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ABSTRACT

The objective of this study was to make comparison of the physical work
capacities with different types and methods of tasks. To produce standard work
loads, a bicycle ergometer and a treadmill were used for the purpose of two
different types of tasks. Maximal oxygen uptake measurement tests are usually
performed (1) continuously - with no rest between work load increments, or (2)
discontinuously — with the subjects resting several minutes between work periods.
Continuous test protocol with two different methods of work load increments, (1)
ramp test — with 3 to 5 minutes of work period for each work load, and (2)
incremental test - where exercise intensity was increased progressively in 2
minutes interval, were used.

Predicted physical work capacities(PWCs) were compared with the one by
Kim(1990), and Lee(1995), and the NIOSH physiological criteria. For ergometer
test, the PWC based on the ramp test was 89.65% of the one based on the
incremental test. The PWC values were 2553.88 ml/min for the ramp test and
2848.82 ml/min for the incremental test. For treadmill test, the PWC based on the
ramp test was 97.54% of the one based on the incremental test. The PWC values
were 2786.890 ml/min for the ramp test and 2857.24 ml/min for the incremental
test. The PWC obtained with a bicycle ergometer was 91.64% of the one obtained
with a treadmill for the ramp test, and 99.71% for the incremental test.
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FA% AAEAT APstE Qe
= ZAFEH AFslrt go] o]Foix
Ao 9]t 29 (manual handling)e] 7+
aFo] ke FAd Aok a8y APE
o] AU} AA F FAH] Y3 FF
2 Y& RFHoE YA Ho
A oS Agolgtd Aol 93 FPL
A3 AF3erie oz dolth 1y
o2 4A, AR 59 AFERokAM= F
& 3837 A3 A9 $A4 =
88 AMg3ldop sl FYPAe] olFE
o] EAEt Uk AMge] 2lAlE o)&
g A]elM  AHEAHF (=) (MMH;
manual materials handling)2 =23} ®
wolm, 181d A vi=y A =9
1/38=7} 433 59 388 83k= %
AR Ro=E AL o337 fde &
Y& AAY 28-FZA (musculoskeletal
system)oll A& Zeishe nl, ojd As|
€ A JHGF Bl 52%E A
Azt oF 59wk ge] APzl s
I Qe o]z RIg AHAH &4 97
°F 10009} =) A= o]t(NIOSH, 1981).

2 ek A9 1992~19943 Ale]d)
DA AFANE AHEY, B &5
% oA AR A= 9.36%H =7}
DA o7 yehdd. X7 24499
& HA7E AHEAHFA i3 Aspet
E 4 gAY 27.21% Ax Asirt
dAS RS EFEHE, oF 30%HE7} o)
Az AHERHFA s wystn gl
© Ao2 YeEiGrHgH L, 199).

olZigt W2 SAHY =¥ g7 I
© UHEAHF(ERD) A UM 9] At
9 FHS YL A HAHZP APz
A7 AAHRPEFS AAIB] Yk =@
Aeds FAstoor gt AHEAHF

ol
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FDAM e APy AAEEH, A
2)5H7, AAHHQA Sdol By
of d 4 Utk AAAZEH HZubdd
2% A}y ddozA IYdME o]
u HdEHEFF(Maximum Acceptable
Weight of Load, MAWL)el thg Q7w
F(olFA 9 291 1996)7F b} glony
Ao MAFGEH 2o i 7
X9 A=A ZAFFHEPWO gk
A5 oMAx wE3 Aot} A g
2, ey, JAde s HIuHe w
€ 71¥A E3 vl NIOSHe 7)#&
A glo] Ul AMg3tm PE HAAot}t
(o]&A, HE)d 1995 ; o]HA L] 29,
1995). 282 & mjxa o] AlAFg
g 7IEA7F gle 8 uvEke] 2dxt
ES AHEAAFFD A 2% Asjol
kFo] Hol gl AgEdt vlge SAx
7FAL3 Rtk

