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Table 1, Specification of experimental subjects
subject (yz;g:s) 'cypeS torfe npglngical h?él%lt W&g)ht
1 31 3 167 60
2 37 3 165 55
3 35 3 169 85
4 37 1 172 60
5 31 2 162 68
6 33 2 174 65
7 37 3 165 62
8 36 3 178 67
9 2 3 167 70
10 31 2 168 64
11 22 2 173 73
12 22 1 170 65
13 21 2 167 68
14 23 3 168 55
15 21 2 167 68
16 26 2 167 51
17 23 3 173 65
18 23 2 170 65
19 25 2 167 51
20 22 2 173 56
21 20 3 168 60
22 21 2 165 66
23 22 1 170 65
24 22 1 165 50
25 22 2 166 54
26 22 2 166 54
27 23 2 170 ; 65
28 23 3 173 : 65
29 22 2 173 56
30 22 2 173 73
#-2 HFEkHE
Table 2 Factors and Levels
S facor A B C
N(\ style of vibration of time of
subjects wave form shaking
1 standing original 3 minutes
2 ” ” 6 7
3 ” modify 3 ”
4 4 7 6 ”
5 bending original 3 ”
6 ” Yy 6 ”
7 7 modify 3 7
8 4 v 6 v
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Table 3 F-ratio of contribution of variance (heart rate)

factor | No.| 1 2 ‘ 3 4 5 6 7
A — — | 8.67* |1125.98 * 6.03 192.03 ** | 21.16
| B — 184.69 ** | — 723.01 * — 88.22 ** | 22.09
1 AB — 3.77 — 4.94 — — 7.65
c - 83.77 * — 77.05 14.59 * 7.50 44.00
AC — 64.69 * — 34.68 — — 15.73
1 BC — 753.92 ** — 102.23 5.67 49.48 ** 4.84
8 9 10 11 12 13 14 15
32.92 ** | 7140.25 ** 5.25 11.17 112.17 ** — 72.67 **| 27.82 %
— 42,25 — - 86.06 ** 2.68 7.26 5.38
2.08 | 600.25 ** - 6. 63 16.79 * 2.13 3.54 2.50
- 4.00 — - 130.90 ** — — 7.31
— 16.00 — 42,70 — — — —
8.83 * 25.00 — — — — 9.38 15.10
16 17 18 19 20 21 22 23
172.83 34,88 * 8.91 108.36 2.20 — 9.53 * 16.37 *
4.68 9.41 33.81 * 3.49 — 7.95 — 104,56 **
28.95 6.02 8.33 — — 5.84 — 2.32
— 2.12 — 4.95 2.69 21.45 * — —
9.31 12.99 11.45 — — — — —
114.61 — 1.43 12.04 — 21.45 * — 12.66 *
24 25 26 27 28 29 30
— 51.76 ** 5.93 76.56 * — — 13.48
58.19 * — — — 5.90 4.20 34.39
— — — 20.25 * 184,18 ** 4.39 1.10
4.20 5.35 — 85.56 * 81.00 * — 10.50
4.9 2.38 — 5.06 108.76 ** — 1.74
2.60 32,93 * — 12.25 114.80 ** — 6.27

* RREKRES B TEE

* means significant at the 5% lerel

*OERE1 2 TER

** means significant at the 1% level
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RT20AH 4 A, 30fRTI0AF 3 A, HEBDOBES, 20/0T20AF 4 A, 30/ TI0AF 4 AL,
W L 30RO TTICHEHS K &V, THRFRFEDOERTER (GRREK 5 %KE) 2ok, OHREO

