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An Ergonomic Study on Manual Lifting Tasks in
Motor Assembly Processes

Eun-Hye Kwon, Nam-Won Paik

School of Public Health, Seoul! National Universitv, Seoul, Korea

Work-related Low Back Pain(LBP) is one of the most important issues in the field of industrial
safety and health. Particularly, manual lifting is known as a major cause of work-related LBP and
impairment.

Tortal number of 163 manual lifting tasks in motor assembly processes were investigated. The 1981
and the 1994 equations developed by National Institute for Occupational Safety and Health(NIOSH)
were applied to evaluate potential hazards of lifting-related LBP. Comparisons between the 1981 and
1994 NIOSH criteria were made. The relationships between the NIOSH criteria and lifting-related
LBP were also analyzed.

The results of this study are as follows:

I. The values of Action Limit(AL) by the NIOSH 1981 lifting equation, Recommended Weight
Limit(RWL) by the 1994 equation and the weight of the load handled at each manual lifting task
were shown log-normal distributions.

2. LI"(the weight of the load /AL) and LI(the weight of the load /RWL) were calculated to estimate
the physical stress imposed by each individual lifting task. As a result, 76.7 % of the total LI” values
exceeded | and 12.9 % exceeded 3, and 84.7 % of the total LI values exceeded 1 and 20.9 % exceed-
ed 3.

3. Bus 2 Department showed the highest rate of LI">1 and LI>1 and Bus | Department showed the
highest rate of L1">3 and L1>3

4. In general, the RWLs by the 1994 equation were found lower than the ALs by the 1981 equa-
tion. It is assumed to be resulted from the fact that the 1994 equation includes methods evaluating
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asymmetrical lifting tasks and lifts of objects with less then optimal hand-container couplings. and
also covers a larger range of work durations and lifting frequencies than the 1981 equation.

5. Significant correlations were found between L1” and incidence of LBP (R=0.734, p<0.05). LI
and incidence of LBP(R=0.671. p<0.10) and load-weights and incidence of LBP(R=0.797,

p<0.05).

6. Control measures are required to achieve the value of LI less than 1 for some tasks having high
LI values. Engineering control is highly recommended for some tasks having the value of L1 above 3.

Key Words : Manual Lifting Tasks, Low Back Pain(LBP), Action Limit, Lifting Index",
Recommended Weight Limit, Lifting Index
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th 22y ErtHez A7l R 9% =3 o
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dolog ZeapEo] HFehe EZ(QITAA Fal
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FeiAs} A BEAAQ FE3 FAdLd 2t
Al T 71RE Een, ol#d fddes &) <zt
o] A~ ANTRE &AL B Hol Aa A
g Awo] wAEA Fohn vk (Ramazzini,
1964; White, 1992).

a2 &3S 53 /30 5L Hr1s
o old] tiF thallS FEFTo A ZEAESAA
28 AP L AFetuz s A 2L AYH
A4 Agg o] A% B2 =¥ E0] AFE0]
gteh, a3y #AF 2830 ki AR
A 59 ArFEH 3He] Hrle ANELE FH
Algl & o] Apdelt), A2 vl= iREe] 4]
oMz A+ FITL 2=t AAFTAS
2% Ae] opel A Frhet A e kA
2§13 3ot

2 2Ed £ veke] ARiAAEEE Brjste
223 & 3 ‘BAd AAM FA o2 A
WAl E 2% (Low Back Pain, LBP) 2 2234
o] E217 - 35HE FAAAR AF AAEG |
A e v &2 Ytz sler (Hdd, 1995), 8
o] A% %2 U AQB_A Ade] 198§ AR
stz 9ok T3 ox 2RIk B (Occupational
Safety and Health Agency, OSHA)dlM& 2%
S Ak nz Rl #HAsoF & 7MY FoF

A2 A A3t I (NIOSH, 1994).
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#F 5ol Ut 25Ty Aol X HTgH
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(2) Manual Liftinge] & ]2 NIOSHe =
Lifting W4 2& o] 43 AdsAmrls 28 2zt
Lifting <o) oigt 4% 71528 933}

(3) NIOSHS] Z} 7]1&2]153 28 $YSL vz
sla] BB RS HEF -

(4) 7 71E28 293 19%¥ Manual Lifting
el g AABR AAGALL A Fozy
Lifting #doz 93 8% 9 22AHA% So
HE sl =8| Hmz} gl

[. chad o ey
1. chat

2 9= 19962 8Y 19¥YRH 8Y 30Y7A =
ABA A2 BN F w222 Parate} s
EfAzS =93, 42928 280 TE 29
= WAeE 33 M uet Aguy 2 224
o] ZARJAHE FAVEIALE

A9 AA FH ZALE EUR sle] 22 5 kg o)
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B7HE AAE old @ Adarr o pEe
FEstE Atele HF RE A7 5 ke o3l
A= TN oH, A YL E 163709

