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= Abstract=

Energy cost of loads carried on the hands, head, or feet

Dai Yun Hwang and Kee Yong Nam

Department of Physiology and Physical Culture Research Institute,
Seoul National University College of Medicine,

Seoul, Korea

Oxygen consumption, pulmonary ventilation, heart rate, and breathing frequency were measured on
8 men walking on a treadmill carrying load of 9kg on hand, back, or head. Besides measurements
were made on subjects carrying loads of 2.6 kg each on both feet, The speed of level walking was
4, 5, and 5 5km/hr and a fixed speed of 4 km/hr with grades of 0, 3, 6, and 9%. Comparisons
were made between free walking without load and walking with various types of loads. The follo-
wing results were obtained,

1. In level or uphill walking the changes in oxygen consumption, pulmonary ventilation, breathing
frequency and heart rate were smallest in back load walking, and largest in hand load walking. The
method of back load was most efficient and hand load was the least efficient, The energy cost in
head load walking was smaller than that of in hand load walking. It was assumed that foot load
costed more energy than hand load.

2. In level walking the measured parameters increased abruptly at the speed of 5.5 km/hr,
Oxygen consumption in a free walking at 4 km/hr was 11.4ml/kg b, wt., and 13.1 mi/kg b. wt.
5.5km/hr, and in a hand load walking at 4 km/hr was 13.9, and 18 8 ml/kg b, wt. at 5.5 km/hr.

3. In uphill walking oxygen consumption and other parameters increased abruptly at the grade of
6%. Oxygen consumption at 4 km/hr and 0% grade was 11. 4 ml/kg b. wt., 13.6 at 6% grade, and
16.21/kg b. wt. at 9% grade in a free walking, In back load walking oxygen consumption at
4km/hr and 0% grade was 12, 3ml/kg b, wt., 14.9 at 6% grade, and 18,7 ml/kg b. wt. In hand
load walking the oxygen consumption was the greatest, namely, 13.9 at 0% grade, 17.9 at 6%,
and 20,0 ml/kg b. wt. at 9% grade.

4. Both in level and uphill walking the changes in pulmonary ventilation and heart rate paralleled
with oxygen consumption,

5. The changes in heart rate and breathing frequency in hand load were characteristicc Both in
level and uphill walk breathing frequency increased to 30 per minute when a load was held on hand
and showed a small increase as the exercise became severe. In the other method of load carrying
the peak value of breathing frequency was less than 30 per minute, Heart rate showed 106 beats/

minute even at a speed of 4 km/hr when a load was held on hand, whereas, heart rate was between:
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03 and 100 beats/minute in the other types of load carriage.

6. Number of strides per minute in level walking increased as the speed increased. At the speed

greater than 5 km/hr number of strides per minute of load carrying walk was greater than that of

free walking. In uphill walk number of strides per minute decreased as the grade increased. Number

of strides in hand load walk was greatest and back load walk showed the same number of strides as

the free walk,
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Table 1. Physical characteristics of 8 subjects, aged between 15 and 19 years

Height, Weight, | Mean skinfold % Fat LBM
cm kg mm ' @ kg
Mean=S, D, 160.9+4.43 | 52.1+4.24 7.542.48 | 1574216 | 44.2:44.07
Range 154.1~168.2 |  46.2~60.3 4.2~11.8 | 1L9~19.1 | 37.4~5L3
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Table 2. Oxygen uptake in load carrying walk on hand, back, head or foot*

Kinds of load and Vo2, STPD
speed of walk, km/hr pe:‘n }{—lg—Sb. l;It. perxr'1 IIEESLBM per krgn 1b_i_vsvtb—'i-load Ratio to resting
Resting 4.3 0.45 5.3 0. 62
No load 4 11.4 1.1 13.4 1.3 11. 4 1.1 2.5
5 11.4 1.2 13.6 1.4 11.4 1.2 2.5
5.5 13.1 1.6 14,9 2.1 13.1 1.6 2.9
Hand load
4 13.9 1.3 16.4 1.5 12.5 1.1 3.1
5 16.1 1.9 18.3 1.9 14.1 1.6 3.5
55 18.8 2.6 22.2 3.1 16.6 2.0 4.2
Back load
4 12.3 2.5 14.4 2.7 10.4 2.2 2.7
5 12.4 1.8 14.6 2.1 11.3 1.3 2.8
55 15.8 2.3 18.7 3.0 13.6 42 3.4
Head load
4 12. 4 1.9 14.6 1.5 10.5 1.2 2.8
5 14.7 2.6 17.3 2.9 12.9 2.3 3.3
55 16.5 3.8 19.6 4.3 14.4 3.0 3.7
Foot load
4 12.6 1.6 14.9 2.4 11.5 1.4 2.8
5 13.5 2.4 17.3 2.9 12.2 2.4 3.0
5.5 15.9 2.6 19.6 4.6 14.6 2.4 3.5
* Weight of load was 9 kg except foot load (5.2kg)
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A4&AH = AbEo] = Consolazio 5(1963)8 AlAL=E of exercise oxygen consumption to resting
B Agstg e consumption,

AEHAHHN QO : No load walking, X ! Hand load walking,

@ : Back load walking. [ : Head load walking,
BA A7 I FA 9kgol AL AL 3, S | A : Foot load walking
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Table 3. Pulmonary ventilation, breathing freque- Table 4. Heart rate in level and uphill walk
ncy and tidal volume in load carrying carrying 2 load on hand, back, head or
walk on hand, back, hand or foot* foot*

Kinds of load | Breathing | Kinds of load, speed(km/hr) Rante/mi

Vg, I, BTPS frequency |Tidal volume ot load, speed{&mi/hr =satg/min

i,nﬁl: pfli /ohfr M:an +8, D.| per mlélu]t)e ml4=S. D, and grade CA ) Mean:£S, D.

