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A Study on Safe Weight of Lifting for Korean

Minwoo Ock

Department of Safety Engineering, Graduate School,

Pukyong National University

Abstract

Low back pain (LBP) is a major issue in modern industrialized
society which is mainly caused by manual material handling (MMIH)
tasks. The objective of this study was to provide scientific data for
establishing | work  standard for 'Korean workers throughout the
laboratory experimentiincluding some specific lifting tasks. Twelve male
college students were recruited as participants. The maximum voluntary
contraction (MVC), recommended weight lift (RWL), and psychophysical
safety weight using Borg’s CR-10 scale were studied.

Results showed that the RWL was 84%MVC higher than the
proposed psychophysical safety weight. Based on this result, it is
suggested that the NIOSH lifting equation (NLE) should not be directly

applied to Korean without reasonable modifications.



The ratio of psychophysical safety weight to MVC was ranged from
20 to 26.5%. It is expected that use of the methodology in this study
may provide better expectation of the work ability of Korean for

reducing lower back pains caused by MMH.
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Table 1 Recommended weight of Manual Materials Handling

by age
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2.3 Revised NIOSH Lifting Equation
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(Fair), Y™t (Poor)e] 3wz Ytk

AFFFAE e 2ol FIPESE 67 WEE ol gl TF 4

ﬂJ

SIR=
RWL =23 x HM x VM x DM x AM x FM x CM
ARETIAY, ARE A7 HAF FG F2hA FALe Hu 84

Elgeaes
Table 2 Equation of different multiplier

Multiplier Equation
HM =9 A s={Horizontal Multiplier) 25/H
VM A A9 (Vertical Multiplier) 1-(0.003 IV-75])
DM A A5 (Distance Multiplier) 0.82 + (4.5/D)
AM vl th & A4 (Asymmetric Multiplier) 1-(0.0032A)
FM Y= A4 (Frequency Multiplier) Table 3
CM AZ9 A4 (Coupling Multiplier) Table 4

_13_



Table 3 Frequency multiplier

SpeaiEiies T=1A2t A2t s T =2 A2t 2 A 2F T
(3/2) V<75 V=75 V<75 V=75 V<75 V=75
0.2¢ 1.00 1.00 0.95 0.95 0.85 0.85
05 0.97 0.97 0.92 0.92 0.81 0.81
1 0.94 0.94 0.88 0.88 0.75 0.75
2 0.91 0.91 0.84 0.84 0.65 0.65
3 0.88 0.88 0.79 0.79 0.55 0,55
4 0.84 0.84 0.72 0.72 0.45 0.45
5 0.80 0.80 0.60 0.60 0.35 0.35
6 0.75 0.75 0.50 0,50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
8 0.60 0.60 0.35 0.35 0.18 018
9 0.52 0.52 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 013
11 041 041 0.00 0.23 0.00 0.00
12¢ 0.37 0.37 0.00 0.21 0.00 0.00
Table 4 Coupling multiplier
A Ol T
215t Efol + 4 21
YV < 7bcm 75 = Vcm
% 5 (good) 1.00 1.00
5 & (fain) 0.95 1.00
=2 poor) 0.90 .90

_14_




e

o] 47}

=

=

o we) v

A ¥ (epidemiological approach)

7l
£

Tor
B

&

-

i
H
i

doz a¥)e] WAL 9

1 (oH 3

3|

Al %

£
=&4

1A
e

15}

al
=

] o]

@ AA 94 - HW (biomechanical approach) :

—_
1o

o
o

o
o

s

jan
3

—
o

iz

R IEE: !