Manual Lifting ZAF 42 31 2l 2 giat
o2 dglen, Lifting 2de] 91 Hoz oy
A A28 o2l & BAe diadelA Aol
= FuRh, ZHdiEsl =agu zlEe gn o
3} okzh 29& thAtoll A A 9] sl
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Manual Lifting Z4#F 16392 oz Az
&9 FA (Load weight), %Z2] ]3] (Load
Location), HItl% Z%= (Asymmetric Angle), &
UYI= (Task Frequency Rate), Lifting A
3k, &3}e] 44 (Coupling) § Lifting 2ol 9
FE PAe 80ES 2PsHon, o)L o3l
o NIOSH®| Manual Lifting 2] th& 712
XEE A2

1) NIOSH Z|Ex|oll S olxls WS =5
NIOSH®] Manual Lifting Zjo] tig 198149

B71E (Action Limit, AL)Z 19949 7439 A
317]E (Recommended Weight Limit, RWL) |
YIS nA e WFEL 23U M4Ee 23
71L& o2 2o,

(1) =HeI=l Horizontal Location, H)

THAA = A B4 £9YH] F, g4 249
FTHEANE TS W &9 fA) o2 2E F uhzo)
3 AF7AA 9] Aleln], 25 em )3}t AS 7=
Aol vlAE Fge] o)zt Aol glonz 25 mz
St #FS §7) A $94 (Origin) 142 27
2 (H) & 52 £°14 22 92 (Destination)
oAA FHAR (H) & 28t 2HETE 2 m
Z2HE o] &33it}

(2) +=2%%|(Vertical Location, V)

FHAAANE A B4 +A9A F, bigtomy
B B4 FH(BAE e o &9 9x)7x 2
AZleldt. #EFE £7] A 912 (Origin) ol 2] 527
AR (V)eh, BEL S04 FIFd 93
(Destination) elX 2912 (V) & 24sg}. =
FETE 2M EAE ol falich

(3 YIZ(F, Frequency)

1=+ Manual Lifting o] ¥xoln, wx
7} 0.2 3/min °131Q 2% 0.2 3/2 (2, 580t
g WY Lifting 39& AA) ez sigg. 24174
156% &9 Lifting WEE 23 3le] 8A|7te
itste o] Aoy gkl (& 2AA o
& FFL2 dojrte d 4288E Alzh, Tact
time) o] FalA gl VA= o] 3 YA}
(@) %2 ol& Hz|([D, Vertical Travel Distance)
T2 °lF Azle 249 7 olsAYRN RE
=71 A 91X (Origin) 1x28) 4293 (V1) & 2
< E°4 2 93] (Destination) 1A 429
A (V2) ] &) |V, -V, | 8 23381990 25 cm
olste] ¢ 25 mZ AT} FHETE M =3}
£ ol &3t

(6) v|tiE Z}= (Asymmetric angle, A)

248 & 1 s} vEele FES Y=
By Z=e B 947} Alge] A E9 (sagit-
tal plane)9lA Blojd Zt= (degree)ol®, EF =
T2 Goniometerg °©]-&3lgcy RE2

I

o

oy o

EF= 57 A
#13] (Origin) &} R &L S04 ZH3 9=
(Destination) 9|4 B3] 52 =3 a9tk
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) = 24 (Load weight)

24 TAE ZdA) Liftingshke 849 F4
(kg)olH, SH=TR o5 7t ALE o83
o} 24 (2F)E F AlFo] Liftingste A%+ ¥
Aol F Algalele] Fxtel fA8ta dtFe] F
2 £ ekl 553 283 Aoz sl
24 BAE 22 Wik j

(7) %] e (Hand-to-Container Coupling)

B4 (FF)E & o EA &3] AEE 2Fs]

2) 2t Bl NIOSH 7|E#| 4t
(M AL LY
Z APd 2 19819 NIOSH®| Lifting Z<iel

- g 2A71% (Action Limit, AL)E At&Esiaich

=% 1994¢ NIOSH 3340 w2 st v ms}
7] 98] 1994\de] E7] A4 (Lifting Index, LI)
o 2 MEE AYEE ALY EFFAL wQl
LI'E 992 433l LI & Aaaen 5 715
219 WAAL o33 2o

93] Table 1& ©]-&3ldq &3] FeE FE3HATH

Table 1. Hand-to-Container Coupling Classification

Coupling Type

@ £3tole] AAFHL 27 1.9-3.8 em o], Zo] 11.5 am 0|4, EARZRE L] 21 5 em o]4de] YFRYo]
o, 9 2=yHa vnygA] e,

@ £70] T2 HATFTAL o] 3.8 mm ©|4}, Zo] 11.5 cme] ¥+ (semi-oval shape) 22 of §-E(clearance)o]
5 cm o]4te] EEYeH, REY T vy gL U,

