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Effects of the Handle Width, Height and Horizontal Angle on the Pushing,
Lifting and Twisting Forces Required for the Handling of Barrows
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Abstract : This study evaluated the effects of the handle width(shoulder width, 1.25xshoulder width, 1.5xshoulder
width), height(3 levels : knee, medium, knuckle) and horizontal angle(0°, 10°) on the pushing, lifting, and twisting
strengths which were required for carrying single or two wheel barrows. Twelve healthy college students(male) parti-
cipated in the experiment. In each experimental condition(3x3x2=18), the subjects exerted three forces(pushing, lift-
ing, and twisting clockwise). The experimental conditions and three forces were tested in random order, and a mini-
mum 2 minutes of rest was provided between exertions. Results showed that the mean and maximum pushing forces
showed greater values when the horizontal angle was 0° than 10°(p=0.016). However, the three independent variables
had no statistically significant effects on the lifting forces{p>0.1). The mean and maximum twisting forces increased
as the handle width became larger(p<0.05). Also, there was a marginal effect of the horizontal angle(p=0.065) on the
twisting force. From the results of this study, the horizontal angle of 0° and the wider handle width were suggested
for the design of single-wheel barrows.

Key Wonds : ergonomic design of barrows, evaluation of muscle strength, forces of pushing, lifting and twisting,
effects of handle width, height and horizontal angle
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Table 1, Average values(+S.D.) of the mean and maximum
pushing forces according to the experimental con—

ditions
Experimental condition .
Mean Maximum
Height  widn | Avele ™) ™)
(degree)
0 202.6+433 | 225.6%43.7
Ws*
10 189.8450.6 | 217.9+52.7
0 187.7448.6 | 2062+550
Knuckle | 1.25xWs
10 179.0£56.5 | 203.4+54.1
0 19334548 | 214.4+61.3
1.5%xWs
10 183.3+66.3 | 207.4+62.0
W 0 174.6+53.0 | 198.3450.2
s
10 17284508 | 188.6+52.9
0 186.2453.2 | 206.5£59.1
Middle 1.25xWs
10 175.9450.5 | 195.6+50.7
0 183.5476.7 | 196.3+76.0
1.5%Ws
10 159.5433.8 | 186.3£39.1
w 0 200.0+53.6 | 2143%51.0
s
10 193.7+49.1 | 212.6+49.1
0 192.7450.6 | 2064515
Knee 1.25xWs
10 181.9448.1 | 200.0+52.6
0 191.8£53.0 | 20624516
1.5%Ws
10 189.8446.9 | 212.9+52.1

*: Shoulder width

Table 2, ANOVA results of the mean pushing forces

Source df 58 MS F P
Height () | 2 | 55324 | 2906 | 2906 | 0076
Width (W) 2 654.0 1.005 1.005 0.382"

. Angle (A) | 1 | 49968 | 8065 | 8065 | 0.016
Hxw 4 517 0.897 0.897 0.474
HxA 2 157.6 0.211 0211 0.811
WxA 2 1109 0.158 0.158 0.855

HxWxA 4 3888 0.620 0.620 0.651
*p<0.], ¥ p<0.05
mmean Omaximum |

Push force (N}

Middle

Knee
Handle height
Fig. 3. Main effect of the handle height on the mean and maxi—
mum push forces.
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Table 3, Average values(+ S.D.) of the mean and maximum
lifting forces according to the experimental conditions

Experimental condition
Mean Maximum
Height  Width | P8¢ ™ ™
(degree)
0 477.7+160.1 | 526.5+145.2
We*
10 S08.7+4228.5 | 561742333
0 518.0+185.8 | 577.14£191.5
Knuckle 1.25xWs
10 441.5+144.4 | 542242034
0 501.0+1474 | 548.4+152.0
1.5xWs
16 518.6163.0 | 564.1:170.0
W 0 490.0+163.0 | 552.7x183.8
0 10| 502.1£165.1 | 537841566
X 0 444.3+1457 | 508.8t1454
Middle 1.25xWs
10 473541552 | 542.7+165.5
4} 476.0+164.5 | 521.3£162.3
1.5%Ws
10 501.44141.1 | 552.1%1522
W 0 444 8+146.1 | 497341510
s
10 466.8£151.7 | 506.14152.7
0 469.8+1374 | 511.82159.0
Knee 25%Ws
i0 457.6+140.7 | 502.7+£156.0
0 458.8£132.4 | 508.1£1534
1.5«Ws
0 468.5+135.8 | 508.6+148.6

*: Shoulder width
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Table 4. Average values(+ S.D.) of the mean and maximum
twisting forces according to the experimental con—

ditions
Experimental condition )
Mean Maximum
Height ~ Widh | "8l (Nm) (Nm)
{degree)
0 77.6+25.2 86.9£25.2
Ws*
10 82.7424.8 92,6+28.4
0 82.9429.4 93.6+30.9
Knuckle 1.25xWs
10 77.1429.2 96.8+33.3
0 91.14£29.8 100.3+32.0
1.5%Ws
10 92.6+27.9 106.2427.5
0 75.0+£19.0 82.5421.2
Ws
10 81.6+23.4 8934245
0 83.5£30.6 94.7433.8
Middle 1.25xWs |-
10 86.7+33.4 98.2+36.5
0 85.5+29.5 98.9+30.2
1.5xWs
10 89.0+34.9 100.8435.7
W 0 79.6£29.9 88.9+27.4
5
10 8644273 96.1+27.8
0 87.7433.2 99.3£32.6
Knee 1.25xWs
10 86.7+30.2 99.2+33.2
0 89.44329 102.0+32.6
1.5xWs
10 96.7£27.1 11124322
*: Shoulder width
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Fig. 4. Main eftect of the handle width on the mean and maxi—
mum twisting forces,
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