UM Po
> (@) .
W 2 ActaSci. Pal.

QACTA E Silv. Colendar. Rat. Ind. Lignar. 7(3) 2008, 37-45

WORKER’S PHYSICAL LOAD WHEN HARVESTING
LOGS ON CLEAR CUTS

Wiodzimierz Stempski
Pozna University of Life Sciences

Abstract. The aim of the study was to investigate the enesgenditure and static load
of a worker during harvesting wood in pine stanghclcuttings. The performed experi-
ments involved two technological treatments in \whiicnber was harvested either in the
form of large-size logs or medium-size rollers @idcks. The above variants differed
with regard to the spatial order on the fellingaaferganised and unorganised felling).
The energy expenditure was determined on the basmeasurements of lung ventilation,
while static load — using the OWAS method. The ilgidh net unit energy expenditures
were similar in both variants and reached 30 kJ/amd exceeded the limiting value of
the so-called durable efficiency of the organisnithiwegard to the static loading, in each
variant, the worker was found to be loaded modbrate
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INTRODUCTION

Environmentally-friendly model of Polish forestryakes it necessary to apply
in wood harvesting, especially in intermediate iogtiof technologies which are based
on the short wood system as their environmentaleshbre widely known [Grodecki et
al. 2000, Porter and Porter 1998, Suwata 1995].

The effect of changes taking place in recent yearshe timber market is, among
others, the observed increased demand of timbéoroess for large-sized raw material
in the form of logs. This means that technologiaseld on the short wood system are
employed increasingly frequently also on cleariogtareas.

Despite growing numbers of multi-functional machlinesed in our forests, a signifi-
cant majority of technologies applied in timbervesting is based on the combination
of manual-machine work which employs power chairséw timber processing opera-
tions. Working with chainsaws is characterised bpsiderable physical loads [Grzy-
winski 2005, Stempski and Grodecki 2005] and perckpiilmprovement in working
conditions will only be possible when chainsaws @mpletely replaced by harvesters.
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Fig. 1. Organised felling
Rys. 1. Zab uporadkowany

Fig. 2. Unorganised felling
Rys. 2. Zab nieuporadkowany
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Nevertheless, currently applied technologies vaith wegard to the loads that workers
are exposed to [Giefing 1996, Sowa et al. 2006Jaddition, levels of physical loads
can also be influenced by the applied techniquerark with the chainsaw [Sowa and
Kulak 1999, 2000].

The objective of the performed research project twaketermine the level of energy
expenditure by a worker during timber harvestingragions involving log formation in
the course of felling of pine stands. In additian, attempt was also made to estimate
the level of static loads to which a worker is esgxb during the realisation of definite
activities and eight-hour working shift. The expegents involved the following two
technological variants of timber harvesting fromtuna pine stands:

1) variant of organised felling,

2) variant of unorganised felling.

RESEARCH AREA AND METHODS

The investigations were carried out in a pine stanghich Ib mode of felling was
applied during cutting. Characteristics of the dtarere as follows: pine — 100%, age —
105 years, stand density index — 0.8, broken crdesure, mean breast height diameter —
30 cm, mean height — 20 m, stand quality — Il ligpa 3, large timber stock 246%ha,
area — 5.70 ha.

The stand was divided into two experimental platssich appropriate technologi-
cal variants of timber harvesting scheduled byrtlamagement plan were carried out.

Organised felling

In this variant, forest works were carried out asrking strips approximately 20-25 m
wide and the organisation of the working area tesufrom tree felling with their
crowns towards the centre of the strip (Fig. 1e€ltops and branches which remained
in this area constituted the so-called branch regitd provided a special skidding road.
Timber prepared for skidding lay on the right aefi sides of this area (in the so-called
‘timber zones’). Two types of timber were preparieag logs 4.10 m in length as well
as medium-sized timber assortments: 2.40 and 1.8hg There was always only one
worker on the working strip who realised all thehweological processes. He used
a Husgvarna 372 chainsaw and a self-coiling meagueape to handle the raw material
and formed bundles of stacked timber using liffioggs. Forwarding was realised with
the assistance of a special forestry tractor Tifalokr1010.

Unorganised felling

In the case of the unorganised timber felling varithe same timber assortments as
in the organised felling system were harvested. difference consisted in the fact that
the felling work was not carried out on successweeking strips but on the entire width
of the cutting area and there was more freedorhénselection of the direction of fal-
ling trees. The worked assortments as well as-&dtkng residues were distributed all
over the area without special zones for branchdgiarber (Fig. 2).
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Physical load

The level of energy expenditure was assessed eingleyorker’'s net unit energetic
expenditures.