14 <1

3|

3 A3

)

171 9

<]

7

_15_

o] 2419

=

9445

&

EEE

<]



d7bohaz

E i
= &

Aztst Bed A Apole] B

f A

3|

ojy
o

Tor

o
=3

w

o

3] RPE<};

i

] 0.1,

_16_



2.5 Borg’'s CR-10 scale

Borg’s CR-10 scale2 249 & AA2E Hrled & Ay F, &

Borg’s CR-10 scales %1%l 23 1 249 BARY BAEE A
AzakE wolth 19824 Borg™ ol o) &7]e] =g wed] 105 o=
el Tabled] Zrdx7F =7l A= AEE el 10 point category

scaled AHEEFE O, 7 A ERe] felAe] WA Yolrlrhis EAY 1)

B!
=
o
ki
(ld
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!
DD
(e
ol
|
o
it
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rx
o
2
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A3 Ao 2 Table 49 o] 0~107b# o] H7psts Wil &
U B 5o oo A modified Borg's CR-10 scales AF&3t3 b,
o] F¥A W7l A& 0~109 AAYRE o]Fojx oy, 02 “7F

s A vk, aEal 108 K mhA AR Hae] e,
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Table 5 Modified Borg’'s CR-10 scale

Borg’'s CR-10 Scale

0 Nothing at All

0.5 Extremely Weak(Just Noticeable)
1 Very Weak

P Weak

3 Moderate

4

5 Strong

6

7 Very Strong

8

9

10 Extremely Strong (Almost Max)
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3.2 Ad 7]

T AN A A= HdEHoHe 4& 9E Digital

Dynamometers AF&3A T o] 77| 3 Ad@A7F B35t e FE

A4t ABATL 4A FAL S YES sedAdel el g

Digital Dynamometer®] A4S o] 300kg7# 2] ob=H, #AAH, Quj
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LU

Fig. 3 Digital Dynamometer
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RWL = 23 x HM x VM x DM x AM x FM.x CM

Table 7 Experimental variables of RWL

Subject || HM ' | WM oM [Vam | /em /| oM
Subl | 071 0.90 1 1 0.75 1
Sub2 | 074 0.88 1 1 075 1
Sub3 | 076 0.89 1 1 0.75 1
Subd | 076 0.89 1 1 0.75 1
Sub5 | 071 0.90 1 1 0.75 1
Sub6 | 071 0.89 1 1 0.75 1
Sub7 | 071 0.90 1 1 0.75 1
Sub8 | 076 091 1 1 0.75 1
Sub9 | 068 0.86 1 1 0.75 1
Subl0 | 074 0.88 1 1 0.75 1
Subll | 074 0.89 1 1 0.75 1
Subl2 | 076 0.89 1 1 0.75 1
Subl3 | 071 0.89 1 1 0.75 1
Subld | 071 0.88 1 1 0.75 1
Subl5 | 076 0.90 1 1 0.75 1
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Subject HM VM DM AM FM CM
Sub.16 0.71 0.88 1 1 0.75 1
Sub.17 0.71 0.89 1 1 0.75 1
Sub.18 0.74 0.89 1 1 0.75 1
Sub.19 0.74 0.89 1 1 0.75 1
Sub.20 0.74 0.88 1 1 0.75 1
Sub.21 0.71 0.89 1 1 0.75 1
Sub.22 0.76 0.89 1 1 0.75 1
Sub.23 0.74 0.90 1 1 0.75 1
Sub.24 0.78 0.92 1 1 0.75 1
Sub.25 0.74 0.89 1 1 0.75 1
Sub.26 0.76 0.89 1 1 0.75 1
Sub.27 0.71 0.88 1 1 0.75 1
Sub.28 0.76 0.90 1 1 0.75 1
Sub.29 0.74 0.83 1 1 0.75 1
Sub.30 0.74 0.88 1 1 0.75 1
wek ol gt AT HSA T AR AA AR FAJAE HIs7
9131 Borg's CR-10 scaleS O] &L tt. AT HstA o] sdst= FAE
A AGA A FZE APxRANA AF SR EE 3] Borg's CR-10
scales o] &3to] T2 Hrt ARE S Bk
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BoAFo| A= Borg's CR-10 scales o] &3t A&E#std orAd TS
T3kt
Borg’s CR-10 scaleolA] 1 (Light)= 77}3k Algho] HA|7E =pale] Azt

