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Abstract : This study is to understand and identify the risk factors of manual materials handling tasks involved in the
backpack mode of carrying based on biomechanical appreach. Such an working posture required in transportation industry is
very prevalent in Korea, whereas it is unusual in the western industries. The postures of backpack mode of carrying and
arranging tasks are casily found in the delivery business. However. the biomechanical risk analysis preventing the back pain
from workers has not been investigated.

The purpose of this study is to evaluate the physical loading condition of lewer back during backpack carrying tasks.
Therefore, backpack carrying and arrangement tasks required unsymmetrical behavior of trunk posture were analyzed
biomechanically using Han's dynamic model. From this model, the internal muscle forces as well as disc forces
(anterior-posterior and lateral shear force. compressive force) were calculated quantitatively during dynamic lifting condition.
Key words : Risk Factors. Physical leading conditions, Dynamic model, Dynamic lifting. Disc force
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where Fi © force in the ith muscle

Ii, mi, m © direction consines of the ith muscle

Xi, 71 : coordinates of the centroid of the ith muscle

Fox, Foy, Foz - disc force contribution at the L3/4 disc level

Mr, ML, Mt © extemal flexion, lateral bending, twisting moments

F, Fu, Fap external compressive, lateral shear, A-P shear forces
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Fx .00 Mx @ 107.60
Fy 1 -536.20 My : 00
Fz : 7540 Mz: -.10
1 00 0 00 0
2 00 0 40.14 3211
3 4366 12.1 00 0
4 00 0 76.96 218
5 53.09 16.0 15.37 46
6 35.47 13.3 25.84 14.7
7 18.55 16.7 10.37 86
8 1.24 39 113 359
9 285.72 63.2 252.75 679
10 484.90 74.1 450.81 829
11 368.06 76.7 424,54 90.5
Fxd: 21171 Fvd 1 -2572.09 Fzd : 51162
Resultant Disc force © 3023.23
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B 2. 5742 FelEgo| i force2t moment
Table 2. Force and Moment to five arrangement posture