® 242 ¥=7F2 Z(frontal length) 40 em ©]3}, %o| 30 en o)3t2M FEHD vlnPz Fe EFAY,

@ 242 0F o £o| A BIHER AYAA £20] AU BH g AHE 275 &

® 88 e M TP Ye a7 @

@ E49 7HH & FHAshd, 3ol ol gAY A 7 v

Good

Fair 5 zag 3 o 249 oliBay £7188 0= A== 39 4+ UL,
@ Z47} Z(frontal length)o] 40 em ©]4}, Eo]7} 30 cm o4+,
@ HEWo] AAAY vy, E7l2$ 2AE)7} 9dm, 49 F4lo] vl 4.
@ WeBo] g Aolx 2

by | @ AEAHE] 27

® 297 AN Eo2 Ak o g4A d¥e] FABA] & A
® A3skA] 22 bag(F3te] M A& bag)

@ 242 F2 o £7ige] 0= AEE 7Y 5= gle 24
BHE ¥ u £& A Folok e B4

15 1.5 F
AL (kg)=40( — ) (1-0.004| V-751) (0. 7+ Ji= )
H D F yax

H(Horizontal location) : ™4t B2 429z = o4 B FAezre T wEe) 23t H7]9] Aold,
15~80 cm 2] HH ot

WV (Vertical location) : th’d Exe] £29x] &, vido 2 2E g9 F47HA9] Agleldl,

D(Vertical travel distance) : 42} 3] o|FA2 24 25~200 cng] Hjolt},

F(Frequency, #/%) : LiftingZde] ¥xe|d, J4¢L 0.2 /2 (F, 5&vtt & 94 Lifting ZFHS A1) elx,
AW (FMAX) & 24 A1203 242 +29 3]0 me} d4€ch

4 FA (ke)
AL (keg)
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Lifting2t] 2 @24 (Single task) 2 2§21}
(Multiple task) 22 TEHT} Wzle g 2
dA7E e 9d AYFAHAM & Ege Lifting
A9E e 290, BgAe 9y Zexjs) =
€ 9 AT 271R o139 Lifting 2
3he A48 ougith. Egaiqle) AL 2z} Lifting
AU Ao NE Jb PFANE Pk @ 7H2]
AL#S ZAES S0 E3 ALLS F 9%, = =
F2 871 A 94 (Origin) & 3E2 Sol4 B2ta)
#1%] (Destination) ol ta] Hgslgon), oz =
#3A F Lifting®ol 7} 2EH22 o] 2u
HAE 4837 fgoltt. z gox 2w Al
T o We e 33 AL go= Ao

@ RWL, LI

7 Zd=2 19949 NIOSHS /i1¥® Axr)=
(Recommended Weight Limit, RWL) 3} E7)
A (Lifting Index, L) & 4r&slgion, = A3
Aol g ae g 2},

FEAAT BEAgor TR 7 Foya
RWLZ LI 3&3lich dedile] 4% o =g
E W& RWLH x4 A9 v (Ratio)Q
STLI(Single Task Lifting Index) & F3l%t}. &
#ARYe] 4% AF RWLL 2 RWLE 3 718 2
= RWLZ AMg8tdon], LI+ # Lifting 2
L7} =& €42t 2 =& ©]8% CLI(Complex

Lifting Index) & Fs}sc}.
EY RWLE LIt ¥ 94, 5 228 =] a
#4 (Origin) s} ¥ &2 So4

¥ LiftingZlel 714 2E#H 28 o] =& 9z
8] fdelth. T HAM 22" RWLE
o R %% AF RWL=E Agsigo. zgu
FRAE 2o A 7152 AN 98 2 3
BRE T M FAL AL Aesch

ofN

3 NIOSH #Halg o838t 7|Zx51 REXS
oto] Hjm

NIOSH WA 4elA A&d 7Ex53 a5wy
O 8 FEAR o)) o] BAE wmso
SFARE 199197 E 19969717 A=w ZF HA
HE WY sF (A B4 ¥ Age o n
Aol F AU olgsle] QFWYS LS A2
At AEER2 4" 8% W4l HQousz 7
FHE 2FUHEL FAWFL Tl Holes
B e 0 e gea) P

NIOSH 71&A&% 25¢4Eve BAS 87
A3 FFEA L den 2BRYFe) g 1
A 89EF ol 4dld ARNE 9T} a
€ Microsoft Excel 7.0% SPSS 7.0< o]&3
Aok

RWL=23(25/H) 11-(0.003] V-75]} 10.82+ (4. 5/D)} {1-(0.0032A)} (FM) (CM)

Hhorizontal distance) : W4 249 892 =, i 2He) T (EANE A 9 &2 gK)cary £ wug
T XA Ao, WHE 25-63 m2A 25 emo]te] AL 95 mz gt
V(vertical distance) : th4 €39 439 =, widozvy Bae 24 (BHE T2 o &9 9279 Az

A MHE 0-175 cmo]t},

D(vertical travel distance) : S#|2] 42| o] %7224 HelE 25-175 amolv], 25 cmo]dle] H$ 25 cmz @}

F(frequency, /%) : Lifting@gje] ¥xo|n),
Lifting 252 AA) o2 3},

UE7E 0.2 /2 o8kl A% 0.2 8/min(Z, 5%l & WA

Alasymmetric angle) : 839] 91x)7} Alge] Bzw (sagittal plane) 94 Hol\d ztxoln), W= 0-135 deg. °|t}.

