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Abstract

Most psychophysical studies in manual material handling (MMH) have paid more attention
to two-handed MMH activities than to one-handed MMH activities. Also, studies are
involved only with single MMH activities - lifting, lowering, carrying, holding, pushing or
pulling. Very few studies are reported on the determination of workers’ capacities for
combinations of one-handed MMH activities (lifting a box, then carrying the box, and
lowering the box). The aobjective of this study was to find the psychophysical and
physiological responses of human subjects from a simulated industrial task involving
one-handed and two-handed combined tasks. The capacities that were determined as the
maximum acceptable weight workloads for 1 hr work period for one-handed and
two-handed combined tasks - lifting a box from floor to knuckle height, carrying the box
for 43 m, and lowering the box from knuckle to floor height - were determined
psychophysically under three frequencies: six handlings per minute, one handling per
minute and one handling per five minutes. In addition to maximum acceptable weight, heart
rate and RPE values on wholebody, back, and arm were also measured as responses.
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AR 452 Astel A2 St FYFAAE AFsIE Bol o] FolA Abgel o
3 4529 (manual handling tasks)o] 74 7kn e FAelth AT Ao 544 717
U 23 9)gt 223 #gdo] o] g S A3 AFIHAAIIVIE ofeE Y Aol of
AT Aulagdolu MxPoMe FFFEEY Aol AHES 2 3 e AdAolth

AuAR o2 AgERA LAFHE HREEY TIFEA e FaUJNE FEEE HAEAY
(Manual material handling task;, MMH)el <13 ZHe=zd MMHRLeE E7(ifting), %717
(carrying), Wal%71(lowering), ¥7(pushing), B7171(pulling) Foll &3t HHES o= & Rl
A ga 3 Lo olEAIE AL duigtt MMH 2l oA 24zt kdd A AdE
Bt 5 YL E sy] Y Agels AAQEH H2u (Biomechanical approach), 4283
23 249 (Physiological approach), 1314 218H4 2%y (Psychophysical approach), 223 9§
2 A9 (Epidemiological approach)s ZA 47HA2 & & o, ozd A4S T3 &
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27| FEE Az AA RN BT Az met 254 ot ' AL ARo|tH1]
2o AFE0] FFEEAAFTALN oA FEAY B FEFQ oS R4S 1A %k
. B7] APl & 28 ST SR A d&go] digt 22 AF7t o] F oA
o, Aol Ae 9EA gL A i HARHELEFF (Maximum Acceptable
Weight)& dA3ts d771 o)Fo] ATH7IONIL). £ 22 MMHAY A7 dAME skt
9 FAgFR - E7], Hr], 2957, 97, 2771-& dAdeR & AdF7F FFE ol R
U g Ads3te]l 2 o)FXE AYd dAA T A7 AY o] FolAA wFU. &
Ak AdE Foly} 4G od EAE M dAAZE 2Wdtn A =R
2o AgAA JPE &3 B 5 U} v5Y A Jiang(1986)2 AAAH 2 ETA HHE o] &
ste] F& AEAPNAMY AU EFF A A ATE FR e Yoon(1996, 1997)2
+£3 F& ATAG dig QAN 4 AFE A FAT L A
At @ ol A4 GolA A3 Fo] AHEHO A1 e HEAHL & L FE AFAY
o g AFE ofA wHE Ao}

geA B ATAE AMAtE, A FIRe olssel ¥AY BEHP T
4UAYel dolA HANSTIE ARsD, JARY FAAA FYA9 JPRTLE 2
gatgool, o] oluAE YSREAE RPE EE ol83td Yo T84 Arg ¢

otB A ST

2. A9y
21 JgA4FA

2041 A 25412 1089 AA A7sts ZIFAA ol Bdol e EXE AFH AF
o] EAL @3 =355 H E(stratified sampling) HHE o]-&3ld HAHSHY. Yyage
2254 (E5£HA 2.3), BTN 1737cm (REFAX} 57cm), BFAF 742kg (EERA 7.3kg)
oAt 71EH UAAEFFE wEY AAFAHIE o8I FAdHUew F, Fo
isometric strength® Asfour (1980)7} 3% W& B3t AP 2 F 29 isometric
strengthgtel H&#L 47 353kg (EEAHAF 877 64.3kg (EFHA 1359 HAyPAdFEH
W ud gk gho] ATHBI12].
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H
E“j_ (independent variables)E2 % ¥l =4 (frequency rate of task)®t % Z}‘{}.,]
#2347 F£3A9) B2 W E d7A Z—}?JH‘E = 189 63 (63/%), 1