EEERPN 744 B 9284 C
Globhal Local Global Local Global Local
N N-m N N-m N N-m N N-m N N-m N N-m
Force |Moment| Force | Moment | Force [Moment| Force |Moment| Force |Moment| Force | Moment
X 0 1076 0 107.6 0 815 0 815 0 813 81.3
Statel ¥ -5414 0 |-536.2 0 |-581.7 G | -59L.7 0 | -542.0 -541.3 -0.1
z 0 -0.1 7.4 -0.1 0 44 0 44 1.0 284 10
X 0| 1727 0 172.7 0| 1568 | -H68 | 1865 171.1 171.1
State? ¥ -571.7 0 |-3478 0.7 |-581.7 G| -3925 | -105H | 5420 -295.2 -12
z 08 | 4787 0.5 0 112 | 4391 10.8 -14 | 4546 -0.8
X 1830 1830 0 1423 | -347 | 1472 1467 1467
Stated v 5414 -2288 43 |-581.7 G| -253.1 17 | -542.0 -287.2 -1.3
z 48 | 490.7 2.0 0 457 | bDlZ8 19.7 -16 | 459.7 -0.8
X 1736 1736 0| 1663 | -B4.7 | 1688 1572 157.2
Stated ¥ -b4l4 94 1.8 |{-591.7 0] -694 0.7 | -b420 -140.3 -2.3
z 1.8 | 5413 0 332 | 581 159 -24 | 5236 -06
X 1105 0 1105 0 1404 245 | 1391 865 86.5
Siateb ¥ -541.4 0 |-49%0.7 -04 [-591.7 0| -537.1 132 ¢+ 5420 533.8
z -09 | 2288 -0.8 0 -39 | 2471 149 0.1 94.1 0.1
* Force x (+) : Shear Left (-) Shear Right # Moment x (+) : Flexion
v (=) : Comp y (=) : Twist Right
z (+) : Shear Force z (+) : Bending Right
# 3. EHYXMY sald dele 2218l el g
Table 3. Physical force of working posture
Force (N} Result Disc, Force
State oA @A
Fxd Fyd Fzd V Fxd' + Fvd® + Fzd*
A 211.71 -2972.09 51162 3023.2
Statel B -53.56 ~2431.24 219.29 24417
C -188.73 -2471.14 274.85 24935
A 339.90 | -4952.62 117891 4476.1
State2 B -121.10 -4043.82 850.20 41340
C -393.01 -4332.30 978.46 44588
A 356.49 T -4314.29 123531 4501.8
State3 B -155.88 - ~3732.69 939.62 3852.3
C -33628 |77 -B746.67 910.40 3870.3
A 338.06 -3891.96 1246.61 4100.7
Stated B -155.86 -3885.37 1043.24 4026.0
C -356.73 =3829.18 1009.30 3976.0
A 216.81 ~-2995.59 677.05 3078.8
Stated B -94.0 -3759.80 645.02 33159
C -201.91 -2581.20 35722 26136
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H 4. 57He SEEY ARl tiFt force2 moment
Table 4. Force and Moment to five back loading posture
o487 A v 4% B 497 C
N Global N Locat N Glehal N Local N Global N Local
N-m N-m N-m N-m N-m N-m
Force | Moment | Force | Moment | Force | Moment | Force | Moment | Force | Moment | Force | Moment
X -118.7 -118.7 0 -1326 0 -1326 -1110 | -691 | -1197
Statel v |-806.0 -569.9 53 | -856.3 0 |-428.1 -7 | -806.0 -635.2 213
z 75 | 5699 53 0 -81 | 7416 -41 1347 | 4914 116
X 1325 -1325 0| -84 | -631 -85.2 -809 | -288 -81.3
State2 ¥ -806 -595 -05 | -856.3 0 |-426.1 09 | -806.0 -589.5 99
z -0.7 | 5393 -06 0 -2 740 -6.7 145 549 6.4
X -119.9 -1159 0| -719 | -51.7 -71.8 -61.9 3.9 -60.7
State3 v | -BOB.O -5h0.9 38 | -856.3 0 |-427.1 3.7 | -806.0 -533.2 -110
A 52 | 5798 36 G 3.1 | 7404 -29 =76 | 6044 -94
X -87 | -37.5 -90.4 G| -675 -53 -67.3 -7 19.8 -85.2
Stated y | -8060 -4377 75 | 8563 0| -373 24 -806 -453.0 -96
z 255 | 6758 -0.2 0 -0.1 769 -35 49 | 6450 -4.6
X -109 -109 0| -82 0 -83.2 -92.3 89 -92.6
Stateb y [ -8060 -806.0 -856.3 0 |-538G 45 -806 -507.2 186
z 2.3 16 0 -57 | 663.5 3.6 26,1 | 6264 164

* Force x {+) I Shear Left (-) Shear Right

y (=) 1 Comp

z {(+) : Shear Force

H 5. SEEYA ZgAMY sialol Hels 2|0l &9 &
Table b. Physical force of working posture

* Moment x (+) : Flexion

y (=) : Twist Right
z (+) : Bending Right

State S Force (N) Result Disc. Force
Fxd Fyd Fzd V Frd®+ Fyd* + Fzd®

A 29.65 -3112.03 -358.39 3132.7
State? B 255.32 -3439.99 -204.07 3455.5

C -18.72 -2586.58 66.69 2587.5

A 4.74 -3427.44 -397.10 3450.4
State2 B 62.82 | -2372.04 142.58 2377.2

c -92.67 . ~1912.24 231.78 1928.5

A 42.06 1 3806.44 | 562,91 3848.1
State3 B 35.35 ~2105.03 252.38 2120.4

C 46.28 =146168 397.26 1515.3

A 13.40 o : -411.07 3472.0
Stated B 35.09 306.49 1956.6

c 41.95 ; 324.05 1722.2

A 2314 | 320791 -349.09 3226.9
State5 B 94.35 263906 79.70 2641.9

c -103.52 ~2179.57 294.12 2201.8

J. Biomed. Eng. Res: Vol 22, No. 1, 2001
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