2] 7 (ke)
RWL (ke)

2 B
X 1000

LEVAE =

i

D 1991948 1996974x19) 2t £49 3 23 24A%5
N © 19914998 1996971A19] 2t 2218 34
1oRMG=w21-2-3-4%, 28 1-2-3% 238zd%)
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1. 21

1) MA Hnt

v 2A 2R gaste} AR, EfAEY =y,
A8 22 2o BE ZY FF FolM AA
16370 Lifting el tisl NIOSH 1981 71&3%
1994 71F3S A& Az zb Ajel AF AL,
LI, RWL, LI 23 2% ds3FEEE o|F1
olgltt. =& HFshe FEFAE dFATEREES
o237 ¢tk Fig. 12 AA 16370 Lifting #4d
J tidr AL, RWL, ¥ HIFEEF A7 A3+
R E o|F1 3T BAFTh

Table 2= 16371 Manual Lifting 2g< o4
o= 2k2¥ NIOSHel AL, RWLE 713833
Z1stEEEa2 Jehd ZAolch A Lifting 34
o 3k B@F ALL 9.03 kg, BT RWL2 7.06
keold o} HAFshe ¥E9 BT FAE 12.82 ke
©% NIOSHY AL® RWLEtH o #AE ¥E&
#Fste Aoz YERT

Lifting &M FFste ¥F FA= & 7€
A2 vlwsEste = 163718 Lifting 33 %
12571 (76.7 %) ZR°l ZAA71EY ALE Z2H3%

on, A:7]1EQ) RWLE 13871(84.7 %) 24l
351t

Aukx® o2 ALETH RWLe] ¢ ¥ ZAe= Ye
wyon] olE 19949 WAAle] 1981 WA elA
AHeE M olglo] HA ZAE B £3jo] A7t
A mAs FA2AL v Bol wIF FA=R
19814d) ALMch 19941d8] RWLe] ¥t} @& 7]
X8 AAstn U&E BAETh

1981 7129 19949 7)1&o) W& ZAAE M=
v wal7] 98 Lifting ¥ 289 =S 40
Hoz WG + UES /AL 199499 LI 7id
& olgslct 1981 WA A ojs) AtEd AL
RERA s g Y92 LIe2 Fx o LI's
LI & Ar&siich 2 29 LI'e 1.42+1.928 0.2
~6.29] ¥$E Bgen, LiE 1.82%1.862=%
0.3~7.4%) FHE ZJh

Table 2. Results of Load Weight, AL and RWL for All
Manual Lifting Tasks

GM(kg) GSD Range(kg)
Load Weight 12.82 1.69 3-44
AL(1981) 9.03 1.50 34-232
RWL(1994) 7.06 1.46 26-195

99.99
99.9 @ Load Weight
A Action Limit
99 H O Recomm ended Weight Limit
X 904
z
o 70 4
8
E 50
[11] 30
=
®
'g 10 o
a
L o
0.1 4
0.0 . ——————

o Fig. 1. Cumulative Distribution of AL.
100 RWL and Load Weight on All
Manual Lifting Tasks.



Manual Lifting 2je] dia] 42" NIOSH
1A 2 AERFFAY 7t 28 252 0 3
Ztell T3 Lifting B8 259 918 $30] =713}
71 "o} LI} LIZ ¥2A) L7 LI Bt &4
thte=2 LI Ak Lifting AYzd< o

o] B gl we} o A AP5FZ L AAlsln
A& € 4 Aok
1981 71l oJs) 7HE falld Aoz Jehd
42 19944 712 g3 7HY a1 Aer U
shd ale] YASHA FE § Ao} LT ¢ Lizke)

BREA 23t R 4RBATL e Ao v
SoHR=0.956, p<0.01).

2) BMd Zo}

(M AL RWL =npizt

Z} Lifting 4ol g A2 AL, RWLe| &=
2 A3 Table 3, Fig. 29 Zoh 2Adzs u
2 A4 290l AL, RWLe] 25 100 %S =3
stRom AAae ZAlgAte] g 2luo|gon
4+ 7183 23 vadMe AgrZich 2 1A

Table 3. Violation cases of NIOSH Criteria by Department
Violation by Criteria
Department No. of Lifting Tasks AL RWL
NIOSH. 1981 NIOSH, 1994

Bus | 16 15 (93.8) 15 (93.8)
Bus 2 9 9 (100) 9 (100)
Bus 3 23 20 (87.0) 21 (91.3)
Bus 4 26 23 (88.5) 24 (92.3)
Materials | 1 (100) 1 (100)
Truck 1 22 14 (63.6) 15 (68.2)
Truck 2 22 16 (72.7) 2] (95.5)
Truck 3 24 21 (87.5) 22 (91.7)
Motorcars 20 6 (30.0) 10 (50.0)
Total 163 125 (76.7) 138 (84.7)

Y7 BUS 1 (n=16)

100.0 W, BUS 2 (n=9)
W7 BUS 3 (n=23)

Violation Percentage

& _/ TRUCK 3 (n=24)
bl / MOTORCARS (n=20)
AL

RWL

W7 BUS 4 (n=26)
_/ TRUCK 1 (n=22)

TRUCK 2 (n=22)

Fig. 2. Violation Percentage of NIOSH
Criteria by Department
(n : Number of Lifting Tasks).



