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ABSTRACT

This paper presents a brief historical review of physiologiocal work
on losd-carrying. The pooled experimental results of a number of workers in
this field are discussed and subjected to statistical analysis and the follow-
ing aajor conclusions are derived:

(a) an approximately linear relationship exists between the
ocalorific expenditure on the one hand, and the weight of
subject plus load on the other (Mg. 9). The ‘slope’ of
this relationship variss consideradly with the rate of
marching. Por a velocity of horizontal marching at 90
metres per minute (about 34 mph) the slope is in the
region of 0.05 kilogram-calories per kilogram.

(b) The relationship betwaen velocity of marching snd calorific
expenditure 12 non-linear, and is such that the lattexr
increases rapidly for incroasas in velocity above about
80 metres per minute (3 mph).

{e) Curve-fitting procedurs has bien carried out on the entire
data collected from the literature. An equation relating
energy expenditurs to load, dody weight, and veloeity of
marching has been evolved for men marching on a flat
horizantal surface,

{d) The quantities involved in the sbove relationships show
that, in general, it is metabolically more economical
to carry heavy loads at a low velocity than light loads
at 8 high velocity. It is important to remember, however, -
that energy expenditurc is not necessarily at all synony~-
mous with !fatigue!,

{e) Experimentsl work towards finding a militarily dosirable
method of carrying loads so as to involve the leaat
oenergy expenditure has baen fragmentary, unsystematic,
and inooncluasive,

o

{

(£) There are insulficisent data on tho effect of differsat
gradients, terrains, meteorological conditions and
psychological states to enadle any realistic assessment

to b made of the energy cost of marching under military
conditions,

gm

il
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{g) There is insurfiClONT sviusnuw svguwsmey -

sxpenditure which can be kept up for various periocds of time
to warrant any such maximum reasonable ocutputs to be sdopted

fox planning purposes. *

(b) There are virtuslly no quantitative data on the sotivities
of soldiers in battle, on which to base sny reasonable plans

for an optimm weight for fighting orxder.
It is recompended thats

P r«v-‘-“«« .

As the rate of production of human physical energy is limited, morTe
attention should be paid to its conservation, partioularly in battle, For
exampls, a slow rate of marching will result in a longer day's march, and ¢
may be metabolically a more economic prepasition, Reducing the velocity .
of movement is even more important than reducing the load on the msoldier.
Yhen military training is under mie', consideration might be given to
this.

Turther ressarch is necessary before recommendations can be made
regarding optimum or maximum loads and it is suggested that such research
should proceed along the following liness-

(a) The linearity of the relationship between body weight
plus load, and calorific expenditure, should be submitted
40 further expsrimentsl enquiry. The cost for various
speeds should also be dotermined, During such investigations
method of carriage and other experimental conditions should
be standardized and specified, This may be best done on a
treadmill but the relative cost of treadmill and road walldng
should be determined.

() Experimental work should proceed towards providing a
» reational basis for recommending the manner in which
loads should de carried, )

(c) The effects of different gradients, terrains, meteoroclogical,
psychological and training conditions should be investigated,

(d) Research should bo initiated aimed at finding out whether
1t is possible to recommend a maximum level for energy '
expenditure in marching and in running, beyond which '
tke soldier should not, as far as planning is concerned,
be expected to exert himself,

(e) Metabolic studies are needed of soldiers on manceuvre and
under marching and fighting conditions which are as
realistic as possidle.

It is suggested that for moat purposes the use of simple units of
energy expenditure is preferable to the more abstract criteria of efficiency
which have often heen used.
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INTRODUCTION

1. This report is not intended to deal comprehensively with the whole
subject of load-carrying and the design of load-carrying equipment.
Bxcellent comprehensive reviews of scientific work on load-carrying and
of the history of military load-carrying are those of Lothian (1921) and

Renbourn (1954).

2.. Prom the strictly physiological point of view, however, it is felt
thet the time is opportune to review more critically previous researches
upon the metabolic cost of load-carrying, some of which, for eoxample,
purport to prove that the optimum ioad for a soldier is about one-~third of
his body waight., It is the purpose of this report to enquire more care-
fully into the substance of these and similar assertions,

3. Before this can be done, it is necessary to review briefly the
research which has been done, and to study the criteria of load-carrying
efficiency which previous writers havs employed. The experimental data
from previous work can then be re-presented so as to combine the results
available in the literature into a more moaningful pattern than would

othersise be possibla,

Le To this end the experimental data of previous authors have been
pooled ancd tho results presentsd both fully in tabular form (Appendix A)
and graphically (Figs, 1~14), The considerations which arine out of this
treatment of the data in the literature are brought forward ‘n the section
entitled 'Factors affecting Enorgy Expenditure in Load-Carryling'(paras
28-78). Curve~fitting yields a simple equation from these data relating
energy expenditure with body weight, load and velocity,.

HISTORICAL

Se Tho classical work in the field under revisw is that of Zuntz and

his co-workers Schumburg, Durig, Kolmer, and others, in the early years

of the present century. Zuntz and Schumburg (1896, 1901) in buman and
animal work, showec tbe’ calorific expenditure at rommal rates of walking
increased in proportioc.: to the load carried, except {or very heavy loads
(e.g. 50 Kgn) when the ~.et was disproportionately higiz, The cost.also
inoreased as velocity wss increased. They showed that fatigue increases the
cost of exercise., They stu-ted investigations into the effect of differant
methods of carrying the samw load, 3.8, in the hani as opposed to on the
back, and demonstrated ‘increased cost in cases whero e load was not bal-

anced. :




6. In a small number of experiments on the calorific cost of marching
up slopes they found that if the gost of marching horizontally is sub-
tracted from the actual calorific cost, the cost of raising one pound of
dody weight or 10ad one fooi is relatively constznt,

1. Zunts and his school expressed the "costlinoss" of load-carrying in
terms of calories por horizontal idlogram-metre, The calorios ropresented
the net calorific oxpanditurs in excess of basal calorics, and tho units of
mass referred to tho mass of subjoct plus his losd. Thoy showed that for
spacds below about 80 metres per minute (3 mph), costliness measurcd in the
above units remained fairly constant at about 0,52 gram-calories por hori-
sontal kilogram-metre. Other workers of the school obtained similar values
and the discrepancies of Douglas and his co-workers arc explicable in torms
of ' thoir use of a basal rats relating to tha standing position instoad of
lying-down (soe Broszina and Kolmer (1912)),

8. Por ratos of walking in excéss of 80 m/min, which ho callod the
'maximal economic smeed’, Durig (1911) claimed to show that the uptake in
gran~calories per kilogram-metre increased as an exponontial function of
the spaosd in excess of maximal aconomic apecd. Tho rapid rise in the cost
of walking above spoods of about 3~3% mph was an important finding,

9 Brazina and Reichel (1914) claimed to confirm Durig's findings for

a range of loads car:risd, and also studiad tho affact of various loads on the
motabolic efficiency of load-carrying., Plotting load azainst gram-calories
per kilogram-metra, thoy showed a minimum value for tihc latter at a load of
19 Kgn. For walking spoeds below 80 m/min, the onergy cost oxprossed as
calories per horizontal kilogram-metre for loads in oxcess of 18 Kgn was
approximataly provortional to the square of that oxcess. Their actual
exporimental figurcs show a minimum value at 14 Kgm although the figure of
19 Kgm corresponds to the minimum on the cnrve which they dorive theoreti-
cally fro? their data. R

10, Cathcart and Orr (1919) and Cathcart, Richardson and Campbell (1923)
repeated tho work of Brezina and his co-workers, with similar results, .
They ad on u maximum economic valocity of about 80 metres per minute

(3 mph}, and also studied the effect of various loads, carricd with standard
British Army wabbing equipment, on the cost of transvort in gram-calories
per kilogram-metre per square motre of body surface. lizasurad in these
units in two subjects, the "costliness" of carriage fell when the load was
increasad from 25% of the body weight until the load rcachad LO# of the body
weight, and thercafter rose stesply. These authors concluds that although
LOS of body weight zay be the most cconomical load when carriod under
laboratory conditions, the traditional figure of ono-third of the body weight
is prodabdly best for rough and sloping terrains; but no experimental data
were presented for such conditions. .

11, Bednle (1924) studied the effect of carrying loads in different ways
by woman, and found that a yoka placed across the shouldors was th:e most
economical method of carriags of thc six methods tricd. A study of the
photographs in Bodale's papcr suziests that, othor things being zqual, the
least costly mothod of carriazu is that in -vhich tho normal cantre of
gravity of the body is maintained. This later roceived somo confirmation
from the electromyographic work of Linsold and Naylor (1950), who found

thut there was much less eloctromyosraphic activity in tha muscles of trunk,
back, and shoulder girdle during walking if tho load wore carricd in a
balanced fashion, and if tho woight of the load was transmitted to the ground
via the body skeleton rathar than via muscles which have to do useless work to
support the load,

12, Thero is some rather inconclusive evidence (Cheyne, 1926, Daniels et al,
1953) that- less onorgy is expanded in carrying a load in the "high back"
position than in the "low=back" position. Tho naturoc of the nroblem of

how best to carry a lcad of givun mass makes it difficult to dosign crucial
experiments or to evaluate the work of others, It is quite possible that
factors such as comfurt of fitting, and amount of permitted movement or

;e




'Jogging' during carriago, are of importance in determining metabolic !
cost, and it is very difficult to control these factors, For example, it f
is diffioult to design a mothod of carrying loads on a belt (Daniels et al, i
1953) which would not causo discomfort or pormit movomant of parts of the !
load with the limbs, i

13, A» 1s to be expected, unidimensional factors such as load, body waight,
and spaed of marching are given prominence in the sciontific litersturs but
unfortunately quantitative work on optimum loads, velocity, and body weight
£ " bas involvod carriage of the load on the back with difforing forms of harness
;‘. tho charactoristics of which have not always busn adequately specified. This
L . faot no doubt accounts for a certain amouat of the variability in the resulis

Jr veported by differant workers,

f N THE USE OF CRITERIA OF UETABOLIC EFFICIENCY IN LOAD-CARRYING RESEIRCH
. *14. A hypothesis implicit in much of tho research undor review, is that
g‘ there i an optimal or most oconomically carried load, and also an optimal
8 or most economically maintained velocity at which to carry it, These are
¢ to be detormined by ordinary costing principlos. On tho dobit side is

the metabolic cost of a particul.r piece of load-carrying work., On the
crodit side is the end-product of this work,

15.  'The metabolic cost of the work is taken as tho difference between
the calorific expenditure during the work and the basal metabolism under the
same dietary and environmental conditions, the units “working~calories*
being usod as a mcasure of this differonce,

16. In a task whoro the end-product can be moasurcd as real physiecal work,
- such as climbing, or performing on an ergomoter, a convonient criterion of
muscular offieiency is at hand. This is oxpressod as the ratio of external
workk done to the metabolic cost of that work. During thc carriage of loads
. on a horizontal plane, no useful physical work is dono, 80 a simple ratio
* will not suffice,

17. However, oxt.rnal work is a product of force (usually weight) and

- displacement, As if by analogy, it has boen a comaon practice, eince the
work of Durig, to calculate the quantity of end-product by multiplying the
total weight of subject plus load by tho horizontal displacement., The

" index of the "costliness" of the work is oxpressed as thc ratio of working
calories expended to the product of total weight times distance travelled.
This index represents the reciprocal of efficiency, and is mcasurcd as

+ grsm~calorios per horizontal kilogram-motre,

18, It is worth emphasizing that this evaluation of the end-product of
load-carrying is quite different from that which would appeal to ths
gconomist or production ongineer, In a measure of load~carrying efficiency,
it is at first si.ht illogical to include the waight of the vehicle as a
worth-while part ol tho load transported. Using these units, a heavy goods
train carrying a small parcel would appear to be working as aconomically as a
train carrying its full load, From a practical point of view, the weight
of the vahiclo may be considered as "dead weight", Similarly, in human load-
carrying, the stevedore is concorned with carrying a givon amount of material
from A to B with the least possible enerzy cxpenditurc,or,if on piece-sork with
-carrying the grcatost amount of matorial from A to B for a given expenditure
.of energy. It is merely unfortunate that on each trip he makes he has to
carry himself as well as his load, In forming a judgemant of the optimum R
: .load for a stevedore, therafors, the concept of calories per kilogram-metre,
(the kilograms referring to total woight of subject plus load) is irrelevant,
I, however, the kilograms refer to load only, the concept hecomes relevant,
and may be optimized against load. (See Fig.6). When the data are plotted
in this way, it bocomes clear that, for the stevedore, large loads might well
.be preferadble,

T LN U A S . .
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19. Such-like abstractions from experimontal dats must always, of course,
be interpreted with resarve. In this case, for example, it would be
necessary to ksep the absoluto rate of working within certain limits so

a9 not to place unduo strain upon the body.

20. I one comes to consider anothor example of human load-carrying,

that of the soldier marching with his pack, the weight of the soldier

cannot be regarded as dead weight. Tue transportation of the body of : R
the soldier is tho mcjor ain, The uae of the units "calories per hori~-

sontal ldlogram-metre (total woight of subject plus load)" is therefore

not entirely inanvropriate,

21, To use these units without specifying load or velocity it would
be necessary to assume, firstly, that metabolic cost is directly propor-
tional to velocity of marching, and secondly, that metabolic cost is
dirsctly proportional to total weizht of man plus load, It will be seen
later how far theso assumptions are justified.

22. Attenpts bave been made (Broszina and Reichel, 191k, and Cathcart
ot al, 1923) to optimize load against some such criterion as the above.
Even if ihe experimental rasults supported this, the procedure cannot
give o militarily optimum weight for the soldier's equipment. Such a
procedurs implicitly assumes that each kilogram of load is of equal military
value to sach othor kilogram, and to each kilogram of soldier, It is
olear, however, that if the naked soldier were clothed and accoutred item
by item, his military value would not rise steadily as more weight was
added, but would rise sharply as he was given his rifle plus a few rounds
of smmunition, and much less ste:ply as ho was given a second spare pair
of bdoots,

3. And just as it is not easy to optimize load against calories per .
horizontal kilogram-metre, neither is it easy to optimize velocity against
the same index of costliness of effort, Supposing we werc to aoptimize
the velocity of a gat against calorios per horizontal kilo-metre, the
result would be that the cat would never catch a mouso., It ware better
to optimize velocity against calories per mouse caught, Very similar
oconsiderations might apply to a man facing an enemy, whether he were
advancing or retroating,

2. From a purely physiological point of view, tho ralevance of these
criteria of metabolic efficiency, even if they could be usecd in s logical
manner, should not be taken for granted, It is often tho case that an
engine is working under the bsst conditions from many other points of view
when it is workdng most sconomically, znd that a rise in fuel consumption
per unit of ocutput vetokens something amiss, The same atate of affairs
might often apply to the human muscular system, but a more precise
Justification for these and similar abstractions is soldom poasible,

25. At present therefore, it would szem both wise and convenient in load=
carrying work, to mako as few abatractions from the experimcntal data as
possible. The use of the units of working-calories ver minute ia often
sufficient and is cartainly convenient. Furthaermore,working-calories per
minute can be said, at a firat approximation at least, to ropresent real
physialogical cost in terms of what the lungs and circulation have to
provide in ths way of oxygen and metabolities, in order that the work should
be done, For work involving the massive use of musculature, such as loade-
oarrying, these factors may be tho limiting ones, as Muller z1953\ suggests,

litlbollc research may thorefore be successful in determining limiting values

op losd, velocity, or environment. DBut it 13 only with the above reserva-

-tiom that it vould bve helpful in laying down optimal values, for the simple

Teason that it is not usually sufficient to measurs physiological or any
other cosy in terms of calories, and not usually poud.ble to state the precise
end-product whose cost is to be assossed,
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" 26, With these important resexrvations, however, it is still of grest
potential interest to present the data of previous workers in common forxms,
80 that the results of one worker may be compared with those of another, :

+vafid 80 that a cohorent picture may be obtained. It will bo found that .
tho assumptions underlying the use of the units of calories per horizontal
kilogram-metre are in part woll-founded, and that s case can bo made out
for their use on oocasions, provided that velocity st least is specified,

o

27, Such a treatment of the data of previous workors is attempted in the
following section,

POSSIBLE FACTORS AFFECTING THE ZNERGY EXYENDI™RE OF LOAD-CARRYING

28, It is clear that many variables have to be constdered in assessing
the energy exponditure of load-carrying. These variables includei-

(1) The weight of the load carrled, ;
(2) The body weight of the individual.

(3) The velooity of walking.

(4) The method of carrying the load.

(5) The length of time for which the load is carried.

(6) The effect of ‘tm.ining.

(7) variations in torrain, o;g. level road, alope, rough
and smooth surfaces.

(8) Meterological conditions, o.g. tompersture, humidity,
wind velocity,

(9) Clothing.

(10) "Psychological" factors, o.g., coufort, morale, fatigue,
nervous tension, interest,

29, Bocause of the timo involved in motabolic studies, individual physio-
logical workers in this field have only found it possible ta examine the offect
of a few of these factors on a very limited number of subjecta, For this
reason it has been attompted here to combine all available previous experi-
mental data (Appendix A), Since compiling these results and the graphs (Figs
1 to 14) therofrom, a faw further data (e.g. Hill et al (1924=5), Ogasawara
(1934), and Liljestrand and Stenstrom (1920)) have been found, but the data
here presented wers all that wero available at the time of the study, and

were not salected in any way except by virtue of th:ir accessibility.

30, It has been thought dosirable, in the graphical prasentation, to
show which experimental rcsults were obtained by which authors. In this
way experimental bias on the prart of a particular author might the more
readily become asparent. At the same time, in s9 far as sach result from
a particular author forms a control for each othar result (aa certain of
his experimental errors will ramaia constant throughout his work) the
results of cach author may be studiod in isolatica from all other authors.

31, All the data collected were from hoalthy male subjecta walking on

the level in a temperato environment (not always adequately specified by

the authors concerned), The only treadmill data included are the results

of Daniels et al (1953). Although theso workers stated that a significant
difference exists between the metabalic cost of treadmill and ordinary
walking, it will be seen from the graphs that treir pooled results show in
themselves very much less scatter than do the results of all authors combined.
Por this reason there seemed no point in excluding tha treadmill data from

the graphs, :

-5‘
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Weight of the Load Carrioed

32, The rates of energy oxponditure, expressod as working kilogram—
calories per minute, for differant loads aro showm for three separate
volocities in Figs 1=3, All exverimontal rusults are included re-
gardless of the body weight of tho subjocts. Tpo quostion of body
weight is dealt with later (paras 38-40), Tho ovidecnce is most completo
in Fig.1 for 90 metres per minute (3% mph), At loast as a first
approximation it would ssem that tho energy oxponditura varies directly
with the load carricd, The slope of the straizht line is G,052 kilo=
calories per kilogram, which agrces well with tho relationships obtainod
from the whole of the experimontal data in Apvendix D (sce paras. 45-50).

