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ABSTRACT

To identify and evaluate the risk factors in WMSD work, a number of ergonomic workload evaluation methods have
been developed. In the legal examination of WMSD risk factors, simple observational workload evaluation methods are

widely used instead of using costly measurement equipments such as EMG and motion analyzer. The simple workload
evaluation methods can be categorized into three groups; risk factor checklist methods, posture observation methods, and
manual material handling task evaluation methods. In terms of the categories, this survey summarized several representative
workload evaluation methods and compared them each other. Then some industrial application cases referring each the workload
evaluation methods were surveyed. Due to the characteristics of each method, the selection and application procedure of

workload evaluation method should be appropriate for the corresponding work. Therefore, some guidelines for the selection
and application procedure of workload evaluation method were suggested.
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theFet W) JdEoe] vk SA1A A F WA ARG
w2 A vhe-g S=Hkskal A A1 (whole body) #Hg-©] YEl
U= 54 34 (dynamic work) < 2 4854 (heart
beat) W APAARZ (FE oAUALAERD) & S F7HE
4 A (Kilbom, 1995).

olg} el AA| A FA T 22 FZ 2 (static

work) ol A& BMG 538 59 2hdgel B7hy
QA AAS olel #3181 BE Z9 o)F P »
@& olgsl ¥Hshs W Bol AT QIFHCorlett,

1995; Tracy, 1955).
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SeURE SRR AT RE 22 e &
2l FAbef| AMEE 5= Q= 871 ] Fhol A 2 R-s) o
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= A EE AT AERE WAC-296-62-05105
(05174), HSE risk assessment worksheet 5°] $13L
ZAAReHE s AlA F3t AEE Lot AABAE
Zi ANSI-Z365, QEC o] Slth

2.1.1 WAC 296-62-05105(05174)

WAC 296-62-051052} WAC 296—62—05174+ "]
= YAEIF9] 314 (Washington Action Code; WAC) =,
At A B A3 = (general occupational health stand—
ards) 8] stz FZAALE Fallagel dig MY 5=
Tgska glom, 1 bel AAYAEE EFstal AT
(Washington State, 1996). HE< 20033 HX¥ Aejo]
v, 2= AA FEEY 3ke A AlasA~Es HETY
Aglo] AHEE ¢ S Flolth

WAC 05105% &gdel sl 27t @75+ Caution
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g o LEAA FEEle Aol B
FHZ27F I} (5, 2003).
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A= A9 otk o WACS 5712+] 71%3 NLE 5 th
2 2712 A7 Wi v sk A= 1tk (Russell et
al., 2007).

2.1.2 HSE risk assessment worksheets

F=ro] AR A% (HSE; Health and Safety Executive)
22002 A A g ool ek 23 (HSG 60)-2 7173t
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2.1.4 QEC(Quick Exposure Check)
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o] #AgFatE #ristrl SlE st A sEett
(David, et al., 2008).
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s 3% Ulo] FEAA el ekl Brkekr] 918 i
st AAYAER AFat GEol 488 5 U= F7F
o]t} (Keyserling et al., 1992).
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2.2.1 OWAS(Ovako Working Posture Analysis System)

OWAS+ I =29] A73|AIRI Ovakost A= AR
AATAFIOSH) ©] 35 N3k AAE QT2 §F 247
3} 7} wbhHo|t} (Karhu et al., 1977).
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(2007)¢] A5} Aol 2§ oA} 0]43] (2007)
o A7} ek,

2.2.2 RULA(Rapid Upper Limb Assessment)

RULAE 9= @@ dgtelx A 49 #9ds F7kst
71 §18) AEE w otk (McAtamney and Corlett, 1993).
RULA= OWASe] Blsll #4] ZHE o] AliEsleiA] B 7Fst
w, W3 H A A Qlo] Frte] F7kE e H AL 9l
th o] M-S 2 AAE A A} & - 5 - v e
AR o] 2zt ke 3 o] 7)o Hake) WA (F
AR & F7hE aEE A97eks grkdth RULAS)
2531 {7 & 55 Fole OWASS} At s # 3
=d], RULAS H% H7} 43 % Action level s 4WAE
o] Frtsict

RULAx= €& VDT 213} 22 ZA 5 9152 she 2
AS Frksh] fal dE AoR the] SoA F& 25
o] Yep AU A4l #-50] vehh= 9] 40l A st
A Zshct.