2 RWL 23-80] AL 388 ta =
o Jehgdrl o] 2A¥ gl BAL 1.2.3
W Aajell] A st

(2) L'y L Bxss

7h #A48 |

Table 4= Manual Lifting Ztlol thk 23
LI s} LI 25 vehd Zolth. NIOSH 1981d
7150 w2 A AA 1637 Lifting AL F
12570 (76.7 %) AJel LI 1& 2Aslgony, o
o] AN AN ZFHA Bzt dehde £
LI 32 233l Y2 2170(12.9 %) Aok *
AP RE BA 297 LT 9] 1 2380 7 =3t
m LI'2 3 2F7A8e W= 137} 37.5 %2 7H

=k

aey HiA Az o] Y F2

A
&

o

)
H
==

EEER

Table 4. Distribution of LI” and LI by Department

718E NIOSH 1994 7]&e we A3es @A
16378 Lifting %1% 13870(84.7 %) Z<deo] LI 1
2 23l Lifting A4S 8l7)e] AR @k
Aoz e Lifting A4 theol A 8.5
$1ge] F7lsle 52 LI 38 %43k Lifting 3
e 3471(20.9 %) Adolen, 53] B2 A1
& LI 38 238E Lifting 2e] 770 (43.8 %)
2 BE ¥4 F 7P uslth

) FAd 23

24 Lifting 2ol Hrke AL 19944 7]
&5 ol &3t Hrtstlch

@ W= A4 13

W2 AL 13 e dE w2 oF, &4 F
o] o]FojZ}, 3T 8AITF AYA] AL T 5
tiole], W 107 Hetd (F FH0M o 3F

NIOSH, 1981

NIOSH. 1994

Department No. of Lifting Tasks

Distribution by LI~

Distribution by LI

<] ]1-3 3< <1 =3 A
- i 1 9 6 ] 8 7
" (6.3)  (56.2) (37.5) (6.3)  (49.9) (438
0 7 2 0 8 |
Bus 2 9
©) (77.8) (22.2) ()  (88.9) (I1.1)
) 3 17 3 2 12 9
tas 3 43 (13.0)  (740) (13.0) (5.5 (554)  (39.1)
3 19 4 2 17 7
y 2
G . (11.5)  (73.1) (15.4) (1.7)  (654) (26.9)
Materials | P ] : v - :
Vg 1418
(0 (100.0)  (0) () )  (100)
; 3 5
Truck 1 22 . 'M o X ] 2
(364) (636) () (B1.8) (682)  (0)
6 14 2 | 17 4
TriEED 22 :
g (27.3)  (63.6) (9.1) 45) (773) (18.2)
3 17 4 A 17 5
uck 3 24
TR S (125) (70.8) (16.7) (8.3)  (709) (20.8)
Motorcars 20 b 5 g 1S E b
S b (70.0) (3000  (0) (50.0) (5000 (O
Totl 163 38 104 2 25 104 34
ot 2 (23.3)  (63.8) (12.9) (15.3)  (63.8) (20.9)
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22 dolzted 285 AIZE, Tact Time) € 60
ot 2 A3 139 ZAYA Manual
Lifting #¥2 1678 zAYelden, 2 zeiw
RWL, L18] &3} Table 5, Fig. 37 2t}

1670 Lifting 2% % RWLe| 23d4c 159
o2 A Lifting 2% 93.8 %7} 2a%3 =
U Aoz vehgt) '

ool A)A AN Lifting @ 259 9&o]

8.0
7.0
T e I S
5.0 I

LI 4.0
3.0 pommm e Ko m =M mmmem ool X

2.0 x %

D.U 1 A I i A L 1 1 A 1 1 L i L
12 3 45 6 7 8 931011121314 15 1§
Manual Lifting Task No.
Fig. 3. Results of LI for Manual Lifting Tasks at Bus |
Department.

