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Table 1. The data about the workers

% % | EEAB | B Rk E | kR T B | POMEREREH
Worker Birth data Height - Weight Surface of a body i
working
F 1931. 1.26 156 cm, 58kg 1.583 m2 about 19 years
T 1949. 4.25 170 cm, 63 kg 1.746 m?2 about 2.5 years

R2 BEEFOEMIRLET VR (R
Table 2. Carrying speed and pace of each worker

Fovy—EE F /e%%  F. worker T g%  T. worker
Weight of chain-saw | & ¥ & & 7T v E 2 WA E VA N
Carrying speed Tempo Carrying speed Tempo
5.1 km/h 112~1163/4> 108~112/4%
0 ke (85 m/min.) step/min. 5.2 km/h step/min.
5.0
5.1 (83) 116 5.2 116
7.1 2.2 116~124 5.2 116
: (87) :
9.0 5.1 112~120 5.1 116~120
11.0 5.2 120~124 5.2 120
13.0 5.2 116~124 - 5.2 112~120
15.0 5.2 120~132 5.3 120
5.3
17.3 (88) 128~132 53 116~124
©19.3 5.2 128~132 | 5.3 124
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Table 3. Factors and levels in the Experiment 11

73} I Factor K -4 Level
B m o R E B HEX S e 6D Ly E*

Condition of road Uphill Level Downhill
= #® H & HF&Eb CEhoX LEnzicEas
Method of carrying With a hand With a shoulder With a SHOIKO
= W % & 7

Speed of carrying Faster Ordinary Slower

B % B & B & %

Hour of working Pre lunch time Post lunch time
Fzvy —EE 5, 10, 15, 20 kg
Weight of chain-saw
3 ¥ & F, T (F-1 BRD

Worker See Table 1.

X FEEER AEKE FHAE 7.9%

Naisugi-Forest road, mean inclination of slope 7.9%,

*ORERMNISIUVE, HE=0%

The ground covered with sands, inclination of slope = 09,

F4 BEEBOERFEE (ERI)
Table 4. Carrying speed of each worker (in the Experiment II)

# ] W B (km/h)
Carrying speed
E {l\* :\E!z SRk 1% b\***
Faster Ordinary Slower '

B o o
_F Uphill 6.3, 5.7 4.9, 4.9, 4.5 4.4 3.6, 3.5
(3]
'& AY
SﬁE Level 5.6, 4.8 4.7, 4.5 4.3, 4.3 3.5, 3.5
£ evel
<N
Z | B 4K

Downhill 6.8, 6.7 5.1, 4.9, 4.8, 4.8 3.8, 3.7

% b A
T | 7 Upnill 5.9, 5.6 5.3, 51, 5.1, 4.5 4.0, 3.6
[¥]
'ﬁ#ﬁ N
§¥ Level 6.2, 5.9 5.4, 5.4, 5.0, 4.9 | 4.4, 4.2
E.(
% | &L R

‘Downhill 7.0, 6.1 5.6, 5.4, 5.4, 5.3 4.4, 4.2

* SEEEE 6.0 km/h (100 m/min.)
Average speed
*k Vi 4.9 km/h (82 m/min.)
Hkk V4 39km/h (65 m/min.)
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Table 5. Heart rates of workers for each weight of chain-saw (in the Experiment I)

\\\\\\ \KW\;\VVorker F worker T worker
. ,
. Henrmd g —wn — w0 | Riandid | Gothoen | BE -8 e Ryt Randld | Gohd
Weight o 4o saw increase deviation | of variation increase deviation | of variation
beats/min. % beats/min. %

0 kg 99 — 94 — 86 27.0 3.28 3.4 94 — 89 — 82 41.3 3.05 3.3

5.1 101 — 98 — 89 32.4 3.03 3.0 103 — 95 — 80 50.8 6.78 6.9

7.1 103 — 98 — 89 32.4 4.03 4.0 107 — 98 — 75 55.6 7.88 7.8

9.0 107 — 102 — 91 37.8 3.84 » 3.6 117 — 109 — 99 73.0 4.63 4.1

11.0 119 — 109 — 100 47.3 5.62 5.0 118 — 109 — 95 73.0 6.00 5.3

13.0 128 — 116 — 94 56.8 9.76 8.2 127 — 116 — 100 84.1 6.90 5.8

15.0 127 — 117 — 90 58.1 11.88 9.9 127 — 118 — 104 87.3 6.52 5.4

17.3 133 — 119 — 93 60.8 11.13 9.1 128 — 120 — 97 90.5 7.13 5.8

19.3 1-8 — 125 — 97 68.9 10. 48 8.2 134 — 124 — 91 96.8 9.95 7.8

(448
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Table 6. The table of analysis of variance (integrated)