2 48 o J=x e ALE @3k, 3 (Moderate)
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ol
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. EW 5 (Strorgs FAAOR Fo| B3 WEPS s 8N FY]
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Table 82 22 33 A4 MVC

o] HitL 369 + 38kgfo = fEFRITH

Table 8 Maximum voluntary contraction

o
=L
o
<
o
=
=
E)
=
<!
@

Ad9x | MVCked | | #d%A MVCkg)
Sub.1 379 Sub.16 376
Sub.2 399 Sub.17 3314
Sub.3 405 Sub.18 393
Sub.4 321 Sub.19 833
Sub.5 36.1 Sub.20 349
Sub6 348 Sub21 337
Sub.7 329 Sub.22 357
Sub.83 323 Sub.23 32.4
Sub.9 419 Sub.24 33.2
Sub.10 380 Sub.25 36.5
Sub.11 34.2 Sub.26 380
Sub.12 123 Sub.27 414
Sub.13 401 Sub.28 2738
Sub.14 341 Sub.29 34.2
Sub.15 331 Sub.30 34.0

B 35.8
EFAF 35
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Table 9= ¥|d@Are] F-apigsok 6714 Aleghes ol&3tol Axtd

RWLE YE iEolt)

—_

1.2

H

RWL= 10.0~11.9kgfe] gko] vpgtom Fat-e 0.4kgfo.= e

o

oh 3 RWLS MVCe #E&=2 yebdl Ay Het 31.7 + 3.8%7) 1}

skt

Table 9 Recommended weight limit

4284 [ RWLGgi) ] %MVC | 9284 | RWL(kef) | %MVC
Sub.1 11.0 29.1 Subl6 | 103 28.8
Sub.2 11.2 280 [SEBNT | 110 32.8
Sub.3 108 267 WSIP18"| 112 28.6
Sub.4 116 362 | Subl9 | 113 338
Sub5 11.0 306 | Sub2Qy | 44112 32.0
Sub.6 11.0 315 _ |l lsubgt 10.9 32.4
Sub.7 11.0 343 | Sub22 | 116 32.4
Sub.8 11.9 369 | Sub23 | 114 35.0
Sub9 10.0 239 | Sub24 | 123 37.2
Subl0 | 112 295 | Sub25 | 112 308
Sub.11 11.2 329 | Sub26 | 116 30.6
Subl2 | 116 275 | Sub21 | 108 2.1
Subd3 | 110 274 | Sub28 | 117 42.1
Sub.l4 | 109 3.9 | Sub29 | 112 32.6
Subl5 | 117 355 | Sub30 | 1Ll 32.7

3t 11.2 31.7
g9 | 04 3.8
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Table 9¢ 1o} 2l NIOSH®| RWLe] &=<21¢] 7]l

3} 7]

&l RWLe FAE

5 4G el A B

Borg’s CR-10 scale® =4 3} v}

O Ay e JAExELS RWLO] Borg’'s CR-10 scale?] 49} 5ef 3f

Gava Bhsan.

sto]

Table 10 Perceived exertion of RWL

94 FA | RWL(kg!) BSO;%: 31 21 & 4 RWL(.kgf). BSO;%:
Sub.1 11.0 5 Sub.16 108 5
Sub.2 11.2 5 Sub.17 11.0 5
Sub.3 10.8 4 Sub.18 11.2 4
Sub.4 116 5 Sub.19 11.3 4
Sub5 11.0 5 Sub.20 112 5
Sub6 11.0 4 Sub.21 109 5
Sub.7 11.0 4 Sub.22 116 4
Sub.8 119 5 Suh23 11.4 5
Sub.9 10.0 4 Stub.24 12.3 4

Sub.10 11.2 5 Sub.25 11.2 4
Sub.11 11.2 4 Sub.26 116 5
Sub.12 116 5 Sub.27 10.8 4
Sub.13 11.0 4 Sub.28 11.7 5
Sub.14 109 5 Sub.29 11.2 4
Sub.15 11.7 5 Sub.30 1.1 5

o 3t 112 46

¥E=AZL | 04 05
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Table 11& A& kdstgat of& MVCe ¥z e
MVCHE Wbl ol

