
69

НАУКА ЗА ГОРАТА, КН. 3, 2007
FOREST SCIENCE, No 3, 2007

Cost ProduCtion study of Motor-Manually felling 
and ProCessing of logs

M. Reza Ghaffarian
Institute of Forest Engineering, University of Natural  

Resources and Applied Life Sciences–Vienna

 Hooshang Sobhani 
Department of Forestry, College of Natural Resources,  

Tehran University–Karaj

abstract: Felling is an important component of harvesting system. Motor-manually felling 
and processing was studied in Nowshahr in Northern forests of Iran. The elemental time study 
method was used. Felling and processing time predicting model was developed using stepwise 
regression. Diameter at the breast height (DBH) was significant factor affecting felling time. 
The volume and length of logs were significantly entered to the processing model. This paper 
presents the production and costs of felling and processing of log to lumber. 
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introduCtion

Logging cost is one of the most common costs of forest management 
plans. Logging is a system that includes several components. The components 
of logging system are felling and bucking, yarding, loading, transportation, 
unloading and road construction (C o n w a y, 1982). The highest efficiency 
can be achieved only through good planning of all the components. Felling 
and bucking may be done manually, motor-manually, or by mechanized har-
vesters and fellerbunchers.  

This paper presents the cost and production rate of motor-manually 
felling in Northern forests of Iran. Steep terrain makes logging crews’ move-
ment and felling more difficult than will be the case with gentle terrain. The 
productivity of felling and bucking on gentle terrain are significantly higher 
than steep and uneven terrain. The chainsaws are common felling instru-
ments in motor-manually felling. The most important point in using a chain-
saw is the slope of ground, because it increases breakage of stems (Sobhani, 
1984). In the steep terrains, because of rolling and sliding of logs, bucking is 
difficult and requires additional time (S o b h a n i, 1984).
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Ground and soil conditions and understory density, have high influence 
on chainsaw operator’s movement. The dimension and number of trees per 
ha is important. If the trees have small diameter, it is needed to fell more 
trees to achieve a given volume production.  Felling the tree and especially 
moving to next tree is dependent on the diameter of the tree (S o b h a n i, 
1984).

In Craig, near New Castle in Virginia, in order to evaluate harvest-
ing systems, felling by chainsaw was studied. Diameter at the breast height 
(DBH) was the only significant variable affecting the time of felling in a 
linear model (S o b h a n i, 1984).

A general comparison of the time distribution of work elements ob-
served in felling a single tree at the two study sites suggested that cutting 
techniques of more experienced operators with some training resulted in a 
lower share of time spent on bucking and delimbing at M38/SBLC and use 
of improper felling techniques at BL14/VFP is evident from the time spent 
‘cutting free the chainsaw’, which was almost seven times higher than at 
M38/SBLC (FAO, 1998).

H a r t s o u g h et al. (2000) developed the felling time predicting model 
based on the tabular data of felling time per tree collected on clear cutting 
of second-growth timber by P e t e r s o n (1987). They presented the expo-
nential model to predict the time of felling depending on DBH. K l u e n d e r, 
S t o k e s (1996) developed a nonlinear model to predict felling time for dif-
ferent harvesting prescriptions in Arkansas, USA, using variables as distance 
from previous tree, proportion of basal area removed and DBH. W a n g  et 
al. (2004) indicated that felling time per tree in central Appalachian hard-
wood forests was most affected by DBH and the distance between harvested 
trees. The chainsaws felling and feller-buncher were compared to study 
the effect of ground slope, stump diameter and species on stump height 
in British Colombia in clear-cut blocks. Mechanized felling with a feller-
buncher resulted in lower stumps by 5.5 cm on average than chainsaw felling 
(H a n, R e n z i e, 2005).

Modifying felling phase can also improve productivity of yarding sys-
tem, which was studied in Washington (M cN e e l, D o d d, 1997). In central 
Sweden, for motor-manual logging, differentiated processing method was 
found to be recommendable for agronomical, economical, and efficiency 
reasons (B j o e r h e d e n, 1998).

Although many researchers have studied production and cost of skid-
ding and transportation in the study area, no information is available on 
production of tree felling. Motor-manually tree processing to the lumber has 
not been studied and documented although there are a couple of researches 
on mechanical tree processing. This paper presents the cost and production 
of tree felling and processing which would be helpful in logging planning.
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MetHods

The time study method was applied to determine production rate of 
felling the trees and processing the logs by chainsaw.

sites of study
Three compartments of Patom district of Forest Research Center in 

Nowshahr in Northern Iran were selected to study felling. The stands were 
mixed composition of broadleaves trees and forest type was Fageto-carpi-
netum. The gentle slope was 35%, average standing volume as 370 m3/ha 
and the minimum and maximum height above sea level 600 and 1300 m, 
respectively. 

