42

41

41
()
1 42
2 39
3 35
4 42
5 30
6 31
7 42
8 30
9 38
10 38
36.7
4.9
36.7
62.1

62.0
56.5
63.0
63.0
58.5
63.0
62.0
64.5
74.5
54.0
62.1

55

4.9

55

10

161.0
159.1
164.5
169.6
161.2
161.4
166.1
165.9
168.5
158.0
163.5

4.0

30



54 745 )

4.0 ( 158  169.6
4-2
("C)
Average 30.3444
1.9726
1.9726°C ( 24
c 22295 C (
46.6889
2

Workload)

163.5

£

24.8000

2.2295

45°C)
19

15.3239 (

(Internal Workload)

33

(%)
46.6889
15.3239
30.3444 C
24.8000
30°C)
14 78%)
4 4
1
(External



(pallet)
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10
20
40
20

. (Shoulder Strength)

. (Arm Strength)

. (Leg Strength)

. (Back Strength)

. (Composite strength)

4-3
Min. Average Max.
56.16 68.63  91.49 9.34
36.10 50.69 7261 9.69
99.61 123.96 14151 14.39
nn "'n 6251 83.70 1015 11.82
89.49 119.30 135.14 14.04
5

(X=0.05

£ A0ZA £ A



VO2 (L/min)

> bpm

10

30-42

Kamon & Ayoub (1976)

4-2

— —
]—G—vo: min —4@— HR bpm

_,_
HR (hom )

HIFH - O

41

V02 (Umin)

4-2

36

4-1
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4-2

Determination: R Square) 0.9944

Y X X
Equation)
( 02max
Y=aX +

Y

X 220 -

a

Y
a

(Extrapolation)

4-4

37

(Coefficient of

(r2

(Linear Regression



0.3990

Kamon

4-4

30-42

© 0o N o 0 A W N R

=
o

4-4

30-42

42
39
35
42
30

42
30

37

4.9227

L/min 47.4362 + 6.6273

Ayoub (1976)

0 max < 25

26 < 0 max < 33

34 < \/02max < 42

(

(L/min)
23151
2.6001
2.7643
2.7389
2.8576
3.5096
2.6364
3.4159
3.3341
3.1790
29351
0.3999

I/ kg-min

10

"' (ml/kg-min)

, 2539)

37.3401
46.0193
43.8785
43.4743
48.8478
55.7082
42.5218
52.9590
44.7533
58.8697
47.4372
6.6273

2.9351

38



43 < i/02max < 52

{/02max >53 /

Validation

4-3

2 (

39
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4 25 55 100
125
. 4-3 4-4
Average %V02max
25kgs 55kgs 100kgs 125kgs
o Type |
Rice-Sack Weight
Diype Il
4-3

% Max Hr Range

25kgs 55kgs 100hgs 125%gs

Rice-Sack Weight

4-4



4

(%\/0 2max)
(Heart Rate Elevation)
4-5 1
Min Average Max. Standard Deviation
25 14.9478 20.8680 26.9647 3.9184
55 17.1434 23.9096 28.9938 4.0244
100 19.0136 29.6298 35.5131 5.1622
125 24.3070 33.8488 42.0476 4.8139
4-6 2
Min Average Max. Standard Deviation
25 15.4909 22.3620 28.2132 3.2281
55 19.6843 27.0516 38.2457 4.9422
100 21.0206 33.3802 40.8860 5.6959
125 29.4502 38.3316 66.6671 9.1610



25

55

100

125

25

55

100

125

Min Average
7.01244 13.6176
11.4795 17.2165
16.5147 25.4882
19.7032 30.5619

Min Average
8.5443 14.6545
13.9189 23.1050
18.6576 30.1159
23.4190 35.7877

(Duncan’s Multiple Range Test)

0.05

25

Max.

20.3270

25.9145

34.6588

51.3451

Max.