33. It appecrs from Figs 2 and 3, and it ic confirmod 4n Appendix B,
that the relationship for othor speeds is ulso linear, the slope varying
ascording to the velocity,

1% The discussion of Brozina and Reichol (1914) and of Caithecart ot al
11923) contred around the question of an oytimal load, expressed in tomms
of calorios per horizontal kilo-rum~metre. A3 thore is a linoar relation-
ship betwoen energy exponditur: and load, thesc discussions lose much if
not all of their former interest, as they are in fact concorned meroly
sbout whetlor thore are slight deviations from linearity or not,

35. Plotting calories per horizontal kilogram-metre (the kilograms

being the total weight of subjoct plus load) against load, Brezina and
Reichel found a minimum cost at 19 Kg load. Tho results however apply

to a series of experiments on 2 single subject, and it would be rcgarded
nowadoys as -foolhardy to derivo such sweeping gonoralizations as did
Brezina and Reichel from such a small number and varioty of oxperimental
results. Thoy did not determine the variation from one subjoct to another,
from one method of carriage to another, from onc environment to another,
and so.on, heir conclusions, tharcfore, are based upon insufficient
evidence, Othor criticisms in that the authors assumed an arbitrary basal
value for the serics, and did not spocify the envirommental conditions such

.as temperature, humidity, and air velocity, are quite minor in comparison.

36. In order to test the conclusion of Brezina and Roichel, data from
other workers are presented in Fig.4, in which the same co-ordinates ars

used as wore used by these authors. This manner of presenting the data

is only justified when the velocity is lnown and constant, because, as will
be seen later, the relationship between velocity 2nd calorific expenditure

is not linear. The velocity of about 90 metres per minute (3% mph) is

again chosen., It is soon that Brezina's postulated minimum at around 15

or 20 kilograms i3 not borne out. Tho data when plotted in this “ray scem

to present a horizontal straizht line., If the relationship between load
and metabolic cost is linear, and the cost in terms of calorios per hori-
gzontal kilogram-metre for a given velocity does in fact remain constant, as
appears to be the case in Fig, 4, then it can bc concluded that the relation-
ship between body weight and metabolic cost must also be linear, with
approximately the same slope in calories per kilogsram. It will be scen later
(paras 45=-50) that this does seem to be the case. But for the momont it

is sufficient to note that any minimum thcre may be in Pig. 4 is certainly
not a striking ome,

37. Cathcart, Richardson and Campbell (1923) ussd two subjects,
Richardson and Campbell., Loads over a wide range were carried at a con-
stant velocity of just over 90 metres per minute (3% mph)., The load as a
percentage of the body weight was plotted against metabolic cost in calories
per horizontal kilogram-metre per squars metre of body surface, and a
minimum value found £~ tho load of 4LOF of the body weight., This method
of presenting the data has baen repsated for all ths workers an Fig.5.

While it could not be said to lend very definite sunport to Cathcart's
hypothesis, it can be argued that when the load roaches a very large per-
centage of the body weight, the cost of carriage increases disproportionately.
This would indicate certain obvious limitations to the linear relationship
vostulated from Fig,1 (para 32). The large scatter of ‘he results pre=
cludes firxm conclusions, and is perhaps an indication of the doubtful val-
idity of prosenting the data in this way,

-8 -
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38,  If the velocity is kept constant, and the load is keps constant,
it should be pocsible to study tho offect of body weight on motabolia
cost. If this ia done, (Fig.7) tharoaro insuf{icient data from any

Weight | : e ST - ?g
Body Weight . | '

", one load or velocity for cny fimm conclusions. T:e only data on which

conclusions can ba based are those of Pasamore ot al (1553), and these
also have baan plotted in WPig., 7. It is important to note that wheraas
the other data refer to a velocity of 90 m./min, and a locad of 20 Kg,
Passmore’s data refor t3 a velocit of 50 m./min, and were obtained from
unloaded subjocts., Passmoro's data can be roprusantad quite well by a
straight line nassing through the origin, with a slope of 0.047 kilogram=-
calorios per Kza, It is lil.ely tuat the slope for 90 metres/minute

would be vary closa to 0,052 !:ilocalorias/l:gn, which is tha slope in Fig. t
for 90 motras/minuta,

39. To summarise tie eflects ol body weight and load, the data allow the
hy=othesis that at 3 noruwal walking pace, round about 85 metres per minute
3% mph)overy increase of 10 Xg (22 1bs) in total weight (body plus load)
will increaso calorific output by about 0.5 kilogrem-calorias/mir., whether

the increase is in body weight or load.

40, In Pig. 9 it i3 soun that such a working hypot.asis would lead to no
groat orrors, but the rolationship departs from linearity for smill valuas
of body waight plus load.. The daparture is by virtuc of tle rasulta of
ono author {Cathcart (1919)), so that two possidiliiies romain, Iither
Cathoart's results in 1919 wor: consiatently Lish, or clse the calorific
output of mon under 60 Kgm woi~<ht is dispropcrtionately high., The firures
of Passmore et al lond no sup:ort to tho latior possibiiity, but do not
exclude it as no vary lightwcight persons .ro includad in thoir data.

Velocity of Propression

N Several observations have beon racorded on tuic offect onm onorgy
expenditure of varying th> velocity of walldng vhile carrying & load,

Thoe data of Drezina and Raichel (1914) indic:te that load carriage is
most aconomical at spoeds below au roximately 30 m/min. These data, and
those of othoer workers have boan presented in Fig. 143 and from this,
when the results of each worker arc considercd separately, it could be
arguod that above a velocity of 30-90 m/min netabolic efficiency dacreases
rapidly.

L2. It may be that the curve iz S-s. apod, and that cost does not rise so
rapidly abova spszeds of 150-130 m/min. This would confirm the finding of
Durig (1911). It would not be at all unoxpectad, for at such velocities,
running or a shacial style of walizing would tend to occur, and for these
higher velocitias running is probably more officisnt than walking (Ogasawara,
1934). Even if Durig's subject wars walidng wita an ordinary style
throughout, and had not alterad his style of walldng for the hi  hor spseds,
a limit to the cajacity of the heart and circulatiom to sud?ly more oxyzen
will occur around this value, and figures for oxygen intaica as opposed to
total oxyzen roquircment comuence to bo unreliablo (Hill, long, and Lupton,

1924=5).

43, Regarding Fig.14, it secms justifiable to pool various loads and
various body #eights in view oi tha fact that cost in czlories per hori-
zontal Lilo ram-metre does not vary much eitiier with load (Fig. L) or
with body woight (Fig. 8). In Figs 10 to 13, tie effact of velocity of walking
on energy expenditure (in Working Cals. per min) when carrying constant loads
is shown. Bach of these graphs does show a sug.astion of 3 mors rapidly
increased ratc of e:ergy output above a velocity of 80-90 m/min, and if this
point of inflexion in the curve is confirmed by furthor work it would sub-
stantiate the claim of Brezina and Raichel that such a velocity is optimal
for metabolic ef{iciency, e :

~.




b Satinates Ravo Sooen sude of th: maximun rats of calorific exponditure T
whicl, can be mainvainad incofinitoly whon worldnz 8 Lours por day., Lehmann i

1953), has givon this v=lue as 5.2 working kilocalsries or min and luller
19 givos 4.0 wortinz Mdlocalorios nor min. Lohaann (»ersonal communica-
tion) agreos with .luller's aazimum as the 1ore sroctienl valua., If !uller's

figures ar» uced to deteminc the maxiny:, wlodty for .hich differcnt loads
nay be carriasd indefinitaly for 8 hours axch day (by rsfurance to Figs 10 to
13), then for zero lond, tike maxizam valocity is 100 n/ain (3.7 mph), and

for a load of 33=34 &, 77 o/ain (3 mph). A more ac.uriio estim:tion of
this maximal caloritic oxpenditure for seriods varying froa say a duy to a
year woulc anadle axiaal velocitiaz st which loads could be carrisd to be
predioted, assuming a 'worliina-doy! of an - voximately ci at hours, (Saee para.

49). .

An aquation rclating unargy oxoonditura, load, Lodr w.i-~ht, and veolocity
of %or!zonin! orozrossion

45, It is seon from tho proceding paragrephe tiat a linear relationship
probably oxists totwesn calorific expenditurz on the ozo hand and both load
and body weizht on tlo othor, wnd that some forn of curvilincar rolatisiskip
holds for valocity.

46, Curve-fitting -rocadure (s20 Sr-endix D) wac carrieé out on tho entire
data tabulatad in A» ondiz A, The bezt oyuation 8o far evolvod rolating the
varicbles is as follows:w

C = 0,0083(10 + 7 + L)e"/5°

whero #C is tho onerzy oxmanditurc above tho bassl metabolic rate in working
xilocalorias per mimute, W iz &9 weiyht of the man in kilograms, L is the
load in.lidlogrims, aad V is tho velocity of wailking in motres nor minute,

o is the exponential constant and is cqual to 2.72. Cr-dicted expenditires
for various loads, spoeds, and body-weights arc sressznted for convcnience

in Figs 15-18, If not known, basal metaboliasm may be predicted from body
weight (see Pig.19) by moans of tho rogressior

Y = 0.5 + 0,0091 W

where Y is the basal matabolizm in kilocalorics per minute and W is the body
weight in kilograms, In ti:is study basal netabolism and working metabolism
have been kept saparate in vier of prcdouinant usage, zlthough it is prodoble
that equally ac-urate prodictisn, with soms saving of labour, would have
resulted if basal values had baon dizrogcrded ontirely and total metabolism
had besn sudbatituted {or workiaz motabolism.

47. This ozuation incorporates quite succossfully *thc relationshins beiwean
load, body weisht, and 2nergy exponditura doveloped in varas. 32-40. It shows
that a simnla oxponontial lunction describas auitc well the ralationship
betwosn o.ergy oxenditiiro and velocity for the velocity range over which the
data ware collactad, s.y about 50 to 120 metres ver ninute (2-4.5 mph).

At very low and very high spoeds there i3 no recson to as.ume that this simple
exnonential ralationship holds.

48. When using this {ormula it should of course bc remembered that the

.scatter of individuals' encrgy expenditure is so wide that prediction is not

practicable for the single individual. For 90% certainty of prediction the

range is aprroximately 1 lilocclorie boti ibove and below the predicted value,

It is quite clear that a large prop rtion of tais uncertainty is due to

experimental erro-s and differences in techiuique, and so we may look to the .
- future for considerable improvements in the certainty of prediction. Even .
then it may confidently be aossumad that substantial individual variations

will de showm to axist.




[R5

- &
k

9. It was Bresina who first suggested that in marching it is more
ioportant, fran the point of view of onorgy cost, to keep the velocity down
to 3 oph or below than to reduce the load to vory snall valuss. Ve have
seen that each kilogram of load sdds to anorgy expenditure about the sane
figure as each kilogran of body weight, .hoe energy cost of a march will
therefore vary dirsctly with load, so that thare is no "optimum" value for
load except zero. Lot um now see how the cost of a march varies as a
function of velocity,

The energy expenditure per ninute above basal is given by
v/5°
wC « 0,0083 (10 + W+ L) e viess (D822 46)

The tine taken to narck a distance D is ”/v oinutes, Therefore the
energy expenditure, E, above basal, in marching a distance D ia given by

v
B = 0.,0083 (10 + W + L) a/5°' V.

m nost econonmical value of V is clearly that which mininmizes E, i.e.
v/
£ 2000832 (10+7+1)0 ,5°(-§-5-1) -0
v

This yields a value of V = %0 metres “er aminute, or 1.85 mph. We have
therafore the iniaerosting fincing that, for ainimising tho total energy

cost of a march, the optimum volocity is in tho region of 2 mph. It can

be seen from Fiss 15-18 that st this velocity even very large loads, in

excess of a hundredwaight, con be carried contiruously :rithout axcesding
‘uller's upper workaday linit of 4 worling kilocalerios 3ar minute (aea para.uh).
This optimum velocity is indudsncent of load, body weisiit, and distance narched.
The comwarative cost of a marcih at other velocities, ox>ressed as a porcentage
of the minimal cost at 1.85 mph, is shown in graphic.l fom in Fig.20 (which

is e.sgentially a condensed and smoothed form of Fig.14). For ths convenionce
of the militzary roader, il grajdh has boen marked off at several velocitias
corresnonding to Iuller's upier limite of 4 working kilocalories per minute,
for different losds (acsuming an uverage man of about 70 kz).  These would,
according to lullar, ba the valocities which could be kept up for an B-iour

dsy, day in and day out, aore or lesa indelinitsly.

50. In those occunations whor: the load carriud is of orime importance,
tha weight and velocity would no doubt ba adjustod tovards aigh weijhts and
low velocities, From a military noint of viow, it may be taat in some
circuastances, it is tLa aan aad not the load vhich is of critical. importance
and in thise c¢:3a a reducticn of load would Ye nacessary to ofZect any
dasired incraase in valocity,

Hethod of Load Carriage

51. The u»right posture does not requirs very much cner-y expenditure
because no muscles have to work very hard ir order to z:intain it. What
work is done is presunably sxiended eithar:- |

(.) in maintaining »arts of the body rigid. This aay entail
the continuous iction of agonisi . ind zntazonista against
each othor, or the action of musclas o.g. thosa of the
shoulders asainst externally applisd force e.g. webbing
equipaont, -

(b) in rectifying errors of positioning which, if allowed to renain
uncorrocted, would lead to greater errors of position. In
othur vords, in balancing,
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52,  In marching, the cbove items ars undoubtodly increased, In ad-ition
work is done:-

(e) 1in roising and lowering tha limbs, and tho body as a
whola (3enazdict and iiurschiuusar 1915),

(4) in accoleratinz and decalerating the limha,
(a) in overcoming Iriction 2nd wird rasistanco, !
i
53. Carrying t.a load on the lorer linmdb is obviously unaconouichl as it
increases item (a), Compared :fith lox's cacried on the back, thare ic a
significant incrsase of crers- ex-uniiture cven if tha load is cerxi:d on
the thizh (Daniels at al, 1953) ind of course even nronter incrcascs occur
when tne lood is ca rried on the {wet (Russell and declcing 19463 Turrell and
Robinson, 1943 cit, Russell and L:lding 1946). |

She Carrying loads in tho k:nd or under onz am i3 =lso in general
uneconomical (Zuntz and Schumbury 1901, 3odale 1924) as is any nethod of
grossly un®alanced carriage, as this increases itcms (a) und (H) unnoces:-
arily (Lippold and Naylor 1950). ‘

55 Hoad carriage, anl yo o carrisve, althoush efficient, moy bo dismicsed
in this short discussion 2: usually impractic~l {rom a wilitary noint of view.
Anotzar point which 1oes not roquire disenssicn i3 4het the load should be
dispused as close to the body as poszible, in order to ics.on the tuming
momants required to turn ti> body uvhen such movaaonts are ruquirud' and so
that unbalince should be reduccd to a minimum. 1

56. At first sight it cust sc 2 obvidus that th: 1-:d should bcgproperly
balanced from side~to-cida and 2lso fore-and-alt. [lowev-:r tho weliht
which can be »laced on t. 2 front of tie bedy without unduly encumbering the
soldier zay.be linited, and it has usually been found desirable to inzroase
the weisht on tha back, This 138 neceszarily - unteracted by slight stooning
the dosirability or otheriise of =lich is not yet clair, Taors has been a
certain amount of controversy s votresn "aigh-back" loading and "low=back"
loading and claims havo bezen made (Cheyne, 1990) that high-hack earriage
raduccs metabolie cost by as much as 103, Ho. ‘gver, many other alterations
were made to the high-back pack desicned by Chewvnae, and it i3 not kn owm
what contributionwas made by thase otiu.r r:ctors. '

i
57. In order to ret:in persnective in tho mitier of “here tie lpxd should be
placoed, it shonld be nointed out that, aswrt fro: tiw increases which could
occur from placing the antire lozd on the F23t or on some othor moving part,
the differrnces involvad =2ra3 not large. ‘zocrl sents in progress at AORG
show, for example, that tho oxtra cost cf =lacing o lond not only ontirely
on the baclk, but removed uix inchos posteriosr to the surlace of th2 back by
means of a suitaible harmess, as comparcd with the cost of a perfoctly balanced
load, is unlikely t- . 2 ~hout 5., and 2y be apreciably less, 82 long s
tko load does n ¥ .xe..l avout 50 Ibs, lere it should erhaps on rn=o.nhasized
ti~t onorgy oxmenditure and 'fatigue' are not symonymous, !

58, The work of Daniels ot al (19533) su: cats t.at tusre is proidly not
much difforonce in tha .ietabolic cost of hi hwback sarriige -nd low-back
carriage. Hizh-back car-iage provably entails slightly less stooping, and
more use of the musoles of tha back,

59, Linpold and Naylor (1950) sus-est that in order to saive muscular

effort, the weight of the load should b2 »nlaced as [ar as pogsible on bony
structures whence it czn »o5 trananitted directly to carth, Dlorsonzl experionce
indeed suprests that many webolng oquipmenis cause severe 2nd unnccessary

work on the »art of the shoulder muscles, -~ud that if a load can be nade to sit
on the hins or pelvis as doss the Dergsn rucksack, it can be carried more
oasily, The method of 2chioving this no doubt lies in the skilful dosiyn of
the pack, rather than in attaching the load round the bolt, as Daniels st al
attempted, Suavending thae load fro. g b2lt mar uasily ciuse chafing, undue
movement of tho load, and restriction of thish movenent.
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60, Marching at attention would undoudtedly entail higher expenditure of

energy than marching or walldng in a more relaxed manner, but the size of the

inoroase has not boon investigated, All the data in Appendix A may be taken

to appertain to a fairly relaxcd gait. Until furthor dsta becone available

it is perhaps reason:ble to expect that, a further 5% or 10§ or ocoasionally

even more might be added for marching at attention, deponding on the rigidity
) of posture.