For the study of tree processing, two compartments in Namkhaneh 
district were selected. The stands were mixed broadleaves with forest type of 
Carpinetum and Fageto- carpinetum. The first compartment area was 31.3 
ha with the minimum and maximum elevation above sea level of 830 and 
970 m, respectively. The general slope was 35% on Eurtic Cambisols (CMe) 
with the standing volume of 375 m3 per ha. The second compartment had 
the area of 27.8 ha with the minimum and maximum elevation of 800 and 
1100 m, respectively. The general slope was 35% on a brown soil with the 
standing volume of 509 m3 per hectare. There was no climate data available 
for these forestlands, but according to the meteorology station in Nowshahr 
which is 10 km away from this location and based on long term period 
information (from 1971 to 2000), the warmest month was July with an 
average temperature about 24.6 °C and the coldest one in February with an 
average temperature of about 7.5 °C. The greatest monthly rainfall has been 
237.6 mm in October, and lowest one was 475 mm in June. 

Work organisation 
The silviculture method is based on single and group selection meth-

ods. The trees are felled motor-manually using chainsaws. 
After processing and delimbing by chainsaw, the logs are extracted 

by wheeled or tracked skidders to the landings. The felling and processing 
was done by three people; an operator and two workers who assisted the 
operator for fueling and cleaning the site around each tree or group of tree 
to be felled.

After delimbing the branches, the stems are bucked to long length or 
short length logs to be extracted by skidders or tractors.

If the terrain is too steep or the timber volumes below than which 
can be economically extracted by a skidder or tractor will be sawed to small 
lumbers and fuel woods to be extracted by mules. This project was carried 
out to estimate production and cost of processing the logs to lumbers. 

The elemental time study method was applied to study the felling 
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productivity. The working cycle was divided into eight elements: movement 
to tree, deciding about felling direction, cutting the buttress roots, under cut, 
back cut, wedging, tirfor setting, and fueling. The variables such as species, 
DBH, distance between trees, slope of passage way to next tree, slope of 
ground at the stump and felling direction including to the natural lean, against 
the natural lean and side lean were determined in each working cycle.

For timing the processing of logs, time of processing of each lumber 
was measured. The variables such as diameter in the mid length of the log, 
length of log and slope of ground at processing site were measured. The 
species also was noted. To calculate volume of log as a variable affecting 
time of processing, following formula was used.

V= π×D 2×H/4

Where: V is volume of log, D diameter at mid length of log and H is 
the length of log.

statistical analysis
In order to develop a model to predict the time of felling, stepwise 

multiple regression was applied. In this method, if any variable has a significant 
effect on RMS (Residual Mean Squares) of the model, it would enter to 
the model. The validity of the models can be tested using the confidence 
intervals for each coefficient. If the real time of witness samples were in the 
confidence intervals, the model would be valid.

Costs of felling and processing
The cost of felling and processing the logs include fixed costs 

(Deprecation, Profit and Tax), operating costs (Maintenance and repair, 
Fuel, Oil and Grease) and labour costs.

results

felling the trees
The stepwise multiple regression was applied by SPSS 11 Software us-

ing 280 working samples.

felling model

Y= -1.85 + 0.206×D
Rsq= 0.67

Where: Y is felling time per cycle (min) and D is DBH in cm, 
increasing the DBH would increase the felling time.
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In order to test the validity of model, 6 samples were randomly selected 
from the time study database and were not used in modeling process. These 
samples were applied as witness samples to test if developed model is 
reliable or not. 

The validity test confirmed the model is valid at the probability level of 
5%. The mean, maximum and minimum DBH during this time study, were 
53, 150 and 20 cm respectively. Also the mean, maximum and minimum 
felling times were respectively 8.776, 89.89 and 0.55 min. The distance among 
the trees was averagely 32.79 m. Based on the results, the felling production 
was averagely 7 tree were felled per hour in Patom district. This production 
was estimated based on the data collected during winter in February.

The total felling time was 2503.08 min where 16.5% was personal 
delay, 3.36% as technical delay (including failures of chainsaw) and 4.34% 
was classified as operational delays such as lack of consonance between 
workers and chainsaw operator or delay in preparing the fuel. Total delays 
were 24.21% of total felling time.