3] (lﬁl/-r) agla 586 18 (13/58)% 37HAR e, d&ads T34 7—}7—.“’1]
st AGatgoh FEAPY A JLAFAY AF AHEEE C% AHEItEE BT (F,
A&goled B A4S ALFEE F).

B A7oMe F4WM4(dependent variables)EE2AE AR dEAAHN Ty 7
Zyo disiA AAAe e Wy 9 FHdFHLF FMaximum Acceptable Weight ; MAW)
& AASA slgen, BAge] By 578AA 60271A v AZLEFE SAHIAG A
o] B ¥ AR ¥, R EFH 259 JEALE Yol 92 RPE (Ratings of
Perceived Exertion) X158 &3 3t}
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B AFoe QAAsA QT4 Psychophysical methodology)& AH&3td £71, &%k
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2o Alg" A container)E WlFZAE S ¥AE Y& wFeA MG ARIH O R 2oje
A2 Addslged, F&2349e A$ 46cm X 30cm X 30cm 2719 AL ALY, e
e AE dutd o gol 2ole EFAA (tool box) 2719 49cm X 16cm X 20cmE
ArgEaTh sh5 e H3tAY syl 3t B Ao FAE s AP, gdeld,
E So] AlEEHT 74ty Akaldle AElo]l 2 Z(styrofoam)S ©)-&5t] FAIY FAHo] F
o2 oA 3o, 4z Lutge fAdYAE A Bile FUS TE] AT 2 &
FAE AY & 7 A 3 HS IS AR o AR FAE FHA & PEA £
A% 5 dA stgt AP WEsE 13/E 63/, 186802 d5on, &3t AZE 43
7] 2 W), &9ty 289 2 S E Z4x HAdA0E AEFE (free style) 3t
orn] E Mg 43m 8 Ade AN FAE FER Fo] 29AE A&
#Zate AozA AIAh 71E9 €2 AdFodME AL AEE VLR dto 208 ~40%
oF A z2tYg F3le 8AIZEELY HUHEFHEE FIESE FHUT AT B Aol
8Alzkel &gl ohal 1AIZE P& 7IFEeR dgon 1A AYY FAHEFZE FIE
Ak ole B AFAe AT L ‘EoA &usln tA HElEe AF 1AL A1E
Zdo] o) HEH R dojue AL AFAAA o Bl dold & 7] HEINU
St EE 2AA FRon FAY 2HL 4HEFY olFAAA IJAe Unx 158
okl A7 A MAWHS 7H 3 &S =% 9t 4 27249 #4 “W“‘
5784 6027t wiE AdAe AFRFFE JIH}Hey wid AEESY BFT
APl el AAFFZ st 449 2P BE A4S 2 HAEAE 2US 33&'%-‘3—“1
Adede AgstA Pk 24 20 & FAgo] B F A GA A Borg scaled] wE
iy, 2o 28 F84 &€ JYEE RPE A+ E B3 FAHA

£ L oo 232 3

3 43823 % =4

AAus5ot FEHYPY FHo BE FUHEFE MAWH Z AZLFFE <F 1>
HoAFy ok F&5WF e AolE Lolry] Y3t SAS Z=2dW (SAS 617, SAS
Institute, Inc)& Al-&3t9 BAXZE 3+ H10]

6/min 1/min 1/5min
one hand | two hand one hand two hand one hand two hand
MAW 10.0 129 19.7 270 247 36.8
(kg) (2.80)° (2.35) (5.21) (7.03) (6.24) (8.27)
I:::: 124.0 139.0 104.1 114.7 107.2 119.2
(10.5) 9.3) 63) (8.7) (10.4) (8.9)
(bpm)

* 3% £ EEUAE UHY.

