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er mrnute (bt.min-'1, 

'! and an energy expenditure of 49 kilojoules per minute (kJ.rnin- 

ranked thinning-to-waste silvicultural operations as a heavy 

to very heavy workload task, All workers studied noted incream 

feelings of fatigue, sleepiness and decreased muscular strength 

I as the day progressed. No change was recorded f o ~  measures 

L of tenseness and boredom. The ability of  workers to utilise 

spontaneous rat pauses, corn bined with an effective Gf3 minute 
I ,  r -- 

meal break at midday, enabled tt- 
' 

' 3 operare at a 

sustainable level throughout the working day (48% Heart 

Rate Range). Hazard ratios were very low. 
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Forest workers underta -waste operationg 

ould use frequent short rest pauses, regular meal breaks 

d fluid intake to achieve an optimal work rate in terms of EGlj 
constant productivity, sustainable physir.1 strain ar 

hazard ratios over the entire \n ' ing day. 
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Introduction 

/ The study area was located in the Otago region of the South Island 

Many of the advancements made within the forest industry, in (Figure 1) in the Otago Coast and Mount Allan plantation forest 

terms of genetic tree.improvement, are all too frequently squandered 1 estates. 

at the time of planting and tending. This can be attributed to a 
I I I I I 

range of factqs hci$didg lbw motivation, poor morale, ineffective 

communication, I lm  level o f  /life skills, physical and mental fatigue, 

and poor training. 

Within the New Zeala 

aspects have been recognised arld there has been extensive work 

undertaken to identify the physkal haeards[Parker and Kirk.1993; 

Kirk and Sullman, 1996). accidr. .. .ype and frequency (Parker.1995; I 
riirker.1996). physiological strain (Kirkand Parker,l994a. Kirk and 

Sullman, 1995; Kirk et al., 1996a; Parker dnd Kirk,1993b), the role 

of personal protective equipment (Kirk1993; Kirk, 1996; Kirk and 

I ' Parker,l994b, Sullman, 1396) fluid (Paterson and Kirk. 1997) and 

nutrition (Kirk et al., 1996b; Sullman et al., 1997). 

I 
However, the same cannot be said for silvicultural operations, where 

research has been limited to a few pruning studies (Ford et al., 1996; 

Hartsough and Parker, 1993; Kirk end Parker, 19961 and two planting m 

I 
I 

studies (Trewin and Kirk, 1992;llSullrnan and Byers, 19963. 
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Figure 1 - Study Locario~ 

Physiological Measures 

. . -.- - -- 
Heart Rate , ,  -7 I 3 
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orking heart ratc teP/;ISI aer~bic capacity were determined for each 
ll,.lL I 1 1  I rkerand pp htart rate indices. in order to determine the 

l 1  1 1 1 1  11 I I 

level of physical stria$ q p e ~ i ~ n c e d  by the workers. 
1 1  I l l  1 I l l  

I Energy 
I 

Thp study used a methqd based upon Aha subject's heart rate 
11 

l h  recordings, using reliable workload/oxygen u#&+e rebtio~ships 

which p e w  d ~ i n e d  through cycle ergometry testing.kordingly, 
1 1  

I 
Subjects estimated mean aernfri nacity (VoZ) figures WE rnulf$plted by 

Ill1 ~~ l l  

The subjec~ were six professional chainsaw operators working in 20 in order to obtain r wean kilojoules per minute ki mi "' 
a = 

thinning-to-waste + -  
- A ,=- These per minute (min-'1 values were then multiplied by the time 

31W- 
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expenditure for the working day. I%, , . ,  close as possible to  the operator. This information was then used 

,,.I -. 
to calculate the thermal index (wet bulb globe temperature - wbgt) 

Production 
The number of trees felled per hour by each worker was recorde 

and used to calculate individual hourly production rates. 
Ill1 

1 1  1 1  1 1  1 1  Subjective comfort and sensation assessments were measured using 

Safety standard questionnaires administered at one hour intervals 

Hazardous situations were recorded and used to determine hazard I throughout the working day. The questionaires measured subjective 

type and frequency o f  occurrence. I thermal comfort and sensation, skin wettedness, thermal regulation. 

Temperature 

physical fatigue, body part discomfort and mental fatigue. 
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The temperature at each work site was recorded throughout each 
, ,  , 8 8 8  
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and Disc 

Table 1 - Worker eharucteristic, 

Worker 
' I II , . 