29.6810

41.4022

43.6005

54.5480

25 55

55

42

Standard Deviation
4.1830
4.3314
6.2621

9.7874

Standard Deviation
4.9605
7.7721
7.8139

8.0010

95%



100 125
0.05 4-5

100 125

25

25kgs

4-5

%

29kge

4-6

43

55

125hgs
Bl Average %VO2max

Bl Average %Max Hr Range

Rice-Sack Weight

VO 2mar

{n Average

Rice-Sack Weight |
B Average 5

Hr Fange




3. 2
2 2 1 2
0.05
1
2
25
1 2
55 100 125
2 1
0.05
4 ? ?
? 1 ? 2
1
100 29.6298%
25.4882 33%
29.6298% VOI max ( 30%
V 0 2max) !
1

8 Lehmann (1953) Muller (1953) 30% 02 /
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45

125
33.8488%
30.5619%
55
23.9096 17.2165 25
20.8680 13.6176

Lehmann Muller (1953) 30% i/0 2max

s <l
ansnisidaandisulusnzuunnszaaulugduuus 1

(RAS/ u¥)

a

LI81

T T . .ad
unn

4-7 1

25, 55, 100 125

ARsIn1siAvresnalalurnzuunnszasudiogduuud 1 i e

.....

4-8 1

' 25, 55, 100 125



2
30% V 0 2max
100 V 0 2max 33.3802%
30.1159% 30% VO 2max
(Lehmann Muller, 1953)
30%{/O 2max '
100 125
1 20
1 4-9 4-10
30%
VO 2max 2
2 25, 55,
100 125
as L3 - <
ammmi’lﬁ@@nmu’lummmmnnizmugﬂuuuw 2
[——z=
—_ —— X
=
3 | —— 122

4-9

25, 55, 100

125

46

o <
N S
D
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, 2
150 1
140
-25kg
130
- 55kg
1J-0
— A -- 100kg
110
_ X -- 125kg
100
D
© &
$ F H ¢ & ;?s?b & ,59‘9 > S RO ,,b'b & 5 A1 (i)
& & § & & & & & & & & & N & & N
Vi 4-10 2
25, 55, 100 125
?
? 1
(Quadratic Equation)
(Hake M. et al, 1977)
' 30% V02 ax el

4-9



4-9

VO 2max

H*»

10

Average

4-9

23.7089

101.5451

100

linear

59.0294

71.3599

78.7762

89.5103

102.9294

131.5454

103.9130

115.6309

67.2775

195.4792

101.5451

40.1190

92.0501

39.50860%

40.1190

H: quadratic
64.7489
83.6714
69.1107
99.3439
102.7215
125.5483
103.1869
117.7801
62.3388
63.0059

92.0501

23.7089

48

30%



SPSS 7.52 Multiple Linear Regression

2 (R2 =

0.946)

Weight of Rice-Sack =- 172.255 - 2.683(Age) + 1.112(Back strength)
+ 6.145(Popliteal Height)

Weight of Rice-Sack

Linear Regression

30%\/02max ( )

Age (30-42 )
Back Strength

Popliteal Height

5.2

) Tolerance

N

) VIF (Varience Inflation Factor)

(62.5125-101.5000
(40-46 )

(Measure of Collinearity)

Tolerance X

VIFj

)

49



Tolerance  ( ) VIF

4-10 Tolerance VIF

Weight of Rice-Sack =
- 172.255-2.688(Age)
+ 1.112(Back Strength)
+ 6.145(Popliteal Height)

1 Age ()
2 Back Strength

( )
3 Popliteal FHeight

( )