- dFdME AHEAHFEDA
oA AJE AGriEe] g7l wWEe), o
2 7HA] Aot Ao =&o] Ho U=
2 U] FAPAEY AFHEAFHF (7
ol gt Aslagl AAS} Aue 93t
o sty AFHHE FF F399
A2ty sy FF3laxr P
o2 w=x9 NIOSHY 7|&& 3=9)
ZAALE A AMSShETl AEEE )
w-EA3 o] FIRIES AH
Adsgus vus] Bozx Ayt
A48 PWO)Y F3E 539 A
o] & AYS F4T o <kAFA =

< I A2 FHIANY AAH
Jd FEE AR gxEE Zg4AdA 9
ZI1EAE AAS Bz g

AYBAAFT AN AHSFL A
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A7) 91§ AF A A8 (ergo-
nomic approaches)olls D Fo] di=
HAskES 1S AAGEgEd Ay
¥ (biomechanical approach) @Al A
2Es  nEg AEgEd Ay
(physiological approach) @343 2}4A)|
FoR AdzdoA Hule HAsES
AP Aol #GdtA ke wWHe
a#HE A AL A7 (psycho-
physical approach), 18|31 @< &=A}e)
oJ3t A7 (epidemiological approach)
o] 47k ¥gol JTHKim, 1990). ¥ 4
TAAE vl 712 A7 T 3 by
o8 A APl disiA A3t
At

A2t A A FE) ot 4l
Aol Rrt=le st & (stress)S A
U(HR ; heart rate), AFRAEIH V,,
oxygen consumption rate) 9] Ayl
g A AYTH 2AEy
(PWC)E FA 3= whgolth

Aty 25 (PWC) SAHYH=
AA Maximal test®} Submaximal test2]
T 7FAWR o] glE=dl, Maximal tests 3
A@A A Foi AJFE WG
olE w7t YAl dted Huol Auts
(MHR; maximum heart rate)$} FHujaka
AR Vomax)gS ZFAHd= dhHAu)

Hd@ate] Ho) FELEFH Vo,max)S

He 2w oz, Aol Avksld] of
22 Zdhe A4 Sol A7) i A
#3271 oJY¥KAstrand and
Rodahl, 1986). Submaximal testv Maxi—
mal testet= @8] TAd@xRIe] Hoj Aa
SR Vo max)S HHFSE 5=
Wyolth ofE Bl dEE Hu Nak
23 Vo,max )2 30%, 50%, 75% AX

Fol Z+ DAl
2R Vo)

o sjg3te 7-‘]’?3'1‘3]"—3_‘
AFshe Au(HR)Y 4
< FA4Y F 2 FHUSA o AL
X (regression)S T3t HjAu=(MHR)
o W&3he HNUARIH Vo max)S

1986, Kamon and Ayoub, 1976).

Hof) AT HFNE( % Vo, max)T A
W(HR) He) BAIE AYshedle F
7HA We] S 4 Stk AAe Ay
Auka=o] B E(%MHR ; percent maxi-
mum heart rate)2 X H3= YHI Ex
2 FAHA A9(RHR ; resting  heart
rate)¢} Hd| A¥=(MHR)S] 7t g
HE&2  FHI= AUHS8(%HRR ;
percent heart rate range) ®Hyo] At}
34”] AurEH]8(%MHR) WHS F2AA
FHRHR)E Ho Ae(MHR)S 4
e 2REtEg £ AIAAE A
o} Qi AubH]-8-(%HRR)
214l AHb(RHR) H£-& A&7
& Ho| ALERHFHE( % Vo, max)
o} AlojollE FL HIEE JIAEE, o]
T @& o]83}9 Submaximal testollA 3
D"ﬁ]i AR[RIE F = UtHdeVries,
1983).