A, 208 T20AF 4 A, 30RTIOAHR 2 A, FREEOBE, 208T20AF 1 A, 30 TI0AH
1ATH 5, Ske UTHEIDS L, EROBOIZDD ST,

KICHENFITI1E, BHOBRTEER (GRE 5 %K% 203, OHEBOEBE, 15/1v—7T
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Table 4 F-ratio of contribution of variance (breath rate)

factor No. 1 2 3 4 5 6 7
A 12,92 ** 14.44 52.12 ** | 196.00 * 7.32 3.71 28.33
B — 88.36 90.24 ** | 492,84 ** — 4.63 8.62
AB — 139.24 7.07 14.44 — — 2.92
C — 179.56 * — 23.04 7.08 — 6.17
AC — 213.16 * — 46.24 12.59 ** | — 4.13
BC — 73.96 15.42 * 29.16 — 13.42 * 3.38
8 9 10 11 12 13 14 15
— 40.50 * — 4.07 12.90 5.90 — 8.90 *
- 98.00 * 10.15 * — 10.76 4.59 — 11.16 *
— 40.50 * — — — 14.88 — —
— 4.50 — — 8.80 71.04 — —
— 8.00 — — 37.10 * 3.44 — 1.72
— — 8.18 * — 10.76 53.08 — —
16 17 18 19 20 21 22 23
13.14 27.20 * | 1681.00 * — 8.82 139.24 6.10 ' 9.00
61.66 28.82 * 33.64 - 12.56 104.04 — 100.00
— — 67.24 — — 73.96 3.96 27.04
27.41 6.02 25.00 8.01 8.82 60.84 — 7.84
— 6.80 81.00 — 3.31 148.84 4.82 5.76
29.55 7.62 11.56 - 2.56 38.44 — 21.16
24 25 26 27 28 29 30
— 5.85 34.94 ** | 336.11 * | 1640.25 * — 10.38 *
— 4.37 — © 81.00 992,25 * 25.06 * 4.24
13.10 * — — 2.78 132.25 2.93 —
6.34 4,72 7.61 69.44 256.00 * 4.37 5.65
2.01 — — 9.00 36.00 — 3.42
2.01 — — 13.44 36.00 4.37 —

¥ RERES % TER

* means significant at the 5% level

R TER

**  means significant at the 1% level

HEHHELPRITWINWERAS, BREBBEOBRTHER (BERES5 %K) S0k, OHEK
DBE, 1V V—-FTAARIA, 27 Vv—FTI6AFI A, 87V —FTI0AH 6 A, MR
DBE, 15 V—FT4ARLIA, 22XV —FTI6AFRGA, 85V —FTIARLATH %,
ZOTLED L 1S —FOBE, DEEOAIR, L hBEPRI TV EEAS, IHREEOE
HTER (BREKs5 %/K8) 201, MEBOES, 17 v—-FT4AR1LA, 25Vv—FT16
AHS A, 37 Vv—FTIOAR2A, BEROEE, 15 Vv—FI130A, 27Vv—FTI6AH1
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Table 5 Contribution of variance (heart rate, an age group)

P os Jal v P e s e v Fo| 2%
Al e200] 1| 6200 3.57 03 | A 1m.a1] 1] 173.11] 5.42%| 0.8
B 574.33| 1| 574.33| 33.08% | 3.2| | B | 573.31| 1| 573.31 | 17.94%* | 3.3
AB| 1439 1| (4.39) — — | aB|  re| 1| a.e = —
c! 4.8 1| 46.78| 2.69 0.2 | C| 31220] 1! 312.29| 9.77%| 1.6
AC| 37.03| 1| 37.03 2.13 0.1/ |Ac| 25.56| 1| 25.56)] — -
BC| 3.63] 1| 3.6 — — | |Be| 33.93| 1] 33.93| 1.06 0.01
R | 11723.75 | 19| 617.04 | 35.54% | 65.7| | R | 12076.69 | 9| 1341.85  41.99% 66.6
AR| 1418.53 | 19| 74.66| 4.30**| 6.3 |AR| 2126.34| 9| 236.26| 7.39%*| 10.4
BR| 1446.22| 19| 76.12| 4.38%* | 6.4| [BR 71796 9| 79.77| 2.50*| 2.4
CR| 657.00|19| 34.58| 1.99*| 1.9| |OR| 439.80| 9 48.87| 1.53 0.9
e | 1383.2707| 1557 — — e | 1219.07 37| 32.95 - —
e | 13712979 17.36| — 15.9| | ¢ | 1246.57 |39 | 31.9 - 14.19
T | 17336.93 [159 — — | 100.0] | T]17700.00 ! 79{ — ( — s 100.00
20es 30es
O FE—5~BEBNT * RERKES%TEE
QO in the Tab 5 ~8 * means significant at the 5% level