’ Mean+S, D,
Resti i Resting No load 64 7.2
thllgagd 8.2 0.9 : 4,  level 91 13.8
4 19.7 3.8 23 49| 889 248 5 level 95 9.6
5 20.8 48| 25 53| 860 244 5.5, level 96 9.0
5.5 22.6 53| 26 6.4| 80 201 4, 3% 94 9.6
Hand load ' 4, 6% 96 9.8
4 25.0 56| 30 3.0 810 168 4, 9% 102 12.6
5 2.1 55| 32 56| 810 156 Hand load
5.5 3.0 58 32 7.7,000 302 4, level 106 17.5
Back load 5 level 106 14.9
4 21.5 5.7 25 5.4 80 229 5.5, level 111 17.1
5 21.8 6.4 27 62| 810 203 4, 3% 106 11.3
5.5 27.1 4.4 29 69 960 177 4, 6% 108 13.1
Head load 4, 9% 115 13.7
4 21.9 55| 25 55| 80 236 Back load
5 25.1 7.5| 27 6.3| 930 253 4, level 93 13.2
5.5 27.1 7.5| 29 7.7| 80 267 5  level 29 11,2
Foot load 5.5, level 104 13.2
4 21.7 4.8 24 5.6| 904 257 4, 3% 97 12.1
5 228 58{ 26 6.1 920 253 4, 6% 101 12.9
5.5 26.5 67| 29 85| 860 267 4, 9% 110 15.8
Head load

* Weight of load was 9 kg except foot load (5.2kg) ez} oa]evel 100 142
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7,8 ol A4 5.5, level 106 13.0
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* Weight of load was 9kg except foot load (5, 2kg)
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“Table 5. Strides per minute in level and uphill
walk carrying a load on hand, back, head

or foot*
Kinds of load, speed(Ckm/hr) Strides/min
and grade (%) Mean=-S, D,
No load
4, level 113 6.4
5, level 116 3.4
5.5, level 120 3.1
4, 3% 104 4.9
4, 6% 102 5.1
4, 9% 102 5.5
Hand load
4, level 114 6.5
5, level 120 3.7
5.5, level 124 6.4
4, 3% 109 7.7
4, 6% 108 6.7
4, 9% 108 5.9
Back load
4, level 110 59
5, level 119 4.7
5.5, level 121 4.1
4, 3% 104 4.1
4, 6% 102 4.8
4, 9% 103 5.1
‘Head load
4, level 110 5.3
5, level 119 3.3
5.5, level 123 3.8
Foot load
4, level 111 4.5
5,  level 117 2.1
5.5, level 121 3.9

* Weight of load was 9kg except foot load (5.2 kg)
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Fig. 2. Relation between speed of walking and exercise
oxygen consumption in mi/kg body weight,
Legends are as in Fig. 1.
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Legends are as in Fig, 1.
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Fig. 4. Relation between speed of walking and pul- volume. Legends are as in Fig. 1
monary ventilation, Legends are as in Fig, 1,
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Table 6. Oxygen uptake in uphill walk at 4 km/hr speed carrying a load on hand or back*

Kinds o£ load and Voz, STPD
grade (%) pex?n {{ig_ Sl?. gt. pe;‘n 1k_§ LBM per kfn lbivSVtD -f-load Ratio to resting
Resting 4.3 0.45 5.3 0.62
No load
level 11.4 1.1 13.4 1.3 11.4 1.1 2.5
3 11.9 15 14. 1 1.8 2.6
6 13.6 1.0 16.1 1.4 2.9
. 9 16. 2 2.1 19.2 2.4 3.6
Hand load
level 13.9 1.3 16.4 1.5 12.5 1.1 4.1
3 15.9 1.1 18.7 1.7 13.8 0.6 3.5
6 17.9 2.6 21.9 3.0 16.1 1.8 4.1
9 20.0 1.4 22.9 1.3 17.2 1.4 4.4
Back load
level 12.3 2.5 14.4 2.7 10.4 2.2 2.7
3 12.7 1.5 15.3 2.3 11.1 1.4 2.8
6 14.9 1.8 16. 2 2.9 12.8 1.5 3.3
9 18.7 2.4 22.0 2.5 16.2 1.9 4.0

* Weight of load was 9kg except foot load (5.2kg)
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Table 7. Pulmonary ventilation, breathing frequen-
cy and tidal volume in uphill walk at
4km/hr speed carrying a 9kg load on
hand or back

Kinds of load | v prpg ﬁg?;i’;gg Tidal
’ od grade Mean+-S, D, | per minute volume
%) o pute | ml+S. D,
Resting 8.2 0.99
No load
level 19.7 3.8 23 49| 880 248
3 19.4 2.8 25 7.1} 830 226
6 22.9 4.0 26 6.7 920 316
9 27.3 89 26 6.911,040 251
Hand load
level 25.0 5.6 30 3.0, 810 168
3 25.5 2.1 29 7.2 880 294
6 28.9 56 30 6.0)1,020 234
9 3.2 2.6 31 6.8|1,050 256
Back load
level 2l.5 5.7 25 5.4 870 229
3 22.3 5.4 26 5.9 870 216
6 25.2 5.7 27 5.4 930 257
9 30.6 7.0 28 7.1]|1,040 307
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as in Fig. 1.
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