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ABSTRACT

Modern fire fighting jobs have been expanded to include areas of rescue, emergency medical service as well as conven-
tional fire suppression, so that load for fire fighting jobs has been increased. Specifically, musculoskeletal disorders
(MSDs) such as low back injury have been considered as one of major industrial hazards in heavy manual material han-
dling during fire fighting jobs. This study tried to evaluate risk levels and to prepare background for reducing risk levels
associated with heavy manua material handling during fire fighting jobs. This study applied two major tools in evaluat-
ing heavy manual materia handling jobs which were NLE (NIOSH Lifting Equation) and 3DSSPP (3D Static Strength
Prediction Program). A risk index in terms of heavy manua material handling during fire fighting jobs was identified.
Thisindex consisted of seven risk levels ranged from nine points (the first level) to three points (the seventh level). There
was no job associated with the first level (the highest risk level) of index. There was only one job (life saving job) belong-
ing to the second level (the second highest risk level) of index. The third level had jobs such as usage of destruction
equipment and lifting patient. A total of basic eighteen jobs was categorized into six different levels (2nd-7th levels) of
index. The outcome of the study could provide a good basis for conducting job intervention, preparing good equipment
and developing good education program in order to prevent and reduce MSDs including low back injury of fire fighting
jobs.

Keywords: MSDs, Ergonomics, Heavy manual material handling, Risk Index

1N B2 g A7)7) Sg FBH QR uiEe] sk glom,
mEhd 2rigle] 4R thde] ¥4, AHoe oy
2ol o Ade A o, A 2 A ARl 2 e Aot
SEEA B TE, TH T, AUES A JJr NA gAY aUAEe] dFes A T, =, SIS 7TEE
TCorresponding Author, E-Mail: pp0825@naver.com ISSN: 1738-7167

TEL: +82-32-860-8702, FAX: +82-32-867-1605

85

DOI: http://dx.doi.org/10.7731/KI1FSE.2013.27.3.085



Aow g ¢ AdY. TRUTE &5, 7R, ¥
o, BUAYT (3 SFA ol F A A), Ak, AL
wae) gow pAEel glem® pryre TREEA
=, raid ohdwe], 2 B, AdeEAd,
FANFEAAE, P 37, AeiaAe], Ad A
T2 G Toz TAH AGO. s} e A
B4 A, SR A, A8 2 x, a7x
A gk, AARE 5o Fees pAEnO

o)A 2L B AV E S YL 2 FAe

o
2
ol
N
I
i
A
o
Ho
o
N
O
:(I)L
ol
filo

o off

Lo, 2
rot
Ho
__)‘4_:‘1

oS4 2
2 >
Pﬁ
M o,
i Jo
o £
1 gy
o O
ﬂﬂﬂlru
l
>
O x 2
.
rl

b o
oL
Kk
rﬁ
it
lo
-2
i
2
o

SR o)A 7R 2]
Al 78} Al PSR FlArR Qe o) Ve, 58
2001 agod7)o} dofla] AHYS RIEE HE

70, ApagaEdagt wolarErE o Fad

2Eg AW 2o Z3E o] T},
wEb £ AeldE autide] FskE 4 & F
FES ThRojof 3H= AQlo] ek B 2 Haky BAS
gate] . o] A A o) ug 9%
dZ=sta, B YRS AN 8 71z

y 2

2.1 ARCHA
201243 109¥ 19¥HE 20139 02¢ 19 71x] A= 43
Zb AkA] mig) 712291 5371 2

2.2 o7

B AFedM = A HrkE fete FRE AUt
o Ao thEA F 7 Welgtal & 4 A= NLE
(NIOSH Lifting Equation)e} 321 Q1A1<3st 9l 3DSSPP
(3D Static Strength Prediction Program)Z #8313t} &
W o® NLEE AEsk=d oAM= A WA dA=

3k 42Hkets] =8, A2748 #1335, 20134

CuE - 49 - 4E

RWL (Recommended Weight Limit; & 37A 34 S A4
A ==, 9714 RWLES Alltehe 212 o3 2.