) Length of Time for which a Load is Carried

. 61, With feet and lower limbs aching after a severe march of 50 Km, two
sudbjects of Zuntz and Schumburg (1901) showed an increased onergy consumption
* of the order of about five parcent for the same marching task. A similar or
evon smaller incroase was demonstrated by these workers on several occasions,

. 62, After a rapid eight-mile march "to exhaustion" with heavy packs, the
two subjects of Cuthcart, Rich.rdson and Camphell showed no such inorease, in
. suite of aching or blistered feet and aching shoulders,

63. It is cloar that any effect thore may be is small, and might de
accounted for by changzes in posture and in tho rigidity with which narts of the
body are held.

64 Some work on rest nausas was done by Catheart ot a1l (1923), The subjocts
had to cover a certain distunce in an hour, eitier by marching tie whole time
slowly, or by marching for 40, 45, 50, or 55 minutes during tho hour, corres-
pondingly [{aster, and resting during tuec remainder of tho time, When the
distance which had to ba covered in the hour was only 3.5 Km., the cost of the
march remained roug:ly constant, Dut /hen tho distzace sas 5 Xm., it was
bettor to march for 55 minutaes or oven for the whols hour rather taan attempt
. the higher v:locitiea, The work of Iluller (1953) lowevor, mxkes it appaar

A probable that if the rist pauses hid bean spaced -1ore frequently, the hizher

: velocitios might have baen attained at less total cost, But rest pauses
oevery fow ninutes would be difficult to orgenise on tic narch, and it is
cammon experience taat it is preferable to kasp up an oven pace rather than
to march very quickly for a uinute or two, thon rest, -

o Training
{
65. although sevaral subjects have veen investignted ovor .any nariods
. of exercise, no triining oflects ssom to have been notad in tha litarature,

It therafors sooms reasonible to oxpect that, if traininy effacts exiast,

thay will not rove to be very rrs-t. Tae roduction in ax=l.ustion, in
blisters and in the aching of limbs consonitant with training would be ox=
pected to ciuue a reduction in tL2 matabolic cost of the saae ordaer as the
increass cue to these {actors mentionad in the previsus Section (para 61),

: i1.0. about five per cent. L:'rger raductinnsthan t.is occur during the period
: of training in tlie wairing of the an-aratus, and particularly in tie first few
: experiments on tas troadmill (Durig, 1911), The e.fect of training on
metabolic olliciuncy ssoms to vary with the extent to which a2 person h2s to
lgam now movemants., For oxample, there =ro lar e training effocts in
swimaing, rock-climbing, tiaver-felling and Imitting. ‘

Variations in Gradient and Terrain

. 66. A fow obsarvations by Zuatz and Schumburg (1896) and by Durig (1911)
sus-ested that the cost of uphiill -~rosression for gradients up to about 1 in §
or 6 over and sbove the cost of tha norizontal componeat amounts to 7 or 8
caloriocs per metre-kilozram (total weight of man nlus load), in temperate
waather, :

67. In Durig's results thiare wora mar.ed individuzl variations,

68, A fow results of Duaiols oi al (1953) su -ested a 145 increase in
motabolism for each de~res of slope. This incresss is of the same order
as thoso of tha German workers, [Estimutes from fijures quoted by Lehmann
(1953, pase 149) are 2lso in substantial agreenent, the ostim-ted extra
cost varying betwoen about 5 .ad about 8 gram=calorics per metre-kilogran.
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69,  Pinally, ths two snbjocts of Dumin (1955) gave similar results, the
axtra cost of tho vortical componant (aftor subiraciing basal metabolicm and
the cost of the horizental component, as before) being about 8 gram-calories
per netre-iilogram, Thaso subjoects wera ascoanding a gradicnt of about one
in five at thorate of 2,000 fcot per hour.

10, Vory fuu figures indsed can ba given for th: cost of dovnhill welldng.

A few rosults of Asmusson (1953) su just that for domhill gradients of up %o

1 in 6 thore may be a reduction in expenditure with a maximum roduction of 104 )
at a gradient of 1 in 10, comparod with horizortial waliding., At stoaper

gradients the cost of horizontal walking is exceeded somewhat,

1. Little roliable information is available on tho offect of terrain of
different kinds, Daniels ot al -roduce a few rasults which at first sight .

suggest that trcadmill walidng is roushly 10% less coitly than cinder-track .

wallking, but differi.nces 18 environiental conditions (tae treadmill expori=-

ments were conducted at 70°F, tis itrack oxperiaents ai an unspocified temp- .
erature) might possibly account for a discrepancy of this size. Spitzor's

figures, quoted by Lehmann (1953, wage 140) for unladen salking at 4 Km. por

hour, st that walldng on fimm grass may increase enar;y expenditure by

about as comparsd with -:alking on a’ good road surface, Talking across a

ploughad fiold may c.usc increases of the order of 100% or oven 150%, dopending

upon conditins,

detoorological Conditions

12, It is orobable from tho work of Durig (1911) that wintery as opoosed
to sumaery conditions in Durone may increase tiio cost of uphill progression by
50% or more, but the efiects of the surface .nd climatic conditions cannot

be disentangled. No furih:r information is availablo. Furthermore, an
increase in cost due to low onvironuontal temperitures say have a dilforont
significance [rom that of a similar increase canused by actual work. No

data have been found of ths cost of load carriasze undor trovnical conditions,

Clothing

13, Although a good ¢211 of work has beun Fone, particul .rly in the U34, on
tho haat stress eflects of dilforont clotling assomdlics on uen doing moderate
7ork, none seems to hove dealt witl the o.loct of clothing on tho motabolic
cost of load carriago. Tho roport of Lir:dld and M:rlor (1950) d:als briefly
wtith tho problem of adequata ventilation in ths desigh of load-carrying equip-
mentas, Somo methods of load~carriage e.g., battle jerkins, desirable in many
other respucts, seem to ave oncountered onnosition from users on the grounds
of thermal discomfort, but sonsible wersniration rathor than hoat stress i

no doubt rasponsidla for the comnlaints,

Psychulogical Factors

The It seoms 1lilely that discomfort, aching, ovorstraining small musclos,
and all the results cf noor desizn of equipment, or overwork, or insufiicient
training, would incroase unneccssary movements and incrsase muscle tone locally
or generally, resulting in an ircrease in tho metabolic cost of the work, Mo
experimental data have bacn colloctad on this voint.

5. Individuals in 2 state of "nervous tension" and nourotics would

" undoubtedly work less efficiantly tlan nor.al individuals on account of their
tondency to contract buth agonists and antagonists simultanoously (Bishon and
Clare 1949), and on account of the immaimment of thoir oxysen-carrying capacity.
Jones (19&95 found t.at neurotic subjects with effort-intolerance had an
increased post-exercise oxygen untake. He discusses somo of the factors =
muscular, autonomic, and othem-— involved in the greater cost of musculcr
oxercise in these neurotic pationts, ;

76, In a state of pronounccd muscular fatigue, muscles adjacent to tho ones

necessary for a voluntary movement tend tc contract (Ash, 1914)., This would
also increase tha cost of tho work, .
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1. Tho magnitude of thesc probable effects is uninown. It is possidble
that foar may have more profound offects on muscular activity, but this is
also a matter for inveatijction.

78. Prolonged sleep daprivation, musculur or montal activity, negative
attitudos towards items of cquipment or towards ths situation and many other
psychological factors may intorfore with tho dosire to merform work, much

more than with tho metabolic cost of any work tkat may ba worformed., Although
such factors aru not atrictly rulevant to tl:2 presont discussion, tuoy may
neverthelass be of »rofound sractical importance in oquivneont dosign and in
dotermining the load which should be carried.

pIscussIcon

79. Certain conclusions have alroady bcen drawm in tha forogoing paragraphs,
In the first plice the matabolic costliness of velocity has boen stressed,

If total availablo onorgy is linitod, and thors is somo avidence. that it is,
than if any amorcoiable distance is involved, marching spaods should ba kapt
undor 3 mph. In war even this snsad is probubly rarely attained in »ractice,
but in viaw of the atomic turasat, much ompkasis is being placed on mobility,
8o that it may be worth whila considcrin:; tho cost of hizhor specda. larching
at 5 mph across country in fizhtinz ordor will uxwend about 13 working kilo-
calorics ner minute or 780 woriinz; kilo-calorios per hour, lfarching at 4

mph would cost about 7 worling kilo-caloriss per minute or 4,20 worldng kilo~
calorios por hour., Lehmann's sug estad naximun expouditurc for one hour
(attsined by only one in 25 Gorran incustrial workers) is 600 working kilo=
calories in the hour, It follows that zlthouzh an average spood of 5 aph
across country in battle ordur miy on favouribla occasisns bo atiainabla,

tho tromondous cost of an citra ono mile wor hour should be rezlizod, It is
parhaps worth montioning that maxiswa ovorall anbility would not nacessarily
rssult from soldiars »roccodin- st an oxzhausting naca zz2rlier in tha courss

of a battle, only to have t take auch longer eriods of rest shorily =2fter-
wards, The racs would literally not be to tho swiftest.

80, As rogards the propor load for tho soldiar, wo bava sacn that thare is
no eriticzl figure, but that onercy oxponditurs ineraascs linsarly with load.
Somo basis haes boon srovided Jor dstinating t-o snergy expanditurc for various
loads at various snpuuds. Bxo:rimental data arc still noesdad for various
gradients uphill and devnhill, for various turrains, and for dilferunt climatic
conditions and »oscibly éifler.nt wsycholosical states, b.fore any reality can

b achiaved in an estimata of the metabolic cost of marching.

81, Bven when it booomes puasidle to nmilna an accurate ostimate, it will also
bo necessary to know what i. tho maximum e-lorifie output to be axpected from,
say, 95% of averasze infoniry soldiers.  The rolationship betwaon enorgy
oxpenditurs and subjictivo ind objective Jatigue is still not clear,

82, According to Huller (1953), the maximum output which can be axpocted
of the industrial worker woriing 8 hours n:r day, 300 d=ys por year, year
in and yoar out, is 4 worl:ing ldlogran-calories per rminute during working
aours. At 90 metras por minute a loid of snly 4 kg could be carriad 8

‘hours dor day if we are to accopt this firure. Until tho maxisum roasonable

output for marching, can be assesscd more accurately it is »bviously not
possible to racomaend any particul.r loed, either for prolonged of short-
temm carricge.

83. If wo ware to remain cout.nt with a slow rate of marching, say 70
motres por minute (2.5 moh), largo loads could bo carri.d -iithout asxecveding
this {i-ure of 4 wor ine kilncilories pir minute,

84. Recomendations of the maximum output to he exnacted from mon, such
as thosa of Lehmann and :fuller, can only apply to tho "average worker" or
some such hypothatical man., It is not known hew tais maximum level varics
with factors suck as tho »bysijue ond size of tho iadividual, but it sceoms
raasonable to assuae thst such fictors aro very important.
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85, Dofors w.y roasonable maximum ocutput con be arrived at, it is necessary
to kmow for b long this output must be maintained. It is obvious that

the maximur cluit which ean be kept up for a day or a week could not be kept
up corntinucaslr for a year.

86. Tho aYove semars apply minly to the lond which the soldier carries
while mrckirz. The load to be carried in battle is even less likely to be
decided fvo.. Turely metabolic considerations. Hoviever, let us see where
such considerntimes leads How would this load affect his mobility?

87. ot it Yo arsumed that in battle a man puts out an energy expenditure
which ke co. ) caly keep up for a week, l.e. (according to Lehmam ) 3000 kilo-
calorics per day. Part of his activity will include swmllking and runninge.

Let us suypeds he has 2000 vworking kilocalorics available for walldng and
rumin;, a? le’ us suppose he has to do 4 hrs walldng or rumning. ihat vAll
his avers=» cpud be for various wedghts of load? (battle order etc. including
rifie and clothing),

d¥aximn ed vhich ocould

Lood ’n be kept up for 4 hrs.
adnl |

0 145 (5.4 mph;
20 éu m; 115 (4.3
33 (73 1bs 108 (4 mph

88. It i<, of scwse, very doubtful that vhen a soldier has done all the
othcr things n~ "ac %o do in battle (for which no data are available at present),
he willi mave ~.c mach as 2000 kilocals to expend on running., But, in any

oas: the i ares 4llustrate that from the scanty data at present availablc we
have nn reasm *» zay that there is a critical weight for battle order heyord
which icbilily s drastically reduced.

89. If th. srr, on the basis of sound research, could state what rdnimum
levcl of il vas required, it would be possible to state the raximum load
for battlc crder: but it is firat necessary to ascertain representative
patterms of .~3tl.: activity., MNetabolie and other studies of men on ranoeuvre
might well | :-vule some guidance.

90, % i: ner:s92ry to remerber that the data we have discussed (paras.28-78)
do not {n £r=t rLoly t= running but to fast walking, It seems likely that at
the sprad at w.iich one naturally breaks into a trot, running is less costly
then wilkin~ >* the sam: speeds The relationship between load and metabolis
coct merr ToLsauLy “e of a different sort for running as opposed to walking,
althouch tt:. "o wvowid seem to be no relisble evidenoce on this point.

91. it e In hnttle that the eftects of psychological stress mpy have such
prefouns? mhysteal 2fects, namely, upon the pituitary-ndrenal system. From
work vhich 7oz beat done (Davis and Taylor, 1954), it is certain that soldiers
vho have lived ‘‘woush a battle are hiphly "stressed". ioximum metabolic
outiut, m =% 2enn* rgbobolic reserves, are probably greatly affected in such
stutes. Tt lu lhe comon experience of ren undergoing parachute training

that 'plysiias »ovustion' prevents more than two or at the most three jumps
per day awrl:_ {ue traiaing period, althoush the aetunl physical work done ia
probably not at i1l laene. Here again the inference can be drava that
mrimr. metalse o sutput s reduced by virtue of the psychological streas.

. 92. .'rom alr these zonsiderations it is obvious that the physiologist is

not at or.se.t X1 i position to recommend any particular load, although the
hiztorian mr ba /2 a better position to do so (Lothian, op. cit.)s The
lesson of hisi.ry is that a soldier's load tends to inorense pradually as he
or nds superiors coter for rore and rore remote contingencies, Then, by
viriue f 2~ trutroshic defeat by a more lichtly equipped and fleeter enemy,
or sorr revortiom in thought, he virtually atrips, and casts off all but
th> bare necesalilus, snd the process is then repeated.
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93.

CONCLUSIONS

Ths following aro tha major conclusionse=

(a) A re-appraisal of the axperimental data of previous

(»)

(e)

(d)

(o)

(£)

()

(n)

workers indicates tLat there is an approximately linear
relationship botwaen tho calorific expenditure on the -
ong hand, and the weight of subject plus load on the
other (Pig.9). Tho 'slope! of this relationship varies
considerably with the rate of marching,

The relationship detween velocity of marching and calorific
ex:>enditure is non-lincar, and is such that the lattier
inoreases rapidly for increases in velocity above about 3 mph.

Analysis of all individual experimental data which could be
gathered from the literature shows tlat the ralationship
between enorgy exponditure, load, body weight and velocity of
horiaontal marching is bYast doscribed by the following
equations—

- Y,
wC = 0,0083 (10 + W+ L) s /50

Where

wC = onargy expenditure in woriking kilocalories (kilocalories
above basal)

W = bdody weight in kilograms

L = 1load in kilograms

e = 2.72

V = rate of marching in metres por minute.

The guantities involved in the above relationships show that,
in general, it is metabolically aore econamical to reduce
velocity than load. It 1is imvortant to romcmber however
that calorific expenditure is not necessarily at all syne
onymous with 'fatigue’.

Experimental work towards finding a ailitarily dosirable
method of carrying loads so as to involve tho least snergy
expenditure has been fragmentary, unsystematic, and incone
clusive,

Thers are insufficiont data on the ellect of different
gradients, terrains, meteorological conditions ind psycholo-
aical atates to enable any realistic assesamant to be mada
of the energy cost of marching under military conditions,

Thera is insufficient ovidence rogarding the maximum culorifie
ex-enditure ihich can be kopt up Tor various poriods of time
to warrant any such maximum reason:ble outputs ta be adoptad
for planning purposes,

There are virtually no quantitzative éata on the activities

of goldiers in battle, on which to base any reasonable plgns
for an optimum weizht for fi hting order.
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RECCEIENDATIONS

9. As there are soms indications that human physical enorgy is limited,
it is considerad that more attontion should undoubtsdly be paid to its con=
servation, particularly in battle. A slow rate of marching may well result
in a longer day's march, for example, BReducing the speed of movement is
even nore important than reducing the load of the soldior,at least from the
point of view of energy consumption, When military trcining is undar reviow,
this aspect might de thought worthy of consideration,

95, Furthor research is nocessary before recommendations can bo made
regarding optimum or maximum loads and it is suggested that such research
should proceed along tha following lincsi=

(a) The linearity of tho rolationship betwesn body weight plus
load, and calorific expenditure, should bu submitted to
further experimental enquiry. The cost in torms of onergy
exnenditure for various speeds should also be detsrmined,
During such investigations method of carriage and othor
ox erimantal conditiona should bs standardized and specified.
This may bde bost done on a treadmill but the rolative cost of
treadmill and road walking would have t0 be cdetormined.

(v) Experimental work should urocsed towards providing a rotional
basis for recommending ths manner in which loads should be
carried,

(o) Tho erfect of difforont gradients, terrains, meteorological,
psychological and traiaing conditions shoulé be investigeted.

(d) Research should be initiated, 2imed at finding out whether it
is nossible to recommend a maximum level for cnergy expenditure
in marching and in running, beyond which the soldier should not,
-as far as planning is concerned, be asked to exert himself,

(e) Matabolic studies are noaded of soldiers on manocsuvre and under
narching and fighting conditions which are ac realistic as
possible,

96, This review secms to indicate that the use of simnle units of energy
expenditures is often preferable to the more abstract critoria of "efficiency"
which have often been used.
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Apperdix A

Sumiary of Experimental Data of Various Authors

A.1. This Appendix contains in tabular form the experimental results : '
which have been presented graphically elsewhere in this report and which
were used in the curve-fitting procedure outlined in 4Lppendix B.

A.2, The data are unselected except that one or two authors have been
omitted because their results were unknown to the writers at the time the
present atudy was made.