. Factor ¥ 8.8. d.f m.s. F o

PP Houof wesking > 895.75 1 895,75  37.36% 8.2
el _ 0 —_ _ _
B .0 R K 3849.78 2 1924.80  80.33%  35.8
Weight of et 974.65 3 324.88  13.55% 8.5
o F 106. 42 1 106. 42 4. 44% 0.8
Methnd of cﬁryinf 462,22 2 73111 30. 51%+ 13.3
Spectiof coying 2464.50 2 123225  5L42%  22.8
e 862.79 36 23.96 10.6

T 10616. 11 47 100.0%

** Significant at the 0.01 level
* Significant at the 0.05 level

=T 4 B 2 7 & EOHED
Table 7. The table of analysis' of variance (Uphill)

R *
™ Factor 8.S. d.f. m.s. F I
% |
Hour of working = 299.20 1 299. 20 11.63* 10.7
€1 —_ 0 — — -
F2VYV—OBEER .
W:ight f chainsaw 627.75 3 209. 25 8. 14% 21.6
3 E3 & _
Worker 99.65 1 99.65 3.87
® K B
Method of carrying 470.74 2 235.37 9.15% 16.5
. S A 3
Speed of carrying 894,91 2 447. 46 17. 40%* 33.2
€2 | 154.32 6 25.72 18.0
|
]
T | 2546.57 15 100.0%
|
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Table 8. The table of analysis of variance (Level)

#)

N
8 Factor S. 8. d.f m. s F 0
fE__ 2 3 %)
Hour of working 220.74 1 220. 74 19, 36+ 11.4
€1 - 0 — — —
F2vV-~DER
Weight of chain-saw | 394.46 3 131.49 11, 53** 19.7
N S
Worker J 0.12 1 0.12 — —
@ g %
Method of carrying 553. 53 2 276.77 24, 28** 29.1
w O
Speed of carrying 584.15 2 292.08 25, 62%* 30.8
ez r 68.39 6 11. 40 9.0
T { 1821.39 15 100. 0%
®9 4 # o W K EOHED)
Table 9. The table of analysis of variance (Downhill)
Factor S. S. d.f. m.S§ F 14
S
Hour of working 387.21 1 387.21 13.63* 15.0
€1 — 0 — — —
Fxyy—QER
W:t;ight of chain-saw 306. 94 3 102. 31 3.60 -~
i
fE % : _
Worker 56. 44 1 56. 44 1.99
® 5 &
Method of carrying 455.52 2 227.76 8.02% 16.6
o OE E
Speed of carrying | 1022.02 2 511.01 13. 00%* 40.2
€2 170. 39 6 28. 40 28.2
T 2398.52 15 100. 0%
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Table 10. Average heart rates for each factor (Parameter; Condition of road)
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_ Condition of road ' i
I . B DA P H [ b A ¥ B
T Level ™. _ Uphill Level Downbhill Average
Factor T T ! - -
- . beats/min.| beats/min.| beats/min.
_ Cendition ofroad | | HOEE]S/&} 92@5} 915% -
|
B & Wl ‘ '
PR o Pre lunch time | 106.5 ‘ 88.8 86.3 93.9
Hour of working . |
! Post lunch time 115.1 96. 2 96. 1 102.5
5kg ! 100.0 84.4 88.3 90.9
Favy-QEER 10 114.3 93.1 87.0 98.2
Weight of chain-saw 15 114.3 97.6 91.1 101.0
20 114.7 95.0 98.3 102.7
\ 113.3 92.6 93.1 99.7
oo % |
Worker T 108.3 2.4 | 83 067
_ S - i ‘
BF BB | ‘
With a hand \ 116.2 98.3 ! 96.2 103.6
® F ik B o &
Method of carrying With a shoulder 106.4 88.2 88.9 94.5
SHOIRO x‘ 104.5 85.3 | 8.5 \ 91.1
AL - ! | —
o \
Faster 123.7 103.0 1 105.0 110.5
!
W OE B % & ‘\
Speed of carrying E‘Ordinary 107.3 89.4 ‘ 86.8 94.5
;
P A
‘ Slower i 104.9 88.4 | 86.1 | 93.1