Submaximal testolle ©&AQ uby
(discontinuous method)® <422 |y
(continuous method)2] 5 7127} A=),
G52 WS ZPREE tﬂi}’\]%’ o,
FA71Ze] Qe FAgwiyleln, A43
- FAYPR3E WA ‘fﬂ 4
71Zkol AE gle AFwyeln, 2dRst
o] F7I= 15 sec oAl 5 min We 72
S 72 FRFHo=E JUMIIE HHS
23 Astrand and Rodahl, 1986).
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Ags e Z2n, d53HA AW
vty d3E ARE 47 eV WE
olt}, A&7 AP 5 HIFHLFEA
Al 30% HRR, 50% HRR, 75% HRReI &}
ke AAEIE 44 5% T AF3
= W ramp test?t FAA Auhe
(RHR)$} 75~80% HRRS ®9 A
v 2¥vuich HAHow e ¥ AN
FE ol incremental test®] T 7}A

S ARSshTh

1 APAEY EF=(treadmill), A=A
A2 329|E}(cycle ergometer)ol] <j3%t
A¥HR)GE AR Vo) F3A
3l HAPAEe] AGHHe mE e
&4 AP5H(PWO)E 339t A4
R vng sl E=Y, AAA
zurHE AHERon, T 71A Ziel
hate] oAl ZPzA ApolE Has}y)
sl oS3 22 WS o] &3Th
2AAA o 23rEle] ramp test®] ¢
B 30% HRR, 50% HRR, 75% HRR ol
A AYRetz 4 5E3 A¥S
3}, incremental test®] 7% 50W,
75W, 100W, 125W, 150W Ao 23
sl 24z 287 AYES Ao AHA
dzurge 3¢ A& ZAHE B¢
BEHoz §ol AHEshe 57T 50~60

km/hel £22 AAEE 247 30% HRR,
50% HRR, 75% HRRol F3le 2L+
stz Z4z 58 A¥E I,
incremental test®] 7% 54 km/he £%=
2 AANEE Z+Z} 5% grade, 7% grade,
9% grade, 1196 grade, 13% grade, 15%
grade2 W3AF= FAPRIFE 7z 28
7y AFstHct. AP ARR-H protocol
(% 1-4)¢} 2t}

(1) EAl=EY2| ramp test

9 A | AZE) | = (km/h) | BAES)
& Hl 7] 3 20 1.0
A1 5 30% HRR
%A 2 5 50% HRR

@A 3 5 75% HRR

3 = 7 5 20 1.0

(% 2) ™A ol210|e{2| ramp test

@ A AIZHR) 2] F(Watts)
z 8 7] 3 5
g A 1 5 30% HRR
9 A 2 5 50% HRR
@A 3 5 75% HRR
3 & 7 5 5

(£ 3) EH =22 incremental test

mm A%, AAA AF T 1&%F
Ao A3t £%71 70~100 ripm A=
7b HAS 3FHHKim, 1990, Powers
et al., 1993). 1828 AAA oj2511]F
9l £%¥& 50 rmpme FABIEE AT
EF=e ramp test®] A HF 50

g A | AZHE) |$Ekm/h) | BAE(%)
& ul 7] 3 20 1.0
44 1 2 5.4 5.0
G A 2 2 5.4 70
%A 3 2 5.4 9.0
9 A 4 2 54 11.0
g A 5 2 5.4 130
G A 6 2 5.4 150
3 & 7] 5 2.0 1.0
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(E 4) XEH o 2120|612 incremental test

g A A ZHE) 2 ZF(Watts)

T ¥ 7 3 5

9 A 1 2 50

oA 2 2 75

@ A 3 2 100

@ A 4 2 125

%A 5 2 150

3 & 7] 5 5

oAdgxte] A EAHRS  FAe
SensorMedicsAte] oA AL FH 7]
(Metabolic Measurement Cart/System
200009} FqE W& EA387] 93k

Marquetterle] E# =2 (Treadmill Series
-2000)3 SensorMedicsAte] APAA o=
o) E(ergo-metrics 800s)E o] &3}t
NI A EF FA 7] 23 AAARFY
( Vo) A= 84 2 way valveol
22" mouthpieced: 3 TF3t3, &F
7k&e A 23YoNZirconia) AbARA] V)
(oxygen analyzer)E %3l EA3HTH
AutE F4317] 93l SensorMedics