A3 All the experiments were made in temperate climates on adult i:alo human
subjecta walking on the level, loads being carried on the back.
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~ " 1@ (3) ® | () 6) 1@ (8)
Reference [Subject|Weight|Height|Surface| Resting|Conditions| Rate [Loed Post=-
Ares |metabals of labsorptive
dsm walkding (Pa)
Toar
© [After meal .
, (aw)
Xio Metrea/ g
) Square | calordes min i
Xgm | Om |metres | /pin Kgm ;
Bresina & [Bresina| 70 nk nk |1.0834 level rd, 39.31 11,0 PA*
Kolmer 1912 open air
L] » ] [ ] L] L}.% L] L]
» L] L] » » .97 [ ] [
[ ] ] | ] L] " 58.96 | ] "
L " " » » 69,017 » L]
» ] " [ ] " 76.96 " »
" » L] » L] 82.12 ] »
" » » » ] 55.21 L] "
] » " » » 88.36 ] »
» L ] L] » L ] 9‘7.36 [ ] [ ]
L ] - » - LJ 97.” L] "
| ] » » L] L] 99.2 L] »
» L] " L] L ] 111'0 [ ] L]
L] L] " » L] 121‘_‘0 L] "
] L] " L] L 134 .87 ] "
» L] ” " . 155.51'_ L} [ ]
. " 70 nk ok [1,083F [evel x4, | 38,92 3.0 PA +
open air
] - L » » L3.161| * ]
" L] L] " " u“oa L] []
" L] ” L] L] 52.25 " "
L » " » [ ] 52.69 [ ] »
[ ] L] " [ ] " 57.89 " "
» ] " [ ] " 65.26 L} ]
. . 70 nk nk [1.083f level rd, | 3.5 [33.0 PA*
npen air
" L] L] L} L] “}.82 " L]
» L] L] L » #5'28 [ ] [
» L] LJ ”» ] 1‘_9.76 L] L]
[ ] » " " L] 61 .)+5 » n
» " " L] » 64'60 " L
» » " " L] 67.22 " L]
” » " ” L] 72.85 » ]
" L] " L} L} Ti.74 1" L
» " L] » L] 90.3“ L] L]
[ ] L] " [ ] ] 95.21 L] L]
» " L} L] " 105,10{ " L]
» » [ ] " - [] 116.95 L] "
nkw A Assumed; 1 Cup+ i
ot an arbitrary levdl of tee :
known based on exp, redults .
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(9) (10) (659 (2) (13) (7) ! (157
15 15
- & ——————— =
ReQe Rate of |oricding= | ‘orking-| Vorking- Working- | Working=
. total | Kilo- Kilo- gram-calnriear Kilo~ g Kilo~
energy icalories | calories]| per horizon- | calories . calaries
expendi: per per tal metre - per lexpended
square | Kilogram| Kilogram horizantal®' per
Kilo- per| of body |(Total weight] metre- - minute
ocalories | minute | weight of body lmogmn
/min . plus load) :(Losd only)
T : 1 1.
o13] j2.613: ok’ 20219 .48 | ,0035 i1.53
.82 2,8,3 " +0252 0.50 0037 1,76
«83 2,833 » »0250 0.46 0034 1.75
o713 34233 . «0307 0.45 +0033 2,15
76| 3.603 " .0360 0.45 .0033 2.52
72| 3.893 " +0402 0.45 .0033 2,81
oIh | be273 " 20456 0.48 .0035 3.19
o7 | 4503 * <0489 0.49 .0036 342
o73] 4803 " L0532 0.52 .0038 3.72
oTh| 5.733 " « 0664 0.59 <0043 4465
+78 5.733 " <0660, 0.59 « 0043 465
75 SeTh3 » +0666 0,58 <0043 466
olh 7.193 bl 0873 0.68 0050 6,11
8| 9.923 " 1263 0.88 <0065 8.8,
19| 10,413 " <1333 0.93 «0064 9.33
9| 11.183 " RN 0,92 .0068 10,10
78 3.503 nk 20346 0.55 .0015 2.42
W81 3,663 . »0369 0.53 20014 2,58
76| 3.673 " +0370 0.52 .0014 2.59
79 4333 " «OL6Y 0.55 «0015 3425
.80 4,353 " 0467 0.55 0015 3.27
83| 4.683 " » 0514 0.55 .0015 3.60
72 44993 * 0559 0.53 0014 3691
79| 2,682 nk .0228 0.45 <0014 1.599
77 3433 » «0336 0.51 0016 2.35
83| 3.41h o .0333 0.50 .0016 2,33
16 | 3.903 » .0403 0.55 L0017 2,82
.80 4,053 " 0424 0.47 0015 2,97
ol 4413 . <0475 0.50 .0016 3.33
o716 |  Lelil3 " +OLEE 0.49 .0015 3.29
o716 | 4,913 " .0548 0.51 006 3,83
o3| 5.483 . .0628 0,55 L0017 L0
o177 5.923 » 0692 052 0016 4.8
«78 7.063 » +0855 0,61 «0019 5.98
851 8,553 . 1067 0.69 »0022 7.47
«96 | 11,563 . 1497 0.87 ,0027 10,48

i
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Appze A
() | (@ |G (1) (5) 6] (M (8
Refor—{Sudb= [Weight | Height | Sure [Resting | Condi-| Rate [Load | Poste
enae | ject face | Metabol-| tions of absorptive
Area | isp walking (Pa)
or
aftor meal
()
‘ Kilo Motves/
- Eguue calories/] niy
- KBm Ca tresjuin . ) =)
Bresina|Bre-| 70 nk nk |1.083F | Level rd] 48.4 |2ERO | . PAT
& sina open air
Xolmer . L] ] " " ] | 59.67 " ]
j912, n " " . " " 61 .93 " "
", . " " " " 15.}7 -" "
L] ) " L L] L] '"”25 -n "
L] L] n L] » 75.61 ot "
L] " " L] * 85.95 " "
" " L] [ ] L] . ”.08 L] . "
" " " " " - ”.7.-. [ ‘"
" " [ " " - "WX) " L]
" " " " " 95.43 " "
LJ » " " L] 103.60 L d "
" " " " ™ 110.90| * "
" " LR L » 120,30 " '!
" ", » " " 121.1 "-. fwz
" " " . " " 126.1 n "
" ", " " " 127.4 " "
" " " " " 13!4..8 " - n
" " ] L] " 137.8 L] "
" " " " " 147.6 " "
" " [} L] " ".8.1 M "
J " 70 | nk nk |1.083% [Level rd | 45.62|21.0 17y
' open air : : .
" L} " " [ 49.38f " "
" " " " » w.sl‘ " "
n L] [] n " 53.04] * n
" L L] " " 62‘81‘ " 1]
W IR L B m | st "
L] " ” L " 68.89 " "
" " n " " 69.231 " ",
” " " " ”n 69.75 [L] "
L] 1"® " " " - -"‘.81 " "
] " ] " L] 76.46 " [
" " " " " &)'oo " "
" L] " " ‘n 81 .58 " "
" L] [ ] " " 88.18 n "
n L] L] " . 96.58 ] "
" " " ", " 96.87 " "
" LJ L] " " 99.61‘ " n
" " " " ™l noof v "
) L " " " “0.30 " n
LJ " -n L " 124 .60 L] "
. " " " " 121.60) " "
'
As- H
nk = sumed, og“’
not arbi- tea
known trary .




| @ [ @] @ | @ o | G5
) (1543)|(15 £ 1)) (B2) | B (20 -4)

R.Qe Rate of {Working-[Vorking-| Woarking- Working- | Workingw
total | Kilo- Kilo- |gram-calories Kilo- Kilo~
energy {celories|calories |per horizon- |calories | calories

square |Kilogrem| Kilogram horizontal

. Kilo- |metre pexjof bady |(Total weight | metre- |minute
ocalories | minute | weight of body [Kilogram o
/xin plus load) [(Load anly] ;
: . §
. ‘ i
- em e e e ‘ A e ot o e ookt A e 4
. T8 RO 3 Pus cr-i (R WA [~ TV ;
181 3.253 " .0310 1 0.52 " 2,17
I 3.263 " 0316 0.5t " 2 z1
T 3.753 » 0501 0.5¢ » 2.67
.80 3473 " © 0342 O.46 " 2.39
i .70 4e103 | " S e0u32 0.57 " 3.0@ |
{. ! 67 5273 " v 0456 0.53 " 3. .
o 76 boy2y 0" JO477 0.53 " 3034 :
% JT5 1 4513 " 0,9 | 0.5 oo 3.43 i
«T3 4.653 " .C510 0.54 " 3.517
T b.893 [ " © 405U 0.57 " 5.81
073 5.1‘}) " ' 0050 . v.56 " l’.06
oTh 6.513 | " L0717 0.70 " 5.43
: .15 7.223 " - ,0875 _ 0.7 " 6.15
; Th 6.933 " .0336 0.69 n 5.85
.84 8.145 " . 1008 0.00 " 7.06
f . Ty 8.043 " » 59 Q.75 " 6.96
3 ) .18 8.633 " .1079 0.20 " 7.55
¢ . 9.183 " 1157 0.84 " 8.10
\ .85 | 11.003 " AT | 0.9 oom 9.92
li ’ 89 | 10.313 " 1 1319 0.89 " 9,23
17 2.992 nk | 0273 0.46 - .0020 1.509
.76 3193 | v .0301 0.uT .0020 2.11
; 17 3.563 " +0354 0.54 .0023 2.48
; .78 3.403 " L0331 0.48 .0021 2.32 '
9 .13 44053 " 42l 0.52 ,0023 2.97
: T3 4.013 " 0419 0.50 .0022 2.93
¥ .13 3.843 " 039, Qeals L0019 2.76
: .13 4,043 " 0423 0.47 .0020 2.96
.79 3.813 - " .03%0 0.43 .0019 2.73
.71 4483 L <0436 0.5 .0022 3.40
! 719 4.353 " L0467 0.43 .0020 3.27
; 75 4.573 . "o .0499 048 .002% 3.49
i .79 4.723 " .0520 0.49 0021 " | 3.64
3 o135 5.603 " L0646 .86 .0024 4.52
3 .13 6,093 _ " L0716 0.57 .0025 5.01 ,
.83 5.843 " .0680 0.54 .0023 4.76 j
- 086 6.07} " -0713 0.55 -0021} ‘0.99 M
.82 8.693 " . 1087 0.76 .0032 7.61 :
791 8.0 " .09 0.69 .0030 6.93 i
. -85 1 "10.713 " 13 0.87 .0038 | 5.63
) 83 | 10.7113 " 158 0.87 »0038 9.63 i
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Appx. A

(8)

abaorptive
(ra)
or
After meal
()
A

R E R R E AR EEEELRE

yii |
AM

PA

PA
PL
PA
PA
PA
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EREEELELD

(7

!
i
i

15.3
»

[
e 2 O R & & & & U\E & & 2 ¢ ¢ 28 ¢
o~ o~

20.5
"
"

25
"

15.3
]

20,5
"
25.0

(6)
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poin
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9.b

N.b

(5)

& & & & £ FEEER L £ QSTESZE R

(%)

metabol-
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ies/min

Kilo-
{Lying)

1.3
1.3

”

LA

Yy
[N

1.9% [1.19 Al [Level road| 9.4

metres{ caler-
1 -w

Square

™ NN
5555555655 5558555
01111100 411!

8
*
"
n

1.89 {1.06PA [Level road| 9.4

»
1.68 [1,15PA Level road| 91.4

*2)

17,6
15.3.0
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: ] H ; ) i H ! ;
9) " (10) 11) 12) (13) | (W) (15)
(5:3)(‘571)( 15 () (10 =4}
“4-7% x
RQ. {Rate of oricing= | Working- Working- Working- | Warking=
total [K1ilo-ocal=Kilo~- | gram-calories| Kilo-cale | EKilo-
energy aries per] cclaries| per horizon-| aries per | calories
expenditwei{squore per tal motre - | horizontal| experded
tre Kilogrem Xilogram metre - per
. per of body | (Total mimte
! V/mdn mimite |weight |weight of (Load
: body plus | only)
load
, 0. 6.56 2.7 0,069 0.63 » 00384 5.37
! 0.84 5.96 2.6 | 0,061 0.56 0034 | T7
0,78 7.2 3.17 0.079 0.61 +00269 6.15
0.74) 6.64 2,681 0,070 0.54 »00239 5.45
0082 7.22 3.11 00077 : 0.59 .m 6003
0.76 6. 89 2. 9“- 00073 o- 56 0m9 5070
» 5,10 3.02 0.092 0,70 «00226 4,23
8y 4.28 2.4 0.074 0.56 .00182 3.4
<85 5.47 3.19 0.097 0.73 .00238 L6
«92| 4. 2.55 0.078 0.59 »00191 3.57
N 5.52 3.22 0,098 0.74 ~00244 L5
92| 5.46 3.18 0,097 0.73 .00237 hel5
O 4,69 2.63 0.080 0.61 .00196 3,68
'82 5052 3032 oo1°1 0072 nm 10--65
«851 7.32 4.6 0.140 0.99 .00282 6.45
‘ %90] 5.8 3.43 0.104 0.74 ,00210 4,80
! 93| 574 3,38 | 0.103 0.73 200207 | be73
«90] 6.05 3,60 0.110 0.78 . 00224 5,08
«90| 5.0 2,86 0,087 0,62 LOT5 4,00
‘m 7078 hn& oo1ll-7 1.0‘- cmz% 6.77
; «90! 5.91 3,50 0,107 «796 . 00214 4.90
: 86| 6, 3.64 0,110 821 »00221 5.05
84 6412 3,65 0,114 .829 »0022% 5¢11
0.3 5.8 2,56 0.66 0.56 .00258 4,83
g'% Sog& %cl&o 802% 3-53 .W lﬁ'%
- o) 24 585 | 6.7 0:29 "% %’33
. 0.95, 5.60 2.4 0.57 0.56 $00234 ' K32
' 0,96 5.83 2.57 0.7 0,59 00263 ' k5B
; S 7.5 2495 0.079 0.67 200296 ! 5,55
; 90 5079 3018 0-098 755 000258 10'083
¢ 9| 5.94 3,28 104 .78% 0.0267 4,98
L 090 5'88 3':210- 0099 .772 00026,0- lh92
N 5.72 3.13 +096 NN 0.0255 476
+38| 6.19 344 106 .820 0,0280 5423
«89) 7.22 412 .126 .923 0.027% 6.26
9| 6,70 3.78 116 846 0.0252 570
.88 6.61 3-72 ‘1‘”0- 0833 Oom 5.65
0.87] 5.8 2. .076 0.66 .0033 L.56
«93{ 5.871 2,71 .076 0,66 0033 456
«95] 6,09 2,85 .080 0.65 .0026 L4.78
095 6.311 2098 .w} 0-68 .m 5‘m
94| 6,241 2.92 .082 0.63 0021 450
| 6,214 2.92 +082 0.63 .002¢ 4.90.
«95| 6,114 2.86 .080 0.62 0024 4.80
oS! 6,180 2.90 «081 0.63 . 0021 4,87
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(9) (10) (11) (12) & (13) (13} (15)
‘ 15 < 15 = 19 1 1 10 =
’ (15 < 3)] (15 = )(.(_{:’%__) (Tz_g.) ( %)
! Rate of  [Warking-| Wariing< Working- Working- | Working-
i R.Q. |totsl Kilo- | Kilo~ | Grem-calories Kilo- Kilo--
energy ccloaries | calories) per hordi- colarles |colories:
' expenditure |per squ-| per zontal metre{ per expended’
° l ] ave Kilogranl Kilogran horizontal] per minute: |
Kilow- meire per] of body | (Total weighf metre- :
o0 ] weight |of plus; Kilogram
E' " jmn '! 1 o) | |(Loed only)
i 3 I 5 ‘ f
' 191 3.62 1,32 .037 598 40081 2,33
' '«90 409 1,59 oy .718 0038 2,80
;037 5.6‘& 1 .3’!- .037 0562 owd 2035
} '«86 J¢39 1.19 «033 «502 «0037 2,10
. 'o“ 3076 1 ow 00}9 0590 .00!4,3 2.“7
i o76 3082 Tebd | oOLO «566 +0029 2.53
{ 95 3.92 1449 W0L2 .588 0031 2,63
i 09"' h‘os 1 057 .OM- .5& .00@10- 2076
! ,.83 3-88 147 04t o545 +0023 2,59
, 186 4,37 1.75 2049 614 .0108 3,08
«87 4e38 1.72 048 #602 , «0106 3,02
1«92 3421 1,09 <030 »357 <0034 1.92
«83 4,13 1,61 045 .528 +0050 2,84
! q?} "#.8} 2001 00‘36 0658 .0062 3.510'
o Th 476 1.97 2055 o645 +0061 347
i ‘85 Lelib 1.80 «050 «589 +0055 3617
i .96 16.60 1 .88 .052 -576 Qmjg 3.3’
- o 4,82 2.01 »056 614 <001 353
"9l 481 2,00 .056 576 .0031 3452
182 |° 4,58 1.87 <052 .538 +2029 3,29
e W16 5.51 240 2067 677 01,8 422
: le 5449 2.39 066 608 0073 420
| 76 585 2.59 072 .660 .0080 L.56
, le 5466 2,48 | 0,069 L6114 .0051 L.37
; 1478 6435 2,88 | 0,080 708 +0059 5406
. o3 5.78 2455 0,070 .628 «0052 L3
} 085 503"‘ 2030 .%l& 06)h9 .0110-2 &.05
1092 5426 2.26 <063 «636 0139 3.97
sy 6.28 2,8, «079 0.76 «0055 4499
o 76 6.28 2,84 079 0.76 +0055 4.99
.88 505‘0’ 20“-1 0%7 0.6} .m L¥l25
’.90 5018 2.21 0%1 0.58 .ml#} 3'89
«89 5.58 2.0 2067 0.65 +0047 4,29
«86 5438 2.32 065 0.61 <0045 4,09
Q& 5071 2-51 -070 0.& L3 L.L.-Z
| o9 563 2.47 «069 0,61 «00352 Lo 3l
"993 6.18 2,78 077 0.5 +0026 be09
1«82 6,28 2.8, 079 0.66 0027 4499
87 6.13 2,75 «070 0,71 40096 -
+89 6431 2.85 073 0.73 0100 .| 5.02
+88 6.37 2,89 .020 0.69 |7 .0051 | 5.08
«86 617 2,38 | .03 0,70 | ".0051.7 | 5.18
. 079 6071“ 5.10 0086 0.70 ° 00056 5010-5
96 6,50 2496 .082 0.66 / +0035 521
" |
!
L T~
} —_— ]
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AbDxa A .
W@ |6 w |6 [©]o] @ |
Refer- | Subject |Weight|Height| Sur— | Resting |Conditions| Rate !Load |Post- !
ence fage |Metabol= . of . pbsorp=
Area ism welle- tive
ing (PA)
or
1ALter
o 1 meal
1Ko~ . Metye (u)
Square | calories/ pin -
I Co  |metres{min K
Cathcart [ (contd. )| 63.2 [174.6 |1.76 | 1.29 Marching |100.58} 20.0 | 4M
& : ] ] " " level " [ "
Orr 1919 " o " n road 109.721 5 ".
[ . () " " L] " 10 L}
" - " " [} " " " ",
" o " " " " " n ]
" " " " " ” L] .
" " ] " n . " " ",
" " " " n . " 15 ",
" " " ” " . " 20 ",
" " " " " - " " ",
" S " Doubling |146.30] 10.0: "
" " " [ lavel " " ",
" " " " road L I 5.0 ",
" " " " " 182.8& 5.0 ",
" (1] " " " " " ",
L] " 1" " " " 1 o . 0 ",
" " L " " " " "
: [] " 1" " [] n " "
: n " n n . " LI 5 .0 "
" 0 66.4 [184.2 [1.86 | .98aM level 54.86] 26 "
" - " " 1] road 7 9 L]
L S " " " 82,291 26 "
1] ” " 11 " - LU 9 L}
" n n #" " . 1 09 . 72 26 "
" n " " " " . 9 . "
" ) 60.0 {160.1 |{1.67 1.19AK " 54.86| 26 "
" " " " " " . 9 "
" " n " 1" 32 . 29 26 "
7" 1] " " " " . 9 "
" " " " " 109.72] 9 1w
Pathcart |Campbell | 67.4 (168 [1.77 nk Marching | 91.4' | 23.59 au
¢t al : - level floor . .
923 : ". " " " lﬁb’ n 26.96 AM
) " " " " " - " - 33.3 | &M
7 " " " " hrching 109‘7- 23. 59 AM
// * level floor| : :
" " " " lﬁb n 26.98 &M
" " n (] " " 33. 3 “
/ " " " " " 13.15] 23.53 AM
[ " (] L] " " 26 . 96 ﬂ
" n n n__ " n . AM
/ K = )
L. not
\\\ known
— — ] S~ B / |
~
AN
H \\\
oA AN
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- AP APt~ e e —rmimnin

R
R

(9) (10) (1) (12) (13) 419) (13)
(15 - 3) |(15 = 1) (1 ) et y |10 = &)
Rate of Worl - | Workdng + x Working=
RQe total Kilo= Kilo= Working=- Warking= Kilow
energy [calories | calories| grem-calories! Kilo- calories
experd- per per per harizont-| celaries expended
iture square Kilo, al) metre- per hoari- pexr
Kilo~ tre of body | Kilogram zantal metre| admite
. |oalaries per weight |(Total weight|-Kilogram
/min mte of body (Lood only)
Plus loed) ,
!