In order to estimate static loading, time proparsiocof individual technological
processes in a work shift were determined. Thespqutions were assessed on the basis
of continuous timekeeping. The measurements weredaout using a stopwatch with
1 s accuracy and they comprised the following tetdgical operations:

— preparation of the workstation,

— tree cutting and felling,

— de-branching and handling,

— cross-cutting,
formation of bundles of stacked timber for skiuyi
passages,
servicing (refuelling, sharpening, regulation adimepairs),

— breaks for rests and physiological needs.

In addition, measurements of the parameters ofelséed trees (diameter, length)
were also conducted which made it possible to deter position statistics of the ob-
tained raw material and verify the hypothesis altbetlack of differences between tree
parameters harvested on organised and unorgariiedd.

Energetic expenditure

Energy expenditure for each technological operatias determined on the basis of
measurements of lung ventilation using, for thisppse, an MWE-1 energy expendi-
ture device. In each of the experimental technghlagiariants, series of measurements
were carried out between 8-9 o'clock, 11-12, 1311516, and 17-18. On the basis of
the obtained results, mean minute energy experditwere calculated for each techno-
logical operation. The knowledge of the time prajoms of individual operations in the
8-hour work shift allowed the determination of timean weighted net unit energy ex-
penditure for the entire work shift.

Statical load

The OWAS method [Lastowiecka et al. 2001] was enpgdoto determine static
loads. During field work, all positions adopted the worker during work were re-
corded using, for this purpose, a 4 digit code. Ebges were registered every 30 s; the
total of 990 recordings was carried out on the oiggad felling and 1036 recordings —
on the unorganised one.

In the course of further studies, all coded posgievere assigned into one of the
four categories of the workstation assessment (OVEai8gories) dividing them into
either forced or unforced group (e.g. 2f, 1u). Neoth the basis of the structure
of a working day, the percentage proportion oftihee of occurrence of the recorded
positions (expressed as OWAS category) during dadisation of individual techno-
logical operations and the entire timber harvestimgration was determined. This
allowed determining the loading category with thetis effort of the examined techno-
logical variants.
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RESULTS AND DISCUSSION

Energetic expenditure

The results of the net unit energy expendituregiobt during the performed ex-
periments showed that operations involving the iappibn of power chainsaw as well
as manual preparation of the raw material for skigdequired considerable physical
effort (Table 1).

Table 1. Results of measurements of net energy expes
Tabela 1. Wyniki pomiaru wydatku energetycznegamet

Technological variant ‘Mean Standard deviation Coefficient of variability
Wariant te(g:hnolo iczn Srednia Odchylenie standardowe WSspotczynnik zmiennii
giezny kd/min kd/min %
Organised felling 29.9 1.48 4.94
Zrab uporadkowany
Unorganised felling 30.6 1.52 4.97

Zrab nieuporzdkowany

Both in the case of the organised and unorganitEat cutting, mean unit energy
expenditure reached, approximately, 30 kJ/min.dthlvariants, only slight differences
in the obtained results were found. The calculaieefficients of variance were at the
level of 5%.

The obtained mean unit energy expenditures sigmifig exceeded 17 kJ/min, i.e.
the value which is treated as the limiting value-¢alled durable efficiency of the or-
ganism) [Loffler 1990]. The calculated confidenogervals of 29.9 £1.8 for the organ-
ised felling and 30.6 +1.9 for the unorganisedirgllindicate that it is practically im-
possible for the energetic expenditure to comeectoghe limiting value.

Statistical analysis revealed lack of significaiffedences between mean weighted
unit energetic expenditures of the worker in thamixed technological variants (Ta-
ble 2).

Table 2. Results of Student’s t-test for unit enexgyenditure
Tabela 2. Wyniki testu t-Studenta dla jednostkowegdatku energetycznego

F-Snedecor’s test Student’s t-test
) Test F-Snedecora Test t-Studenta
Variables
Zmienne statistic F value critical Ryo2svalue — statistic t value  critical t o5 value
wartas¢ statystyki wartas¢ krytyczna wartas¢ statystyki  wartas¢ krytyczna
F Fo,025 t to,0s
Organised felling
Zrab uporadkowan
ab uporay y 1.06 6.39 0.718 2.306

Unorganised felling
Zrab nieuporzdkowany
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Table 3. Results of the significance of differencEsaits of harvester timber
Tabela 3. Wyniki testu istotdoi réznic cech pozyskanego drewna

Timber trait Statistic D value Critical Dy o5 value
Cecha drewna Wartas¢ statystyki D Wartas¢ krytyczna B os
Central diameter, cm 0.177

Srednicasrodkowa, cm
0.265
Large timber volume, fn 0.219

Miazszasé grubizny, mi

In the case of the energetic expenditure investigaton the organised felling,
it was found that the worker harvested timber & thean volume of 0.5784°m
whereas the worker on the unorganised felling -8@74n7. Mean central diameters of
harvested trees amounted to: 20.55 cm and 18.9%esmectively. In order to ascertain
whether the parameters of the harvested timbeidduaNe acted as factors differentiat-
ing the level of the used energy in the examinetnelogical variants, the significance
of differences of the diameter and volume of thetoees was checked. The obtained
results of the applied Kotmogorov-Smirnov test (lEaB) showed lack of statistically
significant differences between:

— large timber volume of individual felled trees,

— central diameter of individual felled trees.