4-10 Tolerance

1 VIF

6.1

30%\/O2max

1 4-11

Tolerance

0.995
0.986

0.981

50

4-10
VIF R
0.946
1.005
1.014
1.019



51

411

10
/ 25kg 55kg 100kg 125kg
1 20 1.75 0.5 1.125
2 20 7.25 1.25 1
3 20 9.75 1.25 0.875
4 20 8.25 15 0.5
5 20 14.625 1.375 1.125
6 20 19.75 5.375 1.375
7 20 14.875 1.625 0.375
8 20 20 1.375 1
9 14.75 2 2 0.875
10 20 20 20 2.125
Min 14.75 1.75 0.5 0.375
Average 19.475 11.825 3.625 1.0375
Max 20 20 20 2.125
1.660196 7.068415 5.902271 0.482506
25 (R2=0.983)
Permissible Time = 61.208 - 0.564(Shoulder-Elbow Length) - 0.140(Shoulder
Strength) - 0.6689*10 ASitting Height) - 0.153(Upper Tight
Circumference)
55 (R2=0,769)

Permissible Time = 21.346 - 0.896(Age) + 1 3(Popliteal Height) - 0.533(Weight)



5

100 (R2= 0.988)
Permissible Time = 146.814 - 0.238(Age) - 0.502(Back strength)
- 0.715(Interscye) - 0.506(Sitting Height)

125 (R2=0.972)
Permissible Time = 11961 - 3.339*10 2Age) - 1.932*10 ABack strength)
7.144*102 (Cervicale Height) + 1.616*10 2Composite

Strength)
Linear Regression
4-12 Linear
Regression
1 Age 30-42
2 Back Strength 62.5125 - 101.500
3 Cervicale Height 128.2 - 140.5
4 Composite strength 89.4875 - 135.1375
5 Interscye 65.0-71.0
6 Popliteal Height 40 - 46
7 Shoulder-Elbow Length 329 - 36.6
8 Shoulder strength 56.1566 - 91.4875
9 Sitting Height 72.4 - 86.7
10 Upper Tight 435 - 52

Circumference



53

6.2 (Measure of Collinearity)
5.2
4-13
4-16
4-13 Tolerance VIF
25
Tolerance VIF R2
Pemissbe Time = 0.983
61.208 - 0.564
(Shoulder-Elbow 1 Shoulder-Elbow Length 0.829 1.206
Length) - 0.140 (
(Souder strength) -
0.6689* 10 ASitting )
Higt) - 0153Uper 2 shoulder strength 0.932 1.073
Tigt Crcunference)
( )
3 Sitting Fleight 0.930 1.075
( )
4 Upper Tight Circumference 0.900 1111
( )
4-14 Tolerance VIF
55
Tolerance VIF R2
Permissible Time = 0769
21.346- 08%6(Ae)
+ 13Popitedl Height) 1 Age () 0.995 1.005
- 0S33\\eigh) 2 Popliteal Fleight 0.994 1.006

( )
3 Weight ( ) 0.998 1.002



4-15 Tolerance VIF
100
Tolerance  VIF R2
Per issible Time = 0.988
146814 -0.233(Age)
- 050P(Back strength) 1 Age () 0.788 1.269
- 071rtersoye) 2 Back Strength 0.680 1.470
- 0806(Stting Heigh)
( )
3 Interscye 0.718 1.393
( )
4 Sitting Fleight 0.672 1.489
( )
4-16 Tolerance VIF
125

Tolerance  VIF R2

Permissible Time =

0.972
1191 - 3339102(A)
- 1.932¥104Back strength) 1 Age () 0.626 1.596
-7.144102 (Cervicdle 5 gack strength 0.997 1.003
Hegt)
+ 1616¥10 ZConposite ( )
Srengh) 3 Cervicale Fleight 0.854 1171

( )
4 Composite Strength 0.701 1.426

( )



11

71
7.2

7.3

7.4

7.5
7.6

Validation
10
Validation
Validation
Screening Test
4-17

1 2

78.6 66.8

48.6 45.2
116.2 118.7

89.1 83.6

122.9 115.9

65.5
46.7
119.2
78.9

120.3

55

Validation
Range
Validation
70.30 7.2173
46.83 1.7039
118.03 1.6073
83.87 5.1052
119.70 3.5384



1.2

13
14
15
16

17

19

4-18

Validation

166.0

140.8

136.5

99.0

83.6

65.5

104.8

85.5

73.5

90.5

46.0

36.5

30.0

27.0

33.5

415

24.9

11.2

55.3

20

22

23

24

25

26

27

28

()