31 FEL&F 3 (Maximum Acceptable Weight)

Zt Az B HUIHEFTHES Z2FSFES AT FEAHA AAA FEFG o
g AQHLFTH &S FEAYF vlasq HYPNl= 6-'9‘—1/ q BE 775%, 13/ BE
73.0%, 13]/5%< A% 67.2% olAdtt. BAEA A AR T FF5AY FF Alojld m
3 2 L (interaction effect)e] EAH oz {EIA YElGoenz (p<0.0001), FF 7(main
effect)el] g o o4 4L ovirt QA HAeH, <oy 1> F HSEe 23z Le
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g3 gtk <28 1>o 3t HFHEFTFS AU TSIt BolAFE HASA FolA
RS HoFa glon, AIREFrt B3 97 AYRESFIE He AR deFAdn
39 HUSEFTH Aot FolF S BAFT Q)
Ao HUEHEFF g 25AEE E45r] Astd JYPuizFe FERYY F
of W& 67FA 9 F(task)FFE EFIIL F FAArL FPRIE=S7) 68/189) &7
< 7Hgl7)y ‘ARd2E AJGYIESFIL 63)/18U FEIAPE, FAPYL ANyt 13/1%
&Y, Ad4E AGRIEFE 13/181 734, ‘AYs e AANlEFUt 18/56589 3
£29], ‘A6 AGNESFIE 13580 FE£2AY9E YE i Tukey 58| 224 (Tukey's
multiple comparison)2 %3 6714 AZUE F/H9 PGS BYT AIAE < >0 HAF
I dth <F 2> 9 Z FFAPNA FZy AP BE HUHETHLS FAH
o2 fE% AolE HYon, & AP EFINE TP A &5 o) d&FYgn
o 2A velgth ol daEs <a¥ >N BAFeEARY I 13/68 0 13)/8
Tgo]l FAJREFIE AL ALde A FAPrrel 1 FA O ARFY AYEHA IE
(physiological recovery)2.2 <¢l&l 2429 28 (strength)o] A EFFE AAs=w =2
3 Q47 Ao, Wi AANEsd A, 53 63/8Y ASoe o 10x0d dYE
A&A g3l H F?‘S}—E AEAE AP 5L (EHE EoA ‘f‘“}—t— Al B FE)
Zk ZAgApolo] FAE & AR o2 A FES AR EUETG FEE AEHUL 9
o 48 F Ae %i«l ojFE AdFIt e Re L}E’r‘kaﬂ o] 2218 ?5} EZAdq F&
2] %9 Aolrt g2 F HEfd v 3L ¢ F Ik
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40

30

20 .\\ —®@—Onehand

'\'\- ~4--Twohand
10

1/5min 1/min 6/min
Frequency

MAW(kg.

<2¥ 1> Y5 FMAWS o e AdNEso
T523Y £7F99 Interaction plot

<E 2> 67FA] ol N HUNS BT F Tukey HIEE

Tukevy Grouping Mean MAW (kg) Task
A 36.8 1/5min with two hands
B 270 1/min with two hands
C 24.7 1/5min with one hand
D 19.7 1/min with one hand
E 12.9 6/min with two hands
F 10.0 6/min with one hand

8 = BAE AW AYUEFe FEHYY FH WE RIS eiA @
Fout AQNESY £549 T A4 ARAE FAHEE FET AolE HaAFUd



(p<0.0001). whebr FE T thste] Tukey ThEHAE4
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F o ®eol YegE EATh ol

AuUEFY AoE 2

FAA ko) AP

A5G sl FR3) Wi AdAEe] YTAJ] FAE FLY 247 HA RIFAH

2 3le A8 o 2 (psychologically) 13]/5%0] 13)/%
AZ0] 18)/8 YAl B} 13568 JPA & © B
238 13/680 o A JYdetuA
S &4 un 2L AgEsE el

yzte HABEA ARLETE
FgUEsdqs FEAYY

Bt NEFED Q87 B 29
BAE S04 gurslol Bt
7t Agad. e

<E 3> AYulEgo] nE AAutES Tukey HEE
Tukey Grouping” | Mean (bpm) | Frequency Rate
A 131.7 6/min
B 113.2 1/5min
B 109.4 1/min
<E 4> F3FLERA E AAUESF Tukey HEE
Tukey Grouping L Mean (bpm) | Hand Condition
A 124.3 two—handed
B 111.9 one-handed

