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PERFORMANCE OF TOOLS IN TREE FELLING AND
CONVERSION IN CHANGA MANGA FOREST PLANTATION

M. Ayaz*
Abstract

The performance of conventional and improved hand tools in tree felling and conversion
was tested in Changa Manga Plantation on the basis of labour productivity and workload. The
results of time and heart rate studies showed that the improved tools demanded 12.4 minutes
less of work time per cubic meter of timber and firewood converted. The technical labour
productivity for work with improved tools was also higher by about 24% and this increase was
highly significant. Improved tools also reduced the physical workload on the workers highly
significantly as shown by their lower average total pulse by 9 beats/min. These results indicate
that introduction of improved tools and vocational training of forest workers are very essential
for higher labour productivity and improvement of socio-economic conditions of forest workers
in Pakistan.

Introduction

The present state of forest work in almost all developing countries is very poor. The
workers work under very difficult conditions on a very low wage rate, with primitive tools and
without vocational training, resulting into a low labour productivity and poor income. There
is an urgent need for research for the improvement of work and the workers a lot in these
countries. Comparison of work means, methods and ergonomic research are essential for
optimization of ‘““Man-Task System” and to improve the socio-economic condition of forest
workers by way of reduced physical workload and increased work productivity.

A study was undertaken in the irrigated planation of Changa Manga in winter of 1984-85
to compare the efficiency of conventional tools and improved tools in tree felling and conver-
sion for the selection of better tools and methods. The criteria were the physical workload
and technical labour productivity in this study.

MATERIAL AND METHODS
Material

The performance of conventional tools (axes and crosscut saws, peg-tooth) and improved
tools (bow saws and crosscut saws, raker-tooth) in tree felling and conversion was compared on
the basis of technical labour productivity and physical workload on the workers in Changa
Manga Plantation in winters of 1984-85. The study was conducted in compartment No. 157

e The author is Logging Officer at the Forest Products Research Division, Pakistan Forest Institute,
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and 12. The crop consisted of a mixture of mature trees of mulberry (Morus alba) and shisham
(Dalbergia sissoo) ready for main felling. The workers first worked with conventional tools and
methods followed by improved tools. Two week training in the use of new tools and proper
wor echniques was also imparted to them. With each tool system the workers worked in work
party sizes of 2, 3 and 4 persons and in all felled and converted 351 trees of mulberry and
shisham with an average DBH of 27 e¢m (range 13—72 cm). Each felled tree was measured for
its DBH, total length and number of branches of first order which were thicker than 5 cm.

Methods

Time Studies: Time needed to fell and convert a tree and with respect to different work
elements was recorded by the help of multimoment time study techniques with an observation
interval of 1 minute. A work cycle (time to fell and convert a tree) consisted of 9 work ele-
ments e.g., personal delays, operational delays, walk to tree, felling, hang-up, debranching,
firewood conversion, measuring and crosscutting. Time taken for preparation of work was
recorded at the start and end of work only.

Recording of work results: at the end of each day the number and volume of timber
pieces was computed by Huber’s formula and weight of firewood with the help of spring
balance was recorded for each tree felled and converted. Weight of firewood was converted to
cubic meters by using the green density of firewood by the Mercury Displacement Method
(KOLLMANN and COTE, 1968).

Measurement of Resting Heart Rate (Resting Pulse): Every day before the start of work
the resting heart rate (resting pulse) of each worker was recorded in the state of rest for 1015
minutes at radial artery, manually.

Measurement of Heart Rate (total pulse) during work: Observations on heart rate (total
pulse) as a measure of physical workload on the workers were recorded manually with an
observation interval of 3 minutes and with respect to different work elements. At the obser-
vation point the time of 11 pulse beats was recorded with the help of a stop-watch by placing
the fingers of hand either on carotid artery near Adam’s apple (LOON, 1984, ANDERSON,
1971) or radial artery in the wrist (GRANDJEAN, 1981) of the workers. Total pulse as number
of pulse beats/min was calculated by keeping 600 as numerator and time of 11 pulse beats in
seconds as denominator,

The difference between average resting heart rate of a worker and average total pulse
during work gave the average working pulse.

