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A variety of ergonomic assessment methods of lifting 
tasks known as a major cause of work-related lower 
back pain have been used. But there is a limited 
information in choosing the most appropriate assessment 
method for a particular job and in finding out strengths 
and weakness of the methods. The purpose of this s t ~ ~ d y  
was to assess and compare the ergonomic risks of lifting 
tasks in a marine diesel engine production industry by 
three lifting ergonomic assessment tools widely used: 
the National Institute for Occupational Safety and 
Health(lVI0SH) Revised Lift ing Equation(IVLE1, the 
Washington Administrative Code 296-62-051 7(WAC), 
and the Snook Tables. L i f t ing index(weight o f  
load/Recommended Weight Limit) of NLE(LIWF) was 
above 1 at 34 tasks(75.6%) of a total number of 45 
l i f t ing tasks. LI of WAC(LIII-\O was above 1 at 11  
tasks(24.4 %). ILI of Snook Table(Llsd) was above 1 at 

29 tasks(64.4%). Thus, LI was high in orders of Ll.1~ > 
Llilll 'k > Ll i~c. There were significantly high correlations 
among three Lls(p<O.Ol). The correlation coefficients 
between L~LLL and the other three Lls(Llibtt and Ll5rlook) 
were r=0.93 and r=0.88, respectively. The linear 
regression equations were y = 0 .444~ + 0.1 1(r=0.93) 
between LINLE, and 1 I~IAL, Y = 0 . 9 3 ~  + 0.008(r=0.88) 
between LI(NLE) and Lls~wk. The LI values by WAC was 
significantly lower than those by the other tools. The 
compared features, strength and limitation among these 
tools were described in this paper. 

Key Words : Musculoskeletal disorders, Ergonomic risk 
of lifting task, Snook Table, NlOSH Lifting 
Equation, WAC 

gq9 : 20059 4% 2 7 9 ,  %(q$ : 20059 7% 25% 
t a4zjx\: $!+2 (39 q p ~ g  6073x1 g ~ j l q q ~  ~~80 ,~4+qq 

Tel : 055-320-3676, Fax : 055-320-3676, E-mail : ycshin@inje.ac.kr) 



2 0 0 4 9 s  *q$q @#- 
$ L!g a?]] q y A J  3q jz \C;+  

9183Tjolq. 61% 49334 992) 
+% 6 6691go)q 61 5 q%g3 
A19g 2285Tj, 4 4 1 7 %  9 
g 2953Tj, 95 1159Tj, 7]@ ggz) 
2 9 4 g 6 1 2 q k % ? ,  2005). 9 5 6 1  4 

=Z\q 12.6%, 3939 
Ad = ~ \ q  17.3%S gS HJ 

gg L!613 2q. 
*q glq]Ajq 95gAjq $9 

g qoO&\q s3 %7]7), $9, 4 
31 52 %\q %q gg 9z)qg q 
"dl 999 ggqq. TqqqOS 
%z)flZ q"d1 q%] q"J3 g7,e 
qq 337) HJq$56] 6)-$5;)3 2q. 
1 4 4  6 1 3  HJg6) 337\ H? 4% 
+ 71$3#2"?0~  g A ) 5 ; ) % 3  3371 HJ% 

gq l..$p HJzg g++ q-$ 
%)3~) 53 &J<lq] qgq- 33 
7) H J q s  4q8)? d] g99 g g  
2 PI+ yq3 +Jgo]q. 

zl2T)zl $4 61-$5;)6-1 %g 571 

33 7) HJqOS2 National Institute for 
Occupational Safety and Health(NI0SH)q 
Revised Lifting Equation(NLE)(NIOSH, 
1994), Washington Administrative Code 2% 
62-05 17 14(WAC)(Wa~hington State, 2000) 
$ Snook Tables(Snook and Ciriello, 1991; 
Ciriello, 2001)g S + $jq. 