RULAE &3k AldlZ+= Massaccesi et al. (2003) ¢l
o5t EY] $-1ALY] #]HskE B 71st o7} Slvk Burnetta
and Campbell—Kyureghyan(2010) ¢] 7= 9] =&
g 29 AYE ez AL Atelolth UM =
RULAE w-%- thefst 457 2rgel A& it HBa 5
(2006) = A|Fe|Abe] g 2] Aol o5 S8 3tk &

AE(2007) = 2495 o5 A8

2.2.3 REBA (Rapid Entire Body Assessment)

RULAZH 4] 2] 9159 %7he %02 /usgl]
of A4 ARll A8k dels BAZL AT ol
RULAS 7IEE |o] o]e} w]egh daks mpas A+
] ZAg¥s Hr771Ael REBAS /Wd3ich(Hignett and
McAtamney, 2000).

REBA+= RULAS} nR7 A &2 AA1E 237 8] ApA| 9} & -
o2 - ehelel A o] Bk, B A9 45
2 1% v B8 5 uje) Extolo] g B So| 37}
gaek, AEA e 7K RULASH okt T
Action level& 0~45w 2= &3l 5dAZE Hrlsich 1
1} o] Action levelolA %= 3, 4‘: O H7} uke xojo
B B Aoz e E7] o] OWASH RULASE #H¢ %
s 97k Ase vaa 4 ok

REBAE o]&-8F #Hx 7= 15k 84 o] % 450
=), o)A 7 REBAE #AIS ALg-3= v|AE 29 H7}
o] 583}t Jones and Kumar(2007) = A A4 2+]o)
REBAS THE 29155 57hai st 9 4 g9l vl et
TARE ERFct oA REBAE B 7ol ARHS-SF At

2= 7A435(2008), 7 5(2007)9 A7
2.2.4 JSI(Job Strain Index)

JSI= v =4 9 AR 3] (ACGIH) ¢ Moore and Garg
(1995) 7} F2 A7) Bkl &3} 50| 21315 H 7}
371 A8l Arst wgolot

o] B2 OWAS, RULA, REBA%= A 7jo] 1} 7}
wHoltt. JSIelM = A2 Z=(UE), A14A1ZHDE), 1k
B(EM), £/£59 A HWP), F4E5E(SW), A
%A1ZHDD) & 670 Wl s 4zt HrME st 55
(multiplier) & 9& % 7 AA 559 Fo7 JSI

g o AekE P,

JSI = IE X DE X EM X HWP X SW X DD

b =y o%x—. o7 g vk ARE e vk, AA1A
]l ZHAE B = glvk

Bao et al.(2009) & ¢k 700098 9] thokdt A Eo] Al

= e ® JSI 7Ws A8 B4 AAe

Cabecas(2007) & 4097 7§12 A2 thal JSI WS
A&l 2 F-etE Frksk vl vk =ujelA] JSIE AR
Aof &8st AR YT 5 (2006) 0] X ZeAke] 2
AE ez 248 A7) ok

A AR T2 FE =8 AYAA7E Ve
2dG 7 ell= @@0}71] AHgE gk a8y FHEES

FEOE FAFehe Aol Aol 2 AR Tl bl
g a7 B-55 SHo] Sk ofe FRE 5719 22
21Q] 7boll= MR M4l H7F W Eo] A= AF
£33 9t} o]# s HMHE=E = NLE, Snook table, MAC,
3D SSPP &o] Sith

2.3.1 NLE(NIOSH Lifting Equation)

NIOSH (7] =4Fsd ok
7o) oA, gA ek, deElshy, Adaeets A4
=L Foaelo] 71299 ZA| 3 (AL; Action Limit) 2}
71449 HUE -S4 (MPL; Maximum Permissible
Limit) & J#FH o2 F3H= 54191 NLES 72t vl g
CHNIOSH, 1981). o] W& 1991 ' ] tj54 A4 9]
=149 AE SE&HAE U

% (coupling) & E3}3
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8 MNP, M PHANE 71549 2
%2317 (RWL; Recommended Weight Limit) 2} 5714
(Lifting Index) & o]-&3l 2¢] 315 H713th(Waters et
al., 1993).

