NIOSH (1981)
4
(Worker Characteristic)
(Material/ Container features)

(Work Practices

Characteristic)

(Task Characteristic)

(Worker Characteristic)
(Physical)
(Anthropometric Measurement)

(Sensory)
(Motor)
(Strength) (Endurance)
(Range of Movement)
(Personality)

(Health Status)

(Leisure time Activities)
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? (Material/ Container featurs)
. (Load)
. (Dimension)
. (Distribution of Load) (Center
of Gravity)
. (Coupling)
(Grasping)
. (Stability of Load)
(Rigid Body)
(Work Practices
Characteristic)
. (Individual)
. (Organizational)
. (Administrative)
(Personal Protective Equipment)
(Task Characteristic)
. (Workplace Geometry)

(Obstacle)

(Direction and Exent of Path)

. (Frequency/ Duration/ Pace)
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. (Complexity)

(Tolerance)

. (Environment)
( , 2521) Devries (1986)
(Response)
(Heart Rate) (Oxygen Consumption, (VO ))
(Pulmonary Ventilation Volume) (Respiration Rate)
(Lactic Acid Concentration) (Body
Temperature) (Pulse Pressure)
(Heart Rate)
70 75 ( , 1979)
50

Lucien Brouha (1960)

(Sport-testor, Polar: Finland)
2



Devries(1986)

(Heart Rate at Rest)

. (Age)
. (Sex)
(species)
25
10-12

5-10

(Size)

(Posture)

/

(Ingestion of Food)

1,000

78

130

14
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(Emotion)

(Iab) 19

(Body Temperature)

(Environment Factors) (Ambient
Temperature)
10-40
(Effects of Smoking)
Brouha (1970); Lehmann (1962); Sternbach (1966)
. (Physical Effect)
. (Heat and Humidity)

. (Psychic Stress and/or Time Pressure)
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(Oxygen Consumption and Maximum Aerobic Capacity)

(Oxygen Consumption)

(V.M. Salokhe, D.v. Mamansari, 1995)

(N. Adiputra, P. Alex, D.p. Sutjana, K Tirtayasa, A. Manuaba 1996)

2-1
(American Heart Association-Exercise Testing and Training of Apparently Healthy

Individuals: A hand book for physicians, 1972)

WOMEN
AGE (Years) Maximum Oxygen Uptake (ML/ KG/ MIN)
Low Fair Average Good High
20-29 <24 24-30 31-37 38-48 49+
30-39 <20 20-27 25-33 34-44 45+
40-49 <17 17-23 24-30 31-41 42+
50-59 <15 15-20 21-27 28-37 38+

60-69 <13 13-17 18-23 24-34 35+
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2-2
(American Heart Association-Exercise Testing and Training of Apparently Healthy

Individuals: A hand book for physicians 1972)

MEN
AGE (Years) Maximum Oxygen Uptake (ML/ KG/ MIN)
Low Fair Average Good High
20-29 <25 25-33 34-42 43-52 53+
30-39 <23 23-30 31-33 39-49 49+
40-49 <20 20-26 27-35 36-44 45+
50-59 <18 18-24 25-33 34-42 43+
60-69 <16 16-22 23-30 31-40 41+ .
20
(Morehouse Miller, 1976) 1 '

02IVCO2mex, %  2max” , , '

" (E. Kamon M. Ayoub, 1973)

( - 1998)



Process)

deficit)

Oxygen deficit

(Steady State)

18

(Aerobic

(Anaerobic Process)

(Oxygen

(Oxygen debt)

(Energy Balance)

Oxygen debt
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g& Oxygen Uptake
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2-1 (Tayyari Smith,1997, p95)
(Brouha, 1960) 2-2
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(Brouha, 1960 p. 6)



5.

