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Abstract

In many manufacturing and service industries, the manual handling of materials

still remains a substantial part of work. In general, manual materials handling (MMH)

means that objects are being lifted, lowered, carried, held, pushed or pulled by hand.

The occupational physiological workloads and musculoskeletal injuries may result

from manual materials handling. In consideration of manual materials handling

associated with serious problem on physiological workloads and musculoskeletal

injuries, many studies concerned with health complaints related to MMH has mainly

been focused at lifting and carrying loads. Less attention has been paid to pushing and

pulling. However, it has been estimated that nearly haf of MMH consists of pushing

and pulling. Hence, whether other ergonomics improvements can reduce workers’

physiologica workloads and musculoskeletal disorders is needed to further

consideration. This study will proceed in two years. The first year, evaluation the

effects of work surface, weight of carts, and type of carts on physiological workloads

and musculoskeletal disorders of workers during pushing/ pulling work on a flat

surface; the second year,, assessment the effects of the work situation and inclination

angles on physiological workloads, musculoskeletal disorders and gait balance of

workers during pushing/ pulling work on a slope surface.

The tasks have been completed in two years are as followed. In the first year results

indicated that subject’s biceps loading increased significantly than the load of trapezius
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during pushing tasks. Furthermore, the cart weigh is a remarkable factor for hand
exerting force. Additional, the experimenta results also indicated hand exertion was
significantly higher in initial phase than the sustained phase and final phase. Results from
the subjective rating of musculoskeletal discomfort showed that grassland was the most
pronounced, followed by gravel surface, and asphalt pavement during pushing tasks. In
the second year results show that cart load and inclination angles significantly affected
muscular activities while pushing construction carts. Additionally, 90 kg card load and 10
’inclination surface also generated the highest muscle load comparing to the other
situations. Muscular activity increased significantly in dominant hand with the
one-wheeled cart when compared with the two-wheeled cart, suggesting that, in terms of

muscle loads, the two-wheeled cart is better than the one-whedled cart, the cart load and

inclination angles should be controlled to reduce the muscular loads.

Keywords. Pushing/ pulling work, musculoskeletal loading, electromyography,

construction cart, sloping surface.
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45kg ~ 75kg ~ 105 kg °
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BASRAEERA N LGB —SANEMG L - MiE ¥ ¥ —SAMBMA F 2 %A
B g 0 Al AIERAL F K3 HE E 45 & R B £ d% MVC(Maxima Voluntary
Contraction) 2 & 4~ tb & 5% °

ZRIHEHEEREY > £— KB L FEEHHE > HETELH0 AR
RE £ 60 AR A LM > BHEERMAOAI & BEETRIFLETIMN %
RABEREEL KA S THEAFLTRAFEEL - ETRBEBES

% f 19°C~26°C > &

W BB RTHE AR INERE AR 0 BERT

B R 2R 42 35%~50% ;5 MR & @ S K 69 #F BBk € £ 0.5~08 - [ 641

TR AE R A EREE 2 TREN -

14



7 RREEE R T RE

22 B3t E TR A ERBEEIANSBEMEEARNA TR AN

2
221 ZRH

AEBMALE R RZAEEIAFEB F 44&) > RAFFHFE 21 %
T35 % 167.6 g PR E 66.2 AT o BIH BALA FREAG E R L 0 AR
RiEREER  BUIAHFTRERE & THEF 1,000 T A IRBE -
222 KRB

AR E RO O ILEE & 4 Viewlog 54 #48 (do B 2)
Bt 2 (wE ) Eahit £ (B HERE £ 2 2545 JLE B 14 2 8 F BB AL

F 3 —AME B B AT ALZ % J1 (8 8) -

15



8 % EL# EMG 5%

223 FE&st

AR 2K B B % 58 (Independent variable) ¢.4% : s m a4 4 B - B R E
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(D@ ast A E - 5 AATF (0°)~ @ EAE4H 5" ~ & L4 10° F = fE a7 o
QEERE L EFRAGPNEALLERARER » KR 3 HEEKRE > 34