RWL (Kg)=23xHMxVMxDMxAMxFMxCM 1)

1714 HM2 %718 8.1 (Horizontal Multiplier), VM
2 FHAE Q2 (Verticd Multiplier), DM F%0]%7
2] 8.2 (Digtance Multiplier), AMS H]t3 291 (Asymmetry
Multiplier), FM2 H1= 221 (Frequency Multiplier), CM&
&3} thE2] AE2¢](Coupling Multiplierys ¢jr] it}

U222 RWLS =53 Fol= LI(Lifting Index; £71
AF)E Atete] SREAR]C g HF e 2AE
gt LIE7] AF)e o 22 20 &Jate] 7l
Kle=l=3

LI=L/RWL o)

714 L& A e 9 oJnlsitt

LIe] Azp7} 1ch AW 2587t A% Kot Atk
i, 30] 4& Apolle dgFe FHdoR e
st S22l F3Hy S AAlsteioshs AElE 9
st} 2 NLE H7b= Al (origin: 3= 29
AlZsks Al eA o] 29 Z4A ) E3 (destination: &%
B 29e TE3Rs Al ] 2 AA)) Bl tiste
Fhat, o] & FolA Aoz dobst AIH(RWL]
SAY, LI7F 22 795 HASEHE AR

TEEFE A v AFH FrHe fg AA 5
2 7137 =9l 3DSSPP= Hl= HIAIZE distell A A

Aol T v = e Zrafen. TjEHoR
3DSSPP= AAARe] JIAISAAR (], w5, s7he] 9
Al T2 (91, ok, 312, 915 b, oliE v,
2 thd=el TS 9 stol S Ao Al o
T Y AEHE OF AAE =ENET Ho9

ALt A e 9lefA] L5/S1elA 9] t=Eo] 350kge] HL
A 5 IAEEC] Erhe AE on|git

3.1 SYE Y9 EF
atidoe] Fste A F TF=AYS A A
Al 53 = F 3k 1070 2 d (g A4

v, AT B
&), AHEIE B8 74, 3 /)T BEEIRD)),

= /g, A 71T 28EA ), e wEEAl,



2ol FEERYG g AxEeE E4 87
Table 1. Job Types for Heavy Manual Material Handling by Fire Fighters
Tasks Jobs Job elements

Fire suppression

Ready for moving out

Checking up & maintenance of fire fighting equipment

Fire suppression

Rescuing human life

Rescuing human life

Fire suppression Ventilation Elimnating smoke by air blower

Fire suppression Pacing hose Placing hose

Fire suppression Injecting water Injecting water (high, medium, low speed; diffusion, reflection)
Fire suppression Injecting water Injecting water using ladder

Fire suppression Destruction Using breaking equipment (power cutting machine)

Fire suppression Destruction Bresking door

Fire suppression Destruction Using breaking equipment (breaking ceiling)

Fire suppression Others Controlling residual fire, preserving scene, pulling out

Rescue Generd rescue Rescuing people from accident at confined space
Rescue General rescue Rescuing body part caught in the object

Rescue General rescue Rescuing people from motor vehicle accident
Rescue Advanced rescue Rescuing people from water accident

Emergency medica service | Lifiting & moving patients | Lifting patient

Emergency medical service | Lifiting & moving patients | Moving patient

Others

Removing icicle

Removing icicle

Others

Moving air mattress

Moving air mattress
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Table 2. Tools Used in Heavy Manual Material Handling

Tools Tasks Uses Weight

Gas cutting machine Rescue Cutting metal 19kg

Airbag set Rescue Securing space for heavy object 0.9~27 kg

Cuitting mechine for Fire suppression, Removing object by cutting concrete 9.2kg

concrete rescue

Power cutting machine rF;(zus:ppron, Cutting pipe, steel plate, etc 9.4~23 kg

Hydraulic spreader Rescue Spreading the gop between objects associated with car accident 182 kg

or collapse accident

Basket stretcher Eme_rgency . Moving patient at various scenes of the accidents 12 kg

medical service
L Rescue, emergency . .
Divisible stretcher medical service Moving patient safely at emergency 7kg
Ceiling bresker Fire suppression Removi ng combustible substance at ceiling during fire 3-33kg
suppression

Door breaking equipment rF;(éuS:ppr on, Breaking door at scene of the accident 7.2kg

Universal ax rF;tzus:ppr on, Breaking obstacle at scene of the accident 1.8~2.7kg

Air blower Fire suppression Emitting out noxious gas 40kg

Hanging ladder Fire SUppression, | o ing life at high-story building 7kg
rescue

Double ladder FIre SUppression. | o ing life at high-story building 20~25 kg
rescue

Air respiration set Fire suppression Providing respiration equipment 8kg

Air mattress Fire suppression, AbsF)rbl ng shocll<s for jumping from the scene of the accident 126 kg
rescue in high-story building

