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Abstract: Musculoskeletal disorders affect workers' safety in most industries, and forest operations are classified as
a musculoskeletal burden according to the Occupational Safety and Health Act in South Korea. In particular, felling
and delimbing operations are mainly conducted by manpower, and then, it is necessary to evaluate ergonomic risk
assessment for safety of felling and delimbing workers. Three ergonomic risk assessment methods, such as Ovako
Working posture Analysis System (OWAS), Rapid Upper Limb Assessment (RULA), and Rapid Entire Body Assessment
(REBA), are available for assessing exposure to risk factors associated with timber harvesting operations. Here, three
ergonomic risk assessment methods were applied to examine ergonomic risk assessments in chainsaw felling and delimbing
operations. Additionally, exposure to risk factors in each method was analyzed to propose an optimal working posture
in felling and delimbing operations. The risk levels of these operations were evaluated to be highest in the RULA
method, followed by the OWAS and REBA methods, and most of the exposed working postures were examined with
a low-risk level of two and three without requiring any immediate working posture changes. However, two significant
working postures, including the bending posture of the waist and leg in felling operation and standing posture on
the fallen trees in delimbing operation, were assessed as the high-risk level and needed immediate working posture
changes. Low-risk work levels were examined in the squatting posture for felling operation and the straightened posture
of the waist and leg for delimbing operation. Moreover, the slope in felling operation and the tree height in delimbing
operation significantly affected risk level assessment of working posture. Therefore, our study supports that felling
and delimbing workers must operate with low-risk working postures for safety.
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AFRPAE A F ] 2019 AFAAIS| Ao w2
W AAAE(HNE, %) 11.09%2 AA| A Bt
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Finnish Institute of Occupational Health)2] Kuorinka©]| 2]
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Figure 1. Study site.

Table 1. Information of felling and delimbing workers.

. . Work
Worker Age Height  Weight Work.- period
(cm) (kg) manship (year)
Felling (A) 59 168 66 high 30
Ddelimbing 504, 62 high 10
(B)
2. EHXM "ot 71
B oqroa AR HrE7HE OWAS(Ovako

Working posture Assessment System), REBA(Rapid Entire
Body Assessment), RULA(Rapid Upper Limb Analysis)&

Table 2. Cross-check of body, arm and leg level by OWAS.

A110E A2% (2021)

o]tk OWASE 39, &, o &
AAE ¥Esto] Table 29F o] szl
) =7 E(cross-check)dt= WHO 2 H71sltHLee et
al., 2003; Figlal et al., 2015; Lee et al., 2020). RULA+=
oM, &, &5, 7 5 AARAE SHeE 25 AEA
=9} RIEE o]§sto] H7Ish= W olm(Im, 2015),
REBA{= RALAE H.¢kato] A5, &, o, Sig, of

o, &84 7AW e areste] E45hs W

o]th(Hignett and Mcatamney, 2000; Im, 2015). OWAS,
RULA, REBA7|H 2] & %X]4ZL Table 31} 7t}
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© 2 275 AL AAAARY ;{l—ﬁjq_ o 7
GAkS Bsle] Hrlslqlct 2HAbA o
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RULA, REBA H7171¥HE

Action
level A ) A /] A
1 1 1 1 1 1 1 1 P (2 2 2 |12 2 2 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 2 2 2 (2 2 2 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 /2 2 3 |12 2 3 1 1 1 1 1 2
2 2 3 (2 2 3|2 2 3 |3 3 3 |3 3 3 |2 2 2|2 3 3
2 2 2 3|2 2 3 |2 3 3 |3 4 4 |3 4 4 |3 3 4 |2 3 4
3 3 4 1|2 2 3 |3 3 3 |3 4 4 |4 4 4 |4 4 4 |2 3 4
1 1 1 1 1 1 1 1 2 (3 3 3 |4 4 4 1 1 1 1 1 1
3 2 2 3 1 1 1 1 1 2 |4 4 4 |4 4 4 |3 3 3 1 1 1
2 2 3 1 1 1 |12 3 3 |4 4 4 |4 4 4 |4 4 4 |2 3 4
2 3 3 |2 2 3|2 2 3 |4 4 4|4 4 4 |4 4 4 |2 3 4
4 3 3 4 12 3 4 |3 3 4 |4 4 4 |4 4 4 |4 4 4 |2 3 4
4 4 4 |2 3 4 |3 3 4 |4 4 4 |4 4 4 |4 4 4 |2 3 4
: body, M: arm, M: leg,  : workload
Table 3. Action levels relating to the score by OWAS, RULA and REBA.
. Score .
Action level OWAS RULA REBA Action
0 n/a n/a 1 not required
1 Cross-check 1~2 2~3 not or may be required
2 Cross-check 3~4 4~7 required
3 Cross-check 5~6 8~10 may be required in future
4 Cross-check 7 < 11~15 required immediately
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HEA2 o], M, AR Aoz FEstglon, 2
AR F&FS A= 220S B4 el AR H A
= H(15° o]d}), F(15~30°), T(30° o[hH e 2ASHS
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shol, MEAe XA AT AE o8 28]
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Table 4. Frequency of action level in felling operation by OWAS,
RULA and REBA.

