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The oxygen consumption in load march, as influenced by the magnitude of
the load carried as well ag the steepness of the terrain crossed, was studied on
three subjects carrying loads of 2-7, 9-1, 22-7 and 31-8 kg on level ground and
gradients of 12-5, 200 and 33-3 per cent. The physiological optimum speeds,
at which the energy cost of carrying out a given amount of work was the least,
wore worked out for varying load and terrain conditions. Increase in either
the load or the steepness of the terrain lowered the value for optimum speed.
However, the effect of the terrain was more striking than that of the load.
The following quantitative relation was worked out to predict this lowering in
the optimum speed: F' = 6-5 % 80-87, where F' is the percentage fall in the
optimum speed and § is the steepness of the terrain in per cent. Based on
these results, a table of optimum marching speeds for different terrain and
load conditions is given. The rate of oxygen consumption at these predicted
eptimum speeds is nearly 50 per cent of the maximal oxygen consumption
possible under these conditions.

IxnTRODUCTION

Existence of optimum speeds in carrying out many forms of physical
exercise was reported by Lupton (1923), Cathcart et al. (1924), Furusawa
(1926), Dickinson (1929), and Ramaswamy et al. (1954). Further, it is well
known that the moment an external load or resistance is imposed in such
activities the value for the optimum speed will be reduced. It is a common
experience that in unbiased walking on level hard ground, carrying no load,
man’s natural speed of walking is about 4-8-5-6 km/h which is the fastest
speed with which he can go on for a long time. The physiological optimum
speed reported by Ramaswamy and Majumdar (1955) for walking on kacha
ground agrees with this value. In other words, this means that if a man
walks at the physiological optimum speed for the particular set of marching
conditions, he can cover a longer distance in the shortest time with the least
energy expenditure possible. During operations in the mountainous regions,
it will be imperative that the individual should so manage his trek that at
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the end of the trek he will be still physically fit. In mountainous terrains,
whether it is a soldier or a mountaineer, the individual has to carry a certain
amount of load. As such, he is subjected to two types of external stresses:
one due to the load he is carrying and the other due to his own body-weight
being lifted against gravity in crossing a steep gradient. Whereas the first
of these two can be eliminated completely by removing the external load,
the second is unavoidable and will depend on the steepness of the terrain
crossed. If the relative degrees of the stresses due to the magnitude of the
load carried on one hand and the steepness of the terrain on the other, as
indicated by the reduction in the physiological optimum speed of marching
under these conditions, are known, it will be possible to suggest better methods
for load carriage in mountainous regions with a view to reducing the fatigue
involved. Results of studies conducted in this direction are reported in
this paper.

MATERIAL ANXD METHOD

Three jawans whose physical characteristics are given in Table I parti-
cipated in these studies which were conducted at an altitude of 2,270 m.
These subjects formed a homogeneous population in the sense that all the
three of them were military personnel and were comparable in their degree
of physical training.

TaBLE T
Subject Age (years) Ht (cm) Wt: clothed (kg)
RS .. 37 169-5 60-5
DC .. 33 168 57-3
MB .. 31 166 62-2

During the experimental studies, they used to walk at different speeds
on level ground and gradients of 12-5, 20-0 and 33-3 per cent, carrying loads
of 27, 91, 227 and 318 kg. The energy expenditure during load
march was measured by indirect calorimetry. For this purpose, the expired
air samples were collected in Douglas bags and analysed for carbon dioxide
and oxygen content in a Haldane gas analysis apparatus. During level
march with different loads, the expired air samples were collected under
steady state condition. For the gradient marches, the tracks having been
natural tracks of short length, oxygen debt method was preferred for esti-
mating the energy expenditure. Precaution was taken to see that the sub-
jects had taken enough rest before each march, so that their resting-value
was near about the true resting-value and thus would not affect the energy

cost estimates.
IB
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REsurTts anp DiscussioN

Since the load marches were conducted under outdoor conditions, it
was not possible to maintain the same speed between the different subjects
on different days and on different slopes. As such, the experimental data
were treated as follows.