- +90 T.49 3.52 .098 C.T4 .0031 6.20
.81 71.36 3.45 096 .73 .0030 6.07
91 6.93 3.20 .089 0.7% .0103 5.6l
.87 6.97 3.23 .090 0.T% .0052 5.68
«79 1.01 3e25 090 0.71 »0052 5.72
.83 8.34 4.01 .15 0.58 L0061, 7.05
.82 7.85 3.73 <104 0.82 .0060 6.56
.87 7.15 3.0 .093 0.73 0053 5.86
.96 . T.70 3.64 101 P75 .0039 6.41
.92 ' 7.9 3.76 104 J.72 .0030 €.61
81 8.33 4.00 111 .17 .0024 T.04
.72 10,34 Setl 43 0.3 0062 9.05
.81 11.49 5.79 .161 0.95 .0070 10.20
.98 12.15 6.17 .172 0.95 0050 10.86
17 13413 6.73 .187 0.95 .0129 11.84
.79 12.53 7.85 .219 1.11 0151 13.82
.92 12.91 6.39 .178 0.8y .0062 1.2,
.86 13.01 6.66 .1%5 0.88 006, 11.72
.81 12.62 6.44 179 0.35% 0062 11.33
.96 13.87 7.15 .199 0.88 T .0046 12,58
nk 2.76 0.9 .0268 0.35 .00124, 1.78
" 2.26 2.69 .019 0.3 .0026 1.28
" bel3 1.86 .052 0.45 .0016 3.45
" 3.73 1.48 L0yt 0.4y .0037 2.7%
" . .28 3.39 055 2.62 0022 6.30

L 5.68 2.59 .07 0.57 L0047 4.69
" 1.47 0.168 .005 NekiN 00056 0.28
" 3.60 144 040 SN .0011 2.41
" 2.59 0.78 Noloy: 3 .0018 1,30
" L.58 2.0} .056 45 .0034 3.39
nk nk 2.50 .65 +531 .00204 L.4y2
» b 2.36 | 0.062 484 .C0169 4.18
" " 2,87 0.070 2513 .C0155- 4.720
nk " Loit6 0.117 .T91 .00305 7.89
" " L2 0.116 <156 .00265 7.82
" " 4.65 0.1g2 U6 .00225 8.233
" " 1.48 0.059 .262 .00152 2,616
" " .51 0.059 .258 .00135 2,666
" " 1.7€ 0.046 .262 .00128 35118
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Appx. A

!

i
'
Vi
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!
§

acforenoJ Subject

(1)

Weight

Kem

(2)

Height

(3)

Surface
area

etres

(&)

Resting
metabol-~
im

Kile-
calories
/min

(5)

" Conditions

(6)

Rate
of

walking

.Hetres
/min

(7)

Load

8)

Post-
absorptive
(Pa)
or
/fter meal
(i)

‘athoart
't al
923

Campbell

» Richardson

67.4

o
~
.

4

3 3 333 3 3 3

-~
(o]
.

3

2 %322 33 333 3383 3 I 3383 3 83 3

168

é 2 3 333333 8 33

$ 3 3 3 3 3 3 3

1745

3 3 3322 3 333233 33 3333 333333

1'77

-
'3 2 3 2 3 33 %3 3 8 3 3

32 T 3 3 3 3 3

1.85

2 2 2 3 3 333 3 3 3 3 3 3

2 3 23 3 3 3 1

nk

3 2 3 3 33 2 3 3 3 3 3 3 3 3 g' 2 3 333 3 3 3 g‘ 4 3 333 33 %5 3 32 23

%::::::x

Maxching
level floor

ifter marching
at least one

==.=x=a=§'

Marching
level floor
1ad

3 3 33 3 3T 3 323 33T 3 T3 3T ST 2T LT ST B

9.7

91.7

91.6

2 3T T 3 3 3 3 3 T 3

2 3 3 3 3

9.4
109.7

73.15

23.59

26.96
33.3

17.31
20.67
24.09
27.45
30.86
34.25
38.64
41.03
bho4t

17.31

20.67
24.09
27-1#5
30.86
3425
38.64
41.03
4h b

17.84

24.9
27.9

2.9

§

E

.

T 2 32 3 3 3 3 3

E

3 3 3.6 33 3 3 3 32 2T 3T 2T 3 32 3 3 3 T T T B




. (9) Go) {11) (12) (13) (1) (15)

(1523|052 1) ) | i) | (10-4)

! .
{ BR.Q. Rate of Worki Workd Horling- HYorki Working--
i . total Ko | Filow Jgran-oriorios] g | Wopkine |
energy celories|calories fper horizon~- |ezlories caloriss . ;
% exnenditure ver par t=l rletre ver exyended ;
3 square |[Xilograna| Xilogran horizontal per
Kilo- ' |metremnerjof body |(Total weizit| -wtre- ainute j
* calories winute Jweight of body Kilogrun ;
/oin plus load) |(loed only) - :
, ;
) nk nk 0.93 | o02e | . -.165°- | .00127 1.648 ‘ 3
. - ki
. . . 1.18 | 0.031 201 00144 2.088 f
. .- 1.3 0.035 «215 00130 2.370
; . . 2.68 .0705 | . .64 .0030 4.75
] " " 2.67 .0702 | .59 .0025 4,73 ‘
% » " 2.5 . 0667 .54 .0020 449 oz
i . » 2.92 .0765 .59 .0020 5.16 [
i " " 2.98 .0784 .59 .0019 5.28 \
? " » 3.2, . 0852 .62 .0018 5.74
' " » 3.16 .08314 576 . 0016 5.60
f " " 3.45 .0907 NN .0016 6.11
! " » 4,00 1048 .690 .0017 7.07
;:f nk nk 2.4 G640 .557 .0027 4L.32
" . 2,53 |  .066L + 554 .0022% L7
" " 2,62 . 06839 «553 .0021 4.6k
" " 2.18 . 0650 - 504 .0017 4.38
, " " 269 - 0706 .528 L0017 4.76
" " 2.96 .0075 . 561 .0017 5.23
. " " 3.22 | L0844 .585 .0016 5.69
: : 3.49 .0917 .621 .0016 6.18
nk nk 2.05 0.054 0.47 .00233 3.80
" * 2.23 0.059 0.49 .00211 4.12
" " 2,28 0.060 0.48 .00185 4.22
" " 2.36 0.062 0.49 00174 4.37
" " 2.57 0.068 0.54 .00162 4.76
" " 2.77 0.073 0.53 .00161 5.13
" " 2.73 0.072 . 0.51 00141 5.05 .
" " 2.99 0.079 0.54 00144 5.53
" " 3.32 0.088 0.58 00146 6.15
» " 2,48 0,065 0.57 .00288 4.59
" " 2.30 0.061 0.51 .00223 4.26
n " 2.46 0.047 0.52 .00200 4.55
. " " 2.43 0,064 0.50 .00173 449
1 " . 2.89 0.076 0.57 .00133 5.36
oo U " 2.90 |o0.076 0.56 .00165 5.37
1 " " 3.18 0.084 0.59 .00165 5.89 «
i " " - 3.07 0.082 0.50 00146 5.68
' i " - 2.59 0.068 0.55 00211 4.80
" " 2.50 0.066 0.52 .00181 L.62
" " 2.81 0.074 0.56 .00178 5.19
" " 4.19 0.110 0.74 .00284 7.75
" " 4.35 0.115 0.75 .00263 8.05
" " 4,32 0. 114 0.71 .00228 7.99
" " 1.54 0.040 Oul1 .00156 2.84




A R P et s ..

o —————

) (i) | (@) (s) (4) €)) CONRGIECE
Reference| Subject Weight{ Height {Surface| Resting{Conditions | Rate Load Post-
' metabol-| of pbsorptive
imm valldng| (PA)
o
Ifter meal
(AM)
. niﬂ Motres/]
quaxe | colore .
, Kep| GOm [motres des/mdn ;m
Cathoart |[Richardson|70.3 |174¢5 | 1.85 nk Ievel flordab | 73.15 {2749 AM
” .1 " " " L] n " 51 .9 "
1923 . » b » 54.9 2449 "
L] L] ” .l' L] 27 .9 "
L L] ] » " 51.9 ”
Danlels B 7.7 1172, 1,80 ]1,20® |Horizontal | 93.87 |ZERO nk
et al Iread mill "
1953 lab, .
[ ] . L L] » " 14 .w L]
L] " ” » » " 20'88 "
L] ] ] " " ] 37-6q "
L] ‘. L] ” " ” 54.50 "
” ? 68.3 [174 [1l.83 |l.21® " 93,87 |ZERO "
" " L] n n " Mm "
» » L] ” " " 20.88 "
" L] " L] L] " 27-69 "
" L] it " " o “.50 "
" A . 655 | 187 1.72 1.15® | Horizontal | 93.87 |ZERO "
Treadmill
lab.
" L] o L] " M.m "
L] " " " "e L] ao.% "
L] " L] L] " [ 27.69 "
L} ” » " " " 34.50 "
" B 76.4 [187 |1.86 |1.21® | Horizontal | 93.87 |[ZERO "
Treadmill
lab
L} L] " L] L] L] M.m "
" it " " " " 20.88 L]
" " " " " " 27,69 "
" ’ " u " " 34,50, - "
" c 90.0 |179 |2.11 | 1.41® | Horizantal | 93.87 |ZERO "
.| Treadedl1l
lab,
” " " " " " M.m L]
L] o L " ~ ” 20.88 "
L] » " " " " 27.m L
" [ i " [} " 34.50 "
" D 86¢3 |168 |1.75 |1.16™ | Horizomtal | 93.87 |ZERO B
Treadmill
lab. .
" " " " " " 14.m "
” W L] ” " " 20’% "
" " n L] " L] 27'69 ”"
” " ] " " n 54_.501 "
2 Caloulated
from SA
assuming
normal
BMR.

.<-~<--—---—V-I . E




Y [ (o) | () | (12) (3) Gu) | () ]
’ . . 1 1 P
(15 £ 3)[(15 : 1) | (rratp) | o) (10 - 4)
. R.Q. Rate of hTorki.ng- [Woriding-{ “orking- Working- (Working-
total Kilo- Kilo= |gram-calories| Xilo- Kilo-
energy |calories|calories jper horizon- | calories |calories
Fxpenditure per per tal metre- per experded )
. square (Kilogram Xilogram horizontal| per :
Kil:d-. metre (of body '(Total weight! metre- | mimute ‘
i es r weight 4 Kilogram .. . :
2 ot | nftiee |7t |0l Bl ((ERad%Eny) i
: . nk nk 1.49 0.039 0.$ .00154 2.75
‘ » . 1.77 0.047 0.44 «00141 S.28
E. " " .06 | 0028 | 0.8 00144 | 1,97 '
3 » " 1.25 0,033 0443 «00151 2,32 !
: . " .29 0.054 042 «00138 2.38
1 080/ | s.a1 0.78 021 222 00 3.4l
3 ' |
¢ » 5.18 2420 +059 0.51 +00300 3.96
; » 5.23 2433 060 0.48 «00206 4,03
1 » S.96 2464 070 0,53 +00183 4,76
E b 7.24 3435 089 0.683 +00186 6.04
‘{‘ » 4460 1.88 +050 0,33 00 Je39
: " 5.36 2,28 <081 0,54 00314 4,15
¢ " 879 2.52 075 0.58 +00234 4.58
g " 8.10 2,689 072 0,545 ~00278 4.89
: " 8487 3411 »083 0.59 200175 5,66
: 0804 | 4487 2,163 »057 0.58 00 3.72
:‘ .
3 .
’ " 4.91 2,19 .057 0,50 .0028 3.76
" 5.86 2.74 072 0,58 »0024 4.71
) " 8487 3,21 .084 0.63 »0021 5.52
" 7.4 3443 «090 0.63 »0018 5.89
" 5.62 2437 +056 0,61 0a 4441
" 5.86 3.50 061 0,55 +0035 4.65
_ " 6460 2,90 071 0.59 0028 5439
. 6468 2,94 072 "~ 0.56 «0021 5,47
v . 8.09 3470 090 0,66 " £0021 6.88
; " 54768 2.08 <048 0452 €0 4435
i
» 8417 2428 «053 0.49 +0036 4.76
{ » 733 2.81 +068 0,57 00350 5492
‘ " 7.78 Som 0071 0-58 .0@5 6057
N . 8449 Se36 «079 0.61 #0022 7.08
: " 4.77 2,06 .055 0.58 00 3461
‘ . 5.15 2.28 060 &3 »0030 3.99
» 5443 244 «084 0.52. +0022 4,27
. " 5.81 2.66 070 0,53 »0018 4,65
. " 8487 3426 .086 0.60 +»0018 5.71 i
Asamed %
%o be %
0.80 !
4 i
[l " H
| !
|




Ann.n‘
(1) 2y ] (3) (4) (5) (6) (T &)
!
!
( eference| Sudbject|Weight Height| Surfacs|Resting [Conditions| Rate Load | Post-~
: neiabol~ of pbsorptive
; ism alking (Pa
. or
tor moal
. (an)
Kilo- Yotros/
Sauare ezl arios/ ~in
Cm petres| nin Ko
Deniels | N.0. |63 168 1.70 1.16 Boad level| 93.87 l20.9 nk
ot al ’ " " " " Traadmill | 93,87 {20.9 "
1953 ' horizontal
" C.a. |80 178 1.52 1.31 Road 93.87 |20.9 nk
" . . L] ” " " Tr, %411 " " "
» £1. |67 170 1.78 1.22 foad " " "
" ] " " " Te, 1411 " " L]
" H.d, |62 170 1.68 1.15 Road " " ”
L " " " 1 Tr, 111 " " "
» Hee. |75 169 1.86 1.27 Road " " "
" " " ] " Tr. 4411 " " "
" S.m, |72 172 1.89 1.26 Road " " "
" n " 1] i Tr. uill " " L]
» K.y, |[51 167 1.54 1,00 Road " " "
" " " " " Tr, 1411 " " "
! " B.», |61 170 1.70 1.16 Road lovel] w "
H ] " " [ " Tr. Jill " " "
‘ v V.o 72.2 180 1.91 1 .31:‘ Treadmill | 67,06 |11 «35 "
" . , horizontal
lab
" n " " " " 93.87 ", "
" n ” " " " 134,11 " "
" " » n " " 67.06 18'15
" P.a. 170.8 } 176 | 1.86 | 1,27% " 67.06 |11,35 »
" " n n " " 93.57 " "
" L " " " (1] 134. 11 " "
" n " " " n 67 . 06 18. 1 6 "
" Ra. (73.1 | 180 | 1,92 | 1,34% " 67.06 |11,39 »
" i ] " " n " 93 . 87 " n
" " ” " " " ) 13h. 11 w "
n . " " ” " " 1 67 .06 18. 1€ "
" Poe. [69.5 [ 172 | 1.81 | 1,25 " 67.06 {11,358  »
" . " . o " " 93 . 87 - n "
L] " " " " " 13,_“ 14 ‘" "
] n " o L] " 67 . 06 13. 16 "
nk = not known '
x = Estimated from S.A., ass ming normal- B.ULR.
% = Assumed
-
i

