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Psychophysical Modeling for Lifting Capacity Using Isometric &
Isoinertial Strength Variables
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Abstract : The muscular-skeletal disorders that have become a major issue recently in Korean industrial safety area
are mainly caused by manual material handling task. The objective of this study is to provide scientific data for the
establishment of work safety standard for Korean workers through the experiments of lifting task under various con-
ditions, in order to prevent the muscular-skeletal disorders in the industrial work site. This study used the psychophysical
approach to determine the maximum acceptable weight(MAWL) for seven young male subjects, and used isometric
and isoinertial strength variables as predictors to develop prediction medels. Also, the oxygen consumption, heart rate,
and RPE were measured or recorded while subjects were lifting their MAWL. Three different lifting frequencies(l,
3, Slifis/min) with two lifting range from floor to knuckle height and knuckle to shoulder height for one hour's work
shift using free style lifting technique were studied. These results may not only provide scientific data in establishing
the safety standards for Korean workers' lifting tasks, but also contribute preventing the rapidly increasing muscular-
skeletal disorders lately on the industrial site.

Key Words : manual material handling, maximum acceptable weight of lift, psychophysical approach
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Table 1, Summary of the characteristics of the subject

Variables | Means (s.d)

Age (yr) 23.1 (2.0)

Weight (Kg) 75.6 (8.7)

Height (cm) 174.5 (3.9)

Knuckle Height (cm) 76.0 (3.0)

PWC (L/min) 2.91 (0.6)

Isometric strength : Arm (Kg) 37.3 (1.9)
Isometric strength : Back (Kg) 93.6 (12.3)
Isometric strength : Composite (Kg) 1174 (7.6)
Isometric strength : Shoulder (Kg) 48.7 (6.6)
Isometric strength : Leg (Kg) 109.7 (14.4)
Isoinertial strength: Knuckle to shoulder (Kg) 30.7 (2.7)

Isoinertial strength: Floor to knuckle (Kg) 67.3 (16.3)
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Table 2. Summary analysis of variance with MAWL, Heart rate,
Oxygen consumption and RPE as the dependent
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Table 4. Prediction models using Strength data and Frequ—
ency as preictors

variables (Pr)F) (N=7) R-square
Task Hei iction Model Sd
Variable ~ MAWL  Heart rate  VO2 RPE ask Height Prediction Mode (adj R-sq)
Frequency < 0.0130 < 0.0001 < 0.0001  <0.0001 MAWL= -1.73036*Frq +
Floor to 0.33298*ISFK - 0.91138*Arm 0.9442
Range 0.0004  0.0363  0.0003 04650 Knuckle +0.65987*Shd-0.23553*Leg (0.9255)
Freq.*Range  0.6499 0.7802 0.3559 0.7889 +41.546
MAWL= -1.00179*Frq +
Kg}‘l‘gﬂgez" 0.67476*ISKS + 0.27669*Shd + (823‘1’3)
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Table 3. Prediction models using Isoinertial Strength and
Frequency as predictors

Task Height Prediction Model R-square
Floor to | MAWL= -1.73036*Frq +0.17962*ISFK 04216
Knuckle +24.20046 ’

Knuckle to | MAWL= -1.00179*Frq +0.72751*ISKS 0.5232
Shoulder +6.19738 '

Frq = Task Frequency 1, 3, 5
ISFK : Isoinertial Strength of Floor to Knuckle height
ISKS : Isoinertial Strength of Knuckle to Shoulder height

92

Frq = Task Frequency 1, 3, 5

ISFK : Isoinertial Strength of Floor to Knuckle height
ISKS : Isoinertial Strength of Knuckle to Shoulder height
Arm : Isometric Strength for Arm

Shd : Isometric Strength for Shoulder

Leg : Isometric Strength for Leg

Table 5, Comparison of predicted value and measured value

. . | Frequency | Measured | Predicted « | absolute
Task Height (/min) | value(kg) | value(kg) error error(%)**
1 3345 32.11 -1.34 418
Floor to
Knuckle 3 29.05 28.65 -0.40 1.40
5 24.95 25.19 0.24 0.94
1 25.20 2412 -1.08 4.46
Knuckle to
Shoulder 3 22.55 22.12 -0.43 1.94
5 20.15 20.12 -0.03 0.17

*error = predicted value - measured value
**absolute error = |etror| / |measured value| *100
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