ANALYSIS OF DATA

Organization of Data: The information recorded during field experiment were classified
into two data sets:

= data set on time and technical labour productivity
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—  data set on physical workload (Heart rate).
Each data set was further divided into sub-sets on the basis of tools.

Statistical Procedures: The statistical analysis of data consisted of the following:

—  calculation of basic statistics,
—  testing of difference between the means of data subsets and
—  testing of relationship within the data sub-sets.

The significance of difference between the means of corresponding variables from two
data subsets, e.g., between the mean technical labour productivity with conventional and
improved tools was tested with “two-sample t-test”.

To study the interdependence of variables, the random relationship between the de-
pendent variable of work time (Y-variable) and one or more independent variables (tree para-

meters, X-variables) was tested with stepwise multiple linear regression analysis.

All statistical procedures were carried out with the help of a desk computor HP 9817 A
series 200, with a tolerance and confidence limits of 0.0001 and 95%, respectively.

Results and Discussion

The results reported below are for an average work party size of 3 persons.
TIME STUDIES

As shown in Table 1, the average corrected total and effective work time/m® of tree
volume for felling and conversion of mulberry and shisham trees, with conventional and

improved tools were 72, 4 and 60.0 minutes, respectively.

Table 1. Corrected values of average total and effective work time/m® of tree volume in felling
and conversion of mulberry and shisham trees with conventional and improved tools.

: min/m? Decrease for improved tools
Times
Conventional Improved min o
tools tools
Total work time 72.4 60.0 12.4 17
Effective work time 49.5 42.8 6.7 14
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Improved tools were faster in work and demanded 12.4 min (17%) less of total work time/m>
of tree volume as compared to conventional tools. Similarly effective work time was also
reduced from 49.5 min/m® to 42.8 min/m® of tree volume with improved tools which gave an
effective work time saving of 6.7 min/m> (14%) of tree volume in comparison to conventional
tools.

The resuction in the work times with improved tools was non-significant as tested statis-
tically (Fig. 1) because of overlap of confidence limits being more than 2/3.

The results of multiple linear regression analysis (Table 2) showed that the total work
time/tree was very strongly and highly significantly related to the tree parameters like DBH,
number of branches and total tree volume in case of conventional tools and te only number of
branches and tree volume in case of improved tools. Work time demand with improved tools
remained independent of DBH of the trees. The product of regression coefficient (b;) and
standard deviation (s;) showed that among the different tree parameters, the total tree volume
was the strongest determinant of work time per tree followed by number of branches and
DBH in case of conventional tools and the number of branches only for improved tools.

Table 2.  Result of multiple regression analysis between total work time (dependent variable)
and tree parameters (independent variables) in felling and conversion of mulberry
and shisham trees with conventional and improved tools.

Tools Dependent Independent b;xs; R? F value
variable

Conventional tools Total DBH 9.48
work Branches 5.29 0.88 471 5T***
time Tree volume 38.06

Improved tools Total Branches 5.38
work 0.85 418.40%%*
time Tree volume 52.63

*#**  Significant at 99% level

TECHNICAL LABOUR PRODUCTIVITY

As shown in Table 3, the average technical labour productivity with respect to total work
time remained 0.25 and 0.31 m® (timber and firewood)/man hour with conventional and
improved tools, respectively, The improved tools caused a highly significant increase of 0.06
m® /man hour (24%) in the technical labour productivity.
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Table 3. Average technical labour productivity (m® /man hour) in felling and conversion of
mulberry and shisham trees with conventional and improved tools.

m? /man hour Increase for improved tools
Productivity variables
Conventional | Improved m? /man %
tools tools hour
Total volume/total work time 0.25 0.31 0.06 24 Ak
Total volume/effective time 0.37 0.45 0.08 SRk

*%% Signifcant at 99% level

Similarly the average technical labour productivity for conventional and improved tools
and with respect to effective work time was calculated as 0.37 and 0.45 m® /man hour. The
improved tools gave a higher technical labour productivity of 0.08 m® /man hour (22%) in com-
parison to conventional tools and this increase was highly significant.