** REREL1STER

**  means significant at the 1% level

F—6 DT (FREBE . F#5)

Table 6 Contribution of variance (breath rate, an age group)

s Ja] v [ 7 s s Jal v [ r [
Al 92834| 1| 928.34| 3.93* 0.8 A| 1083.47 | 1| 1083.47 | 9.50** 2.4
B| 1741.61 | 1| 1741.61 | 7.37%* 1.8 B | 2668.86 | 1| 2668.86 | 23.40%* 6.3
AB 53.67 | 1 (53.67) - — AB| 105.04| 1| (105.04) - —
c 36.91 0 1| (36.91) — — C| 509.80| 1| 509.80| 4.47 * 1.0
AC| 14.65] 1| (4.68)] — - AC| 186.14| 1| 186.14| 1.63 0.2
BC 4.47 | 1 (4.47) — — BC 1.76 | 1 (1.76) - -
R | 50446.69 | 19 | 2655.09 | 11.24** | 53.6 R | 25222.89 | 9| 2802.54 | 24.57** | 59.2
AR| 3514.00 | 19| (184.95)] — - AR| 4073.75 | 9| 452.64 | 8.97** 7.5
BR| 1273.94 (19| (67.05) — — BR| 1632.70 | 9| 181.41| 1.59 1.5
CR| 2449.07 { 19| (128.90)| — — CR| 1014.66| 9| Qi2.79| — -
e | 25255.49 | 77 | 327.99 — — e | 4353.54 |37 | 117.66 — —
¢ | 32602.20 |138 | 236.25 — 43.8 e | 5475.00 | 48 | 114.06 — 21.9
T | 85718.84 [159 | - — | 100.0 { T | 40852.61 ] 9 - — | 100.0

20es 30es
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Table 7 Contribution of variance (heart rate, type of physical strength)

s (o] v | F [ s Ja] v | F s
A 34.57 | 1 34.57 | 1.90 0.3 Al 152.93] 1| 152,93 | 7.16%* 0.6
B | 1396.03| 1| 1396.03 | 76.83%* | 26.1 B | 308.23| 1] 308.23 | 14.43%* 1.4
AB 0.05| 1 (0.05) — — AB 13.96 | 1 (13.96) — —
c 78.88 | 1 78.88 | 4.34 1.2 C| 156.00| 1| 156.00| 7.30%* 0.6
AC 0.10 | 1 0.10) — — AC| 31.15] 1 31.15 | 1.48 0.1
BC 1.90 | 1 (1.90) — — BC 10.00 | 1 (10.00) — -
R | 1746.82 | 3| 582.27 | 32.05%* | 32.1 R | 16180.79 | 15 | 1078.72 | 50.50** | 75.3
AR| 1330.15| 3| 443.38| 24.40**| 24.2| |AR| 1411.13 | 15 94,08 | 4.40%* 5.2
BR| 179.03 | 3 59.68 | 3.28 * 2.4 (BR| 990.96 | 15 66.06 | 3.09** 3.2
CR| 221.57| 3 73.86 | 4.06 * 3.2| |CR| 493.45 |15 32,90 | 1.54 0.8
e 288.72 | 13 22.21 — — e | 1321.41 |61 21.66 — —
¢ | 290.77 | 16 18.17 — 10.5 ¢ | 1345.37 | 63 21.36 — 12.8
T ‘ 5277.82 ‘31 ’ - | - [ 100.0 1?} 21070.01’127 . — ‘ - ] 100.0

group 1 group 2

] ) daf v F p(%) <fﬁﬁﬁﬂ> ‘ ‘
Al 15299 1| 152,99 6.01 * 1.9 DFBTIR200L, RIITE L BAZT