SRS




] (10 (11) (12) (13) (14) (15)
. . 15 15
(15 £ 30| (15 2 )| (g | Gxe) | (o -%)
R.Q. Rate of | Working-{Working-| Working- |Working- |Working=-
total Kilo- Kilo~ |gramecalories| Kilo- Kilo-
5 energy | calories| calories|per horizon- | calories |caloriea
i rdi per per tal metre-~ per expended
square [Kilogram| Kilogram horizontal{ per
Kilo- tre per|of body |(Total weight]| metre~ | minute
calories | minute weight of body Xilogram
/min plus load) | (lLoad only
0.8d"] 6.55 3.17 .086 | o0.68 .0027 5.39
5.89 2.78 075 0.60 »002 4.73
" T.19 3.06 074 0.62 .0030 5.88
" 71.02 2.97 071 0.60 .0029 5.71
" 6.75 3.11 .083 0.67 ,0028 5.53
" 6,11 2.7, 073 0.59 .0025 4.89
" 6.8 3.39 092 0.73 »0029 5.69
" 5.60 2,65 072 0.57 .0023 C BelS
" T.31 3.25 ,081 0.67 0031 6.04
" 6.95 3.05 .076 0.63 .0029 5.68
" 6.55 2.85 073 0.61 L0027 © 529
» 6.48 2.82 073 0.60 »0027 5,22
" 5.95 3.21 .097 0.73 »0025 .95
" '5.82 3.13 <095 0.72 .0025 4.82
" 1.65 3.82 .106 0.84 ,0033 6.49
" 6.57 3.18 .089 0,70 .0028 Selst
80 u.361 1.597 ou23|  0.54 0040 3,051
" 5.921 2.414 .0639 0.59 0043 4,611
" 12,13 5.66 <1499 0.97 0071 10,82
i L.201 1.5 0400 0.43 0024 2.291
" 4.618 1,30 LOLT3 0.61 0044 3.348
" 6.107 2.60 .0633 0,63 0045 4.837
" 11.19 5¢33 L1401 0.90 .0065 9.920
" 4.72 1.85 .0487 0.5% .0028 3.450
" 4.97 1.91 0501 0.65 .00L8 3.66
" 6.528 2.72 0714 0.66 0049 5.213
" 12.58 5.87 1542 0.99 L0074 11.27
" 5.05 1.95 .0512 0.61 .0031 3eTh
" 5.07 2.12 .0553 0.71 .0051 3.4
" 6.52 2.92 L0761 0.70 0050 5.29
" 14.18 7.15 1363 1.19 .0085 12,95
" 5.068 2.12 .0552 0.65 0032 3.838

oot

Ho s otk ATy



e e ——————————————

-
APoze o
L

i v (1 @2y () {4) 22 (¢} (7) (o)
| !
sieranta 'S':hjc.u*.l Welout Modph’ [Surfaca | Resting | Condit-| Rete Load | Poat
: ) ; aren Wetabol-| ions of absorp=
' ' i 1sn ¥alk- t:.v:?I"A)
) i ! ing @ After
i | A , un  |Square | Kilocal- ietrey/| Kem
] ' ! etves | orleg/ rdn
! ) | zin
! ‘ i '
SRS SN AV S N . ——
R E T T R o Tk nk | level | 62.7 | 8.8
pramers) - o | " rood | 75.2 |11.0
h10° o " " " ! » 81,5 [ 12.3
e ‘ . b "o n " 5 | 1243
! o l £l | n L] " " 68,1 16.0
" oo " " N 7.9 |16.0
T . " 69.7 | 28.2
) ' r r " " " 76.8 | 28.2
S R " " 70,4 | 27.0
{ ': ! " : " " " " 7"-"03 27.0
H " , " I " " L] " 75.2 5.2
: * ‘ . r | o [} " " $.1 1‘-.9
| " , K [ " * " " 78.1 | 30,8
| LJ . " ' - “ " " 75.2 30.8
! v ) l 48 . ak ! . nk Lovel 53.6 |13,2
I T L " roed | 87,7 |13.2
P on A N I " " a9 | 1hes
o bwode " » | e |1y
" l " ‘ ! ' " " 72..7 28.03
O A A " " 0.6 | 28.03
" I " H '” '. M " 58‘2 3'85
" l L] : » ' " " 76'4 3085
T . " 82,4 | 3.85
[} " ] |. " " 759 13‘2
- . . i " " 92.3 [13.2
. " .0 " " Tie9 | 1149
" ) |; :' " " S 1.9
. . . " 68.6 | 26,4
" " " 7347 |20 .0

o mmt et ———y - ———




9} {10) (11) (12) (13 (1) (15)
15 2 15 a4 15 15 10 -
(5.3) (15 2 1) ('('1?7523') (‘TT:"G) ( L)
R.Q. |Bate of totel [Working- | Warking- |Working- Working= | Working-
energy expend-|Kilo-cal-] Kilo~oalor-|gram-caloriesixslo-calar=- | Kilo-
. iture ariss per|ies per  |per barizon= 15 per hari-| calories
squares |Kilogrom of jtal metre~ |zontal netred expended
Kilocalories/ |metre per|body weight |Kilogram Kilogran per
] min, mnute (zrmb:;ié* (Loed only) | minute
plus loed)
‘ 0,79 rk nk 047 0.658 »00536 2,96
0T v . <060, 0.683 p00L5 5480
N " R fm <0676 0.6% | bOok25 | | 4e26
. 0.801 . 'w .O&L 00669 ! cm‘b1 30&
0.776 » . #0557 0,580 «00322 3451
0773 ] ) <0643 0,592 «0033 405
00850 " " 0056'4- 00553 .00182 3055
0.83 . v +0693 0.623 +00263 be37
0.799 " " 0549 0.546 »00182 346
0. Thdy " y +0591 0,556 200186 3672
00887 " " .062 0'555 .w731 2-85
1 0.807 " " 0599 0.623 +00864. 3.77
! 0.703 » bl 0630 0,542 00165 3497
;f 0,712 ) . »0581 0,519 400158 3466
!

. 4.47% " d 0372 {0 | 00358 2.53
; O " . 0693 0.662 00407 L7t
: 0.833 " " SOy 0455 .00278 2,99
i 0.759 . " 0514 0.529 00303 3449
vy 0.859 " " 0589 0.575 .00196 1..00
; 0.866 " " 0616 0,569 00195 4419

0.809 " " +031 0,50k «00542 2,11
} . 0'792 * . 10399 0.16-% .00922 2.71
0'729 " " ooh-53 00521 000972 5008
0.835 " " 065 0.707 00436 L2
0.885 y " 0819 0.73% 00452 557
0.726 " " 0665 0,726 «004.88 Le52
i 7,697 n " <0765 0.796 00536 . 5420
e 0,762 " " »0596 0.627 .00224 e
. 0.797 " " 0618 0.603 .00z16 4420
i |
|
H
i
[ -
i -

e st b s 4 e o

PBEPFOSE L osn g



Reference Suﬁjeot

(1)

Weight

2

Height

(3)

Surface
Area

Square
metres

(&)

Resting
letabol-
ism

Kilo-
calories
/min

(5)

Conditions

(e)

Rate

walking

Hetros

1911

]

‘8 2.3 .3 3

1911
Vienna

Durig Kolmer

Vienna

‘z'3s 3 3 3 3

Durig Rainer
1911 in
Vienna

3 32 3 3

Durig  |Reichel
in

62.6

8y

H
\¥.)

8.2

3 3 3 3 3 3

62

S

3 3 2 3 3 3 3

32 3 3 3 :ll.zg" g

33:333% a:::s:%

33:3383%

83333333% 33!332%‘

338::’3%

:3333333; 333!:3% 33333::2‘

3 3 3 3 3 3

level track

level track

level track

3T 23 3 3 3 3 3

level track

3 3 3 3 3 3 3

126
116.6
141.8
152.5
102,3
102.1
83.8
72.3

100.8
%'h
94.8
95.2
95.2
75.9
59.

100.9
105.2
100.0
100.4
69.2
62.4
67.0
66.4
49.2

91.3
88.5
90.4
88.8

115.8
76.9
47.2
129.5

(7)

Load

(8)

Post-
absorptive
(PA)

. or
Lfter meal
o (aN)

-

¢ F
3 32 3 3 3 3 3

\n

13.0

3

3 2 3 3

:::z:::z% :asasxg_ ::::a:':%

2 = 3 2 3 =3




T (10 )| (12) 3) (&) €5))
2 5 ) 1
(e 23) (15510 (=) | %) (104)
. R.Q. Rate of |Working- |Working-! Working- Working- Working~
' total Kilo- Kilo~ |grem-calories| Kilo- Kilo-
energy |calories |calories|per horizon- |calories per| calories
expenditure per per tal metre- | horizontal jexpended per
: square |[Kilogram| kilogram petre-~ nimte
metre per|of body |(total weight| Kilogram ’
Xilo- minute | weight of body {losd only)
calories plus load)
. /min
0.920{  =nk i nk .1125 0.735 ' | 00414 7.05
o.en7| . * " .0889 0.628 «00355 5.57
. 0.874 " . 472 0.85, ° .004,32 9.2
0.851 » » ~ 1891 1.023 .00598 11.87
0.804 " . .0676 0.543 .00306 4.23
0.743 " " L0693 . 0.559 .00315 Lo3b
0.759 " . .0527 0.517 .00292 3.30
0.758 . " 0471 0.536 .00302 2.95
0.893 file nk . .066 0.550 00345 5.5
0.860 ol " 0669 0.583 .00366 5.6
0.867 " . .0625 0.554 00347 5.27
0.857 . " .063 0.556 «00349 5.31
0.858 " " . 0645 0.570 .00357 5.4
0.8l . " 046 0.510 .0032 3.88
g 0.855| " .0363 0.514 .00323 3.06
; 0.784| K nk 072 0.635 .0046 6.03
n 0.873 " » L1134 0.642 . 00672 9.19
. 0.891 " " .0765 0.659 .00478 6.24
7 0.871, " . L0763 0.654 - COLT7L 6.19
: 0.763 " " 043 0.535 .00388 3.49
U 0.751 " ® . 0407 0,551 -00407 3.30
; 0.725 * " <0435 0.560 . 00406 3.53
| 0.818 " " L0456 0.5%1 .00429 3.70
i 0.776 " " .0309 0.542 .00393 2.54
0.816 nk nk 0638 0.578 . 00335 3.98
0.857 b " L0613 0.571 .00331 3.82
0.829 " " .0633 0.564 .C0339 3.98
: 0.820f v " .0609 0.567 .00329 3.80
: 0.793| " " . 1080 0.772 .COLLB 6.74
: 0.724 " " 0556 0.533 LCO348 3.47
{ 0.806 i " .0306 0.538 .00311 1.94
; 0.866 " " <1491 0. 954 « 00554, 2.3
]
(. .
T
~ ‘
N\
.
~ . -

-
-

[P
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65.1

Appx.A
i Mm@ |6 | W (5) © [ | ®
Refor-~ | Subject | Weight|Height]| Sur— Rasting Condi- Rata Load Pogt-
onoe face | Metebol- tions of : absorp-
isn walking tive
(Pa)
or
After
neal
Square|{ Kilo- (an)
) netros [calories Motro s/ )
Kgn Cn nin nin Kegn
Levol
troaduill}
depedict| 1 J 72.3 180 1.22 8.12.13 | 19.7 zero P.4A.
and (a:J3.0.) 72,1 " " 15,1243 | The2 " U
Marsch~ " " " " 75.6 " "
hauser " " " " 76.3 n "
19 5 " n " " 76.3 " "
. " 12.5 " " 16.12.13 | 75.1 " "
L} " " " 76.7 " "
L] " n " 77.6 " "
i 72.82 " " 17.12.13 | 15.0 " "
" " ” n 76.!‘ " L]
" ” " n , 78.1 " "
" " " L] 78.6 n L]
" T4.76 " " 18.12.13| 175.3 " "
114 " L L] 76-&. " "
" " " " 76'7 " "
L} " ” " ! 76. 9 " "
" T " 19.12,13 6.1 " "
" n " " 77. () " n
" " " " ”8. 3 " L]
" L] " " 78. 7 " "n
" W31 | " " 20.12.13 | 176.2 " "
” " L L] 77. 7 " "
" " L " 78.6 [1] "
[] " 3 " 78.9 " "
" 377 " " 22.12.13| 76.5 " "
” n 1] " 65. 9 " L]
" " L] " 77 .l‘ 1 n
”n ” " " 67. 5 [ ] "
" 13.75] " " 23.12.13) 715.9 | " "
" " " " 66.4 " "
” " " " 76' 9 " "
" n " " 66.1.' " "
" 72,961 " " 27.12.13| 78.4 " "
L] " " n 65.2 [} "
n " " L] 78. 6 " "
" L " " 4 L] "

SRS |




b orm e e -

T

T it

(9 (10) (1) (12) (13} “(1h) (15)

. 1 -
| oasy | Gs) | aRk | E) | (o)
R.Q.{ BRate of Working= Rorking- Horking=- Torking= Torking=-
total Kilo- Kilo~ gran- Kilo- Kilo~-
onLry calories calories culorios czlories calorigs
expenditure per »er Kilo- »er bhori~ yor hori- | oxpanded
square gran of |zontal watredsontal uetret  zor
notre body Kilograa Kilogran ninuto

Kilo- por weight (total ;

calorics/ | Dinute veijht (1oad
min of body enly)

plus load) i

. ' ey
0.78 439 nk .0438 0,550 e "3.17
0.82 473 " 0487 0.657 " 3.9
0.85 433 " 0L 31 0.5T1 " n
0.84 42l " 0418 04549 L 3.92
0.84 4.20 " 0413 0.542 " 2.98
0.86 4.30 " 0425 0.566 L 3,08
0.88 4.18 " ~0408 0.532 " 2.96
0.N 3.9 " 0371 0.477 " ‘ 2.69
0.8 3.%9 " .038 0.507. v 2.77
0.83 L.12 " 349 0,522 "o 2.90
Q.81 4.20 " .0408 0.5¢5 " 2.98
0.79 4.33 " L0427 0. 544 " 3011
0.89 3.98 " .0370 0.490 " 2.76
0.89 heU9 o .0384 0.503 " 2.87
0.8y 4.19 " .0398 0.518 " 2.97
0.85 422 " .0402 0.522 " 3.00
0.9 4.29 " o414 0.543 " 3.07
0.90 45423 L .0L06 0.5¢1 " 3.01
0.87 426 " 041 0.523 " 3.04
0.87 L.26 " NoIN] 0.521 " ; 3.04
C.04 4.00 " 0374 0.491 " 2.78
0.83 4.28 " L0412 0.5%0 " ]’ 3.06
0.79 Leli3 " L0432 0.550 " 3.21
0.80 448 " L0438 0.556 " 5.26
0.82 4.21 " 0406 0.534 " 2.99
.77 3.76 " <0345 0.523 "o 2,54
0.71 423 " .0L08 0.527 " 3.01
0.76 3.74 " 0542 0.506 " 2.52
0.83 4.03 " .0381 0.502 " 2,81
0.80 3.55 " 0316 0.47€ L 2.33
0.80 LGelly- n +0396 0.514 wo 2.92
Q.79 3.66 " .0331 0.498 " 2.44
0.81 4.07 " .0551 0.498 " 2.35
0.78 3.46 " .0307 G.471 " 2.2,
0.78 4.07 " .0392 0.497 " 2.85
0.76 3.48 " 031 C.L76 " 2.26




Appx, A
) 2) | O) (&) (5] (6) (1)} (3)
Reference|Subjoct | Weight K oight|Surface|RestingiConditions] Rate [Load| Post-
Aroa | Heta=- of Rbsorp-

‘{bolism walking tive

‘ (PA)
or

After
doal
Kgn Cn Square | Kilo~ tetres/ |Ken | (K1)
metres | calor- min
ie8/-in
! lovel
troadnill
Bonedict 2 68,3 177 1.11 124.3.14 60.6 caro| P.A.

and (5.A.i2)| uncloth=| " noo125,3,1 |60.6 [t | v
3ursch- " od " moo 126,30 (627 | | "
bauser o [72 glotey 1 v {2734 5716 | v
1915 " 8 " ; " 31.3.14 57.2 " "
" " n } " 1 4o 1l 59.3 " "
" [ " i " 3,014 76.2 " "
" " " | " 6uliutly 57.8 " "
" " " " " 56,8 " "
n " [ ; " " 56,0 ] "
[ " " ‘ " Tobo1l 59.6 " "
" " " 3 " " 58.2 " "
M " " | ] 8.1” 15 76.1 " "
" " " . " " 77.6 " "
" LJ " 1 " " 78‘3 " "
" " " ‘ " 9. hath 59.3 " [0
" " " i " " 58.8 " "
" " " j " " 59.0 " "
" " " ‘ " 10.4.14 77.3 " "
" n 1 | " " 78.9 [ "
" " " ; " 1.4.14 61.7 " [
[ 3 [ " " 62.1 " "
1" n " " " 62.4 " "
" 71.5 " " 15.4.14 11.2 " "
" " " " " 79.4 " "
" " L] " " 80.2 " "
" ” 1" " 16.h.1h 61.9 n "
" " " " " 62.3 " "
" " n " " 61, 8 " n
" L] " " 170’0»-"# 76.6 " "
" " " n " 78‘ " 1"
" " [ [0 N 79.3 " "
" 70.5 " " 2t.4.14 60,8 " "
" " " " 22.&-”} 76.8 " ]
" " " it " 78. 6 " "
" L] " " " 79.2. " "
" " " [ 234,14 61.1 " "
" " " " 21“‘60’16 76.‘.. " "
" " " " 1] 78-1& " "
" 69.9 " ] 25"““’ 6}.0 1" 1]
" " " " n : 64,0 " "
o 70.5 " " 27'1‘.“’ 73.5 " [}
" " " " 78.1 " "
n ] " " 28,4, 14 18,2 " "

