Physiological Measurements
of Complex Stress and Strain
in Humans
J. Varga, F. Kudasz

Model of the complex load

Micro «—— , Macro
ergonomics H ergonomics
Optimal utilization of human

power during the labor career
WOr

P\e)( k IoQ

K Y

The components of complex work load
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Characteristics of the studied workplaces

Workplace Halimba Ajka coal Nyirad Csabpuszta Halimba

characteristics | bauxit mine mine bauxit mine | bauxit mine | bauxit mine
(1987-1988) |  (1988- (1989) (1990) (1991-1992)

1989)

Temperature 16-18 15-17 13-14 17 15-16

(°C)

Humidity (%) 94-95 82-84 95-96 88 93

Noise level (dB 70-110 65-85 80-98 93-98 88-109

lllumination 8-15 10-14 14-20 15-22 10-15

(Lux)

# of shifts 201 238 110 123 122

# of miners 12 18 12 16 14

involved

Age (yrs) 39+93 33377 39.1+7.8 36.2+8.6 375+09.

Weight (kg) 76.7+9.9 |74.7+10.| 81.6%115 81.1+11.0 84.3 +16.

Height (cm) 171.3+£4.9 |171.8+8..| 171.2+48 174.4+7.0 1745+7.

Years in mine 16.4+4.6 11.3+9.3 18.4 + 8.1 10.6 + 8.9 16.0 + 10|

v

Main characteristics of the workplaces were:
cool, wet, noisy and poorly illuminated




Physiological response characteristics of a subject
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Heart rates and delta heart rates of 15 subjects
during 124 working shifts
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Psychological effects
Effect of observation (instrument strain)
Presence of managers (morning shift)

Mental effects
degree of illumination
occurence of accidents

Observation induced stress

First measurement

Mean of 2nd-10th

measurements
n HR/min dHR/min n HR/min dHR/min
15 110+ 12 30+11 110 | 104 +11 26+9

Presence of man

agers (day shift)

Day shift

Afternoon and night shifts

n HR/min dHR/min

n

HR/min dHR/min

70 112 +£12 29+10

55

102 £10 23+8

Effect of illumination
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Accidenting vs. non-accidenting workers

accidenting non-accidenting
n HR/min dHR/min n HR/min dHR/min
33 111 +13 34+10 13 101+9 29+5

Strain and duration of work tasks based on 124 sh# of 15 subjects
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Work Tasks

Light Moderate
T entering the mine 9 touble-shooting
2 leaving off 10 blasting
3 driling with drilling cart 11 screw on TH arcs
4 waiting on surface 12 maintaining the hauling routes.
5 preparation and cessation 13 manual transportation of dead ground
6 haulage of dead groun 14 building additional support using TH arcs
7 waiting for smoke after blasting
8 building provisional wooden support

15 driling cart preparation

16 stoping with pneumatic pick

Heavy cont.

17 driling machine preparation

18 conveying supporting materials

19 comminution of ore in runways using
pneumatic pick

20 aligning with pneumatic pick and
installing provisional support

21 stoping with pneumatic pick
installing definite support

22 conveying and filling-in explosives.

23 driling with manual machine




Comparison of different mining technologies
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Development of strain during work
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Association of physiological strain with accidents
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Summary and conclusions

Work strain is complex.

Formerly investigation focused solely on the
effects of physical load.

Complex strain is measureable and can be
analysed.

The methodology can be utilised in optimising
workstrain and by qualification of workability.

We continued the investigation by using HRV
analysis (~900 workers, ~4000 shifts).

Publications of the results are coming soon.
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