GURTAN (1964) reported a 33% increase in the technical labour productivity in the
coniferous forests due to introduction of improved tools and training of forest workers. The
higher increase in this case is mainly because of different workers, three species and work
requirements.

Heart Rate (Physical Workload)

As shown in Table 4, the average total and working pulse of the workers for work
with conventional tools remained 100 and 27 and with improved tools as 101 and 18 pulse
beats/min, respectively. Improved tools caused a highly significant reduction in the physical
workload as depicted by lower average total pulse and working pulse by 9 beats/min.

Table 4, Average total and working pulse of the workers druing felling and conversion of
mulberry and shisham trees with conventional and improved tools.

Tools Decrease in heart
rate with impro-
Average heart rate parameters Conventional Improved ved tools
Resting heart rate 83 83 0
Total pulse 110 101 G
Working pulse 21 18 i

***  Significant at 99% level
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Similarly the average total pulse of the workers (Table 5 and Fig. 2) for work with
improved tools remained lower to various extents in comparison to conventional tools for all
the work elements, This change was very highly significant for felling, releasing of hang-ups,
firewood conversion and crosscutting with a reduction in the average total pulse of the workers
by 24, 23, 5 and 6 pulse beats/min, respectively. While in work delays and debranching a
significant and nonsignificant reduction in the average total pulse by 2 and 4 pulse beats/min
was recorded, respectively.

Table 5. Average total pulse of the workers with respect to different work elements in felling
and conversion of mulberry and shisham trees with conventional and improved tools.

Average total pulse
Work elements Decrease for
Conventional Improved improved tools
tools tools

Work delays 03 91 2%

Felling 132 108 24%%*

Hang-up 122 99 23**%

Debranching 116 112 4
 Firewood conversion 111 106 - s

Cross-cutting 113 107 GH&*

*  Significant at 95% level
*¥%  Significant at 99% level

The average total pulse in felling and releasing of hang-up with conventional tools and
methods was 132 and 122, respectively and the workers worked well above the limit of sus-
tained performance. With improved tools these operations were rendered very easy as depicted
by the average total pulse of 108 and 99 beats/min, respectively. This means that improved
tools were very effective in cutting down the peak loads on the workers.

HANSSON et al. (1966) in their studies on tools and ergonomics in Indian logging opera-
tions, reported an average total pulse of 126 beats/min in felling of trees. This figure is by 6
pulse beats/min lesser and 18 pulse beats/min higher than in felling of trees with conventional
and improved tools, respectively. This difference can be due to different workers and tree
species.
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Cost of work (Rs./m>)

= Conventional tools:

Technical labour productivity 0.25 m? /man hour
with conventional tools (timber + firewood)
*Cost of conventional tools/man hour Rs. 6.03

6.03
Cost/m® of timber + firewood Fos Rs. 24.12

s Improved tools:

Technical labour productivity with 0.31 m® /man labour

improved tools (timber + firewood)
Rs. 6.72

*Cost of improved tools/man hour ——-—0-;1—-- Rs. 21.67

Cost of improved tools with training of workers was less by Rs. 2.45/m> than conven-
tional tools. Therefore, the improved tools and work techniques gave a cost saving of about
11% than work with conventional tools.

" (Capital + personal costs)
Conclusions

The results of the study revealed that improved hand tools with a very short training of
workers, resulted into a highly significant increase in the technical labour productivity in tree
felling and conversion alongwith a very highly significant reducation in the physical workload
on the workers as well. Higher work performance at a lower physical cost is of great signifi-
cance in the humanization of forest work and better socio-economic conditions of forest
workers. Moreover, improved tools not only proved advantageous in material and human
aspect of work, but remained by about 11% more economical in the cost of work!m3 of
timber and firewood converted. These results form the basis of the following conclusions:

I Improved tools like bow saws and raker-tooth crosscut saws should be introduced
in timber harvesting in Pakistan.

2.  Vocational training programmes for the forest workers in proper work methods,
use and maintenance of different tools and ergonomics should be initiated.
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3. System of petty forest contractors should be abolished and the workers should
directly be paid by the forest departments. 2
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