The observed values of oxygen requirement of load march were plotted
against the speed of march for each set of load and terrain conditions for
individual subjects. A smoothened curve was drawn by hand fit to the
best fit of the experimental points. From this curve, for each subject, the
smoothened values of oxygen requirement of the subject while walking at
the speeds of 1, 2,3, . . .. 8 km/h on the particular terrain with the parti-
cular load were noted. This was done for all the three subjects, for each
subject there being 16 such curves. While considering the effect of load
alone, corresponding to each load carried against each speed of march, the
oxygen requirement of all the three subjects in all the four terrains was pooled
and the mean value for oxygen requirement noted. Such treatment is
justified because in actual practice the soldiers are required to traverse dif-
ferent terrains while carrying loads and as such we are concerned with the
relative magnitudes of the stress due to different loads when each of them
is carried in all the terrains. Adding to this oxygen requirement, the mean
standing value of the three subjects, the mean oxygen consumption in litres
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Fie. la. The optimum speed in load march as affected
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per minute at various speeds of march was derived. From these values,
the oxygen cost of covering 1 km distance carrying that particular load was
calculated and plotted in Fig. la against the speed of march, there being
four different curves corresponding to the four different loads carried. In
all these cases the weight of the carrier medium, i.e. the mean body-weight
of the subjects (clothed), remained the same as 60-0 kg and the mean slope
of the gradients 16-5 per cent. Fig. 15 shows the effect of load on the optimum
speed of march, when only the energy expenditure values for level walk are
considered. From a comparison of Figs. la and 15, it will be apparent that
the effect of load on the optimum speed is the same, whether the terrain is a
level one or a combination of four different terrains.
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Fic. 1b. The optimum speed in load march as affected by the
magnitude of the load, when marching is done on level ground.

For considering the effect of the terrain alone, a similar treatment was
carried out with the difference that, in this case, the mean of the twelve values,
comprising of the three subjects and four different loads, was plotted against
the marching speed in each terrain. As previously, the mean oxygen con-
sumption while covering 1 km distance was calculated ‘and shown against
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different speeds in Fig. 2. In this case also there are four curves correspond-
ing to the four terrain conditions studied. In this, the mean weight that
has moved on each terrain was 76-6 kg.

Marching on a slope of
@® = level ground
X = 12-5 per cent
A = 20-0 per cent
O = 333 per cent
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Fic. 2. The optimum speed in load march as affected by
the steepness of the terrain (values average for four loads
being carried; mean total weight moved 76+6 kg).

It will be observed from Figs. 1 and 2 that, whereas the value for the
optimum speed of march (the speed at which the energy cost of covering
1 km is the least) is reduced both when the extra load is considerably in-
creased as well as with increasing steepness of the gradients, the effect in
the latter case is much more significant than in the former. Or, in other
words, if the degres of lowering in the value of the optimum speed is an
indication of the magnitude of the stress imposed, the one due to the steepness
of the gradient is much bigger than the stress due to the extra load carried
within practical limits. This is to be expected, because while walking on
level ground at normal speed, according to Benedict and Miirschauser (1915),
the work done in lifting the body against gravity corresponds to only 23 per
cent of the total energy turnover. This work can be reasonably assumed to
be equal to nearly half the body-weight being moved through a distance equi-
valent to the shift in the centre of gravity. As such, so long as it is level or
near level terrain, even if an additional load of 30 kg is carried, this will
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increase the energy requirement only by about another 25 per cent. Whereas,
if it is in a steep terrain, the entire body-weight as well as the extra load are
to be carried against gravity, and the work done will rapidly increase as also
the respiratory stress, depending on the steepness of the terrain. This means
that in the mountainous terrain even if the individual is moving without
any load, a modification should be made in the marching speed, so as to
compensate for the stresses due to the steepness of the gradient.

Repvoriox v THE OrriMUM SPEED oF Marom DuE TO
STEEPNESS OF THE TERRAIN

Table II shows the values of the optimum speeds of march under different
terrain conditions, as well as the rate of oxygen consumption, at these
optimum speeds of walking.