For the constant DBH, analysis of variance was applied to test if 
there is any significant difference among species regarding to felling time 
(Table 1). The significant level of 0.98 is more than 0.05, which confirms 
the hypothesis can be accepted. Therefore there is no significant difference 
among the species regarding felling time or in the other hand, felling time is 
not dependent to species.

table 1 
Analysis of variance regarding to felling time for different species

sum of squares df Mean of squares significant level

Among the groups 8.95 3 2.986 0.98

In the groups 3365.41 70 48.07

Total 3374.36 73

Based on the cost calculation of forest operation plan of Kheyroudkenar 
forest, the hourly cost of chainsaw with the team work of three persons was 
estimated about 5.81 USD in 2004 (S o b h a n i, 2004). The felling cost for 
each tree would be about 0.86 USD.

Processing
The same working team processed the logs to the lumbers. Stihl 090 

chainsaw was used to process. Data was collected during the summer time 
in July. By preliminary sampling and holding time accuracy about 20% of 
average processing time, the number of samples could be obtained according 
to following formula:
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N = (t2 × s2)/E 2        

Where: N: Number of samples                  
t: Value of the student table
S: Standard deviation                               E: Accuracy 
Totally 49 processing cycles were timed where 3 samples as witness 

sample were used to verify the validity of the model. The production rate 
and cost of processing the logs to lumbers were about 2.179 m3/h and 2.67 
USD/m3 respectively. Using the stepwise regression the model was devel-
oped to predict the time of processing.

Processing model

T= 16.741+ 22.855×V- 1.485×L

Where: T is processing time per cycle (min), V as volume of log (m3) 
and L is length of log (m). The Rsq of 60.1% shows that 60.1% of variations 
could be explained by model. 

If the volume increases, the time of processing will increase. But, dur-
ing this study, the long length had small diameter and low volume, which led 
to decrease the time of processing. The validity test using witness samples 
confirmed that developed model is valid at α=0.05.

The delays were recorded during each working cycle where 0.55% 
of the delays were operational, 34.77% as technical and 64.68%–personal. 
The reasons of the technical delays included dislocating of the chain on 
guide bar, breakage of the chain, sharpening the chain or getting caught of 
chain during processing. The operational delays occurred because of lack of 
organisation between operator and his assistants. The personal delays were 
caused by lunch, breakfast, personal communications and short rests.

disCussion

  The results of the production study of motor-manually felling in 
Northern Iran indicated that DBH is a significant variable affecting felling 
time. Increasing the diameter will increase felling time and cost. The effect 
of species on the felling time was tested using analysis of variance. This test 
showed that species of trees makes no sense on felling time.

The manually processing of logs was timed to develop a time predicting 
model. The log volume and length of the log were important variables used 
in the regression model. If log volume increases, processing time will increase 
too but increasing the log length will decrease the time of processing.

The important part of this time study focused on the delay times of 
felling and processing.  The personal delays in both harvesting phases are 
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relatively high. The technical delays of processing are higher than felling; it 
is caused by higher pressure on the chainsaw when the operator processed 
the logs. More care should be taken to well maintain of the chainsaw during 
the log processing. The higher operational delays in the felling phase can be 
interpreted because of improper organisation. 

ConClusion

The developed models and production rate of motor-manually felling 
and log processing are useful tools for logging planners in order to predict 
the time and cost of felling and processing of cutting block in the area of 
this study. 

The high rate of delays in both time studies is important to planners 
who want to increase the efficiency of felling and processing to diminish the 
logging cots. The chainsaw operators do not use the protection equipments 
such as ear protection, gloves, suitable shoes and clothes. These protection 
equipments and first aid devices must be available to logging crew to avoid 
the accidents. 

Two workers assisted the chainsaw operator during felling and processing, 
it can be proposed to use only one worker to decrease the labour cost.

The next research can be carried out on economical wood wastage 
caused by processing the industrial logs to lumbers. Also it is needed to study 
the motor manually delimbing and bucking.
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( р е з ю м е )

Изследвани са добивът и обработката с ръчен моторен трион в 
Ношахр в Северните гори на Иран. Използван е методът на времевите 
елементи. Разработен е добивен и обработващ модел за предсказване 
на основата на стъпкова регресия. Диаметърът на гръдна височина 
е важен фактор с влияние върху времето за поваляне. Обемът и 
дължината на стъблата са важни за разработването на модела. 
Представени производството и разходите за добив и обработка на 
трупи за сортименти.
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