Frequency of action Felling operation

level (%) Moving Felling Delay
1 52.8 - 26.1
2 32.1 57.3 449
OWAS
3 15.1 42.7 29.0
4 - - -
1 - - 1.4
2 47.2 15.5 23.2
RULA
3 52.8 80.9 63.8
4 - 3.6 11.6
0 34.0 - 14
1 41.5 5.5 50.7
REBA 2 24.5 94.5 47.8
3 - - -
4 - - -

Table 5. Action level of 3 working postures in felling operation
by OWAS, RULA and REBA.

Method| a5 | RULA | REBA
Body pa
back 2 4 4
neck 1 1
leg 4 1 2
shoulder 2 2
(a) back bent forward b 1 5 |
with bent legs clbow
action level 3 4 2
back 2 4 4
neck - 1 1
’ leg 1 1 1
- shoulder ! 1 1
elbow 1 1
(b) squat action level 3 2 2
back 2 4 4
neck - 1 1
leg 6 1 1
shoulder | 1 1
. elbow 1 1
(c) kneeling on one -
knee action level 3 4 2

I(squatting: 114.1 bpm, kneeling: 116.3 bpm, straight:
121.5 bpm, benting: 125.3 bpm)e} G-AFSH Ao 2 HEZ}
A Al B Aol 7HAl 208 k2 AA7E AlAO
27 A2 2GRN = deE s

2) 7HA A AR
ZHA A AZL A ] o] &} 7R A AZ;
oA o]Ato] Z+zh 54.3%9} 68.3% = &

A2 RULAOJA] 3
R ERER
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Table 6. Frequency of action level in delimbing operation by
OWAS, RULA and REBA.

A110E A2% (2021)

Table 7. Action level of 4 working postures in delimbing
operation by OWAS, RULA and REBA.

Frequency of action Delimbing operation

level (%)

Moving  Delimbing Delay
1 314 38.5 61.5
OWAS 2 514 41.0 38.5
3 17.1 20.5 -
4 - - -
1 - - -
RULA 2 45.7 31.6 84.6
3 54.3 53.8 154
4 - 14.5 -
0 11.4 40.4 34
1 28.6 36.5 59.0
REBA 2 60.0 23.1 32.5
3 - - 5.1
4 - - -
Q= YUANE OWASS}F REBAO A=t 214 o]s}

B AlAe] Fe7t gle AR A ESITh =3 2 A
L 2E 7oA 267 o]5l7} 84.6% oo 2 HIE O]
ZrAARA W7 o] a-ER] kA THTable 6). =2+ 2]
Ao}t o] ZRAARNE o 7ol Hls)
RULAO] o]t ZFGARAl ©AI7L =] B7H= Qo

A A F 9] OWAS, RULA, REBAS o] &3}o 71X
AAZ A AAAANE B7het dat whakbe = 2R}
N 4712 2 BFE 9 th(Table 7). 7FAA ARG A] 7
2 OF =7} =0 A Table 7(d)e} ZHo] MEE 9of A
kAot Ao=m, AAAARA 9] 22 7F H a5kith EQE
HEEo| 3la] o] oJato g % the]E HAsts 2H
A} A|[Table 7(2)]7} 7F Y18 =71 Wokon, HrEo] B
3 5]2]Eo] AtololA= A&52Q1 ko] Fagh 24
AtA|[Table 7(b)]= Hrfo] FEHET} ofefjo] x|
= A1&3 wAo] I3tk ZAJA}A|[Table 7(c)]| 2 &
A= ]l

TR A A Y-S H=agol vl 2 YA =7F Fk
S, o] Yovi and Prajawati(2015)7} REBAE ©]|-&3t
e, 7HAAIA, A%, SRS 371 20 e 4
A, ZFAA 264, A% 30HA], 4t 4kA)e} GAFSFS
oh E3F 7R A ALY HER0 Folet £ 5154
A Sof uet BriEE Ao dohww, &5 2 9F
= 7Azstr] sl AAA =¥ 2ol whef Ml 7HA]
AAZAS A gt AgA o] Bad o=
At E .

