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A Study of the Effects of the Trunk Angles and the Upper Arm Angles
on Workloads in the Lifting Work
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Abstract : It is well-known that lifting capacity .of a worker is influenced by body posture during the task. When a
task analyst make use of RULA and REBA Trunk and upper arm angles are recorded in a separate item. It means
that the interaction between the angles of two body segments may be ignored in a final score. The NLE(NIOSH Lifting
Equation) has been used to supplement this problem. However, there is no study to validate the result of RWL
(Recommended Workload Limit) under the existence of interactions between trunk and upper arm angles. The goal
of this study was to assess the effect of the interaction between trunk and upper arm angles. Three responses,
including NMVC(normalized maximum voluntary contraction), RWL(Recommended Weight Limit) and subjective
judgment in psychophysical method (Borg’s scale), were recorded according to the combinations of three trunk angles
and nine upper arm angles. The results showed that lifting capacity is highly influenced by interaction of two body
segments(trunk and upper arm). It means that the task workload has to be analyzed along with the interaction of trunk
angles and upper arm angles when the task analyst assesses potential risk factors on the postures. This study may be
able to be a fundamental study to develop an assessment method for lifling task analyses according to body postures.
Key Words : lifting capacity, MVC, RWL, trunk angle, upper arm angle, borg’s scale
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Table 1, Summarized characteristics of subjects

age(years) | weight(kg) | height(cm) BMI

average 244 72.7 178.4 227
S.D. 1.16 12.90 8.16 2.7
maximum 27 88 188 252
minimum 23 50 162 16.1
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Table 2, Experimental variables
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Table 3. Modified Borg's CR-10 rating scale
Scale

Rating

10 Extremely strong(Almost maximum)

Very strong

Moderate

Weak

9
8
7
6
5 Strong
4
3
2
1

Very weak

0.5 Extremely weak(Just noticeable)
0 Nothing at all
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Table 4, Results of ANOVA for NMVC

D;grze of SM can F value | p-value
cedom quare ”
Trunk Angle 2 1.598 14117 | <0001
Upper Arm Angle 8 0.781 68.95 <0001
Tm“kAﬁgkn;fppe“ 16 0136 | 1204 | <0001
Block {Subject) 1 0.026 2.31 0.01
Error 286 0.011
Corrected Total 323
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Interaction Plot for RWL

204

3
c 10
54
O_
80 -20 ©0 20 .0 4 0 @ 10
UpperArm
Fig. 4. Interaction plot for RWL according to trunk angles
(Unit: Kg).

Table 5. Results of correlation analyses between NMVC and
RWL according to trunk angles

Trunk : 0° {Trunk : 30°|Trunk : 60° Total

Correlation
Coefficient
(p-value)

0.167 0.763 0.791 0.539
(0.0831) | (<.0001) | (<.0001) | (<.0001)
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Table 8, Results of Friedman test for subjective ratings in
terms of trunk angles

Degree of Mean F value | p-value
freedom Square
Trunk Angle 2 2165.24 45.97 <.0001
Block{Subj} i1 0 0
Error 297 47.10
Corrected Total 323

Table 7. Results of Friedman test for subjective ratings in
terms of upper arm angles

D{:gree of Mean F pvalue
cedom Square
UpperArm Angle 2 65844 | 1465 | <0001
Block(Subject) 11 0 0
Error 297 4495
Corrected Total 323
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