. . . . 921 oL .
B| 143.95| 1| 143.95] 5.66 * 1.7 HE (EBE1 %K) 2OIE~T, 30
AB 3.56 | 1 (3.56) _ - iz, T2 TINERE 3 FETH
C 35.16 | 1 35.16 | 1.38 0.1 h, EHiconTh FE (BRE 5 %K
AC 13.76 | 1 (13.76) - — #) LitoTWWA,
| s | 0| wror| o] s R0, BHYE AT

. . 17.76 55.8 1 otk .
AR| 698.21| 9 77.58 | 3.05%* 6.8 ﬁ%fﬁ@$1émﬁx B a5
BR| 293.61| 9| 32.62| 1.28 0.9 ZRBETHREDITHNT, 30fUaES,
CR| 470.81| 9 52.31| 2.06 * 3.5 EEEE L BAZTHEETH Y, NREH
e | 975.14 37| 26.36 — - bR BKETHERE L > TV 5,
e’ 992.46 | 39 25.45 — 29.2 Cﬂeo))ﬁb>6%iffi5C&li, m
T)%&@]w — } — ]mao DBHTH S, BAENKES {FEBLT

208, EEIEEOEGICOWTE, ERK
iR <, DR, BEREicE 5B
RThbo X, 0RDTTH200L b ¢ IR D EEIC T 2 HEHBK RV, BHOE NI, OH
BLhtRERcEE Y5,

vy

DHBOHE, 17 Vv— 7T, REHEEBAZSER (GRE1%KHE) Thh, 25 v
— 7T, THICIATREENERE ¢ 68 BRE1%KE) Thbs, 3/ v—7 Tid,
BAZSERE (ERE1%KE) Td50, BHLBREPHIIBREKS ZKETHRL > T
%,

BREBOGE, 170 —7Tik, BEEEEBAZVER GRE1%KkE ThH, B
BRE S ZKETHERBTH 2, 257V —F T, B8, BRI EAZVSES (GBRE1 %K
#) Thh, MESEIIERES BKETEETH S, 370 — 71k, B, BEREE HAE

group 3
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Table 8 Contribution of variance (breath rate, type of pwysical strength)

s ol v | F | s Jal v [ Fr [
A | 58.42] 1| 588.42| 7.94 * 3.5 A 1230.21 | 1| 1230.21 | 16.77%* 2.2
B | 1915.19 | 1| 1915.19 | 25.86%* | 12.6 B | 1002.40 | 1| 1002.40 | 13.67** 1.8
AB| 179.65| 1 179.65 | 2.43 0.7 AB 4,76 | 1 (4.76) — —
c 9.61| 1 (9.61) — — C| 395.8| 1| 395.86| 5.40 * 0.6
AC| 38351 1| 38.51| 5.18* 2.1| |AC| 108.86| 1! 108.86| 1.48 0.1
BC 8.76 | 1 (8.76) — — BC 1457 | 1] (14.57) — —
R | 8041.66 | 3| 2680.55 | 36.19%* | 53.3 R | 38003.72 | 15 | 2533.58 | 34.55%* | 71.5
AR| 574.95| 3| 191.65| 2.59 2.4| |AR| 2776.47 | 15| 185.10 | 2.52%* 3.2
BR| 1438.65 | 3| 479.55| 6.47%* 8.3| |BR| '705.85 )15 (47.06) -— —
CR| 434.65| 3| 144.88] 1.96 | 1.4 |CR| 2360.52 |15 157.37 | 2.15* 2.4
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Fig. 2. frequency analysis of chain-saw vibration
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Résumé

To examine the physiological load of the worker by forestry machinery, we experimented
how the vibration by chain-saw influenced to the heart and breath rate. We experimented
it for the persons (20es, 13 and 30es, 10) by electric shaker about following faetors; style

(standing or bending) , vibration-waveform (original-wave or modified-wave) , shaking
time (three minutes or six minutes) . We classified subjects three groups (strong, average
and weak) in physical strength.

The results are that: the more the component of low frequency has, the larger the
physiological load becomes, even though overall value is same. The shaking time is the
shorter, the physiological load is the smaller. To the style, the physiological load of
standing is smaller than bending except the strong group.



