside or
landing by using mechanized equipment. Mechanized
harvesting systems provide higher quality products
and safer operation environment than that of conven-
tional systems (Akay and Erdas 2007). In most regions
of Turkey, the application of mechanized harvesting
equipment is currently low, due to low labor costs and
high fuel costs. Therefore, estimating production rates
of the equipment is very important for logging man-
agers to develop cost effective mechanized harvest-
ing systems (Akay et.al. 2004).

In Turkey, primary transportation of logs from
stands to landings involves the use of human power,
animal power and mechanization. Ground skidding by
hand (man and gravitation) is applied in small-scale
forestry for extraction of small amount of timber and
big amount of fuelwood over short distances. Animal
skidding, mainly by horses and oxes, is used for pre-
skidding for bunching distance between 20 m and 100
m. Mechanized harvesting is carried out by ground
based forestry vehicles (Ozturk and Senturk 2007).

In the mountainous regions of northern Turkey,
timber extraction using skidding vehicle is the most
common system. The productivity of skidding tractors
in forest operation depends on various factors such
as forest conditions, equipment type, weather condi-
tions, and operator’s experiences. The stand charac-
teristics (tree diameter, log length, number of trees per
unit area etc.) and topographic conditions are the main
factors that limit the usage of mechanization. Equip-
ment selection is also very critical to perform the for-
estry operations in an effective way. In primary trans-
portation, rubber-tired tractors are usually used on the
gentle slopes and on skid roads for the steep terrain.
Crawler tractors can be also preferred on steeper to-
pography to skid logs directly to the landing (Ghola-
mi and Majnounian 2008). The rough weather condi-
tion may also reduce the productivity and tends to
cause the soil erosion problems. Finally, the operator
always has an important influence on productivity for
the most of the forest operations (Gullberg 1995). The
operators should receive sufficient training sessions
and their performance, motivations, and abilities should
be assessed in real operations.

Due to the combined use of tractors and trucks
for primary and secondary (i.e. hauling logs from land-
ing to depots) transportation of logs, the productivi-
ty of harvesting operation also relies on the density
of forest road network. Forest road networks are ex-
pected to decrease the costs of timber extraction by
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reducing the amount of strip roads and skid trails,
which then leads to reduction in skidding distance,
winching distance, and mobility of loaded vehicles on
mountainous terrain (Sabo and Porsinsky 2005).

Harvesting and transportation of logs especially
on mountainous areas are extremely difficult, expen-
sive, and time consuming operations (Eroglu et.al.
2009). Time studies are very important methods to
estimate the productivity of forest operations and to
compare productivity of forest harvesting systems of
various conditions (McDonald and Fulton, 2005).
Many studies have been conducted to perform time
studies of various harvesting equipments (Gullberg
1995, Acar 1995, Aykut 1972). Besides, a time study
integrated with ergonomic evaluation was conducted
by Johansson (1997) to determine the possibility of
using a forest machine in forest harvesting operations.

The aim of this study is to perform a time study
to determine the productivity of articulated MB Trac
900 tractor in skidding of logs from a beech stand. The
structure of total consumed time, time standards of
work phases, and daily output standards for two dif-
ferent skidding distances (i.e. short: 55 m and long:
105 m) were established.

Material and methods

MB Trac 900 tractor

Forestry tractors are designed for skidding tim-
ber on skid roads and skid trails as well as off road.
MB Trac 900 is a four-wheel drive vehicle with artic-
ulated structure. The main technical characteristics of
the tractor were shown in Table 1. Figure 1 indicates
the MB Trac 900 skidding logs in a forest.

Study area

The extraction of beech timber was carried out by
MB Trac 900 in Golkoy Local Forest Enterprise within
the Ordu Forest Administration. Study area is located in
the mountainous area of Black Sea Region in Turkey.