Aol SaO2(Sat-Trak Pulse Oximeter)&
ol &34t} o7]A Sa02e AHAEA 7|9}
SHHor FTNYEY AAh¥HAY AP
ETE dEHez FAste Ttelt
(SensorMedics, 1992). A AR F+ERx
= ofe (¥ DI 2ok
o] AFEITE o)L A= of
#o} 2ot

) ZAA d2iavEe gl s o,
Eode M g W FAA A
YER(RHR)SF AFARAREH V) 23
AT F A g2 g4y
2] AAARI( Vo) Aldke
(HR) ! 3 AE M (regression
analysis)

3 A AuEMHRY wie] Ho Ak
AT Vo, max)AAE 53 A
283 Y5y PWO)e F4.

SAdgARZE A7Idga A F G

13HE& F39 FZ(random sampling)3d}
o APt ALFAEY AAEAA
= ol (& 59 Zo] FAHHU

2)

—3 —357] 7t~
Calibration gas 1‘7] 7}?: 2 way g ], F
(Expired air) valve (Inspired
02, COZ, NZ gaS)
37t~ 2900
Energy
Measurement Subjec
System t
O,, Ny EF7F2 .
o Mo EH7E |Sa02 DFmger Sensor
l | Cycle ergometer
Output Printer or Treadmill
(38 1) 4E&=xo XX
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(2 5) = HEXle| MHSHA

= ¥y 7 ®ZEua
yo](Age, H-Al) 2154 307
A1 % (Stature, cm) 17172 547

A % (Body weight, kg) 65.92 9.26

AP Eo7br] dA FAAPAE] A
Al Ax3A HSIIEE 3] K3t
1093 vl 1A Edl=2e 3 kmh
2 1087 AAA Cdzxuge AF$ 50
WattsZ 50rpmS FA18HA § 24 1083
FAE ANIETE FH A9 94Y
Al Al F2l7b 7HA] e Agr)el 3
SIEE 37 A% Aojrl W Hu
Aubgeol oF 60% MW A FA3A

B AT = Kim(1990)0] Atk
Hell w2} AubenlS(%HRR)S]  30%
HRR, 50% HRR, 75% HRRell o& =g
Fatg AAs] Y3l o (4 1~5)8

o] &3l PR 3IE =AY
%HRR = —EHR —RHR) 150 (1)
(WR / %¥HRR), = ... = (WR/%HRR);

= ... = (VWRy,max / 100)
)

WRVO:IHHX = WR, X 100 / %HRR, (3)

WR,gvo,max = WRyp max Xx %HRR/100

= WR X x%HRR/%HRR,;
“)

EHR x% V0, Max
)
= (2% HRR/100) x HRR+ RHR

MHR = 220 - o] (6)

7o A,
EHR = A3A] B3l @& 4uks-
(Exercise Heart Rate)
%HRR = Aut4 vl
(Percentage Heart Rate Range)
HRR = 49b5 ¥4
(Heart Rate Range) = MHR - RHR
MHR = Huj 4yt
(Maximum Heart Rate)
= FAAl A
(Resting Heart Rate)
WR = A% v J93ks
(Work Rate)
= (3l X A X ¥z

A E &9, HAPAY] volrt 20403
F4 A A¥(RHR)7F 70 beats/min®]2}
¥, HRR = 220 - Yol - 70 = 130°]x
AN 2 ko] 50 watts (300 kpmy/min)
ola ojufe] Avl(HR)7} 109 beats/min
ojUttd, A¥rHIE(%HRR) (109 -
70)/130 = 0.30 == 30%2] Al¥b4n]go]
"ot FARE Wyos FHRel AA
gAe] HueHlE&(%HRR)S FAE &
At Kim, 1990).