F7khe 29 LI 32 Z233le aqe 7= A
A Lifting 4% 43.8 %A, LI7F 62 %3}
dhe A= 3dolu UATH o] Baje WP LI
2.76°14

LIZt 7% ¥2 #Y2 propeller shaft %3z
A22 propeller shaftE HAge]x A ke
A Ze 9 (frame) shehe] Fatshe Adolty. 19
4 Zede 917 Rol AialE sele Fian
delof 3o, BArolz ZH9) sheko] wiz =z
2] R3] g Zaly shet upge) propeller
shaft& Wel¥e o AAE vlo] 2atals 9
o. ol® vl=t71A] propeller shaftE Waly] <&
& THOERE propeller shaft7}=le] 2= 42
7F ARAA =He, o]z Qs RWLE WolxA =z
LI ®olXA & Aoz gAAD walr] x4 =
Hdel zolg zAse AP} s2lg Falx @
I 2% 5 A=Z 3AY propeller shaftS bt
ol ¥4 23 vz FAY 5 AT HAY il
ATE ook & Rojth,

@ ¥z itk 23}

Bl A 23fol M thE wxo] ARA|, 2bH] =
o] o]FolRn, &F 8AIZF AYA] AAtaEre 7.5
o B=(Herd: 60R)olth, WA Ak 2319

Table 5. Comparison of Manual Lifting Tasks with Recommended Criteria at Bus | Department

NIOSH, 1994
Task No. Task Type Load Weight (kg)
RWL(kg) LI
| battery 37 59 6.27
2 preheater 24 4.3 5.60
3 rear bumper 20 16.4 1.22
4 mat 345 5.5 6.30
5 upper side glass frame 13 9.8 1.32
6 lower side glass frame 10.5 5.4 1.95
7 frame sub 6 6.4 0.94
] frame 16 6.0 2.70
9 glass 16 54 295
10 heater 16 7.0 2.29
I ceiling board 31 10.3 3.02
12 driver seat 33 6.6 5.00
13 propeller shaft 37 5.0 7.40
14 air cleaner 17 11.5 1.48
15 a/c bracket 18 9.3 1.90
16 three-seat 2115 7l 3.07
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Table 6. Comparison of Manual Lifting Tasks with Recommended Criteria at Bus 2 Department

NIOSH. 1994
Task No. Task Type Load Weight(kg)
RWL(ke) Ll
] U/1 bolt 11 9.5 1.16
2 spare carrier 12 9.7 1.24
3 air spring 13 S 2.28
4 fuel tank 15 6.6 2.30
8 radius rod 14 7.9 1.78
6 side lid 19 172 1.10
7 back door 21 39 5:33
8 step 41 13.6 3.00
9 toe board 10 5.3 1.88
8.0 8.0
7.0 1.0
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Fig. 4. Results of LI for Manual Lifting Tasks at Bus 2
Department.
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Fig. 5. Results of L1 for Manual Lifting Tasks at Bus A
Department.



LI7} 32 Z3ete AU 9712 AA Lifting
24F 39.1 %7t el AJA A Lifting 4
2%e] Yol Zrlehe £39 Aoz Ut}
o] %49 BF Lle 226013tk

Manual Lifting #Z<j<lA 4t&d Lig =717}

a9 2% 1 A}A] A Lifting 93 R%—i
7V 22 2 o, L7} 1 =
2942l Rear glass %}"‘Lx—}‘ﬂ (L1=4.10)€ Rear
glassBHF-912] Folot REE Mwrg Mx)sle =t
A7) At felld A== 5t 3t Rear
glasse HAANA FAEA7R] EojA vigd] U
21Fe oeed 2l =g FRe 9o o
o gl WE¥E o $£3A} Axez o)z
A8 LI7 Eebal A @ Aoz AR mepd 2
2 &3] F& ]88l Rear glass® o)
AHE F AR st vl RAEL

'r] dq 9

@ 2 Pt 43

2 A4 43l e LX Bl A0 b4, o3 2
o] o]HAH, 3T 8AIZF FYA| ML 5T HE
ola ¥jA 1T HElYL 10080]ch v A 4
2] Manual Lifting e 2670 ZgolRon,
2t 2" RWL, LI®| 23+ Table 8, Fig. 63
2t )

A4 2670 Lifting &Y ¥ RWLE 233l =
2 24722 A HA Lifting ZH4F 92.3 %7}
FHEE Aoz JUEEg. 49 2]zl
Lifting #¥ 2%9] 9¥e] F7lele 429 L7}

3& 233t APL T2 AA Lifting I4E
26.9 %At o] ¥Ae] ¥F LIx 2.18°Ich

Manual Lifting #gdelA 429 LIe] =77}
39 % 2 AR} d§ Lifting 98 2%9)
A8 FFe] 7184 22 B o, L7t 7 =2
Driver seat (/-2 ). 32 (L1=4. 83) & = )

Table 7. Comparison of Manual Lifting Tasks with Recommended Criteria at Bus 3 Department