Table 1. Main technical characteristic of MB Trac 900 (Oz-
turk 2001)

Features Values Features Values
Machine Power 85 HP (63 kW) Vinch Mark CcGa2m2zD
Weight 6000 kg Cable Diameter 12 mm
Drawing Power 72,9 HP (53.7 kW) Cable Length 100 m
Speed 30/40 km/hour Cable Speed
Cylinder 4 cylinder -540 tour  33/61 m/min
Cylinder Capacity 3780 cm? -1000 tour 19/35 m/min
Cooling System Water Cooling Lift up Power 2000 daN
Speed - front 25 - 40 km/hour Depot Capacity 120 It

- back 20 km/hour Machine Type  OM 314

Figure 1. MB
Trac 900 tractor

Golkoy Local Forest Enterprise manages a forested area
of 47,847 ha. The compartment number of study area is
67 with the average stand age of 40. The beech is the
dominating tree in the section of an 25 ha. The road
density of the area was computed as 9.60 m/ha. Figure 2
shows the maps of the Ordu province and the topograph-
ic map of the investigated subcompartment. The aver-
age slope of the study area was 30% and the altitude of
the region was between 1,200 and 1,500 meters.
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Figure 2. Ordu province and felling area

Two skid roads were scheduled for skidding logs
from the felling site to the landing area. Along skid
roads, soil was loam and skidding was uphill. The for-
est road was used as the landing area as wood assort-
ments were stocked along both sides of the road.

Data collection

The performance of MB Trac 900 was investigat-
ed by using time and work study method. Time con-
sumptions of the duration of working components were
researched by repetition method and records were
taken throughout the whole working day. The skidding
distance was measured by using a steel measuring
tape. The slope gradient of the terrain and strip roads
was measured by using a clinometer. The load for each
cycle was computed based on the length and diame-
ter information of the logs. The log diameter under bark
was measured by using a caliper.
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The field data were recorded into the data tables,
and then entered into computer for data processing.
Data processing covered the control and selection of
data, classification of recorded times and calculation
of the achieved work productivity. Statistical data
processing was carried out by using Microsoft Excel
2003 and SPSS.11.

In this study, the time measurement phases with-
in a skidding cycle of tractor are composed seven stag-
es. The definitions of these time measurement phases
and how to measure them are summarized below:

a = unloaded tractor travel is started when the
tractor is ready to move the loading area. This phase
ends when tractor arrives the loading area.

b = pulling out of cable, begins when tractor stops
moving and ends when the choker setter is ready to
hook a turn.

¢ = hookup, begins at the end of lateral out and
ends when the choker setter has completed hooking.

d = winching, begins at the end of hookup peri-
od and ends when the operator is skidding timber
through tractor side.

e = loaded tractor travel, begins at the end of lat-
eral in and ends when the tractor has reached to the
landing area.

f = unhook, begins at the end of in haul when the
tractor passes over to the tripblock and ends when the
hook is pulled back to the loading point.

Dt = Delay time is the time that is lost when skid-
ding operation is stopped, due to some obstacles on
the ground or machine timeout.

In this study, the impact of the specified inde-
pendent variables onto “total cycle time” (total time)
was investigated. Thus, the total time was chosen as
a dependent variable whereas; “skidding distance”,
“load volume” and “load number” were selected as
independent variables.

The definitions of both dependent and independ-
ent variables and how to measure them are summa-
rized below:

Dependent variable:

t = total time is the time in which a tractor com-
pletes one skidding cycle. The measurement unit is
minute.

Independent variables:

Sd = skidding distance is described as distance
between loading point and destination at landing. The
distance is measured in meter and marked at regular
intervals and recorded.

Lv = load volume represents the volume of the
transported logs in each cycle. This variable is meas-
ured as cubic meters.

Ln = load number represents the number of the

transported logs in each cycle. This variable is meas-
ured as numbers.

All the variables given above are considered as
scale variable. Then, following hypothesis were set up:

H, = R? = 0.0 (Null hypothesis)
versus

H, (null hypothesis) means that the proportion of
variance in total cycle time (t) that is explained by
skidding distance, load number, load volume. Null
hypothesis also implies that none of the independent
variables has statistically significant effect on total
cycle time.

Finally, production per hour (m’/hr) can be deter-
mined by using the equation below:

Production = (Lv / t) x 60

Lv = load volume per cycle (m?)

t = cycle time (min)

y.a,b,c,d,e,f,g,ed,lbd,lv

Analysis

MB Trac 900 tractor was investigated in terms of
work performance by using time and work study meth-
ods. Initially, a 95% significance level was set to test
the null and alternative hypothesis presented above.
F-test (variance analysis) was used for testing wheth-
er the data verify statistical model or not. F-test =
85.306 and statistically based on a 0.05 significance
level. Since F-test (85.306) was higher than F 05 the
null hypothesis was rejected that none of these inde-
pendent variables has a statistically significant effect
on total cycle time. Consequently, the data were con-
sistent with the alternative hypothesis that the pro-
portion of variance in total cycle time (t), explained by
the set of independent variables included in the re-
gression model 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
statistically significant effect on total cycle time and
that this relationship was linear.

