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ABSTRACT

Objective: The aims of this study were to ergonomically evaluate 4-wheeled hand carts and to provide the practical
guidance associated with manual pushing and pulling of the carts to prevent work-related musculoskeletal disorders.
Method: Total of 182 models of hand carts from 21 manufacturers were investigated and data were compared with
previous studies and the Korea Human Dimensions Data (Size Korea). Eight(8) workplaces were visited to
investigate psychophysical workloads, while objective workloads were measured in two(2) workplaces by means of a
push-pull force gauge. The results were as follows. Results: (1) The elbow height(cm) of Korean population (20-69
years) suitable for pushing and pulling of carts with effective use of force was 103.7 + 4.4(cm) for men, and 95.8 +
4.11(cm) for women according to the Size Korea DB. The height(cm) of the handle bar was 92.3 £+ 7.2(cm). Therefore,
considering the male worker's elbow height, the height of the handle bar on the carts was designed too low for manual
pushing and pulling of carts. (2) Carts with adjustable table heights were used to keep neutral work postures and to
minimize back strains. It was found, however, that the weights of the cart itself(self-weight) and the load weights
were heavier for the carts with adjustable table heights. Therefore, workers exert more force for pushing and pulling
of these carts. (3) Initial force on pushing was measured using a push-pull digital force gauge and it was found that
the required force was different by the total weight of carts and the angle of slope of the work floor. The initial force
on pushing required on the slope exceeded the relevant criteria. In addition, the results of psychophysical survey on
15 workers showed that 7(46.7%) responded the pushing and pulling exerted as "hard(RPE 15)" from the Borg's RPE
scale. Conclusion: Considering the facts that the location of the handle bar and the weight of the carts were not
ergonomically designed, it is desirable that the cart manufactures should design the handle height be adjustable at the
design stage and should decrease the self- and load weights of the carts. And in case of selecting carts, to prevent
musculoskeletal disorders, such factors as worker characteristics, handle height, weight of the cart, floor status, and
load weights should be considered.
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Figue 1. (a) : Height unadjustable cart, (b) : Height
adjustable cart
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Figure 2. Design of flowchart of the Research
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3. Results
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Table 1. Data of Korean's body size(20-69 years) (unit:mm)

N Mean SD Sth 25th 50th 75th 95th

Total Stature 5100 1628.9 88.1 1492 1559.5 1626.5 1694 1776

Elbow
height
Acromion
height

5099 997.5 578 906.5 9545 9955 1039.5 1094.5
5100 1317.3 757 1198.5 1259.5 13145 13725 14425

Fist height 5092 726.8 452 6525 6955 7265 757.5 799.5

Males Stature 2546 1693.1 63.5 1589.5 1649.5 1691.5 17345 1796

Ebow )54 10369 441 962 10075 10365 10665 1109
height
Acromion 54 13717 551 12825 13345 13715 14075 1464
height

Fist height 2541 752.8 37.1 690 727.5 7525 778 811.5

Females  Stature 2554 1564.8 57.2 1471.5 15245 1564.5 1601.5 1659.5

Elbow 553 9583 407 8895 9315 9585 9845 1024.5
height
Acromion 555419631 500 11795 12305 12615 12955 1345
height

Fist height 2551  700.9 36.8 637.5 677.5 701.5 7245 759.5
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Table 2. Result of dimension survey on 4-wheelded hand
carts used in Korea

and CarF thal Height of bar Dia. of bar Dia. of

weight  self-weight weight wheel

(k®) (k®) (ke) m )
370.49+ 112.99+ 494.72+ 923.14= 28.33+ 137.05+

Size 243.98 64.93 303.12 72.48 2.25 25.06
(N=177)  (N=137)  (N=132)  (N=177) (N=111) (N=172)

Range 90~1,500 7~334 107~1,680  600~1,200  25~32 76~203
No. of

Manufactur- 19 18 16 19 13 19

ing company

Dia. : Diameter
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Table 3. Cart weights by types of hand carts (unit : kg)

Height adjustable

Height not adjustable

(N=27) p-value
Manual Automatic
(N=57) (N=53)
Cart self-weight 37 18435 62 113.28+46.66 154.36+53.17 1000
Load weight 575 56+193.95 466.49+310.41 342.45£197.78 002
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Figure 3. Distribution of cart weights by type of hand carts
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Table 4. Results of workload measurement by worker's
pushing work

Cart total weight Initial

force(Pushin;
Models  Ground state Cart Actal loaded Total weight [I(\/[ax.] )

self-weight(kg) vﬁ:g)hl (kg) ™)

A-1:Flat#1 100 100 200 130
A-2:Slope#1

(4~6°) 100 100 200 242

B-1:Flat#2 85 110 195 95
B-2:Slope#2

(5-13°) 85 110 195 280

B
B-3:Flat#2 85 155 240 102
B-4:Slopef2 85 155 240 400

(5~13°)

Flat#1 : Polyurethane floor coating and the surface of bottom was embossing
Slope#1 : The surface of the ground floor with polyurethane coating in good
condition

Flat#2 : The surface of the ground floor with polyurethane coating in good
condition

Slope#2 : Cement floor and the surface of the bottom was worn
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Table 5. Result of the worker's psychophysical workload
evaluation using 4-wheelded hand carts (N=15)

W(kg) H(em) HD(mm) WD(m) D(m) T(min) F RPE
(frequeny)

Mean 149.13  97.97 26.41 127.73 70.67 18.93 4.93 11.33

SD 94.30 10.18 3.70 32.95 80.26 9.71 3.84 5.50

Range 35~350 83~123 18~30 83~123 10~300 5~40 1~15 2~18

W(Load weight), H(Bar heigt), HD(Dia. of bar), WD(Dia. of
wheel), D(Moving distance), T(Minute, Work hour), F(Frequency per
day), RPE(Borg's RPE Scale)



4. Conclusion
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