Tasie IT

The relation between the steepness of the gradient and the optimum speed
of load march (average load carried 16-6 kg)

Fall in the value

Optimum speed Oxygen con- of the optimum

Toerrain of load march sumption at speed as a per-
km/h ’  optimal speed, centage of the

1/min optimum valuo

for level walking

Level ground .. 4-5 0-75 C—

12-5 per cent gradient 30 1-60 333
20-0 per cent gradient 2-25 1-60 50-0
33-3 per cent gradient 1-50 1-88 666

In Fig. 3 is plotted the fall in the optimum speed against the steepness
of the terrain. The fall in the optimum speed bears a curvilinear relation
to the steepness of the terrain as follows:

F = 65x8%%
where F is the percentage fall in the optimum speed and § is the percentage
steepness of the gradient.

According to this equation the value for the speed is reduced to almost zero
when the terrain is 60 per cent steep. This means that in such steep terrains,
however slow a man may be marching, he cannot walk for a long time. From
the table it can also be seen that on level ground the rate of oxygen con-
sumption, while walking at the optimum speed, is 0-75 litres per min which is
nearly 50 per cent of the maximal oxygen consumption of these subjects while
walking fast on this terrain (on the gradients, this rate goes up to 1-60 to 1-88
l/min which again corresponds to 50 per cent of the mean maximal oxygen
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consumption of the subjects during gradient walking). The physiological
significance of this value is yet to be explained. A similar observation was
reported earlier by Ramaswamy and Majumdar (1955) for their single subject
while walking on two types of ground.

Fr 65 50-67
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Fic. 3. Fall in the optimum speed of load march as
dependent on the steepness of the terrain.

Though the fall in the barometric pressure at the altitude (2,270 m),
where the studies were made, was also a stress experienced and should have
contributed to the lowering in the optimum speed, this factor was kept con-
stant in all the experiments. Further, the quantitative relation described
above is only relative between the optimum speed of march on level ground
at this altitude, the steepness of the terrains at this altitude and the reduction
in the optimum speed while marching on these terrains. As such, this rela-
tion should hold good at any altitude.

PREDICTED VALUES OF OPTIMUM SPEED OF MARCH WHILE CARRYING
D1rrERENT LoaDs 1N DIFFERENT TERRAINS

Though the effect of the load carried as compared with that due to the
steepness of the terrain, in reducing the value of the optimum speed, was
negligible, still it was observed that under the same terrain conditions the
optimum value for the speed of march was reduced by about 20 per cent while
carrying 31-8 kg. As such, based on this and the earlier derived quantitative
relation for the fall in the optimum value of the speed of march in steep
terrains, in Table III are predicted values for marching speeds for different
load and terrain conditions.
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TasLE II1

Predicted optimum speeds (kmfh) for load march for an
average mon of 60 kg body-weight carrying different
loads in different terrains

Extra
load 27 kg 10 kg 20 kg 30 kg
terrain
Level 50 4-7 44 4-1
5 per cent 4-0 3-8 35 3:3
10 per cent 35 3-3 31 2-9
15 per cent 3-0 2-8 2-6 25
20 per cent 2:6 24 2-3 2-1
25 per cent 2-25 2-1 2:0 1-85
30 per cent 1-9 1-8 1.65 1-50

Notwithstanding the difficulty in defining the terrain conditions accurately
in a mountainous region, if one has even a rough idea about the average
steepness that will be met with and regulates the marching or walking speeds,
as suggested in Table IIT, one can keep the respiratory and circulatory stresses
low and thus can minimize the fatigue due to the load march.

SUMMARY

The oxygen consumption in three soldiers while marching at various
speeds with loads of 2-7, 9-1, 22-7 and 31-8 kg in four different terrains, viz.
level ground, and gradients of 12-5, 20-0 and 33+3 per cent was studied.

It was observed that for each set of load and terrain conditions there
is an optimum value for the speed of march. And this optimum value gets
reduced with increasing loads as well as with increasing steepness of the
terrains.

However, the effect due to the steepness of the terrain is much greater
than that due to the loads carried within practical limits. Whereas even

while carrying a very heavy load of 31-8 kg there is only 20 per cent fall in the
optimum value of the speed, with steep terrains the optimum value falls as

F = 6-5x.80:67
where F is the percentage fall in the optimum speed and § is the steepness
of the gradient in per cent.
It was observed that the rate of oxygen consumption at the optimum

speed is about 50 per cent of the maximal oxygen consumption under these
conditions.

A table of optimum marching speeds for different terrain conditions
and loads is given.
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