Ill1 1 1  

Characteristics 
IIIIII II 

The workers had a mean age o f  34 years (range 24 to  551, height o f  1.79 m (range 1.71 to 1.92) and weight o f  85kg (range 70 to 102) 

(Table 1).  Their mean body mass index o f  26 (range 24.8 to 28.9) revealed that they were the correct weight for their height. The workers 

had a mean estimated maximum aerobic capacity (Vo,,,) o f  44.5 millilitres per kilogram per minute (ml.kg-l.min-l) (range 39.8 to 50.0), 

indicating that they possessed above average aerobic capacities. The mean forest industry experience was 12 years (range 4 to  25), 

indicating a wide range o f  experience within the group. 

Physiological Measures 

Working Heart Rate 

The workers recorded a mean working heart rate o f  127 beats per minute (bt.min-') (range 114 to  144). When compared against other 

occupations, thinning-to-waste operations recorded working heart rates higher than breaking-out, motor-manual felling, 2nd lift chainsaw 

pruning, skidwork and mechanised operations. However, thinning-to-waste produced a working heart rate lower than both manual 2nd 

lift pruning - - and~ lant ing  ,, .,,-,+ ,& [Figure , , - - - ,  - 3: 
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Table 2 - Grades ofphfiieul &or\ 

rercent Heart Rate Range /%HRR) 
All except one worker chose to work within 40 to 50% of their heart 

ate range (HRR). The recommended level for continuous physical 

tork over an eight hour period ranges from 33% (NIOSH, 1981), to 

5% (Evans et al., 1980; Levine et al., 1982), with 40% the most 

requently adopted (Apud et al., 1989). 

I the current study, the mean relative heart rate was 48% (range 

3 to 60), a figure which falls slightly outside the recommended 

mits previously outlined. Evans et al., (1980) found that when male 

This result strongly supports previous research findings which 

revealed that when allowed to select their own working pace, 

workers will automatically choose a level somewhere between 30 

and 50 Yo HRR (Sullman and Byers, 1996). Theability to work within 

this range results in the workers being able to maintain a sustainable 

working pace for the entire day without causing physical degradation l 

or damage to the body. Selecting a work pace which falls within 

the 30 to 40% HRR level appears to be a work method chosen by 

many workers undertaking a wide range of jobs performed within 

nd female soldiers were requested to work hard at self-paced rates, the forest industn/ (Figure 2). 

hey both chose a level equivalent to 45% of their Vo,,,,. Other 

tudies using male soldiers operating under the same criteria (Hughes mendibm 
nd 1970;S0ule and 1972)1 found that the level I The predicted oxygen uptake curves calculated from the heart rate 
hosen represented 40 to 50% of the subjects Vo,,,,. data collected from the cycle ergometer tests are shown in Figure 3. 

Each worker's curve shows the level of energy (watts) generated bv 

f > / that person for any given heart rate. It is shown that in order. 
180 
160 ., generate 200 watts o f  energy, worker 1 only needs to increase h ~ s  

heart rate to 125 bt-min-I, while workers 4 and 5 need to increase 
i 

their heart rate to 157 bt.min-I. This means that if workers 1,4 and 

5 were to do the same job, worker 1 would require significantly less 

energy to complete the work than that required by workers 4 or 

Waking Hean Rate . %HRR 
Using the curves shown in Figure 3, a mean estimated energy 

\ expenditure of 49 kilojoules per minute (MI  min-I) was obtained. 

muR2 - Pb heWt mfe mngc and working heart mte I Total estimated work expenditure for the working day was 4300 

t appears that when a work motivator is introduced, in this case 

~roduction targets, workers will choose to work at a slightly higher 

level than the recommended 40%. When compared to other 

occupations, i t  is evident that the task of thinning-to-waste can be 

placed within the higher physical effort level (Figure 2). 

i-900 kilocalories (kcal), with the average working day consisting of 

420 minutes (7 hours). Considering all of these factors, the workload 

of thinning-to-waste operations, in terms of energy expenditure, 

would have to be rated as being within the "heavy" range accordir 

to internationally tecognised strain scales (Table 23. 
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$:Igure 4 provides a relative measure of how thinning-to-waste The digit symbol substitution test for mental fatigue showed workers ,,!.!Ir~? , 
,I - . Ill 

"'7nergy expenditure rates against other jobs and a c t i v i t i e s  - #  ~ W I I I  m-1 I experienced no reduction in mental performance as the day i;.!: 
i 3lldLrn ,, ..,"Ill, 

progressed. This is not uncommon in forestry tasks and has been 1;:. J,, 
1 

noted in other forestry related studies (Kirk and lullman. 1995; Kirk #!:I: - .,,.. 
I l k ' *  8 -  

et al.. 1996a1. The verv ohvsical nature of the work mav helo offset id-: 

any build-up of mental 

Three out of the six workers recorded body part discomfort during ?F1[ 11 
the day. Reports of pain were. recorded for the neck, forearm, 1-&fii 