M-8dC &< fdﬁéégﬁbﬁﬁami@@a@%m&;ﬂeac RMR. $ FRLTW R BOART
it RM.R. 2 QBRI MME AR L, ERBTTICHETARE(5~TE)BHELD TH5,

By, Y, BOCLODEMONETHLER-T7, K-8, £-9%255%L, BoEAR TR, &
gl Ty —ER], [ERHE] ORCEEBERE, FHIIEWTbEE3ES
RFRBOHYREFAUTH S0, EFSEESD EBEE], (EHAEl, [(Forvy—ERBI O
ICHEBKEh-tc, BOAETE [EGEE | OZEIEHICELL, 20T [E#RAEL T
0, [F2vyv—ER] BILTEELELIL TR ENRINTVE, 2F0, KA
OREOWFAAEOLTEBNCEE LB T ok EREE], ERFEl Thh, ch
WU [F2vy—ER] BEVIROBICRZOFENBE LA LEODTH LT EBHL,
I -7,

BOAET TEREE ]| OFEBAN->DOR, #-40XD2ICED T BTEESEKNIC
BHIRB 1D THA D, )

RF TEREED TBREORE] K20 TeobEL, ZHLEEBOXREL-EFTHS, &



148

beat/min‘

10

100

Heart rote

SO SNANNNNNNN]

80

1A

L
1dn F N

Iyumog [ Tt

Condition of road

-6 BETEDRE LA O BK

Fig. 6. The relationship of condition of road
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Table 11. Speed of carrying for each weight of chain-saw
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Weight of Chéi_ﬂr'sa"r\}r\wr\\*\\ Downbhill Level Uphill
km/h km/h km/h

5 kg 5.35 4.90 4.80

10 kg ‘ 5.08 4.88 4.85

15 kg | 5.30 4.80 4.80

20 kg \: 5.30 4.58 4.73
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Résumé

The carriage of the chain-saw occupies considerable weight in the felling and bucking
operations, and the operation load of this is remarkable. Accordingly, in this paper we
have dealt with this carrying operation, and investigated the level of the operation load
and the major factors influencing the operation, in order to look for clues as to the possi-
ble reduction of the operation load of chain-saw operaters.

Using a wireless telemeter, the electrocardiograms of carriers were recorded throughout
the operation. From these electrocardiograms, heart-rate was calculated as the index
of the operation load for each operation (for further details, see Literature 1), 2) ).

A summary of the results is shown below.

1) If possible, it is desirable to keep the weight of the chain-saw under 7 kg and,
at least, under about 11 kg judging by the levels of heart-rate of the carriers (see Fig.
1).

2)  As the results of the analysis of variance, the major factors influencing the operation
were, in order, “Condition of road”, “Speed of carriage” and “Method of carriage”
(see Table 6). “Weight of chain-saw” generally had little influence compared with
these three factors, but had great influence on carriage uphill (see Table 7).

“Difference in age and working experience of workers” had little influence on heart-
rate, but had remarkable influence on the standard deviation and the coefficient of
variation of heart-rate (see Fig. 13 and Fig. 2).

1) Average heart-rate increased by about 209 when carrying uphill (average inclina-
tion 7.99,) as compared with level ground, though there is little difference between
downhill (average inclination 7.9%,) and level ground (see Fig. 6 and Table 10).
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ii) Average heart-rate increased by about 17%, when carrying at a fast pace (average
speed 100 m/min.) as compared with an ordinary pace (82 m/min.), but decreased
by, only about 1.59, at a slow pace (65 m/min.) as compared with an ordinary pace
(see Fig. 9). :

iii) Average heart-rate decreased by about 8.7%, when carrying on the shoulder and
about 129, with a SHOIKO, as compared with hand carriage. Therefore, when
carrying a chain-saw over long distance such aids as the SHOIKO would be useful
(see Fig. 10).

iv) The range of heart-rate under 48 different types of conditions was 84-124 beats/min.

and 98 beats/min. on average.