The regression model for study area was calcu-
lated as follows:
t=-1.693+0.138 xSd —0.285x Lv + 0.536 x Ln (R*=0.86)

In preparing the model for he study area cut-
block, when the other variables were hold constant
above the dependent variables, the coefficient of
Durbin-Watson was 2.027. 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 sepa-
rated from each other.

Results

The Golkoy forest district operating under the
management of Ordu Forest Administration was cho-
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sen as the study area for timber skidding operations.
All workers employed at tractor operations were
housed in the barracks located within the forest area.

When we look at the relationship between each
of these independent variables and total cycle time,
we can find out some sound and clear conclusions:

Total cycle time (t) vs. skidding distance (sd): The
unstandardized coefficient is 0.138, which means that
the relationship between skidding distance and total
cycle time is positive. When skidding distance increas-
es one minute, total cycle time increases 0.138 min-
utes, if we control all other variables constant. Since
beta (B) is 0.919, the relationship between skidding
distance and total cycle time is moderate, but statisti-
cally significant. Beta coefficient means that for each
standard deviation increases in the skidding distance,
total cycle time increases 0.919 units, when we con-
trol all other independent variables constant in the
model. Since the coefficient is statistically significant,
the relationship between total cycle time and skidding
distance is linear.

Total cycle time (t) vs. load volume (Iv): The un-
standardized coefficient is -0.285, which means that the
relationship between load volume and total cycle time is
negative. When load volume increases one minute, to-
tal cycle time decreases -0.285 minutes, if we control all
other variables constant. Since beta (f) is -0.050, the
relationship between load volume and total cycle time is
weak, but statistically significant. Beta coefficient means
that for each standard deviation increases in the load
volume, total cycle time increases -0.050 units, when we
control all other independent variables constant in the
model. Since the coefficient is statistically significant, the
relationship between total cycle time and load volume is
linear.

Total cycle time (t) vs. load number (In): The un-
standardized coefficient is 0.536, which means that the
relationship between load number and total cycle time
is positive. When load number increases one minute,
total cycle time increases 0.536 minutes, if we control
all other variables constant. Since beta () is 0.106
the relationship between load number and total cycle
time is weak, but statistically significant. Beta coeffi-
cient means that for each standard deviation increas-
es in the load number, total cycle time increases 0.106
units, when we control all other independent variables
constant in the model. Since the coefficient is statis-
tically significant, the relationship between total cy-
cle time and load number is linear.

The relationship between total time and skidding
distance is shown in Figure 3 and the relationship
between total time and productivity is shown in Fig-
ure 4. As shown in Figure 3 and 4, when the skidding
distance increases, the total time of a cycle is increas-
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Figure 3. Relationship of skidding distance vs. total time
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Figure 4. Relationship of skidding distance vs. productivity

ing. In addition, when the skidding distance increas-
es, the productivity of tractor is decreasing.

The MB Trac 900 tractor performance was being
observed at the felling area for 15 working days. Dur-
ing that time, 950 m* of beech timber was extracted in
55 recorded cycles. Timber skidding was carried out
at different distance, but two different average skid-
ding distances (i.e. short : 55 m and long: 105 m) are
observed for this study. The average total cycle times
of MB Trac 900 tractor at the distance of 55 and 105
meters are 6.13 and 14.43 minutes, respectively. The
average total cycle time is 10.25 minute for this study.
The average delay time was found to be 0.52 min/cy-
cle. Delay times occurred during hookup and loaded
tractor travel. The distribution of time consumption is
shown in Figure 5.

The results indicated that the average load volume
is 1.80 m3/cycle. The volume of an average piece of tim-
ber was 0.90 m? and it was 2.5 to 6 meters long. The
results of time measurements are shown in Table 2.

Hourly productivity is 14.580 m3/hour for skidding
distance of 55 m, 8.850 m3/hour for skidding distance
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Figure 5. Percent of work phases
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Table 2. Results of measure-
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55 110 037 1.11 049 1.18 0.38 0.30 6.13 1.490 14.580
105 3.15 1.00 157 200 430 048 1.13 1443 2.130 2 8.850
a: Unloaded travel travel d: Winching
b: Pulling out of cable e: Loaded tractor travel
c¢: Hookup f: Unhook

of 105 m. The cost of skidding are 3.5 $/m? and
9.6 $/m3 for two different skidding distances, respec-
tively. Daily fuel consumption was measured by the
volume method. The average fuel consumption per
operating hour was 4.5 l/hr. Time consumptions by
working component are shown in Figure 6.