o174 RWL2- &¢] =3 9| X9} gk HM, <2 7314
Aok A VM, 2A419] Aol 2| ok #AH = DM, +
9 7T gEs AM, AWl FM, &3] 8
BEAER= CM 5 6719 555 A &5 23kgel &
3 AlrketAl "k o HERo® 499 A Ee A
AL E BT FHIARWL) Z vhe SV 0D & 7}
A3 gk LI7F 18 Z23shd S1dsh gl oz gt
==

5 3% zrhehd FE QPR 5o 44 5 9
A A

3= =
dol Q5= Aoz 2

RWL= 23 X HM X VM X DM X FM X CM
LI = L /RWL

19919 717 NLEWH-2 A d3e] E71/J2)7] 2
A FA4el oA 7 dE] B85 e welth 1
U NLE= 3 2717Helv y27] &4 Foll tisixe
A go] w7lsstth 3k A d@de tivke] A4¢lo] ot
AR 2 BEE7] Zrgo] ddel= woy, B3=
712949 F2AE 488k Bgo] Bitsl Ity ow AL
o] oJHrte S Zrevk(ErAlE, 2009).

NLEE +%& a4 2§ AHE 7HA 3L Stk Ciriello
and Snook(1999)+ v =ellA] 13d &<t 2,442709] +5
E2}% 2] (manual material handling task) & FAM
=, o] Fell E71/H=7] &<del tisliA+= NIOSH &7]
2 FAE ALl I AYEE B7t g vk lek Okimoto
and Teixeira(2009) & A&t F4olA 9 7] &4
of thall NLEE &8t v} glth. el A % Chung and
Kee (2000) = W3l s AZxF 7] 2ol gk 4
o] NLEE 283t v} gt} 7|23 (2006) 2 (F5Ake] 3
2t o] Zel NLE 4-8°] 243 5 &5 BTk

2.3.2 MAC(Manual Handling Assessment Charts)

MACE 9= AR R AP (HSL; Health and Safety
Laboratory) elX &71/Wz]7] A4, v=7] 24, | 22515
S Hrkslz] $18l st wHolt(Monnington et al.,
2002).

o] F7H F E71/W=l7] &gell tigk B7= HAst
FTHEY FAS R, o] 3 YA, £ 4 &
v, S71AA19) Aok, AER, viere] w8427
87l Ao R o] Friste] H4E Foldh &
2k o] H-atEs Hrfeirh

27 Z]o|A = 37} sk o)l g, o]% HEAY
ol= 50 Br4g=o] Solh, ¥ BAHT Ao
G AT/ HY FiRo] FrtE = e Alget
29 & 5t

4
o %
Nl

B7F A3t gRkste e 28E Hu 2y Vel
e A A oR AAd 5 Qv

2.3.3 Snook table

Snook table 71, WEl7], 47], 7], U=27] & oA
THY BE 554332 (manual material handling
task) ol o3l 81§ 7Hsdt SHFE S ¥& 22 YER
Z10]t}H(Snook and Ciriello, 1991).

E71/M87] #AgellM= T vbl, ol A,
AT EHE AR, +F A 35 sol MR ek
A71/E7] ZAgelre= &2 A, o)lFAY, AYRIE
T2 aygth o] HE FEEAAT AAl dist 48
o] 7ksstths WHellA RS 7HA, el AXE Hes
8] 7HA o] Hlof F31 ghell "isliA & Rt (interpolation)
< dljof 3= o] Utk

Das et al.(2002) > 9] A AL &4 7HES] A A
Al #g el Snook table?] 7]1F& o] g3 B} Ut}

Mo o

o

=

2.3.4 3D SSPP(Static Strength Prediction Program)

3D SSPP+= v]=r wAIZE ti8he] Chaffin 4ol ]38l 7Y

bl W o2 FHE T AYS YAty mF 9
3 2] ¥-55 Hrisks WHolu (Chaffin, 1997).
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o Jrted = JT=F FP(ACGIH, 2001).
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B2, MY XMQF B Yy 2t HIR
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H 3. Y= =7 Y I UY HlW
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BE O 0] el O 0 0)
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