U S




9) (10) (11) (12) (13) . () (19)
. L] ’ '
(1523) [0521) | (i) |Grikp) | (o)
R.Q.| Rate of | Working- |Jorking- | "orking- |Yorking- |Working-
totnl [kilocalor—|kilocalor-| gram=cal Kilocalor- | ldlocalories
energy i03 per ies por | orios per ies per oxpondod
expenditurg square kilogramof} horizontal | horizontal | pexr minute
netre . body aotre-kilo- :otre~kilo-
par uaight gran(total | sran (load
oinute weight only)
, of body
| ! ; i : nlus }oad) | ; ]
kllo- ! ! '
calories/
nin
0.81 3.74 n.k. .0385 0.603 s 2.63
0.80 3.40 " .0335 0.525 " 2,29
0.86 .42 " ,0338 0.512 " 2.5
0.83 3.15 " ,0298 0.492 " 2,04
0.85 3.27 " 0216 0.525 " 2.16
0.81 3.36 " .0329 0.527 " 2,25
0.85 L.39 " .0u8 0.59¢ w 3.28
0.86 3.32 " L0324 0.531 L 2.21
0.85 3.25 " 0313 0.523 " 2,14
0.84 3.20 " .0306 0.518 " 2.09
0.83| 3.53 " L0354 0.564 " 2.42
0.82 3.19 " L0304 0.496 " 2,08
0.82 L4.45 " 0439 0.610 " 3.34
0.80] 3.97 " 0419 0.512 » 2.86
0.82 3.89 " 0407 0.49% " 2,78
0.8y 3.40 " «0335 €.536 » 2,29
0.82 3.20 " .0306 0.494 " 2,09
0.814 3.36 " .033 0.530 " 2.25
0.98 4,09 " LOL3T 0.53% " 2,98
0.85| 4.09 " L0437 0.525% " 2.98
0.91 343 " 034 0.523 " 2.32.
0.90 3.28 " .0318 0.436 " 2,17
0.8y 3.26 " L0311, 0.479 it 2,15
0.88 4,58 " L0364 0.629 " 2.47
0.8y 4,02 " L0529 0.513 " 2.9
0.82] 4.04 " .0y32 0.511 " 2.93
0.88 3.16 " .0302 0.463 " 2.0
0.81 3.22 " 0311 0474 " 2.1
0.8 3.21 " .031 0.475 " 2.10
0.86 4.36 " ,0332 0.593 " 2.25
0.82 3.9, " L0418 0.507 " 2.83
0.80 Loy " +OLLT 0.534 " 3.03
0,88 3.13 " .0302 O.4T1 " 2,02
0.85) 3.9 " L0419 0.517 " 2,80
0.79} 3.97 " .0428 0.516 " 2.86
0.79 3.9 n ou2Y 0.507 " 2.83
0.83 3.27 " .0323 0.501 " 2.6
0.80 3.79 " .0401 0.498 " 2.68
0. 77  3.94 " 0428 0.512 " 2.83
0.82 3.21 " ,0318 0.477 " 2,10
0.76 3.30 " 0351 0.489 " .19
0.89 3.77 " .0398 0.513 " 2,66
0.83] 3.97 " 0428 0.519 " 2,36
0.86 4,01 " .0L39 0.531 " 2.9
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Aprx. A

e e e

1) (2) (3 (4) (5) 1 (6) {(7) (8)
i
" Reference| Subject | Weight Height| Surface|Resting |Conditions| Rate {Load]! Post-
Area jiietabol- of |absorptive
ism walking (FA)
or
After meal
(ax)
Kilo-
Square [calories ilotres
Kem Cm_ imetres | /uin /min | Kgm
: Benadiot 2 70.5 1m 1.14 23.4.14 |- 79.8 | zero PA
‘and (H.A.NM.) " " " level 8.0 " "
Mursch- " " » " treadmill 80.71 " "
m“r " L " » " 80‘&. " "
1915 " " " " . 80,21 " "
o L] " " " ” 80.2 " "
LJ L L] " L 80.&‘ L] ”
* 71.5 " b 13.5.14 82.6} " "
" L] L] ” " 89. 7 ” ”
L] L] " L] i eo. 1 L] L
L] " L] " " 76. 6 " "
” " " " " 93’5 " "
L] L] " " f 91 . 9 L] "
. 7.7 " " 4.5.14 4.5 " "
L] L] " " L] 109. 1 N "
" LJ LJ " L 102' 2 " 'l.
" " " " 5.5.14 106.0 | * "
" " ", " " 102.6 | " "
" L] " " " 105. 6 " "
" " " » 6.5.14 130.7 (" "
" " " " " 139' 6 " L}
L} " L] " " 1u R 9 " "
" 72.3 " " 10.5.14 W5.5¢ " "
L) " " L] 3 .”“6 . 8 " "
" L] " " " '11+6 . 6 (] "
" 705 " " 1h.5.14 | 1464 | " "
mith 1 69.7 180 1.22 29.141.43 75.1 | zero PA
1922 (4.7.0.) {unclothed)| " 1.12.43 | 76.0{ " "
" 72. 5 " n 76 . 6 " n
" (clothed) | " 2.12.43 | 76.2¢ " "
" 73.2 " 76.8 | "
. 72.8 " " 3.12.13 | 76.5 ¢ " "
. : . : n 77. [] "
R " 77. 5 " "
: 73.1 " " 4.12.13 77.71 " "
) L] " " 77. 7 " L
" " " 78- 2 " "
v 72.5 " " 5.42.13 75.71 " "
: " " n 73‘ 2 " "
" " " 7%.0¢ " "
" 72.3 " " 8.12.13 | 76.5( " "
B : : " " 78.6 1" L
" " 79. 3 " "
!




i
i
:
i

{9) (10) (1) (12) . \13) - (14) {15)
. . 1 1
(15 :3) [(15 2 )| (rt) | Gk (10-4)
R.Q.| Rate of |Working- |Working-i Working- Working- Working-
total Kilo- Kilo~ |gram-calories Kilo- Kilo~
ensrgy |calories |calories|per horizon- |calories per| calories
expenditure per per tal metre~ horizontal |[experded per
square [Kilogram| Kilogram metre- mimte
metre per|of body |(total weight|{ kilogram
Kilo- mimite | weight of body {(losd only)
oalories Plus load)
[min .
0.85 3.99 nk o434 0.512 o 2.88
0.80 4,06 " . Ol42 0.523 » 2.95
0.80| . 4.12, " « 054 0.529 :J 3.0 §
0.77 l&-m‘ " i Q493 - Q. 580 3.29
0.77 4,07 " + 0443 0.52 " 2.9%
0.79 4o1b " - Q454 0.536 " 3.03
0.77 4,09 . +OL45 0.526 » 2.98
0.84 413 ", . O445 0.514 " 3.02
0.78 4,50 " . 0500 0.529 " 3.39
0.77 3.9 " Q17 0.49 " 2.83
Q.76 3.75 " .0389 0.482 . 2,64 . .
0. 7% k72 " .0532 0. 541 " 3.61
0.77} 467 . .0525 0. 542 " " 3.5
0.86 6.71 . 0824 0.682 u 5.60
0.90 5.79 " .069 0.698 » 4.68
0.84 5.2 " #0635 0.589 .- 4.
0.90 5454 " . 0651 0.583 " bodi3
0.83 5.33 " . 0621 0.574 . L.22
0.79 5.51 " . 0647 0.592 " L.40
0.92 10,23 " <1341 0.904 " 9.12
0.87]- 10.38 " .1362 0.926 " 9.27
0.79 10.91 " 44 0.956 " 9.80
0.90 10,99 " . 1452 0.939 " 9.88
0.88 11.68 " .1552 0.996 " 10.57
0.90 11.00 " <453 0.933 " 9.89
0.90 11.23 " <1489 0.967 " 10.42
1.02 4ol nk +0458 0.586 " 3.19
0.84 4.10 " 041l 0.523 " 2.88
" 0.81 435 " <0449 0. 564 " 3.13
0.74 4L.03 " « 0404 0.509 " 2.81
0.82 4. 10 " <0409 0.512 " 2.88
0.84 4.07 " . 0407 0.512 » 2.85
0.83 4.07 " 0407 0.507 " 2.85
0.80 4.19 " .01'25 . 0.526 " 2.97
0.79 4.49 " <0425 0.523 " 2.97
0.79 4.22 " <0427 0.528 " 3.00
0.82 INETA " L0416 0.514 ) 2,92
0.78 4ol " NN 0.585 " 3.21
0.85 4.50 » 0471 0.579 " 3.28
0.77 4.68 " 0496 0.604 " 3.46
0.8, 4,02 " +0403 0.506 " 2.80
0.82 4.29 " 0442 0.540 " 3.07
0,81 4.27 " ".0439 0.532 " 3.05,

Y



[N

Reference

Subject

(1)

Veight

(4)

Reating
Metabol-~
iam

Kiloocal-
ories/

T

Condit-

(6)"

Rate
of

AW -

Metres/

(8)

Post
absorb~
tive (PA)
or After
meal( AN)

Swith

E.D.B.
[

3 3 3 3 33 3 3 2 3 838 3% 3333 3 3323383

32 3 3 3% 33 33 33 32238 333 3 3=

57.0
[]

2 2 3 33 2 3 3 g IS B

2 333 3 3

3 32 3 3 8 3 3 B XL g T 3 3 3 2

5
2]

2 33 32333 2 23 3 3I 3 2 I BT ST T B

1.68

» 2T 3% 3

2 3 3 33 3 3333 333

level

treadmil]

9410,15
"

11.10,15

13,10.15
14.10.15

15.10.15

16.10.15
18.,10.15
18.10.15

20.10,15

21.20,15

22410615
2341015

25.10,25

26.10.15

27.10.15

57.8
568e4
56,3
5347
55.8
5543
54,2
54.1
55.4
54.3
53,6

A3e4

64.6

&.6

64,7

64.5
71.6
72.0
72.6
724
71.6
724
72,2
73.6
72.5
72.9
73.0
7347
7847
7245
72,2
735
72.9
7342
7646
77.0
77.5
78.3
78.8

=

3T 3T 2 33 33 3 3 3

3 3 33 23

33 3 3 33 3 3 333333 3 3 3

2 33 3

I




¢ () () (13) \5) (&) \3)
15 25
3 1521 e 10 - 4
(3 %3) [(15212) ((m)ns ) (726) ( )
- ReQe [Bate of total | Worldng- |Working=- Worldng= Yorking=- Workdng~-
aergy expend-| Kilo-cal-|Kilo-calor-|gram: Kilo~oalor- |Kilo=-
iture ories per|ies per pexr horismn=- | is per hori-joalories
aquare Kilogram of{tal mstre~ | sontal metrejaxpended
Kilooslories/ |metre per|body weidt |Kilogram -Kilogram par
T : minute (Total weighti (Load only) |minute
" of body
. load)
| . 22
r 075 3436 1,335 «0363 0.681 . 2e34
! 0,78 - Se15 1.21 <0356 0,682 . 208
fj 088 2499 1.113 +0328 0,583 » 1.87
{ O™ 2,98 1,108 «0327 0,608 v 1.86
i 0480 2.93 1,079 <0318 0,569 . l.81
T 0u79 2.80 1.0 »0295 0,533 " .88
v 0e76 2485 1.08 «0304 0,560 " 178
i 0.78 2491 1.068 «0314 0.581 " 1,79
0483 2.77 0,884 «029 0,522 " 1,65
' 07 2.88 1,018 «030 0.553 " 1.7
! 0.77 2,90 1.06 «0312 0,584 " 1.78
0.90 2495 1.09 -0321 02492 » 1.85
0.86 3.01 1,125 0332 0,511 . 1.89
0.81 3.05 1.149 .0338 0,523 . 1.98
0.83 5402 1.131 +0333 0.514 " 1.90
0.91 2.87 1,041 0307 - 0,485 " 1.75
0.87 3.01 1,125 0332 0,514 " 1.89
0.89 2495 1,09 0321 0,499 . 1.83
0.88 301 1,125 #0332 0,512 . 1.89
0.88 2.90 1,08 »0312 0,484 " 1.78
Q.78 Sel4s 1,201 <0354 06558 " 2402
0.81 2,97 1,101 «0325 0.508 » 1.85
0.77 3.19 1,231 +0363 0.564 . 2.07
0489 3.00 121 033 0.511 " 1.88
0483 3413 1,198 20353 0.548 u 2.01
0.83 3.12 1,191 +0351 0,543 " 3400
0,81 3.0 L1 0348 0.540 " 1.98
0.83 3.11 1,185 +035 0.541 " 1.99
0490 2497 1.101 «0324 0.508 " 1.85
0482 3.07 l.161 «0342 0.539 " 1.95
0.84 3.08 1,166 «0344 06540 " 1,96
0.82 3ol l.185 «0349 0547 " 1,99
0.81 3,07 1,161 «0342 0,535 " 1.95
0485 Sel2 1,191 #0351 0.490 " 3.00
0¢84 Se17 1,22 038 0,500 " 3405
0.81 3420 1,339 »0365 0,502 L 2,08
0.82 3432 1,25 »0368 0,508 " 2,10
0s84 3433 1,255 «037 0,517 n 2411
0.82 3425 1.269 +0374 0.516 " 2413
0u82 3,19 1,232 «0363 0.504 . 2407
0.81 3435 1,37 «Q374 0.514 » 2,13
0.88 3.12 1,191 +0351 0.484 . 2,00
0.85 3.22 .25 «0368 0.506 " 3,10
0.81 3.32 1,25 +~0368 0,505 " ~2410
0.81 5424 1.262 0372 0.505 " 2.12
0.81 3,27 1.28 0378 0.512 " 2415
0.79 3415 1,21 » 0356 04492 " 203
0.78 3419 1,231 «0383 0,504 » 2,07
0.78 325 1,27 0374 0.508 " 2,13
0078 5.19 10252 .0365 004'99 " 2.0”
077 3423 1,256 «037 0.506 " 2.1
0.84 3.22 1.25 <0388 04481 " 2.10
0481 3437 - 1,28 <0377 0.490 . 2415
0.80 S.30 1,398 #0382 0.494 " 2,18
0.80 .38 1,345 +0397 0,507 " 2426
" oo « AN 1 =kq n N |10 " 2..9R.

S i s v



Appx. A‘ e e

My @16 (4) (50 () 0V T (8)

Tureronoe Sub Ject [Weight | Height | Surfoce|Reating | Conditiond Rote | Loed|Poat-

Aren |Metabole Cwj-ovf‘ abgorp=
s © [Wolking tive(PA)
or After
meal(Ak)

Kgm Cm | Square |Kiloecal- Mctres/| Kem
metres |ories/ 1adn :

—_—

level
treadmtll
29.1001 5 77'1

1 P.A.

A
P

Smith BE.DeBe} 5740
1922 " "

50,1015 152
14115 [y -
241415 (4309
31045 450k

be11415 (5345

5411415 9

:128333838833‘33i833l8

6.,11.15 |46.8

8.11.15 " |55.2

[tou1.15 {idus
;51.11.15 A
12.11,05 6.0
| 13411415 | 7641
15411415 [76.3
.16.11.15 {76,
17,4145 Jus.2

18,11.15 (55,7

O 33
:-::n:::azx:as:s::::az::a:::aa:x:::z:aa:::zs::l::::s
+
N
L
£~
k3 = 3 l
s sa:::z::::aa::::z:::::::saAia':’ss:::xa::::a::’:’is::::sg‘

'!l,:'ls:aa:azsasa:: 3 F . - .
E 3 E :::a:::sv:::zxz_.:::33=assaa::aa

]
"
L]
"
LJ
L]
»
"
L]
L]
b
L]
L}
”
L]
LJ
L]
L]
L
L]
"
LJ
L
"
N ERTRERN
"
L}
LJ
L
"
L]
"
"
LJ
"
"
L]
"
L)
"
»
L
"
L]
"
]
L]
L
"

“"'-‘-""J:"':::."".'".":'5".3:""“".""'
::ta::an::sa:ss:at::h:ss::zt::s:l:a:::x-:i:i:a:-za:laaa

:xtll'lllﬂ:‘-lzl‘lﬂl!ll:i"t!:!.ﬂ




" - -
. ¢ " H
I | |
} [ : . !
LY T10) §5D) (12] (1’3) (ﬂ;) 75) !
[]
[ . se3)|se) [ |G22 | to-w)|
e R{Qs | Rate of total |Working- |Working- Woridng- Working~ | Working=-
" | energy expend-| Xilocal- (Kilcalaries |gram-colories|Kilcalories| Kilocalw
! ....J e iture ordies per|per Kilogram|per horizon- |per horizond ories
S square |aof body tal metre- |tal metre- | expended
t " ' matre per|{welght Kilogram Kilogram per mine
. oo nimute (Total weight! (loed only)| ute
" Kiloalaries/ . of body plus
s fmn losd)
L
. ‘ " H R N
" ; s (e
0 086 [ 3.36 1,335 #0393 0,510 " 2.2
. w083 | 3.33 1.315 0388 0,497 » 2,21
w082 [ 340 . 11,358 <Ol 0,511 " 2,28
+ 083 | 3,50 1417 0418 0,532 " 2,38
s 086 | | 242 0 T7h 20228 0,504 " 1,30
% i« 0.88 . 2,32 T +0214 Ouli8l » 1,20
4 - 0,83 2,3 o726 0212 0,496 " 1,22
a 0e92 2.33 72 «0212 N, . 1,21
‘ ! . 0.87 2,31 «709 +0209 04469 " 1,19
; ' 0.85 2,32 « 75 021 ] Oels8l " 1,20
] 0.89 2,31 o709 «0209 0.476 » 1,19
. + 0485 2,35 »732 «0216 0.498 " 1,23
- Qe85 2,30 « 703 40207 0.490 . 1,18
- 0.90 2,27 685 «0202 Oulilils " 1415
SN , 0.8 2,28 69 0204 0,455 " 116
b o'” ’ 2,23 -66 00195 0ehls9 " 1.1
: . 0.87 2443 .78 «023 0,430 " 1,34
; 0.86 | 245 o791 «0234 04439 " 1,33
“‘: . 0-83 2 oSlb . 8‘}5 . 0216-9 OMB " 1 01"'2
i . 0,89 2,32 o4 L0211 0,449 " 1,20
; 0.8, 2,32 als .0211 0.456 " 1,20
L . 0,83 2,32 o bk <0214 0.462 " 1,20
. 0,89 2,2, 666 0197 0,449 " 1,12
.- 089 2,25 673 0198 0,433 " 1,13
. 0,87 2,26 .678 020 0.5 " 1414
0,95 | 2,54 <845 0249 0,451 " 1,42
0,92 2.59 875 0258 0.459 i 1,47
S - 0,90 2,59 «875 .0258 0,452 - 1047
‘ : 0,95 242 o Tk .0228 0.415 . 1,30
' . 9,86 2,41 +768 0226 0.415 " 1,29
' . 0,91 2,46 797 .0235 0.431 " 1034
- 0y94 2,27 58, .0202 0417 » 1,15
; 0.86 2,32 b «0211 RN " 1,20
0.85 2,38 «75 0221 . 0470 " 1,26
' 0.8, 2,78 +988 .0292 0.435 " 1.66
0.86 2,9% 1,082 0322 . 0473 " 1,84
0.92 2.8, 1,024 L0312 0.457 » 1,72
0'88 2091 1 -w5 00214 00‘0-6‘} * 1079
P 0.90 2,92 1,071 +0316 0.468 " 1,80
: . 0,96 3004 1142 <0337 | Oubd2 " 1492
S 0.89 3423 1,225 <037 0,482 " 2,11
: 0.88 31 14185 0349 04453 " 1+99
: 0496 3415 14209 #0356 0467 " 2,03
: 0.92 3021 14204 «0367 0476 " 2,09
0.50 3418 14255 .0362 0466 " 2,06
0.86 3.19 14231 <0364 0,476 " 2,07
0.82 3-1 7 i 22 -036 0-1067 " 2405
. 0.81 3.17 1,22 2036 0465 " 2,05
0,86 2,29 687 +0205 Oolis5 " 1,17
{ 0.8 - 2,28 «69 020, 0448 " 1,16
{ 0.85 2,30 +703 »0207 0454 " 1,18
0,84 2446 799 #0235 04423 " 163k
: 0.85 2.39 o755 0223 0406 " 1,27
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e