Qe <

2
off
-
of

2 6.0~10.0kgfo.= gtom 2 83+1.0kgfo
2 yERTh =3 %MVCE 20.1~264%% Wgkow, i 23.3+1.7 %

o] At

Table 11.Psychophysical safety weight

v A&} | Moderate | %MVC | H&A&A | Moderate | %MVC
Sub.1 8.5 22.4 Sub.16 8.0 21.3
Sub.2 9.5 23.8 Sub.17 8.0 24.0
Sub.3 9.0 W Sub.18 9.0 22.9
Sub.4 7.0 21.8 Sub.19 7.5 22.5
Sub.b 85 23.5 Sub.20 9.0 20.8
Sub.6 8.5 24.4 Sub.21 8.0 23.7
Sub.7 7.5 23.3 Sub.22 7.5 21.0
Sub.8 8.5 26.3 Sub.23 7.0 21.6
Sub.9 10.0 23.9 Sub.24 8.0 24.1

Sub.10 8.5 22.4 Sub.25 9.5 26.0
Sub.11 8.0 23.4 Sub.26 8.5 22.4
Sub.12 8.5 20.1 Sub.27 10.0 24.2
Sub.13 10.0 24.9 Sub.28 6.0 21.6
Sub.14 9.0 26.4 Sub.29 8.0 23.4
Sub.15 8.0 24.2 Sub.30 7.0 20.6

D 8.3 23.3

B4R 1.0 1.7
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Fig. 5= RWLH} A &84 tdslEe vuwd 1oty RWLS &4

A A=gga AstFET 84% MVC =4 SA T
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%aMYC

R'JI\;'L Psychophysica II Safety weight

Fig. 5 Comparison between RWL and Psychophysical

safety weight
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o, 7+ W52 Fig. Al, A20] YeRQIT

O 7] 24 ifting task) : E7] fFolsd EA EHS F o= Fa
71Ae] =% §lo] Ao ol FA7|E Ade Sk

@ FAl(load weight, L) : &4=2] FA(kg)

@ % 91X (horizontal location, H) @ F & S35 e Frio)x &7}

A8l Aglem)ol™, =+ o] S FHLE olF+7l= AL =t

@ A A g (vertical location, V) : vl A £7kx] o] A (cm)E E7)
2ol Azt 3ol HHA SA Y

© FAol% A ¥ (vertical travel distance, D) : 7] Z oA FHo=
ol & g (cm)oltt.
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Fig. A2 Graphic representation of angle of asymmetry
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7] ®l% F7} 023]/% Br}h

AN
= Fe 0.23)/F2= g F7F A9 gle 013/ 455 3838 1 F
2 A zke] E3FE o] glom= 2] Az LD7F 1AIZE o]ty ER(LD<1
AZHe RE AFFEM=1.0005 37 ol &8ttt ol gto] gl 4A-vv
el oy ANRANG o] f8he] Ta)
Table Al Frequency multiplier
SRR T=1 A2t TAIZE 5T =2 A2t 2 A2t LT
(3/2) V475 V=75 VLTS V=75 V475 V=75
0.2< 1.00 1.00 0.95 0.95 0.85 0.85
0.5 0.97 0.97 0.92 0.92 0.81 0.81
1 0.94 0.94 0.88 0.88 0.75 0.75
2 0.91 0.91 0.84 0.84 0.65 0.65
3 0.88 0.88 0.79 0.79 0.55 0.55
4 0.84 0.84 0.72 0.72 0.45 0.45
5 0.80 0:80 0.60 0.60 0.35 0.35
6 0.75 0.75 0.50 0.50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
8 0:60 0,60 0.35 0:35 0.18 0.18
9 0.52 052 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 013
11 0.41 0.41 0.00 0.23 0.00 0.00
124 0.37 0.37 0.00 0.21 0.00 0.00
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