21, A¥dn ¢

A

HI

oﬂLixlw}E* 2710 ot Ak
B Vo)T AFEHRE 4T &

< ofefe] TGel o3ty At F
A=2(MHR)S d&3h= 242 (4] 6)
ofxe} Ho] 7Ee] AFEdA HEHO
2 ®o] AMgEHE ASE Astrand and
Rodahl(1986), Ayoub(1990), Kim(1990) &
7 22 Wile AMgsh
HAdAu=(MHR) & o=

e b

5 AaA
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APl BE Yty A5} wlw ¥ 05

dqauvEy EF=Ue o]gstd Fo
2! protocolS o] &3] AAL zhzt A5}
T, 1833 ARARIH Vo) vt
HRIZ %43 ¥ 1 278 X3 A4
F, YE AAEEI Ve )E Yele
Tezel ey agse) Yehd WE
g olgslal ZAZe) FAAE 7 F A

VEERH Vomax)E FAHIA (F

=
A AT 5L

3]
2)ol JeElhAdck =3l Astrand Nomo-
Al

gram¥ Scandinavian Nomogram 4]

( Vo!=1.29\/—‘—“%{_—1€8uje T0-008ixAse) g o)
3 Hdl MAAFEH( Vo max)E F3F
3l tH Astrand and Rodahl, 1986).

(£ 6)° W24 AFFA oy =
A A2 Y58 (PWC)S Astrand

Nomogram % Scandinavian Nomogram

(PWC) & 98 zol7) e Ao=
et = 4876, P > 0.0025). =3}
Astrand and Rodahl(1986)% ®|=Zgle] 4l
v 1709 W] AR V,) e
29 Vmin °j2}x stglov, £ A7 A
A E 21 Vminl 2 FHHA}

AHA dzaueE o83 Ay
A4S H(PWO) FHARE (R 33 ol
Kim® 1990\d =tz 9t F3+9] Lee, Wuol
Hsu®] 19959 ATE vlmsly Htrh
(Kim, 1990, Lee et al., 1995).

Kim¢ A2+ 30% HRR, 50% HRR,
75% HRRel slgsl= AdHsto) ot
Ae)std AT (PWCO)E FAsige
B, Lee 5(1995)9] 28+ COSMED K2
& A3l 65, 98, 147 watts®] protocol
2 47 4879 Adg B £HE 2

) = € o Fo|t}
s Folo 2R AN AYsy
(£ 6) M Fain stodukiof w2 o) MAADEE ZX x|
Ho Autedo] Mg Ho AaiwEk
Scandinavian
3] A ¥4
AAH3 2 dHr 84 Astrand Nomogram Nomogram
ml ml
ml/min ml/min — mi/min
min X kg min X kg min X kg
Mean 2553.88 39.43 31132 48.01 304847 46.96
24 A ramp

o) 2 7.0 g S.D. 301.63 7.02 165.15 6.65 188.04 6.36
(cycle Mean 284882 4397 317721 49.06 3224.04 4977

ergometer)  incremental
S.D. 376.24 8.47 171.04 7.24 189.6 732
Mean 2786.89 42.82 3164.9 487 2088.75 45.83

ramp

Egcy SD. 34473 6.47 14147 571 231.66 474
(treadmill) Mean 285724 4407 315098 4862 306224 4713

incremental
S.D. 23491 6.77 117.79 6.66 166.11 596
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KA ITEE

(E7) XHA oj2Dojejof ofs PWCS ZAIE 42| H|1

I
(Age) (Body (Stature)
£ Weight)

Ramp Incremental
ml mi
ml/min ml/min
min X kg min X kg

Kim® #& Mean 235 82.01 181.0

3490.23 43.08 3681.77 45.14

SD. 32 6.26 2.8 708.03 10.74 57177 9.86
F948  Mean 212 66.00 170.50 3107 4720 - -
SD. 188 7.91 3.55 410 367 - -

E d3zaRE Mean 2050 66.40 172.64

SD. 259 9.81 548

2553.88 39.43 2848.82 43.97

301.63 7.02 376.24 8.47

Kime| wj=ztgele] vlue 7l¢ &5
Aol A zol7} 433 AR, AP AT
Ae ramp test®] 7ZA$ A AALAEH
( Vo,max)9 ulZAg] 73.17% HEH
o &9 AFI S 91B%E JER
t}  Incremental testt ] ALARHE
( Vo,max)o| ul=AZo9) 77.38% A=
aen, &9 AFTT F}L JTAURYEE
Vet

ZZ3 $g Jehe) vlaeA B, 7]