NIOSH, 1994
Task No. Task Type Load Weight(kg)
RWL(kg) LI

| roof panel 20 10.9 1.83

2 rear door 14 6.3 2.21

3 sliding door 15 4.9 3.04

4 roof rail 13 12.3 1.05

5 spring 21 5.6 3.77

6 stabilizer 15 6.4 2.33

7 vacuum tank 10 4.1 2.40

8 propeller shaft 19 52 3.60

) silencer 15 4.3 3.50
10 exhaust pipe 9 4.9 1.84
11 fuel tank 12 5.4 221
12 radiator 18 5.6 3.20
13 inner heater 16 4.9 3.30
14 steering shaft 4 4.4 0.90
15 clutch bracket 5 5.0 1.00°
16 master bag 9 5.8 1.50.
17 side glass 13 8.0 1.60
18 engine cover 12 5.8 2.07
19 front bumper 14 4.5 310
20 rear bumper 13 5.8 2.30
21 front glass 20 5.0 4.00
22 rear glass 20 49 4.10
23 driver seat 9 4.7 1.90
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6. Results of LI for Manual Lifting Tasks at Bus 4
Department.

Table 8. Comparison of Manual Lifting Tasks with Recommended Criteria at Bus 4 Department

NIOSH, 1994
Task No. Task Type Load Weight(kg)
RWL(kg) LI
| silleross | 33 79 4.20
2 air chamber 10 4.1 2.44
B air cleaner 9 7.4 1.20
1 stabilizer 16 5.7 2.80
5 rear stabilizer 8 6.9 1.1S
6 bracket 6 5.7 1.06
7 shock absorber 5 5.6 0.89
8 fuel tank 26 8.1 3.20
9 air tank 44 10.0 4.40
10 exhaust pipe 13 5.7 230
11 propeller shaft 18 1.5 2.40
12 step 15 10.1 1.49
13 freight box 30 16.5 1.80
14 battery box 7 16.4 0.43
13 side lid 1 16 3.5 4.50
16 wheel housing 13 8.5 1.50
17 door 17 3.9 4.40
18 fan pulley 25 11.0 297
19 battery 32 11.9 2.69
20 rear bumper 11 6.0 1.80
21 lathe 16.3 42 3.88
2 glass frame 14 6.1 2.30
23 driver’s seat(shuttle bus) 28 5.8 4.83
24 check cover 18 5.9 3.00
15 main door 41 15, 2.71
26 front glass 20 11.8 1.70
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Table 9. Comparison of Manual Lifting Tasks with Recommended Criteria at Materials Department
NIOSH, 1994
Task No. Task Type Load Weight(kg)
RWL(kg) LI
1 parts box 22 4.2 5.65
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Fig. 7. Results of LI for Manual Lifting Tasks at Truck
I Department.

Manual Lifting Task No.,

Fig. 8. Results of L1 for Manual Lifting Tasks at Truck
2 Department.




Table 10. Comparison of Manual Lifting Tasks with Recommended Criteria at Truck 1 Department

NIOSH. 1994
Task No. Task Type Load Weight(kg)
RWL(kg) LI
| engine mounting lever 10 11.6 0.86
2 wheel tank supporter 17 9.0 1.89
3 carrier 14 3l 2.70
4 air master | 12 6.8 1.80
5 battery carrier 12 5.2 233
6 power cylinder 9 10.7 0.84
7 torque rod 14 8.2 1:71
8 condenser bracket 3 9.9 0.50
) shock absorber 5 6.5 0.77
10 drag link 10 38 2.64
11 phantom 21 9.4 2.25
12 air tank 19 6.7 2.90
13 exhaust pipe 9 8.5 1.05
14 pump motor 11 8.0 1:37
15 tool box 11 8.0 1.40
16 front bumper T:5 19.5 0.38
17 driver assistant seat 15 11.8 1.27
18 front glass 22 1.1 2.00
19 bed seat 13 18.3 0.71
20 bonnet 10 1.2 0.90
21 tilting 8 6.7 1.20
22 over head 11 6.0 1.80
Table 11. Comparison of Manual Lifting Tasks with Recommended Criteria at Truck 2 Department
NIOSH, 1994
Task No. Task Type Load Weight(kg)
RWL(ke) L1

| start motor 7 6.7 1.04
2 power pump 5.9 5.4 1.02
3 alc compressor 12 5.1 2.40
4 propeller shaft | 10 6.5 1.50
5 silencer 8 5.5 1.50
6 propeller shaft 24 5.7 4.20
7 a/c liner 115 11.4 1.01
8 tool box 14 6.6 2.1
9 fuel tank 11 6.6 1.66
10 seat 8 123 0.65
11 bumper 18 15.0 1:20
I2 clutch pedal 24 6.7 3:57
13 master bag 20 6.8 3.00
14 seat 12 4.1 2.90
15 instrument panel 10 6.9 1.50
16 driver seat 15 6.2 2.40
17 front glass 16 12.2 1.31
18 torsion bar 14 7.0 2.00
19 wheel 17 5.6 3.25
20 wheel 11 5.6 2.00
21 wheel 9 53 1.78
22 spare tire 20 5.3 3.80
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Fig. 9. Results of L1 for Manual Lifting Tasks at Truck
3 Department.
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Table 12. Comparison of Manual Lifting Tasks with Recommended Criteria at Truck 3 Department