30kg ~ 60kg ~ 90kg -

QiR (2K E > HHATLAEHIELR it -

LERET @ 2R FEN =BT R R R E AT 18 1
¥ (3x3x2) » HAEE ¥ Y HATIE A AlE ka9 (Random) » T AR S RAF ¥4k 3
o B AR B0 B RR S T 618K M1k ¥ o T 5k 4 38 (Dependent

variable) &.4% © FHEAL ~ FH ZFNLIF B AT ILZ AL A E 4 EAE(EMGC) -

16
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Task 13 TA4HA B 10 B 2 4tk 30kg B
Task 14 A4+ B 10 Bz 4t 30kg —#hE
Task 15 VB4 B 10 B 2 4 HE 60 kg Biyd
Task 16 Va4 A 10 B2 4k 60 kg EXTS 1
Task 17 VA4 A 10 B2 4k 90 kg Bind
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B1E—FMALEXR

311 #E M AT EHR

FH Ak —BIER B EAMTIZ EMG & ERAH AR AR KA £

3 77 (MVC)E 4t ¥118 i F 2 3% /7 (Exerted hand force) 4t E4u % 4 FioT o

Bk 4

B REEAT 0 EEMFTILZZ HNH 28%MVC~54%MVC & AN A A —BILZ 2

71 (A7 B%MVC~29%MVC) ; 18 A F 24 /1 Rl /v 7 5.7Kg~9.2Kg R -

£ 4 SFRNBZWMVC 8 F 30560 FH MK

EWEYE A#FM ASFIAI O EA=FEN A=—FEMN BRF®RH
(%BMVC)  (%MVC) (%MVC) (%MVC) (Kg)
Task 1 38 36 9 11 5.7
Task 2 44 36 11 14 6.5
Task 3 50 39 16 19 8.1
Task 4 52 38 12 16 8.2
Task 5 54 48 21 20 9.2
Task 6 54 40 25 29 9.1
Task 7 42 36 7 7 5.8
Task 8 38 32 7 11 6.3
Task 9 51 41 11 14 7.2
Task 10 45 35 8 11 7.7
Task 11 48 48 14 17 8.5
Task 12 51 40 8 10 8.0
Task 13 38 36 9 11 5.7
Task 14 28 31 5 8 6.1
Task 15 39 37 5 9 8.4
Task 16 37 35 5 8 8.2
Task 17 49 53 12 14 9.1
Task 18 39 31 10 13 8.6

3.1.2 4% 25 # (ANOVA)
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FTRIFIEXIANRBEIINACHEZDE LTS HNA BN BR FT%

NEERIFEZERENMEAREZLE oMV Ak s AKX TR E

RTPTZGBEN MM EREDE -

%5 G4 EABHWER

B E AR @A #EEFE HEAX MBI X BEHEIX BEEFFX
#EEE HEPX  HFUKX

4 F L 1.481 1.944 0.223 0.058 0.275 0.004
EZ&F 0.147 1.963 2.015 0.006 0.283 0.679
& = FAAL 10.51** 7.375** 0.509 0.958 0.158 0.165
A —FEM 3.464** 2.327 0.036 0.627 0.348 0.078
BRF%A 1.254 22.067** 0.083 0.265 0.161 0.442
ERFE
#+77 L 2.807 15.522%* 0.684 0.090 7.763** 0.209
ZAMm 7.151%* 11.950** 2.677 0.151 11.727+* 0.551
B3R 3.419** 5.134** 3.192 0.132 7.614** 0.146
L 2.389 15.411** 1.169 0.271 11.272** 0.881
BEIR 2.27 11.128** 1.323 0.285 9.850** 0.82

f#3E ¢ 1.¥p<0.05.**p<0.01.
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BERFEATRR  LAFHRALERATERD > HRAB G R4 HAE

Mk AFERPELER > ARENEE P NEHYEATERLBIY > BHA

EMG & F 346 /) 3 S B8 3% 15 > ORI R R AR BUT T4 AT BT BUK -

B MBI A AMFAR  XAE SR AEREIRFEL  RAARAEHE

ErIFHEIRERESLS > BARBRFS

B2 —FHRREXR

321 MM AT EHR

F Wi 2 A B B WA F 5 2 A —SARLEL R B 2 A A L2 EMG & EARAL A H

Frfbix KB £3 /1 (MVC)B 5 tb & bk 6 Fiow - 8k 6 R+~ £ & —FAN

Z % NAR 2%MVC~22%MVC R £ 4 4+ I BL% /1 (17 3%MVC~12%MV C)