Fire hose Fire suppression Providing fire water for fire suppression 4.4kg/15m
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Table 3. Analysis Results for Heavy Manua Materia Handling Jobs (NLE, 3DSSPP)
Heavy manua material handling jobs 3DSSPP NLE
Weight Compressive | Origin | gL | L]
Tasks Jobs Job elements (kg) force at Lg/S; ‘ ‘
(kg) Destination | (k9) | (k)
Fire Ready for Checking up & maintenance Origin 9.89 | 241
. . DA . 239 209.69 —
suppression moving out of fire fighting equipment Destination | 7.79 | 3.07
i i Qrigin 10.36 | 6.84
Flre. Re*“”?g Rescuing human life 70.8 473.26 .g -
suppression human life Destination | 19.76 | 3.58
i iminati Qrigin 894|224
Flre. Ventilation EI|m|n§t|ng smoke 40 17183 .Q .
suppression by air blower (20 kg/person) Destination | 18.29 | 1.09
Fire . Origin 14.62 | 0.31
. Hose placement Placing hose 4.4 62.45 —
suppression Destination | 13.87 | 0.32
Fire Injecting water Origin 15.19 | 0.66
SupDression Water injection | (high, medium, low speed; 10 165.51 —
Ppres diffusion, reflection) Dedtination | 17.43 | 0.57
Fire L o ) 23 Origin 1851 | 1.24
. Water injection | Injecting water using ladder 232.86 —
suppression (11.5 kg/person) Destination | 13.16 | 1.75
i i i i Qrigin 6.37 | 3.60
Fire Destruction | USiN9 breaking equipment 23 358.16 il
suppression (power cutting machine) Destination | 11.36 | 2.02
Fire . . Origin 11.28 | 0.26
. Destruction Breaking door 3 13541 ——
suppresson Dedtination | 13.07 | 0.23
i i i i Origin 16.79 | 0.17
Flre. Destruction Using brea_kmg e_q_wpment 3 121.84 _9 _
suppression (bresking ceiling) Destination | 16.30 | 0.18
i i i i Origin 16.70 | 0.26
Flre. Others Contr_olllng readual_ fire, 44 273.86 _9 _
suppression preserving scene, pulling out Dedtination | 18.43 | 0.24
i Qrigin 20.24 | 0.36
Rescue Genera rescue R@cumg body part caught 7.2 86.22 - g -
in the object Destination | 20.37 | 0.35
i Origin 17.58 | 0.75
Rescue Genera rescue Rescuing peoplefrom 131 400.5 _g -
water accident Destination | 13.74 | 0.95
i Origin 15.87 | 1.51
Rescue Genera rescue Rescuing peoplefrom 239 288.67 _g -
motor vehicle accident Destination | 8.77 | 2.72
i Origin 1381 | 1.45
Rescue Advanced Rescuing peoplefrom 20 13837 _9 _
rescue water accident Destination | 12.77 | 1.57
ifiti Origin 11.66 | 3.04
Emergency Lifiting & Lifting patient 708 43235 9n
medical service | carrying patients (35.4 kg/person) Destination | 13.23 | 2.68
ifiti Origin 18.89 | 1.87
Emergency Ln_‘mng & cary Moving patient 708 476.94 - 9 -
medical service | ing patients (35.4 kg/person) Destination | 20.47 | 1.73
i Origin 168 | 2.97
Others Re_m_ovmg Removing icicle 5 117.76 -g -
icicle Destination | 2.09 | 2.39
Carrying air N 126 Origin 18.30 | 1.72
Others Carrying air mattress 354.18
mattress g (31.5 kg/person) Destination | 1923 | 1.64
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Table 4. Risk Levels for NLE & 3DSSPP
Tools Classification Risk levels
Level 1 Li<1
Origin Level 2 1<LI<3
Leve 3 LI=3
NLE
Level 1 Li<1
Destination | Leve 2 1<LI<3
Level 3 LI=3
Leve 1 L5/S1<350 kg
S;BP Leve 2 350 kg<L 5/S1<700 kg
Leve 3 L5/S1>700 kg
4. D& o A=
19994 ol AnhiAIA el dFHS ddist A H2
SRS &5, T - TR EEe S A o= st
o A Q- SAe] 2EAA A A9 B Hol
AW, 53] sojupe 7&, TRYFR el 2] ¥

