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Summary

The purpose of this study is to identify the difference in properties between the muscular
work load and skilled work load in forest operations. For 2 years field studies were carried
out following the annual program of forest works at the HIRUZEN experimental forest of
Tottori University. The heart rates of two workers ( W1 and W2 ) during forest operations
were continuously measured by a heart rate memory unit, which was light weight, easy to
handle and able to record without interruption. The number of increase of heart rate as an
index of work load was calculated from the heart rates to assess quantitatively their
physiological response to each operation.

From the analysis of the content of work, kind of work and the work elements, forest
work was divided into 13 kinds consisting of a fotal of 118 work elements. The 13 kinds of
forest operations could be divided into 3 types according to their characteristics : Dmuscular
work such as physical forest work (A), felling and bucking (C), bush-cutter operations

(K), pruning machine operations (P), moving without machines (M), and moving with
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portable machines (MC) ; @skilled work such as tractor opetation (B), excavator
operation (E), dump truck driving and operation (T), and driving of small vehicles such as
jeeps (J) and wagons (W) ; and @waiting time during various operations (W).

The number of increase of heart rate (5—40 beats) was divided into 9 levels each having 5
beats per level in order to easily compare and evaluate the physical and mental work load in
the forest operations. The result showed that most muscular work fell within levels 3—7 ,
most skilled work fell within levels 2—5, and most waiting time fell within levels 2—4. The
most frequent heart rate levels for each type of work were levels of 2,3 and 5 for waiting
time, skilled work and muscular works respectively. It was proven that there was a
difference in heart rate level between muscular work and skilled work. The above results
suggest that, if the number of increase of heart rate was more than 25 beats in skilled work
or 35 beats in muscular work, the work was considered to be heavy work which exceeded the
level of ordinary work. '

The characteristics of skilled work in forest operations were also discussed. It was shown
that the work load of small vehicle driving was fairly light, the same as the work load for
waiting time. For heavy machines, if the operations were undertaken by a heavy machine
with a fixed cabin (i.e. where the operator’s torso was often bent and twisted during
operation), the heart rate level was noticeably higher than that of a heavy machine with a
rotatable cabin (i.e. where there was minimum bending or twisting of the operator s
body) .
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Table1 Worker' s characteristics
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F i 53 448 %
1 £ 160.0 163.0 cm
#*® 2 59.0 © 56.0 kef
R REBEIE 49.7 43.5 ml/xgf/min
LEHR LM
fe % W 63.6 66.7 beats/s
I 59.9 64.6 beats/s
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Table2 Summary of investigated forest operations

muEAn  BEE feeE feons e
1991. 9.11 25, 60 w2 MERIEk Ny Ik—, ¥ Th—
9.11 31, 45~50 w2 ” ” , ”
11.15 11, 60 W2 ” Ny Zk—, TV Th—, TVE—H—
11.15 10, 60 W2 ” ” , ” , ”
11.26 13.5, 30 W2 K BA Fe—vv— TNE—H— FuTh—
11.26 11.5, 30 W2 ” ” , 7 , ”
1992. 4.27 25~29, 30 Wi &M, £ F—rV—, TNV F—Y—
4.28 23~28, 25~35 W1 ” ” , ”
4.28 27~30, 20 Wi ” ” , ”
5.95 92~27, 40~50 W1 ETHEYE  EBEITHE, AL
5.26 20~25, 35~50 W1 ” Fx——, TNVF—=HP—
5.26 20~25, 35~50 W2 ” Ny Zk—, +Fvz, =7
8.4 25~27, 40~50 W1 T Al A, 7T HE
8. 4 25~27, 40~50 W2 ” v,
10.12 22~25, 50~60 W1  #KEBH®R Ny Z7k—, JTIVE
10.13 22~25, 50~60 W1 ” ” , ” , ST h—
10.13  22~25, 50~60 W2 " TN ==, TFUEH
10.13 22~25, 50~60 W2 ” TN F—H—, TTVE, Ny Ik—, FTH—
11.17 15~18, 20~40 W1 &M, £# ” L F oy —

11.18 15~23, 20~40 W2 ” ” , ”
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Table3 Number of increase of heart rate in various types of work

BERMEE FELOIE IR (L)

Py 47 i 5 fr & 0 & 8 FEH © B DIF  ADIF
FRERMEE A AP BEE 20 43 29.2 27.1
B C F=—rv—IF% 7 21 30.8 28.9
s 7 B B K A & 51E% 7 15 17.5 15.0

P EBEITRIC X BEE 12 12 19.6 16.7
M HIBE (K5 BT 3 37 21.8 19.3
MC  HOBE (A, EEE5ET) 8 21 27.7 25.5
EROEREF B k7o 7 REEWOEER, HR(E 17 54 18.8 16.7
E Ny ok—EE, BE 12 28 14.4 11.9
B & ®EHEE D ¥ T, B 10 29 5.5 11.9
J P — TR 2 2 10.8 10.3
T kT v R 1 1 9.3 9.3
V U rvEEE 4 20 9.1 6.3
H b B M W AEEEROL LR 15 50 12.6 10.4
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D =Dumptruck operation 100 - Frequency (%)
D1 : Running without load on a forest road 90 L
D 2 : Running with load on a forest road 80
D 3 : Running with load on a prefectural road | Heart rate during work (exclude rest period)
D4 : Running without load on a prefectural road 70+
D 5 : Running with load on an unfinished forest road 60 | 55
D 6 : Running without load on an unfinished forest road
D 7 : Backward and unload 0 ¢
E =Excavator operation E4 : Earth moving work 40+
M=DMoving Ml :Walking 30}
R B =Rest before work E
LHR : Lower heart rate level at rest(comparison 20 ¢
between before and after work) 10 1
AHR : Average heart rate level at rest 0 ) P ) Y &
48 60 72 84 9 108 120