NITOSH, 1994
Task No. Task Type Load Weight(kg)
RWL(kg) L1

1 spring 21 7.6 2.80
2 tripedal disc 10 7.4 1.40
3 start motor 8 6.8 1.20
4 a/c compressor 4 3.8 1.10
5 lower arm 21 75 2.80
6 upper arm 12 4.7 2.60
7 steering link 8 7.6 1.05
8 propeller shaft 11 6.2 1.80
9 fuel tank 10 2.6 3.90
10 radiator 10 5.0 2.00
11 tire 24 6.7 3.60
12 rear sliding door sub 15 8.5 1.80
13 instrument panel 9 4.0 2.30
14 three-seat (long) 22 6.6 335
15 three-seat 2 . 5.2 4.30
16 driver seat 17 4.1 4.11
17 rear bumper g 6.1 1.30
18 front bumper 8 6.0 1.30
19 rear glass 8 8.7 0.92
20 front glass 15 9.6 1.56
21 mat 9 12.6 0.72
22 battery 24 10.3 2.30
23 rear upper body 18 S 241
24 roof 11 6.0 1.80
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Fig. 10. Results of LI for Manual Lifting Tasks at Mo-
torcar Department
(21 is a manual lifting task with parts box in
Department of Materials).

Table 13. Comparison of Manual Lifting Tasks with Recommended Criteria at Motorcar Department

NIOSH. 1994

Task No. Task Type Load Weight(kg)
RWL(kg) LIl

I gear link 5 6.2 0.82
2 pedal support 8 104 0.80
3 front damper 3 3.3 1.00
4 front bumper 11 14.6 0.80
5 bracket 13 5.6 2.30
] spring 11 7.8 1.40
7 COmpressor 6 5.8 1.03
8 exhaust pipe 6 10.8 0.56
9 fuel tank 12 77 1.63
10 wheel 6 5.0 1.48
11 radiator 6 7.8 0.80
12 tire 11 10.8 1.01
I instrument panel 12 5.4 225
14 " rear bumper 5 10.4 0.48
15 front glass 11 9.9 1513
16 rear glass 4 94 0.41
17 battery 10 8.3 1.20
18 front bumper 3 9.5 0.30
19 two-seat 3 8.0 (.62
20 battery 13 8.1 1.60




Table 14. Comparison of NIOSH Criteria with Incidence Rate of LBP by Department

Load Weight NIOSH 1981 NIOSH 1994(LI)
Dept. ILBP"
(ke)* L™ ALY (%) LI™>3"(%) Li» RWL> 1" (%) LI>3% (%)

Bus | 18.28 19.70 2.23 93.8 375 2.76 93.7 43.8
Bus 2 15.45 15.70 1.92 100.0 22.2 1.971 100.0 1.1
Bus 3 8.57 12.80 1.75 ) 87.0 13.0 2.26 91.3 301
Bus 4 18.55 16.20 1.78 88.5 15.4 2.18 92.3 26.9
Truck 1 5.23 11.20 1.05 63.6 0 1.32 68.2 0
Truck 2 14.18 12.50 1.45 72.6 9.1 1.86 95.5 18.2
Truck 3 10.05 12.30 1.41 87.5 16.7 1.94 91.7 20.8
Motorcars  8.88 7.40 0.67 30.0 0 0.95 50.0 0
1) : Cumulative Incidence rate of Low Back Pain 2) : Geometric Mean
3) : Violation Percentage of AL(LI" = 1) 4) : Violation Percentage of MPL(LI" = 3)
5): Violation Percentage of RWL(LI = 1) 6) : Violation Percentage of L1 =3
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Table 15. Correlation between Incidence Rate of LBP
and Various Factors

Dependent Independent

Vagnb]e VaF:iable R Pl

Incidence Rate of LBP L™ 0.734% 0.038

AL>1* 0.353 0.391

LI> 3" 0.562 0.147

L1 0.671**  (.069

RWL> I* 0.589 0.125

LI>3 0.519 0.188

Load Weight ~ 0.796* 0.017

1) : Geometric Mean

2) : Violation Rate of AL

3) : Violation Rate of MPL

4) : Violation Rate of RWL

* : Correlation is significant at the 0.05 level (2-tailed)
## : Correlation is significant at the 0.10 level (2-tailed)
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Table 16. Regression Analysis between Incidence Rate of LBP and LI”, L1. Load Weights

Dependent Variable(Y) Independent Variable(X) R* R SE?

Incidence Rate of LBP LI™ 0.539 0.733% 3.6045
” LI 0.449 0.671%* 3.9360
” Load Weight 0.635 0.797* 3.2050

1) : Load Weight/AL by 1981 NIOSH equation

2) : Standard error

“: Correlation is significant at the 0.05 level (2-tailed)
=%« Correlation is significant at the 0.10 level (2-tailed)
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Fig. 11. Multipliers of Factors for RWL(NIOSH. 1994).
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