Static loads

Table 4 presents the level of loading with statarkvof a worker in the course of
realisation of the examined technological operation

Table 4. Results of assessment of static loadingefitimological treatments
Tabela 4. Wyniki oceny ohgienia statycznego dla zabiegéw technologicznych

Load — Obcizenie

Technological treatment

Zabieg technologiczny organised felling unorganised felling
zrab uporadkowany zrab nieuporadkowany

Stand preparation small — male small — mate
Przygotowanie stanowiska
Cutting, felling —Scinka, obalanie large — de large — die
De-branching, handling large — due large — die
Okrzesywanie, manipulacja
Cross-cutting — Przerzynka large <du moderate $rednie
Package formation — Formowanie pakietow modergtednie moderate $rednie
Passes — Przgja small — mate small — mate
Servicing — Obstuga small — male small — male
Breaks — Przerwy small — mate small — male

Acta Sci. Pol.



Worker’s physical load when harvesting logs on clags 43

Table 5. Assessment results of static loadingegonmological variants
Tabela 5. Wyniki oceny obgienia statycznego dla wariantéw technologicznych

Times of position maintenance

Technological variant OWAS category  (percentage of working shift) Sgg.'cz‘la?ﬁg
Wariant technologiczny Kategoria OWAS Czas utrzymywania pozycji ~
) : statyczne
(procent zmiany roboczej)
Organised felling 1n 52.01 moderate
Zrab uporzdkowany srednie
1w 1.44
2w 46.59
3w 2.40
Unorganised felling 1in 52.48 moderate
Zrab nieuporadkowany srednie
1w 2.21
2w 45.59
3w 3.13

Considerable work static load in both experimensalants was determined for fell-
ing, de-branching and handling and resulted froer ®0% of the position time propor-
tion of the forced category 2 during carrying otitteese operations. Different levels of
static loading occurred in the case of cross-agittiigh level was found on the organ-
ised felling and moderate — on the unorganisedntgllPackage formation for timber
skidding was associated with a moderate level adlilog with static work. The realisa-
tion of this operation in both experimental varsan¢quired the highest proportion of
the category 3 forced position (about 13%).

Low levels of static loading were observed for thenaining technological opera-
tions. Taking into account the entire working shtifie degree of load of the worker with
static effort in both experimental variants was evade (Table 5). This was due to the
time of maintenance of the forced 2 category pasitip to 50% of the work shift and
the presence of the forced 3 category positiorolg0®6 of the work shift.

CONCLUSIONS

1. Net unit energy expenditures of the worker ithbechnological variants were
at the level of 30 kJ/min, consequently, exceededalue of the so-called durable
efficiency of the organism.

2. Small variability of the obtained values of therkers’ energetic expenditure
in the examined technological variants indicates $hme character of the incurred
effort.

3. Medium levels of static loads were recorded.ighér level during work shift
of positions negatively affecting the muscular-ska&l system was recorded in the case
of the unorganised variant of felling.
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OBCIAZENIA FIZYCZNE ROBOTNIKA PRZY POZY SKIWANIU
DREWNA KLODOWANEGO NA ZR EBACH ZUPELNYCH

Streszczenie.W pracy badano wydatek energetyczny i ebanie statyczne robotnika
pozyskujicego drewno w gtiach ebnych drzewostanéw sosnowych. Badaniamitubj
dwa warianty technologiczne, w ktérych pozyskiwatrewno wielkowymiarowe w po-
staci ktdd oraz drewnéredniowymiarowe w postaci watkow i wyrzynkéw. Warig te
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réznity sie tadem przestrzennym na powierzchriédizrab uporadkowany i nieuporad-
kowany). Wydatek energetyczny okimno na podstawie pomiaru wentylacji ptuc,
a obcizenie statyczne metadDWAS. Uzyskane jednostkowe wydatki energetyczritone
byly zblizone w obydwu wariantach, na poziomie 30 kJ/mingkraczajc wartéé¢ gra-
niczm tzw. trwatej wydolnéci organizmu. Pod wzgilem obcizen statycznych stwier-
dzono w kadym wariancie obaizenie robotnika w stopni¢rednim.

Stowa kluczowe:pozyskiwanie drewna, wydatek energetyczny, wysstakyczny
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