Heart rate (beats/min)
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Fig. 1 Operator’ s heart rate during forest road construction (Worker W2)
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Heart rate (beats/min)
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A =Physical works A 1 :Preparing safety clothing, 100 - d ¥ (%)

A 2 : Removing tree branches, A 4 : Fixing of battery, 90 |
A 5 : Carrying logs to a tractor, g0l
A 6 : Loading logs to dumptrack | Heart rate during work (exclude rest period)

B =Crawler tractor operations 70
B 5 :Operating winch, B 6 :Skidding, B 7 : Pushinglogs, 60}
B 8 : Pulling a dumptruck, B16 : Loading logs to a tractor, 50 +
B17 : Unloading logs from a tractor 40+

C=Cain saw operations a0l 24 2 94
C 1 : Felling, C 2 : Bucking and trimming 19
M=Moving M1 : Walking 20 X
MC =Carrying machine MC 3 : Carrying a chain saw 10 + 2
RA :Restafterwork R B=Rest before work 0 5D &%
W=Waiting time 48 60 8 120 132
V=Wagon cardriving V1 : Driving to work place Heart rate (beats/min)
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Fig.2 Operator’ s heart rate during felling and bucking
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Fig. 3 Distribution of cumulative frequencies for heart rate during
various kinds of work
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Fig. 4 Number of increase of heart rate in various kinds of work
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The difference between W1 and W2 are;
* gsignificance at 95% level
**significance at 999 level
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. L . . . ["INon-comparison due to
Fig. 5 Number of increase of heart rate in various kinds of work operations by only one worker,

(comparison between worker W1 and W2) or insufficient data (less than 3).
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Fig. 6 Distribution of heart rate levels in various types of
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Table4 Distribution of heart rate levels in various types of work

ot L DA DI F o&El4 (%) ADIF o#& (%)
(0 41 HHIRE WENEE HOFE SLBH BRNEE B

LX) i - 5.0 6.7 20.0

VRN 2 5.1 — 10.0 46.6 17.8 33.3 35.6 5.2
V)3 10.1 — 15.0 20.0 33.4 12.1 26.7 22.2 17.2
LX) A4 15.1 — 20.0 26.7 20.0 22.4 20.0 26.7 24.1
VRIS 20.1 — 25.0 22.2 25.9 11.1 15.5
X6 25.1 — 30.0 4.4 17.2 4.4 19.0
LR T 30.1 — 35.0 2.2 6.9 5.2
LX) 8 350.1 — 40.0 i 3.4 6.9

[VRaNW VY 40.1 - 12.1 6.9
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Table5 Heart rate level of some element works during waiting time

ovy SEEBEE rxs  ms = F fF ¥
LR~ 2 4.6 w2 W Ty 7 BERICE S TS
6.0 w1 W I UEEEREICE S TND
6.7 W1, W2 W ARESG TR (467)
8.8 Wi, W2 W I EERICES D
9.1 W1 W Ny 7 R —EERICE S TN
L)V 3~4 12.8 W1 W EMERESFOLERSL (If)
16.6 W2 W BB E RS- Tnd (LD
17.2 W1, W2 W EEFEEEES (GIfD)
19.3 Wi, W2 W I CeEELTDbLTNS
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Table 6 Heart rate level of some element works in the skilled work

opvy SIEMEC rxx  ms = F fF %
r ) o 2 8.5 W2 \Y T3 ETCHEEEDET
9.3 W2 T b T v 7 TTHRE %%V EST
9.3 W 2 E Ny 2 R—TCHEDKE M BT
9.5 W2 A% U I VETREYEVET
9.7 E Ny ZR—THESIEHFES
v X 8 11.4 D & v H —THGE E R EEST
11.8 W2 E Ny 7 Rm—DEEEBIEZE
12.4 W 2 E Ny 7R —D%EELT
12.6 W2 D &S —TCHEE RO ET
12.7 W 2 J T — S THEEED ET
13.6 W2 E Ny 7 R—THREIfEE
14.0 W2 E Ny 7 R—TCHiEET
14.2 W 2 B kT2 ¥ CHEERTEET
14.9 W2 B HiEE, +527¥% CHEESIET
r XN O 4 16.1 W2 B NS o8 TA FERIE
16.6 W 2 B NS 2 ¥ THGE L EEBEELT
18.9 W 2 B kS22 y THRRAEETT S
19.8 W 2 D ST Hh—TChB. WRE Y7
v R N 5 20.2 W2 D HE L, ¥ h—nFHRaEsiR
20.4 W2 B N o v EEEIRTCEE RS
21.9 W 2 B NSy VY DR, Bk
22.1 W2 B N o7 Y RIBE L, WEREL B
LRI 6 ~7 26.0 W 2 B A P A
27.6 W 2 B WA, P52 T x—2 THORA
.5 E
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Table 7 Heart rate level of some element works in the muscular work
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