AEAE R3] T3 AT,

Table 5. Results from NLE

o
A9, R @ A8, FRAFNA vhetel 93
o %A AO,

fr g lo o
far lu o
il

ko
-
BN
N
1
9,

i
ol
ﬂ‘r‘
L)
hin'd
ojf
ro
poy

ALY AR AERANE S o)4dd(2007)9] 4
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do] A, 72, 77 AF-E FHse HolM =& =
T AR QlEl] vhke 23AA Agto] wAst= A
b B AT TH2008)2] A7 Sldtt. aAuE o] AT
S 2URITE s wE 2344 23 T %2
o] BHA UNA WA ZZAA F3E FIANTIE AF
821 58 1S A Sl tish AU 24 L Frto
ok U8 23EA] kot

b B Ao AUtdEe] 22344 FEho|
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Parttobe | Risk Risk | Number Job dements
analyzed levels | scores | of jobs
Li<l 1 7 Placing hose, injecting water, breaking door, breaking ceiling, pulling out, rescuing
people from accident at confined space, rescuing body part caught in the object
Moving air mattress, checking up & maintenance of fire fighting equipment,
Origin 1<L1<3 5 8 moving patient, rescuing people from motor vehicle accident, removing icicle,
eliminating smoke by air blower, injecting water using ladder, rescuing people
from water accident
LI>3 3 3 Rescuing human life, using breaking equipment, lifting patient
Li<1 1 7 Placing hose, injecting water, breaking door, breaking ceiling, pulling out, rescuing
people from accident at confined space, rescuing body part caught in the object
Detination Eliminating smoke by air blower, injecting water using ladder, rescuing people
1<LI<3 2 9 from motor vehicle accident, rescuing people from water accident, moving patient,
removing icicle, using breaking equipment, lifting patient, moving air mattress
LI>3 3 2 Rescuing human life, checking up & maintenance of fire fighting equipment
Table 6. Results from 3DSSPP
Risk levels Risk | Number Job elements
scores | of jobs
Checking up & maintenance of fire fighting equipment, placing hose, injecting
L5/S1<350 kg 1 12 water, preakmg door,. br.eak.l ng ceiling, pull ing out, rescuing people from accident
a confined space, eiminating smoke by air blower, rescuing people from motor
vehicle accident
Rescuing human life, using breaking equipment, rescuing people from water
350 kg<L5/S1<700 kg| 2 6 accident, lifting patient, moving patient, removing icicle, rescuing body part
caught in the object, moving air mattress
L5/S1>700 kg 3 0 -

3k 42Hkets] =8, A2748 #1335, 20134
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Table 7. Risk Scores for Heavy Manua Material Handling Jobs Based on Risk Index

NLE NLE s Risk
Task Job Job elements (origin) | (destination) 3D scores
Fi re Ready for moving out Checki ng up_& mal r_ltenance of fire 5 3 1 6
suppression fighting equipment
F e Rescuing human life Rescuing human life 3 3 2 8
suppression
F e Ventilation Elimnating smoke by air blower 2 2 1 5
suppression
F e Placing hose Placing hose 1 1 1 3
suppression
Fire _— Injecting water (high, medium,
suppression Injecting water low speed; diffusion, reflection) ! 1 1 3
F e Injecting water Injecting water using ladder 2 2 1 5
suppression
Fi re Destruction Using breakl_ng equment 3 2 2 7
suppression (power cutting machine)
F e Destruction Breaking door 1 1 1 3
suppression
Fi re Destruction Using brea_klng e_q_wpment 1 1 1 3
suppression (breaking ceiling)
Fire . Others Contr.ol ling resi duaI. fire, 1 1 1 3
suppression preserving scene, pulling out
Rescue Genera rescue Rescuing from accident 1 1 1 3
at confined space
Rescue Genera rescue Rescul g body part caught 1 1 2 4
in the object
Rescue Genaral rescue Rescuing from motor vehicle 2 2 1 5
accident
Rescue Advanced rescue Rescuing from water accident 2 2 1 5
Emergency Lifiting & moving - .
medical service patients Lifting patient 3 2 2 7
Emergency Lifiting & moving . .
medical sarvice patients Moving patient 2 2 2 6
Others Removing icicle Removing icicle 2 2 1 5
Others Moving air mattress Moving air mattress 2 2 2 6
Table 8. Job Distribution Based on Risk Index
Risk levels | Risk scores Job elements
1 9 -
2 8 Rescuing human life
3 7 Using breaking equipment, lifting patient
4 6 Checking up & maintenance of fire fighting equipment, moving patient, moving air mattress
5 5 Elimnating smoke by air blower, injecting water using ladder, rescuing from motor vehicle accident,
rescuing from water accident, removing icicle
6 4 Rescuing body part caught in the object
7 3 Placing hose, injecting water, breaking door, breaking ceiling, pulling out, rescuing from accident
a confined space
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