)

I

Method
OWAS | RULA | REBA
Body pai
‘ back 1 2 2
= - neck - 1 1
) leg 2 1 1
oh shoulder . 1 1
a) straight
@ & elbow 1 1
action level 1 2 1
back 2 3 3
neck - 1 1
leg 2 1 1
shoulder 2 2
(b) back bent elbow ! 1 |
forward with
straight legs action level 2 3 1
back 2 3 3
neck - 1 1
leg 4 1 2
shoulder 2 2
(c) back bent elbow 1 | |
forward with bent
legs action level 3 3 2
back 2 4 4
neck - 1 1
leg 4 1 2
shoulder 1 3 3
(d) back bent
forward with bent elbow 2 1
legs on the felled -
tree action level 3 4 2

2, ZIAXIM Br7|HE Slxt

1) H=2y

A=z dA A o] B7E7 1R ol sl 9 =
ARE BH7] 99 AABAT AANAAE ol §to]
2-way ANOVA BA42 AlA|519ih th& Table 81} Zo
REBAL 2.5 QIR B4, AR 4AL 2 34x
BAD7E 2 A Aol P =910, OWASE
3 A9 F A4 AL RULAL 4348 57
2 §o1(p<0.05)2] Zol7} stk

2 of r: my o

[0 ox XN

2) ZHAAIAZ
7178 =2 AAIA 2 F7 T E Sl o] sl dd=
FL A= BAS7] Q8 AR AAL =o|(felled tree
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Table 8. 2-way ANOVA analysis of felling operation using process and slope factors by OWAS, RULA and REBA.

ltem Degree of OWAS RULA REBA
freedom F p-value F p-value F p-value
Total 232
b}
Pr‘sz)ss 2 27551 <0.0001* 7.547 <0.0001* 79.254 <0.0001*
Sg)’e 1 1.073 0.301 1.098 0.296 16.415 <0.0001*
A xB 2 13.855 <0.0001* 3.700 0.026* 8.161 <0.0001*
Error 226

Y moving, felling and delay
* p<0.05

Table 9. 3-way ANOVA analysis of delimbing operation using slope, height and felling direction factors by OWAS, RULA and REBA.

It Degree of OWAS RULA REBA
em
freedom F p-value F p-value F p-value
Total 117
S(IZ‘;C 1 1.960 0.164 0.040 0.843 0.077 0.782
Height" 2 41 " " "
(B) 518 <0.0001 26.196 <0.0001 12.385 <0.0001
Felling
direction 1 4.197 0.043* 0.006 0.938 0.601 0.440
©
A x B 2 1.125 0.328 0.455 0.636 1.039 0.357
A x C 1 7.102 0.009* 0.080 0.777 1.147 0.287
B x C 2 0.334 0.717 0.598 0.552 0.277 0.759
Error 107
D Felled tree height from the ground
* p<0.05
height from the ground), HEW3FS o]-85}0] 0]85}o] HEob ZEA A AL ARIA 2] §]HE+= RULA, OWAS,
3-way ANOVA 415 AAIEHIch HE B2 oA A REBA =0 =7 H7}= ek ®3t e By L
omuE WER ol ANAARAAAG FTHS g 95 U ANAALIAAE R 23R &
itk EG OWASE F7b4om WEdas 444k 2 wro] Al ehgkAvh MERYe AXHAt
ol AP I FAALE FOAA00S) AL AR AR DS Spol} 4291

31 2fo]7} Slgirk(Table 9). H7lo] Aol B Ao BAHTh nebd 2eix)

=
o) QPgAE Be] sl WEALS AN 2o

zn =2 o 2 AN, THAARL S HER ol e

91X e) A Blelet chalzt 2 2pAI} AR Zhadt
Aol A Ao BAMS AR WS = A4 AR wekE,

ZAAYBL AR 9§ Frkok 2Rols A} 5

o 72 zFo] AALA o] A SlEIT] olof ZARLe] AA AR} ?:t*l'-o—l =

A& AABE ] sl et AgAA B7E 285t

o whebd] B ATE W 9 AR ARe o] AUAE B AT AFA “EA Yo aRspH] At 71

Aoz QIzkyeh4 B4 =9l OWAS, RULA, REBA TNAAFA(FAH S 2020212C10 -2022-AC02)” H “2020

£ olgalol AVES Bt LAl o FFL W ek sl s ApEAEPe] 4] 9
R shof S Qg
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