3.3 Ratings of Perceived Exertion (RPE)
old A3 AYdL & F$ AYA

7

=
=
AAo] FAHoZ e JE AEE Lotry) 9
3t

e b gol oA FA WHFY st Borgol st AL RPE FAYelrt o]
ZAYLE Aed RFoplME go] 29231 el RPE HEE 6304 20877 15242
YRR ded ZF EF XA 9@ Ao Hojded 78 AF ‘very very light' 22,
o w1991 A$- ‘very very hard'2 AP 3 3o <& 5> RPEFEE ®AF1 3l
g5l <¥ 6>0le 2E(RPE(WB)), 3z|(RPE(BK)), (RPE(A)) F-&& Z APz uig
RPE #-¢ HoFm gith

331 &% (Whole Body)ol i3 RPE3L, RPE(WB)
BEARAN Az 2APduiE Lo FERYPY FF Alold wE AL (interaction effect)e] &
AHoz fESA deElgenE (p<0.005), FEH (main effect)ol] T3 o ojAde] EALE 9

7b A BHYgon, <ag 2>¢) F wezte 3zAg BdFm Ut <P 2>¢ 9y
RPE e AYRIES7) 63)/29 A9 st&zqdd b3 FE3glo] @43A ¥2& HdF

3 gleny 13580y 13]/23 Zo] AJRESFI WA && Bde &4t F&
Aol JE AL ZA At A €EE RdFn Jo. FAHLE 289 RPEAF
3 nIFALE F o B4 Y39 AU ELFE E4de AR AGUEFd F
Ao 74 w& 67119 AP(ask)FFE EHFEFIT Tukey GSHAEN S E3 67
X MEdE 2H9 AL 243 AFHE <KF O BEAF3 g} 63/ FFdd A
& A Eo] ns) €53 FEJTE AE E4F1 e RPE # 162 GRS d&
3 50 do] ‘FET (hard)'gte AZE 7HEHYE AL DEFn vk sARE 19 oEx
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<¥ 5> Ratings of Perceived Exertion Scale
(Borg, 1974)[5]
Ratings Exertion Level
6
7 very very light
8 '
5 " very light
10 .
11 fairly light
12
13 somewhat hard
14
15 hard
16
17 very hard
18
19 very very hard
20
<® 6> RPE &9 Has A
6/min 1/min 1/5min
A WB | BK A WB | BK A WB | BK
handed 15 13.7_ 153 | 139 | 128 | 11.7 | 121 | 114 | 120
one man lae | e s | a3 | 09 | 09| a2 a2 | 08
handed 143 | 162 |.166 | 119 | 126 | 132 | 119 | 121 | 123
fwo han wo | 09 | ©08 | ao | wo | 09| wo | 0n | 0
« ZF &0 e EFHAE Ve,
18
16 -
& 2 == —a= 7
B 8 —s—Twohand
o 8
4
2
0
1/5min 1/min 6/min

Frequency

<a¥ 2> RPE(WB)ol oA ZAW =T FF5AAEFF
Interaction plot
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<E 7> 671A Yol g RPE(WB) Tukey HI:E

Tukey Grouping* Mean RPE(WB) Task
A 16.2 6/min with two hands
B 137 6/min with one hand
C B 128 1/min with one hand
C B 126 1/min with two hands
C 121 1/5min with two hands
C 11.3 1/5min with one hand

71

JE 7HolE 2 ol HolXE: gttt

3.3.2 3 2(Back)¥-#°l oig RPEZ, RPE(BK)