55 m Skidding
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Figure 6. Distribution of time consumption phases

Discussion and conclusions

This paper shows the results from skidding beech
timber by the MB Trac 900 tractor. Four forestry work-
ers with an experienced tractor operator engaged in
the skidding operation. The timber skidding was car-

105 m Skidding

1.13
f 0.48

e ]4.30

2.00
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o
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ried out uphill for two skid roads with the slopes of
2% to 12%.

In this study, productivity of MB Trac 900 was
found to be 14.580 m*/hour and 8.850 m3/hour for the
average skidding distance of 55 m and 105 m, respec-
tively. In a similar study conducted by Acar (1997) in
Artvin Taslica region, productivity of MB Trac 900
was found to be 6.300 m3/hr for the average skidding
distance of 50 metres. In another study by Acar (1995),
productivity of MB Trac 900 was found as 5.73 m?/hr
for skidding distance of 76 metres. By Ozturk (2001),
productivity of MB Trac 900 was found as 6.36 m?*/hr
for skidding distance of 600 metres. The results indi-
cated that the productivity of MB Trac 900 in this
study area was more than the productivity values from
other studies.

In this study, the average cost of MB Trac 900
was calculated as 3.5 $/m3and 9.6 $/m? for 55 and 105
metres skidding distances, respectively. A similar study
conducted in the same region (Acar 1997) reported
that cost of MB Trac 900 was 16.8 $/m? for average
skidding distance of 50 metres.

Increasing the average skidding distance during
the forest operations decreases the efficiency of ma-
chines. At the same time, the cost of skidding increases
in felling area. Therefore, in the felling areas forest
engineers should use shorter skidding distances.
Besides, the skid roads should be coated in the form
of a network in production areas.
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HNPOU3BOAUTEJIBHOCT MU BPEMSA MHCCIIEJIOBAHUSA MB TRAC 900
TPAKTOPHBIE B BYKOBBIX JIECOB HA I'OPHBIX PANOHAX TYPIIUU

T. O3typk u H. CenTypk
Pestome

Llenpro HaCTOSIIETO HCCIENOBAHUS SBISETCS M3ydeHHe npomssoxutensHocTd MB Trac 900 TpakTopa mpu o0brae
OyKoBOTO Jleca M3 BOCTOUYHBEIX HacaxaeHHH Oyka B CeBepHoil Typmuu. C moMombpio METOJa BpeMs HCCIEIOBaHHE
npousBoguTensHocTH MB Trac 900 TpakTopa onpenensercs C y4eToM JBYX Pa3IMYHBIX CKOJIBXECHHN CPETHETO PAcCTOSHUS
(Hanpumep, kparkoe: 55 M u gonro: 105 m). PesyneraTsl uccienoBaHuil cienyeT, YT0 HEKOTOpble pabouue XapaKTepUCTUKH
MB Trac 900 TpakTopa Takue Kak 3aHOC pacCTOSHHUS, 00BbEM Harpys3KH, BpeMs MOTpeOiIeHHe NOoTrpy304HO-pa3rpy30uHBIX
paboT M pacxo] TOIUIMBA OKa3all Ba)KHOE BJIMSHHE Ha IIPOU3BOAUTEIBHOCTH TpakTopa. YacoBas MPOM3BOAMTEIHLHOCTD
paccunteiBanach kak 14,580 m® / wac mns 3aHOCa cpefiHeM paccTOsiHUU 55 M, a 310 Obuto 8,850 M* / wac Ha cpemHem
paccrosiHun ot 3aHoca 105 M. CtommocTs 3aHoca coctaBui 3,5 $ / M u 9,6 $ / M° st yKa3aHHOTO CPEIHEr0 PACCTOSHUS
3aHOCa, COOTBETCTBEHHO. CpeHuit 00beM HATPY3KH Ul Kaka0ro mukia okasaucs 1490 M3 u 2130 M?, COOTBETCTBEHHO.

Kirouesslie ciopa: MB Trac 900, TpeneBka, IpOU3BOJUTEIBHOCTb, CTOUMOCTb, XPOHOMETPAXK
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