NLE2 993% qg-SjFs qyq1 
q 3  9% q H J g  +Zpg q9337) 
SF "-F%."?AlS q%H 5994 qGq 
"1, 9 O P l t l ,  E5q H1571, 99% 
$571 4% 3 2 ,  qq3s 4 
q 9z)5 343q. NLE2 9gs 
fl+J 2 D ) q -  q%'-sq +qqx1, 
$"?"I, $"?1%4tl, q"dSAl 
+, ~15% 4 r ~ l + ,  +."d~ol 9 q s  
34qq 2 3 4 7 )  $571 4 3 3  7% 
q $3 7711 (Recommended Weight 
Limit RWL)S 33'E;Fd qq. RWLS 

87J3 23-37)  1 q q z a q p j  q 

y s  qq 8 4 3  Al+%IS 31%17) 9 
^JZ\X] $'J$ 9% q u 1  3q. $57) 
X] $ f L i i g  Index, JJ2 a] 77-117) 3 
3711 g g H I  g 3q%)+zlg q @  

42  3 O S  L17) 12.q 3Lg 95q 
9~8 7\%46] gg 3613 9qiz 1 
LLq qS a+& 95q 9 A 8  7)% 

Ad01 9s 32s g$!gq. LI7) 1 
L!q 3g "? 2=\61111/.l, 3% 
348)% a+ q7gq 2D\4111 
Aj $571 qq4 3m 95 !$A8 4 
361 5s 32s 944 2q. 1 4  
ES LI7) 16147) 5;);lrF -2 ."? 
71) 52 xj+jA]g 2 9 7 )  

(Thomas et al., 1999). 
WACS 571 q $ h l q  -JgS%, q 

"dzq- z p j l g  3^?%)2 HJqg 
"S1343 3OS, NLEs  24%) - 

Ea 7 E 6r] 93qd0q NLEq - J ] z - ,  qL 
SF 61-%71tl f."dCol"r q? 73% 
XI] q %\3 34-5\71 41 aq %)A] 7 Ad 

qq2q. $9 q3141 q4 
4714 C ; q ? j q 4  371~4 +ggqs  
61-$E)q 127Hq 3% gqOS 
qaq. WACq 33 77-11? g71 4 
q A J 7 , F  4 Y S ,  $33. q q g q ,  H] 

5% 4 S S M j  a3q;16 -1q. WAC 
& 7)<l Z j q q  z8qp.j $3 77-11 
7) 4 1 k g O S  N L E ~  23kgq H1-i.H 
1 . 7 - 2 ~ 1 3 4  $11 3514 gq, 61% 

NLE7) 75 % q  -) A d 4  99% $-Ad$ L! 
35\71 qq zqqq q y  z a q l ~ j  

77-11 RWL f, qq 33 1;7-1]Z 23 
kg,LI= 1% q-$7190s A)-$%)3 

"1" 99 WACq q 4 g? M L  

(Wang et al., 1998; Waters et al., 1999)s 5 
LI7) 1.7-2.06]+)q % q q]Aj 95 

61 4 ~ j l 4 0 ~  ~ 7 ~ 3 %  361 2+q 
3 7 1  aH3611 6141 7138\c.1 33 7 
7-115 41kgOS 38\7-11 q%q. 

Snook Tables(Snook and Ciriello, 1991; 
Ciriello, 2001; Wu. 2003: Thomas et al., 
1998; Richard and M x h ,  1999)? %% 
4 3  qySyE] 2 g z \ q  ?q-g+q 
p 3J7)8)7] qs] g71 -X,F;q yl 6) 

q 4  aeq 9 +%++z\flZ ;.LG g 
q] ~)-$5;)3 2 q .  Snook Tablesq 

@+SAj g 7 1  q q A J q  ?+) $q 
0 1 k  ML T O  A j i d  . 77 AX)@@ 07, 371 ?!St 01 
%at], 59% 771117F A F - $ % l q .  
Snook Tablesq Design goals(maximum 
acceptable weight of load of 75% women, 
MAWL75%)2 841 97% 7 1 9 0 ~  

75% q A d 4  9 % q  $-Ad 61 3 + 2 
L a ~ a D 0  O F ?  4 q  qg77-11 
(maximum acceptable weight of load, 
MAWL)S 3%)3 2q. 61 77-112 
q7gq 2D)4111 87J"olq ?j%b 

p u]3]7q $'J& 32s y3  2q. 
Snook Tables2 2 ~ ) @ 1  4Sq 
",F5)z] 2 3 ,  %A1 71 3*7), q q  
%13*7), g g 3 q S 7 ) ,  $61 @ 
*7) %)% 3 $6) f, 8 g A J q  
%fl$ol 5 L " d  A]+ + 22 4 
q q 9 ': %)(kg . mlmin. maximum1 
acceptable weight of load, MAWL)g $-Ad 
4 qAd 97q 10,25.50.75 $90%q 
Ajq MAWLg 751 9% 9 
7-11 34%)2 361 + q q q ,  M A W  
g q q  a+* Zi+%]Aj? 9 8 
q. 