4-18

56

445
86.0
34.4
46.9
61.0
3000

42
24

56.95



1.3

Validation

14

x =178

Validation

Range

Validation

411

y = 0.0226X- 0.8864

x = 200-

= 220-42

=178

3.1364

57



15
Validat
751
752
7.6
7.6.1
7611

Weight of Rice-Sack

4-17

Validation

ion 2
25
55
100
125

25

55

100

125

= - 172.255 - 2.688(age) + 1,112(Back strength) + 6.145
(Popliteal Height)

4-18

58



Weight of Rice-Sack

7.6.1.2

25

Permissible Time

4-17

25

Permissible Time

7.6.1.3 !

55~

Permissible Time

4-17

Permissible Time

59
= - 172.255 - 2.688*(42)+ 1.112(83.87)+6.145(44.5)
= 81.56494

« 82

= 61.208 - 0.564(Shoulder-Elbow Length) - 0.140(Shoulder
Strength) - 0.6689*10'Sitting Height) - 0.153(Upper Tight

Circumference)

4-18

= 61.208 - 0.564(34.4) - 0.14(70.30) - 0.6689*10'286.0) -

0.153(46)

=24.35

=24 21

= 21.346 - 0.896(Age) + 1,3(Popliteal Height) - 0.533(Weight)

4-18

= 21.346 - 0.896(Age) + 1,3(Popliteal Height) - 0.533(Weight)

= 9.051
=9 3



7.6.14 ? ?

100
Permissible Time = 146.814 - 0.238(Age) - 0.502(Back Strength)
- 0.715(Interscye) - 0.506(Sitting Height)
4-17 4-18
100
Permissible Time = 146.814 - 0.238(42) -0.502(83.87) - 0.715(65.5)
-0.506(86)
4.36676
=4 22
7.6.1.5 ? ?
125
Permissible Time = 11.961 - 3.339*10'2AAge) - 1.932*10'ABack Strength)
- 7.144*10'2 (Cervicale Height) + 1.616*10"AComposite
Strength)
4-17 4-18
125
Permissible Time = 11961 - 3.339*10'42)- 1.932*10'283.87)- 7.144*102

(140.8) + 1.616*102119.7)
= 0.813852
= 48.83

60



16.2

76.2.1

7.6.2.2

82

82

25

55

100

125

25

55

100

125

30%

= 0.72222 |/min
= 0.7222/3.1364*100

= 23.026 % < 30%

25
= 0.62368 I/min
= 0.62368/3.1364*100

= 19.88522 % < 30%

61

81.56494



7.6.2.3

7.6.2.4

7.6.25

7626 ?

24

7.6.2.7

21

55
= 0.711124 |/min

=0.711124/3.1364*100

= 22.67326 % < 30%

100

0.89444 1/min

0.89444/3.1364*100

= 28.51805 %<30%

125

1.0772 l/min
=1.0772/3.1364*100

= 34.34511 % > 30%

25

25
25

= 0.6404 I/min
= 0.6404/3.1364*100

= 20.4183%<30%

55

55
10

= 0.70352 I/min

=0.70352/3.1364*100

= 22.4308% < 30%

62



7.6.2.8

7629 ?

48.83

4-19

4-20

Validation

4-19

30%

30%
100

63

100

100

= 0.7193 I/min

= 0.7193/3.1364*100

= 22.93% < 30%

49

125

125

= 0.8644 |/min

= 0.8644/3.1364*100

= 27.5603 % < 30%

25kg

(%)  19.8852

t5
(%) 20.4183

125
125

bokg  82kg  100kg

22.6733 28.0260 32.5181

t5H TI1O 125
22.4308 25.9300 27.5603

Validation
100 28.5181%

34.3451%

125g

35.3451



125

32.5181%
30%
82
28.0260% 30%
Validation
4-20
30%

Validation

82

27.5603%
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