EEANA FOE zolHE HolA
okt  skAgE 98 et Aol F=At
Ze] 8220%2 FHu AARFE Hole
Aoz YElygon, ©g AFT IS
8354% AX S 7KK ALE dE
vyt o]@d zolr Al AL AR
ME Lee(1995)9] A37A3S A8l &
F QAR AR AEUFY T AE
o] At AFAIRY F9 protocol®
aolg FAHY F Aoy FF HE
groupd] HAAPAE oz g v
E9] Havt don fFdsich

3. 82 # EE

e A¥E 29, AU 2 A
He] zpolo) whal =l 264 EAEY A
0 AAEAEEH Vo max )& o 255~
286 I/min A=Z Yt AYFEE
Zrguh o] Aol H-L AHEW, AHA
Z23vee] A9 ramp test”} incremental
test®] 8965% AEZ JElgow, oY
AZFF e 8968%= UEhwth -7
(t-test) 3+ Byl o3t zol7t s A
oz Jeiged, R{AFE  5%A
incremental test?} ramp test Rt} & A
o7 Yeigckt = 289, P > 0.006).
Ef=de A$ ramp testE incremental
test®] 9754% AEZ yEhgton W9
AFF e 97.16%=2 Jepgdch A%
& Ade 9T Zol7t e ReE Y
bttt = 0.87, P < 0.201).

ZAubdy AR zojHS Ay
B, Astrand and Rodahl(1986)% Ed=
2L 1022 & BF AAA 2urE
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A8 M A2sd Ao wim BN 97

b 92~9%% Ax7F "o IHT,
McArdle et al.(1991)2 838~936% A=
7} g1 et B dTolAE ramp
testy] A9e= AHA odzivEe Ed
cdeo] 9164% AXE Yehyjon oo
AEG e R08%E e t+-2A
3 Axes 73 zolrt e ez
Bgon, foFFE 5%l E#H=Uo]
A A dEZavE{e] HeHT & How
YUebgoht = 280, P > 0008). 284
incremental test®] A%+ AXA JE3
7 Ede=d 2o 971% FEE
Uelgon, o9 AFT e NTT%E
el @A dade Fod xbol
7F e Re2 JERTHt = 009, P >
047). o}t #e ¥uAHE & FHo
A ol B & oy, of olfw
At dAIFHR F7HA HAES AHSE)
= Edzde AeHT AAe] YRS
Agste AR A dEzarjee] AS oy
A7zt F83 AAEA Loz AF
Fdadrt o A Jehd Rl 9
3 Atz FAEo

ul=2l 7% 1981d NIOSH Guideline
o o3t w=Z FA 4041 50 percentile2}
ety 2P (PWC)2 3.0 Vmin, o
A 404) 50 percentile2 2.1 /ming 715
oz 3ty  IFE8AIF Aol Wi
AL(Action Limit)2 07 I/min, MPL
{Maximum Permissible Limit)< 1 1/min
2 JIEAE AASHHNIOSH, 1981).
19913 Revised NIOSH Guidelined| A+
1R8I 71EAE Eolge Aol
BA-S 3l RWL(Recommended Weight
Limit) 71215 24ARL Adsold mat
0.44~0%4 Ymin® g A3 cH Waters et
al.,, 1993).

I8Eg B A7y ZAAERE g
oA 404 50 percentiledl] sjEs= A

34 ST HPWO)S vold tig 234
factor 0837} Aol th3k HA factor 0.7
S 1#3le 148~166 /mino® FAHE
= Atk a8z sh=x]le] Mgty =
ASHPWO)S wl=el 7I1FX¢ 7047~
79.05%°] 3F3EE, v]=xe] NIOSH
GuidelineS &=<21lAl HL&A7]171d0E
o 27t ok BdEch

2 dye gdgatel HdAel Y o
gozgk gHAE U7 dFd £ A
Hel At AA Qe Aelskd 2
PHPWO)S ¥iggitts wrjde v
F2yon B 4 gk e d44
Q=g g AEEy HAYEd
PWO)E FA3l7] A3t dda A8S
T FHAST JHdPAt gt d7rt
g3}

I8
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