g 9 7 4 1 A j 2  qq 41 H J % 3  3 
<I 5 7 )  qq4l 4-$%)q 1 337)a 
4s dlz";Fx 4 337\ HJggq 
3 . 943  4 ' 2 / 8 \ ~ Z \  $-q. 6) g 

gq2 53 @$lq] qqg 371 

qq 3371 UJ% +-$g $3. 
g xj]=$5\3 gp Gjkq 4341 D,F? 
g 7 )  3J7) H J % s  71 !$8)7] q 3  71 
% z ) s s  3-$g + 9% 3qq. L 

II. gt"o)z 

97 q AJ 571qq 337)473 g 
tl A)-$5;)3 2% 41 HJq, f NLE. 
WAC $ SnookTables~lq. $q-$ 
9 qx$!qa A8*94lqlAj ~ lFq~1 
2 $57) q92 q 4 O S  61 ~ j l  7)Xl 



Table 2. Ergonomic risk evaluation results of all manual lifting tasks by three assessment tools 

No. Handing parts 
RWL' L L d  

d 

1 Face-cutter 25.0 19.0 1.3 3 1.7 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
2 8 
29 
30 
3 1 
3 2 
3 3 
34 
35 
36 
37 
3 8 
39 
40 
4 1 
42 
43 
44 
45 

"Recon 
"\VAC 1 
Snook 

Boring bar 
LFr NR3 
20V 538 
Lina disk 
Cylider 
Disk 
Foke road 
Con-road 
356 Con-road 
Raina 
Con -road 
Injection pump 
Boring bar 
MV87 1 
MV538 
Raina 
871 MVC 
Air filter tool 
MTU 506 
MTU 5061 
Raina 
956 Con-road 
Cover 
Oil tank 
Tcutter 
Face -cutter 
6NSD 
Header 
Con-road 
Cyclone block 
h filter tool 
Cover 
200 0 Boring bar 
1000 Boring bar 
300 0 Boring bar 

Coohg jacket 
Jig 
Bave gear 
Main bearing start 
NR2OR 
Turbin wheel 20R 
NR24S 

nended Weight Lirnit, 'NLE I ifting Index, ' WAC Recorrirricnded \\/eight Limit, 
fting Index, ' Women's 75% Maxirnurri Acceptable \\'eight of I oad, 
able Lifting Index 
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Table 3. Summary of evaluation results for all manual lifting tasks(n=45) 

Recommended or Permissible weight Lifting Index 
Load weight ------ 

RWL* RWLu\ch MAWLwaL LIvwd 

'Recommended Weight Limit. "WAC Recoriirnended Weight Limit, Women's 75% Maximum Acceptable Weight of Load, 'NLE Lifting 

Index, 'WAC Lifting Index, 'Snook Table Lifting Index. 'Mean? standard deviation, "Range 
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Table 5. Comparison of factors included in the manual lifting assessment tools 
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Table 6. Strengths and limitations of the manual lifting assessment methods 

Assessment 
methods 

Strengths Limitations 

Easy to use, wide range of criteria 
- Econoniical 

Because of used factor variously, NLE is safe more 
than different assessment methods, It reflects a field. - Applies only to lifting 

Lifting task' s problem and improvement looking for Requires many assumptions 
NLE easily . NLE does not apply lift ing task 

Horizontal location: From mid-point of ankles. limitations. 
NLE is base on the Snook Table . Difficult to use in the field 
NLE can of Maximum weigh that acceptable to 75% 

of the female and 99 % of the male population 
Maximum acceptable weight 23 kg 

- The Recommended weight limit is 
- WAC is based on the NLE presented the same weight in definite 

- WAC more simply by dividing i t  into 4 vertical zones condition when vertical zones and 

and 3 horizontal zones for the location of the lift in^. Horizontal Zone is fixed. 
" 

WAC Horizontal zone: from of foot' s end 
The NLE uses a Lifting Index of 1.0 
to protect 75% of women and 99% of 

Easy to use, economical men. But WAC lifting calculator is 
Maximum acceptable weight 41 kg 

- 
based on a Lifting Index between 1.7 
and 2.0, so it is not the same. 

Easy to use 
Provide population estimates of worker capacities - May over estimate or underestimate 

- Applicable to wide range of MMH actives demands for infrequent or  highly 
Snook Table - Horizontal zone: from front of body repetitive activities 

- Distributions of maximum weigh that acceptable to . Based on what worker will accept, 
10, 25, 50 ,  75,  9 0  % of the male and female not whatissafe 
population 
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