12 & B g Lz 71 (7 1%MVC~11%MVC) -
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& 6 FEMFZUNMVC & F 356 ) F31E

TaAE ¥ EREM A BEA A = SAAL 2 = SAAL & 47 A 2 AT AL
(%MVC)  (%MVO) (%MVC) (%MVC) (%MVC) (%MVC)
Task 1 3.77 3.00 3.00 250 5.00 3.67
Task 2 3.83 3.17 3.12 2.83 5.00 3.67
Task 3 3.67 3.83 3.83 3.17 5.00 4.83
Task 4 3.50 3.50 2.83 2,67 4.00 3.17
Task 5 6.33 6.33 6.67 6.50 6.83 5.17
Task 6 3.50 3.50 5.33 3.83 5.00 3.67
Task 7 5.17 5.00 8.33 7.17 6.33 5.17
Task 8 4.00 4.17 8.17 6.17 6.50 5.17
Task 9 5.67 6.16 10.83 9.00 6.50 6.33
Task 10 6.00 6.17 10.67 10.83 7.67 6.00
Task 11 8.83 9.00 16.17 14.83 9.00 8.83
Task 12 8.50 7.83 16.67 15.00 8.33 7.50
Task 13 6.33 5.50 10.67 10.17 8.50 6.67
Task 14 6.33 5.83 11.00 9.33 7.50 5.83
Task 15 8.83 9.00 14.50 13.67 9.83 9.83
Task 16 7.83 7.17 14.00 1317 10.00 8.50
Task 17 11.17 10.50 19.67 19.33 11.83 11.17
Task 18 11.83 9.50 21.83 19.33 12.00 8.67

3.2.2 4 B35 # (ANOVA)

ZEE%E oM AR HERERE SR AR H SRR

GRSV ETHT R TERERE oA E 2 REHNFiIR

AR FH AL —FEMNBEHRELEMNTNZNATHEFBEEZDE  Hhl

MAst A EREEREZ R DR BILE —SENLA S 2 B4
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2T GEHSMER

#ERE HEHY MHHAE #EHREX HEEE HEBEA HKEHRE

PE4AE  xiEE  xXMEAA xkEEE

Al )4 A X HE4t
AE
4 e /E L 19.08%* 1.80 32.367** 4.59** 2.78 1.84 0.92
w2117 7.02* 31.35** 5.13** 9.01** 0.23 1.49
8L 25.77** 0.50 45.56* * 7.07** 0.63 0.15 0.19
A 8 27.94** 1.96 41.44** 11.56** 2.95 0.07 0.81
H4HL 12.70%* 2.20 34.03** 2.35 4.22*% 0.80 0.66

A& Hm  11.57** 0.08 13.26** 2.32 0.33 1.91 0.625

*p<0.05, **p<0.01.

23 XMEBLA=ZIEBEZ 2 HER

3231 BMZRELE=BEZZHEN

BTHBRXALLEZFZIIAFN  AARFELBESR=ZIEER

SRR B ESH R ELERATSPDANNHESHRERATSH - &

IBERBAT > BHRAZLAIITHEEEHLSHN > ZBIE®R N AR

AP 2 HBAHWMVC) 2 EZRAMBENE RN EEZANBEZRRBE

WA B 13 ER 0 AAFH —FBIZWMVC H88 5 AN EMALA o
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K2 % R &% #

£ BRI 0.06 0.03 0.04
EmEm 006 005 0.04
£ = FAL 0.09 0.08 0.06
% = FAL 0.10 0.09 0.06
A& F 0.07 0.05 0.04
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01
- \ — A
\ — s
0.0 — 2|
- | —EEsTE
“ — B =AM
0.02 s == i
0 - .
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13 B2 AEAE RS NER
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LR il #®5#

A B AL 0.08 0.07 0.06
A B AL 0.09 0.08 0.07
A -F@m 0.12 0.12 0.10
&= AL 0.13 0.13 0.11
E®HFA 0.08 0.07 0.07
EH AL 0.11 0.10 0.09
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012 S
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AERFXAN T @ HEEITUHGHEHALSARERF A ETHETANED
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