4 pL,,-ll 
BiB Figure 4:Rates o f  Energy Expendirure (Kilojoules per minute) shoulder, lower back, thiqhs and knee. The discomfort increased as !;-"illi - 

Ill l;~ [, 1 1 1  
I I 

e day progressed from low to moderate pain. These recordings T1ll""l;: 
-1111 I(# - - 

the result of the posture adopted by workers undertaking ?!11 
he subjective measures showed a consistent 'trend towards greate 6 Illmm~~ I 

1 thinning-to-waste operations as well as the very steep terrain that !A!. - 

f 
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I The number of trees wer orodclctive hour remained consistent nl!illl~iil'l~~~~.u~ll I . . 
innllt Ilk,".; ' 

throughout the working day for all of  the workers. This supports i l i~~l~~I 
the physiological finding that th 

work pace for the entire day. 

The climatic conditions during the study were consistently cool, TI': %, 

. ...,,- - 

,,..c." - 
with an average wet globe bulb temperature (wbgt) of only P C .  7~ 1 1 -  

" -., , 

Therefore it can be safely concluded that the environmental gs!;i. 
,,-- 788: k.$L 

temperature did not affect workers' heart rates through the addition !!%,!ll" 



Hazards f 
The number o f  trees per productive hour remained consistent 

:hroughout the working day for all of the workers. This supports 

:he physiological finding that the workers operated at a sustainable 

~ o r k  pace for the entire day. 

These hazards are typical of the nature o f  thinning-to-waste work 

and are primarily a result of the steep slopes, difficult terrain and 
%of Total H w r d  Oeemraee 

heavy undergrowth in the blocks being thinned (Figure 7). \ 

Figure 7 - Hazard type and occurrence 

~ I l t W  . ,,.I: ,f ,PI 
Table 3 - Hazard per 100 trees (morning verus afternoon) i 111 !r ': -[I! 

Hazard ratios for all workers were low, with a mean rating o f  1.8 

11 I1 
hazards per 100 trees for the morning, and 1.7 hazards per 100 

trees in the afternoon (Table 3). 
1 1  

Considerations 
Self-Pacing and Rest Breaks 

ilVork undertaken by Vic (1984) investigated several different forest 

harvesting tasks, and clearly showed that the body maintains an 

I1 nternal equilibrium under differing stressors such as slope and 

jifficult terrain, by decreasing work output. Smith et al; (1985) also 

physiological and psycho-physiological stressors affecting the 

worker (Brzezinska, 1968; Krueger, 1991; Rosa and Colligan, 

1988). 

is t rand and Rodahl (1986) introduced the concept that the 

level o f  activity in many industrial tasks was self-regulatory, 

Found that subjects modified their work behavior when subjected 1 due to  the rate of work and spacing of rest pauses being set by 

to hotter environmental conditions in order to  maintain their the individual's level of physical fitness. Fibiger and Henderson 

3hysiological stress at a tolerable level. Vogt et al; (1983) suggested (1984) in their study of Australian hardwood tree fallers found 

that workers have an inherent natural ability to set a work pace in very similar work-rest schedules being utilised as those found 

response to increased stress which results in average heart rates in the current study, with fallers frequently having what they 

be~ng ma~nta~ned in a relatively narrow range. They term this termed "spontaneous rest pauses" 

ohenomenon constantstra~n behaviour and suggested that the 

ncrease in environmental heat load is compensated by a decrease As stated by Alluisi and Morgan, (1982), short rest breaks in 

n muscular work. self-paced jobs do not reduce output even though less time is 

worked. The reasons for maintaining productivity with shorter 

4 factor which played a large role in the worker's overall average work time can be attributed to the fact that rest breaks serve 

working heart rate, and therefore on their self-pacing ability, was to provide a relief from boredom, physiological stress, muscle 

the effective use of rest pauses. Rest pauses have been shown to fatigue and cardiac strain (McCormick and Tiffin 1974). 

provide periods for workers t o  gain some respite f rom the 



Conclusions 

The workers in the current study used both spontaneous restpauses 

and constantstrain behaviour. When combined with an effective 

60 minute meal break at midday, this achieved an optimal work 

rate in terms of constant productivity, sustainable physical strain 

and low hazard ratios over the entire working day. Such work 

methods should be encouraged whenever possible. 
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