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Development of an Application Model of Simple NIOSH Lifting Equaﬁon
to Multi-stacking Complex Lifting Tasks

Jae Hee Park
Department of Safety Engineering, Hankyong National University
(Received December 15, 2008 / Accepted April 10, 2009)

Abstract : The NIOSH lifting equation has been used as a dominant tool in evaluating the hazard levels of lifting
tasks. Although it provides two different ways for each simple and complex lifting task, the NIOSH simple lifting
equation is almost used for not only simple tasks but also complex tasks. However, most of lifting tasks in industries
are in the form of complex lifting. Therefore some errors occur inevitably in the evaluation of complex lifting tasks.
Among complex lifting tasks, a multi-stacking task is the most popular in lifting tasks. To compensate the error in
the evaluation of multi-stacking tasks by using the NIOSH simple lifting equation, a set of calculations for finding
LlIs(Lifting Indices) was performed for the systematically varying multi-stacking tasks. Then a regression model which
finds the equivalent height in simple lifting task for multi-stacking task was established. By using this model, multi-
stacking tasks can be evaluated with less error. To validate this model, some real multi-stacking tasks were evaluated
as examples.

Key Wonds : NIOSH lifting equation, simple lifting task, complex lifting task, multi-stacking, lifting index
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Table 1. CLls of varying multi-stacking tasks

A = @A) cLl ®E

L ®  20cm  30em  40em  60em BT A
0.64 0.63 0.63 0.63  0.63 0.00
0.65 0.65 0.65 0.65 0.65  0.00
0.69 0.69 0.69 0.69 069 0.00
0.76 0.76 0.76 0.76 076  0.00
0.90 0.90 091 091 091 0.00
1.28 1.26 1.25 1.25 .26 0.01
1.29 1.29 1.30 1.29 1.29  0.00
1.38 1.38 1.39 1.38 1.38  0.00
1.51 1.52 1.52 1.52 1.52 0.00
1.80 1.81 1.81 1.82 1.81  0.00
1.93 1.89 1.88 1.88  1.89  0.01
1.94 1.94 1.94 1.94 194  0.00
2.07 2.07 2.08 2.08  2.07  0.00
227 2.27 228 228 228 0.00
2.70 2.7 2.72 2.73 272 0.01

20 257 252 2351 2,51 253 001
20 258 258 251 259 257 0.02
20 276 276 277 277 277 0.00
20 303 303 304 3.04 303 000
20 3.61 362 363 364 362 001
25 3.21 315 314 313 316 0.02
25 323 323 324 323 323 0.0
25 345 345 344 346 345 001
25 378 379 38 380 379 0.0

4.51 452 453 455 453 0,01
385 378 376 376 379 0.02
388 388 388 388 3.8 0.0
414 415 416 415 415 0.00
454 455 456 456 455 0.00
541 542 544 546 543 001
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Table 2. Equivalent heights between simple and complex

lifting
L(kg) F(3) LI Vi(em) V2(cm)
5 1 0.58 12 145
5 2 0.60 13 144
5 4 0.64 15 143
5 6 0.71 16 141
5 8 0.85 2 135
10 1 117 14 146
10 2 120 14 145
10 4 1.29 14 143
10 6 141 17 140
10 8 1.69 23 134
15 1 175 13 145
15 2 1.80 14 144
15 4 1.93 15 143
15 6 212 17 140
15 8 2.54 23 134
20 1 233 12 145
20 2 241 13 144
20 4 258 14 143
20 6 2.83 17 140
20 8 339 23 135
25 1 292 12 145
25 2 3.01 13 144
25 4 322 14 142
25 6 354 16 140
25 8 424 23 135
30 1 3.50 12 145
30 2 3.61 13 144
30 4 3.86 14 143
30 6 424 16 140
30 8 5.08 23 134

V1: equivalent height downward from 75¢cm
V2: equivalent height upward from 75c¢m
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Fig. 5. Case 1. product multi-stacking task.

12 9A9H AL 2o gdudAy sl ko] Fig. 6. Case 2: Box multi—stacking task.
Table 3. Result of case 1
A%
analysis method load  stack f.requenc_y LI error error(%)
(Kg) layer (times/min) Ho Hd Vo vd
complex equation. 8 6 5 (0.83/layer) 30 45 75 15,35,55,75,95,115  1.070
simple equation with lowest V 8 1 5 30 45 75 15 1.107  +0.037 3.46%
simple equation with highest V 8 1 5 30 45 75 115 0.949 -0.121 11.31%
revised simple equation 8 1 5 30 45 75 15+1.35F=21.75 1.081 +0.011 1.03%
SO 81| X|, H|243 K23, 200944 81
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Table 4, Result of case 2

Lo

anaysis method gk ey 2T U emor e
complex equation. 12 7 3 (0.43/layer) 30 45 75  15,35,55,75,95,115,135  1.486
simple equation with lowest V. 12 1 5 30 45 75 15 1.510  +0.024  1.60%
simple equation with highest V. 12 1 5 30 45 75 135 1435 -0.051 3.43%
revised simple equation 12 1 5 30 45 75 15+1.35F=19.05 1492 0.006 0.40%
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