51
51.1
512 »
5.1.3

20

(Bench-Stepping)

(Center of Gravity)

(Treadmill) :

7 10%

(Cycle Ergometer)

(Electrocardiograph)



52
(Direct Method)
(Indirect Method) (Tayyari Smith, 1997)
5.2.1 (Direct Method) Aerobic Capacity
($ ,1max
220- (Tayyari and Smith, 1997)
(Brouha, 1967; Astrand and Rodahl, 1977) Aerobic Capacity
5.2.2 (Indirect Method) Aerobic Capacity
Submaximal
10-15%
(Khalil et al.,
1985) 2 1)
2)
2-3

220- ( ) (Tayyari and Smith, 1997)

( , 2521)

. 375
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. 100

. ()
. 3
1

(Terminate)

. 240-250

. 125
6 1 (8 )
6.1 ?

(Intaranont and Srithongchai, 1992)

(Heart Rate Elevation)

(Heart
Rate)

Hr(at Work)- Hr at rest
X

Percent Maximum Heart Rate Range =
Hr max - Hr at rest

100
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33%
Broha (1960) 110
8 Percent Maximum HR
Range 33%
. ( Manual Material Handler)
. (Stockeeper)
. (Heavy-equipment repair operator)
. (Carpenter)
. (Painter)
. (Plasterer)
. (Bricklayer)
Snook Irvine (1969) Brouha (1967)
115 Suggs Splinter (1961)
Snook Irvine (1969)
112
99
6.2 ?
8
(Passmore Durnin, 1955; Snook Irvine, 1969; Brouha, 1960; DeVries
et al. 1969)
2500 8 5.2
5.2

Body (1945) Astrand (1960)
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(Work Rate) 50%

Das et al (1974)

8 50%
60%
60%
(Strain)
8
50%
8 33%
(Lehmann, 1962; Bink 1962) 50%
(Christensen, 1955) Astrand Rodahl (1956)
30-40% Bink (1962)
40%
33% 40% (T.L. Dolittle, Parten Darriel,
1989)
K. Intaranont, M.M. Ayoub, W.M. Bobo, J.L. Smith (1986)
5 8
1) 35 50% of y 0 2max (Michael, Hutton
Horvath (1961))
2) 5 kcal/min 1 /
( ! (1953)
3) 110-115

(Snook Irvine (1969))



(Richardson, 1953)

Petrofsky Lind (1978)

2-3

Source

Lehmann (1953)
Muller(1953)
Astrand(1960)
Michael et a. (1961)
Bink (1962)

Astrand (1967)

Astrand and Rodahl (1970)
Petrofsky and Lind (1978b)

Felder (1979)
Garg and Saxena (1979)

: SJ. Legg,

%VO02 ax

30 (estimate)
30 (estimate)
50

5 8 &

22 (estimate)
25 (estimate)

40
27(estimate)

25

8

Comments

5 keal/min for industrial workers

5 kcal/min for industrial workers

Treadmill. Not attainable by all subjects
Treadmiill cycle ergometer

Cycle ergometer. Predicted from equations
Construction workers-spontaneously chosen
workload. % VO, max predicted from heart
rate/vo, relationship for cycling

Untrained men. Read from graph

Three well trained male students lifting light
boxes. 25% MO, max for cycle ergometry,
corresponding to about 50% VO max for
lifting boxes

Arm and leg ergometry

Untrained students (age26) (psychophysical
method). Freestyle liting. Assuming RQ=0.8
and VO of 0.8 I/min or 27% VO, max

. . Myles, Ergonomics, Vol. 24, Nol12, 1981, p. 907-916.



NIOSH (1981)

7.1 Dynamic Exercise :

(bicycling) :

7.2 Isometric Exercise :

packages):

7.1 Dynamic Exercise

(Fatigue)

7.2 Isometric Exercise

(walking)

(carrying)

(Respiratory System)

(jogging)

26

(holding

Dynamic Exercise

MVC



(Maximum Voluntary Contraction)

(Maximum Voluntary Exertion)

MVE MVC 100%

Dynamic Isometric Exercise

(Brouha, 1967)

21

MVE

100% MVC
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