BAREA 23 A= A 5 Abeld BEAELS NS H (p>0.1), AR =T
F5AYFF A7t diside AR BAHLE FET AolE BAHp<0.0001). @ FE
Fofl the Tukey THEHILEAE stem I ZAIAE <F 8>F <E Dol BAFT Qv Ay
ol wE el =7l P AEE 63/F YUY BF e F A 1F/E, 13/56D)
2t FAHE fasHA A veEkn (Bl I A9 Aol =3). A & ¥ &Y
Tl =71 JE AEE FAHLE Ao7t UA dkth FEAY FFHo WE E44 o5 7
EQle] FEAQET TAGLE B o 2R F o JEA =AHE ¢ A ole F
A7 &R AU T F Aol 9 Aoz FHHG

<E 8> FAPdWlES4e] wE RPE(BK) Tukey HXE

Tukey Grouping” l Mean ] Requency Rate
A 155 6/min
B 129 1/min
B 116 1/5min

<E 9> 7524 F7F ©E RPE(BK) Tukey HZAE

Tukey Grouping

[ Mean l Hand Condition
A 14.1 two-handed
B 13.0 one-handed

3.3.3 ZF(ARM)F & i RPEZL, RPE(A)

B R0 Y YEE Foju7) P8 FEAQY Aol TR EFO) U@ YERAES,
sdexls oo AN AET Zo] A3 Y= FEE Jolu
EARA 23 AQuEse 25 £F Alole REtee Ao (p>005), APANE
S0t 2EAYEF 27 dedE Azt EARCD §EF AolE RATHP<0.005). o
34 ZaT] U Tukey HEFMTEML stgom 1 ARE <E 1003 <E 11>0] Hof
231 itk AYUEF QoIH AVA AANESDl EARNOD FET AolE Rt
631/2% A9 B 2y YE FEE 14 Wol =gov 13/%, 18/56% o2 YSUSS
wolFn gtk +EAYe] 2R W EAGAE 99 A9 FAAY Aeny
BRyd o YSULS HAFD Yt ole F&IYY Aol BAS T B FEol
A3 FEAYY AoolE ASFE 2 Bolw FAS EH7] gEol B REo G Y=
Fert EAgY A9 o aA =AAL S & Aok
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<E 10> #RiEso W& RPE(A) Tukey HIZE

Tukey Grouping” | Mean | Requency Rate
A 14.7 6/min
B 12.9 1/min
C 12.0 1/5min

<#E 11> 53 FFol w2 RPE(A) Tukey HAE

Tukey Grouping | Mean | Hand Condition
A 136 one-handed
B 12.7 two-handed
4. 2E&

deiA QAL G ATYE Ao FYNEFS $FAY TR BE AUHEFT L 2
st APAESSE FRG0N, ¢ 493 YA 27E YE AEE RPEAEE o
23] ZAAATE ARAEFTH YolA F& YA F¢ AYNEFo] we} 2FHe
Rzt YA FEAY AuHEFF o 3% FEs} HRew AYNULFI} woluss
ANHEEFS BACE FAMN F2IA FYVEST B2 FE ASo)E AR
2o AUHEFFL AASE 28 247 Ao AYNEF} BolquA FUA
o Aey o) AUHEIFL BAREA FAT ABL Ak AFVETe] YolAE
MESTE £ 63/29 AYIM BE T AYuT FAHCE £ AFUEFE HAT. o
qel A% A
Qe Y
Bt 2 Adzdel HE Aol Y F Helsk Bre 1en 2BolA AYAIL WA=
“7& YE =8 RPEHEE $d 29a00h 2o 49 AANE47} 63/2 T2
U B oE AAB) ve) 953 YEADT vehgen HArre FeE FAuEs
hwe 63/29 A% 08 ¥ ARt UE 3E 4% 2oz Uuyt 2Ee A% 3
PNEFe) o4 63/2, 15/% 193 1958 02 YEULL RAFD en gay
AL AS AH8E Bl BE A AFHUCEE A4 LAY FEAYRY B 2o
RelAe o YEA =ARE ¢ F Utk 2 FEARRYN FLAYAYL vAE 2
g 5o £48 Yo FEAYAUFL B LLAWAY A gAE 2 4
022 7 e,

il

B A7dAE $FEARAY FAM B4 2ustn et dd A5y ARAYl
3
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o
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