(15)

0,539

5) (10) (1) (12) 13, .. (%)
152 ° 1 1
(15:3)] (1521) ((ﬁﬂé”) i) (10 = 4)
total o Kilo- W;ﬁfg- i i
>y [+}
exs;ﬁgrc I:;dns cn;z:iea ca.;.::ies oa;o:ies cclo:;e;
O= s, kil exponce
oalories/ mq\;-!: .‘»;m Krt::fnmn-td mm?l mper
win, por boly grom dlogrom b
mimite | weaght * (total (lond
weight of only)
body plus
Load)
o0
0.91] 3.23 1.257 | .0%7 .
0.89| 3.28 1,285 | (0379 g:z."g; " 2%
0.83] 3.33 1.33 .0388 0.498 " g;f
0.83| 3. 1.5 .0393 0.503 » 2
A B R
. . . .0 . " .
0.82] 3.24 1.26 .0%2 8.:;“7‘3 . T
0.80] 3.19 1.23 0363 0.466 " 2.12
0.80| 3.22 1.25 ~0368 0.470 " R
0.81]1 3.25 1,269 L0374 0.7l » 2.19
3'376 2.5 o745 0219 0.456 » 3123
0.8 2,37 65 | .0219 0,464 " 1'25
2851 2,32 1L | w021 0443 » o
0.90| 2.42 7 | L0228 0.411 " .
0,88 | 2.4 .768 .0226 0.420 " e
0.89 | 2.43 .78 .023 0.418 " 5
0.9 | 2.4l 785 | .0232 0.401 " 1%
0.89 | 2.46 788 | .0235 0.408 . 1232
0.89| 2.47 8oy | L0237 0.415 " :'3"
g.gz 2.72 . 323 ~0281 0.430 » Iy
. . . .0291 0440 " .
0.9 | 2.78 989 | .0291 0. 4kO " e
0,96 | 3.3 12196 | w0352 X " e
0.9 | 3.2 1.26 .03'512 g:ﬂs; " bt
0.09 3,18 1.227 .0362 0467 " 2'102
0.95 | 2.89 19953 | .0%10 0,436 " 17T
0.90| 2.93 1.008 | .0317 0.407 " 1.8t
0.89| 2.87 1042 | .0307 0.428 " 1.75
0.92| 2.9 1.09 0329 0.455 " 1.83
0.88| 2.96 1,095 | .0323 0.453 " 1,84
0.86| 2.97 1,101 ~0325 0.450 " 1.8
0.1 217 565 0167 0.369 " et
. X . “017 . " .
0.87| 2.16 56 10165 8.3%3 " oo
091 2.2 le6r | L0197 050 ;" 1'?5 :
0.92| 2.20 ‘a3 | L0189 049 . " 1.08
0.88| 2.3 k| L0219 O3 . " 1,25
0.86| 2.63 ‘899 | .0265 0. 396 " 1.51
0.82| 2.81 1,008 | .0296 0,445 " e
0.82] 2.68 ‘928 | 0274 010 " 1. 2
0.8 | 3.20 1.2, | 0365 0,589 " .8
0.79| 3.22 1.25 ~0368 0,580 " 2.10
0.78| 3.29 1,292 | 0381 0601 " 2.17
0.79| 3.22 1.25 .0368 0.577 " 2.10
0.88 3,19 1.232 .0363 0.578 " 2' o7
0.81] 3.09 1471 | .03 0.547 " 1.97
0.80| 2.95 1.09 -0324 0.500 . 183
0.81% 3.11 1.185 0349 0,546 " 1.99
0.85] 2.9 1,082 | .032 0.537 . 1.82
0.88] 2.85 1.03 S 0304 0.500 " 1.73
oz| 332 131 ~0386 0.516 " 2,20
ﬁ.ﬂﬂ Q‘A . » Ol 0.528 . L 2.28
a 1.0683 . 1.77




. b '
Appx.d | : - | —‘ ‘
)1 (e O (Y] 3) 1 (6) 1{7) |{8) : }
| |
! Referencel Subject| Weight| Height|Surface| Resting|Conditions | kate |Load| Post~
! . Area Meta~ of absorp=
‘ ’ bolisz waliking tivo
(Pa)
Ter
. ’ After
b : Hoal
Kgn | Cm | Squara|Kilo- Fotros/ Kem | (&%)
netros|calor- 1ain LI
lesfiin '_
lavel !
o |treadmill ) ‘
| Smith | B.D.B | 57.0{ 173 | 1.68 | 1.12* | 4.12.15 | 47.5 |zero| P.A.
| 1922 on " " " " ) | 46.6 " "
- ' " " n " " o 45.9" " "
l " " " ", " 31.3._15' 55,2 | " " i
| " " " I B EE 52,9 | » "
F " " " " " 1415 53,0, " | " "
"’ " " 1 " . 1] " .
} " " " " " . gg):z " " .
} " " " LI n 3 L.15 35.1 " " -
. " " " n L N I A W :
t " " " L2 o136 0 "
" " " n " Lo4e15 .| 35.9 " "
. ] " " (L n . . 57.0 " "
" " " " .n ) . 1 37.0 " "
L] L] " ] " 5.1’.15 77-151 " [ - .
w " " " " : 1 16.5° " w o
w " " oo i 79.3 " n -
0w’ " " R . 10.[‘"15 A 78. " it . .
" " " I S U _ 7.4 -] » n o
" cn " LI 11,4.15 95,9 " - 0
" " " " " 7 92.0 U] " '
" " " " LI . 89.0 . "
" . " " " " 12.4.15 89,2 " "
" " " " " . 39_0 1t 1t
" " n " " ’ 86.6 " " -
‘ " " " n " 13'1”'15' -1 99.7 n it
" [ " " n : 97.7 "- "
" " " [0 " 9.9 " "
level - | |
. o x tre~doill
Smith J.R.G.| 68.0] 185 1.89 | 1.26 18.1.16 55.3 |zero| P.A.
1922 " " " " " 55,2 1 "
" " " " Lon 54.5 " "
" " " " W 19.1.16 55.3 " "
" ] " " e 55"1 " "
n " " L 1 53,8 " n
" " " " " 20.1.16 | 55,9 " 0 *
" " " "o " ’ 55. [ " 1} -
" " " " 1 53.5 u 1
leval ‘
) © o | treadnill
Soith B.L.P.| 70,40 171 | 1.82 ] 1.21% | 21.1.16 [ 52.5 [zerd - P.A.
1922 " " " " " ) 52.3 " "
n " " o w -, 52.5 " "
' L DL B noo e 22,116 | 53.6 | v v
o n " " U 52,5, " n
! " " " " 0w . 52, 3 " "
i ‘ n " " [0 S 24.1.16 )‘9_6' " oo
| ‘ " " " T B ) . l+9~2' " i
- -i " " n " n 1.8.1. : " ’ "
| S =




(10} - {11) (12) (§5)) (1) (15)
1523)| (1521 (i | G | (o)
Rate of Working-| Working- [Woriding=- Working=- Working=
total kilocalor— kilocalor— |gram=cal- [Kilo calor-jkilocalories
energy ies per ies per Jories per ies par exponded
loxpenditure| square kilogran of| horizental jhorizontal per uinute
nmetre body notro-kilo-imotre~iilo=
per veight |gran(total {gram (load
ninute welght only)
: of dody
plus load)
kilo-
calories/
zin
0.93| 2.23 .655 .0195 0.409 2 1.1
0.88 2.20 o6u0 00189 $ 0.‘006 " 1.¢8
0.86] 2.2y «666 L0211 0.427 " 1,12
0,95 2.69 935 .0276 0.492 1 " 1.57
0.92] 2.73 .958 .0282 0.535 " 1.61
0.86] 2,67 «923 .0272 0.510 " 1.55
0.83] 2.61 .886 0262 0.505 " 1.49
0.83] 2.59 .875 .025% 0,512 " 1.47
0.90] 2.18 .63 .0186 0.530 " 1.06
0.87] 2.27 685 .0202 0.566 " 1.15
0.8, 2.24 666 .0195 0.536 " 1.12
0.83] 2.3C .702 .027 0.576 i 1.18
0.83 2.2 672 .0198 0.456 " 1.13
0.78] 2.33 .72 0212 0.573 " 1.21
0.82] 3.53 1.435 0423 0.54L6 w 2.41
0.82} 3.42 1,369 <0LOL 0.527 " 2.30
0.83 3.51 1.433 042 0.529 " 2.39
0.94 3.59 1.47 <0433 0.551 " 2.47
0. N 3.56 1.451 .0,28 0.556 " 2.44
0.87 Lo47 1.9 .0588 0.613 " 3.35
0.88 414 1.798 .053 0.576 " 3.02
0.8y 4.10 1.775 .0523 0.5817 " 2.98
0.81 L34 1.94 .0565 ¢ 0,635 i 3.22
0.81 4.18 1.34 0537 ; 0.603 " 3.06
0.81 4.0, 1.738 cH12 0,991 " 2.92
0.88 4.55 2.0y 0602 | 0.603 i 3.43
0.86] 4.59 2.065 .061 1 0.62 " 347
0.87} 4.29 1.88 .0556 i 0.586 " 3.17
0.78] 3.55 1.2¢ 0336 | 0.609 " 2.29
0.7  3.45 1.16 .0322 0.584 " 2.19
0.76] 3.39 1.15 0313 2.574 " 2.13
0.81 331 1,035 | .0302 0.545 . " 2.05
Q.75 3.42 1,143 /| .0318 0.576 " 2,16
0.75f 3.31 1.085 .0302 0,560 w 2.05
0.84 3.33 1.095 0304 0.545 » 2.07
0.78] 3.33 1.095 0304 0.548 " 2.07
0.81 3.26 1.06 0294 0.549 "\ 2.00
A A s
0.80] 3.85 1,45/ .0375 0.713 " 2.64
0.77] 3.39 1,188 034\ 0.592 i 2.18
0.76f 3.40 1.198 031275 0.592 w 2.19
0.90{ 3.39 1.188 631 518 | " 2.18
0.2} 3.40 1.198 0312 0.592 " //"2.19
0.86{ 3.33 1.165 .0302 0.576 > " 2,12
0.81 3.28 1,14 .0294, T~ 207
0.80] 3.24 1.115 .0208 0.507 Tk " 2.03
0.81 .21 1.1 L0084 0.588 \" 2.00
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(1) 12 )| ) (5) - 6) 1(7) 8) ’
| C
Vi Refexrence| Subjeot |Weight|Keight| Surface|Resting [Conditions| Rate |[Load] Post- : ;
b Avea |Ketabol- of absorptive 3 ;
X isn walking (PA) ‘
: or
' After meal
(a)
¥ilo~ -
Square |calories Ketres
Kgm Cm |ifetres | /min /min _|Kem
level o
. . treadmill :
! Smith  [A.J.0. | 69.5 | 180 | 1.88 | 1.25® | 15.2.15 | 63.1 |zero] PA ;
| 1922 . o " " .2.15 | 63.1 | * " .
i » K - . N L] 63'8 [ L] :
| - 2.3.15 | 63.8 | » " :
: " 60.7 " "
" 6}.6 L] L]
I level
3 tresdmill
! Ssith  |H.R.R. | 70.0 | 185 | .95 | 1.29™ | 20.3.15 | 67.7 |zero] RA
: 1922 " L L L] L] " 64.5 " L
.9 [ ] » ] L] L] 27.5-15 65.8 " L]
:; L] ] » » L L] 67‘2 " "
\T ] L] L] » 1] ] 67.5 " "
.: ] " L) " L] 3‘1“15 6n.9 " " -
: » » " [ ] " L 60.5 " "
. " » L] " L " 60.0 " L
" S " " 10.4.15 | 60,4 | " "
. o " " 17.4.15 | 60.0 | " "
L ” L L] " " 59.9 L "
" " " L] " 214--11»-15 61.8 L] L]
] " L] " " n 60.2 ] L}
" " " " " " 690.6 " " M
L] [ L] L] " " 60.1 " []
level
treadmill
Smith  [T.E.H. | 54.5 | 174 | 1.63 | 1.09" | 25.2.15 ! 63.4 |zero| EA
1922 » " L] L] . " " 65'7 " "
L] " " L] ) " 65‘7 " ”"
" o I " 19.3.15 | 65.7 | " .
L] " L] L] L] L] 66.7 " L]
L] " " _n " .on 67.1 " "
LJ L] " " [] " 67.8 L] "
" o N " 22.3.45 |67.5 | " "
" L] L] L] " " 67. 5 " "
. A R " 24.3.45 | 67.4 | " "
" " L] " " ooon 68.1 " "
L] " n » " " 67.3 " "
P " " " . " 26.3.15 25. 2 " "
" " " 7. L] "
‘ " " " " . 30.3.15 |62.4 | "
: " » " LR " 62.7 L] n
/ . LJ L] n ] " 65.2 " "
" " " " S5.4.15 | 62.4 " Ll
" " " - " " 63.2 | "
e ~
. / -
‘ ™ )
; "™~ Estimated from Surface Area assuming Basal Metabolic Rate off
o Mories/square metre/hour
| 4
Lo o —] | / B
4 L\ N s
RN
AN




s, m— : P
i .
t

+ (10) (11) (12) (13) (1) (15)

s 2 g - 13, !
(15 # 3) {(15 % 1) ((14-7)x6) (1 < z) (10-4) ] :
R.Q.] EKate of |Working- |Working-| Working-~ Working~ Working- f
» total Kilo- Kilo- |gram-calories| Kile Kiloe
- energy {calories |calories|per horizon- |calories per| calories
expenditure per per tal metre- horizontal |expended per
) square |[Kilogrem| Kilogram metre~ minute
metre per|of body |(total weight| Xilogram
Kilo- mimate | weight of body |(losd only)
. calnries plus load) » ;
. [nin |
* o
0.87| 3.28 1.08 | .0292 0.463 -0 2.03
' 0.83] 3.67 1.288 | .0348 0.552 . 2.42 }
0.83] 3.63 1.267 | .0342 0.537 . 2.38
0.87] 3.58 1.24 .0336 0.526 . 2.33
0.84] 3.37 1.128 | .0305 0.502 . 2.12
0.90| 3.27 1.075 | .0291 0.457 . 2.02 i
; 0.85 W32 1.57 . 0433 0.657 " 3.03
! 0.81 L.31 1.565 L0431 0.643 . 3.02
3 0.80 4,36 . 1.592 Ol 0.650 . 3.07
. 0.83| 14.05 . 1.3 L0394 0.633 .- 2.76
0.8 | 4.10 1.456 <0401 0.664 » 2.84
0.84 | 4.12 1.468 | .ou0n 0.67L, . 2.83
, 0.84| &4.27 1.545 | 0426 0.708 d 2.98
N 0.83 | 3.87 1.34 .0369 0.614 " 2,58
: 0.83| 3.87 1.3, .0369 0.615 " 2,58
0.80| 3.87 1.34 .0369 0.5% - 2.58
. 0.81 3.76 1.28 .0353 0.587 l 2.47
3 0.79] 3.76 1.28 L0353 0.582 » 2.47
0.80] 3.82 1.312 | 0364 0.601 . 2,53
’
0.83 | 3.02 1.185 | .0354 0.559 ol 1,93
0.91] 2.98 1.16 L0347 0.545 ? 1.89
. 0.90 | 2.99 1.167 | 0349 0. 548 . 1.90
; 0.84 | 3.4 1.442 L0431 0.656 . 2,35
0.80 | 3.43 1.437 | 0429 0.645 " 2.34
0.77 | 3.49 1473 | Obhd 0.656 . 2.40
0.79 | 3.4 1.425 | . 0426 0.629 " 2.32
0.84 347 1.461 L0436 0.647 . 2.38
; 0.82 | 3.30 1.35% | .0405 0.601 . 2.21
; 0.86 | 3.3, 1.38 0413 0.613 " 2,25
; 0.77 3.22 1.308 .0391 0.574 » 2.13
0.88 | 3.19 1.289 .0385 0.569 i 2.10
. 0.92 | 3.32 1.37 .0409 0.621 " 2.23
. 0.73 | 3.18 1.282 L0384 0.568 ] " 2.09
3. 0.86 | 3.15 1,26, | .0378 0.554 . 2,06
; 0.89 | 3.35 1.388 | .ontL 0.665 » 2.26
< 0.86 | 3.39 1412 | .op22 0.673 " 2.30
, 0.83 | 3,27 1,338 {.04 0.634 " 2,18
' 0.86 | 3.36 1,39, | .0417 0.668 " 2,27
0.82 | 3.42 1.43 .0428 0.677 . 2.33 :
i
3
l_ ‘s i
; :




Appxe A | ‘
o

!

¢

{

T @] (3 (4) 19) \6) (77| (8)
{
{
i’ Reference tSubjoch Weight |Height| Surface|Resting | Candit- {Rute Load [Poat
Area |Metabol~l lons of - absory-
iam Valk= tmm-fm) ,
1 e mal (1)
Al
Kgm | Cm |Square |Kilocal~ Hetres| Kgm
matres | ories/ /nin
min s
level
g |treadmll .
| |Ssdth W.K. |49.3 182 |1.51 1.01 1843415 | 65,6 zero: P,
H 1922 » L] " " " L] 66,9 ] L)
L] " " » " " 6G.3 " " .
] [ L L] " " 263,15 6444 " "
5 . " " " " 443,15 | 64,0 " "
2 " L] " [} [ L] 62.9 it L]
: " L] w " " [] 66.0 " L]
. [] " " " " 55,15 65.3 " "
[ » " » ) » 65,9 " n
| " " " " " " 66.2 " "
: » " " " " 8.3415 |€5.4 "
: ” " L] " " L} 868.6 " "
: " L] " " " " 66,6 » »
; [ ] 1) ] " 9.5.15 88,0 " "
H [} " " " " L] 82.5 " " .
N " " » " " L] 62.2 " " .
[ ] [ ] ’ n " n 53.6 " i .
d " ' " 12.3.15 | 0,9 Wy
"o " " i " 58,5 " i
L] it " ] " L 63.2 " il
» " " . " 13.3.15 |65.1 mlow
» " " ir 1] " ti.7 " "
” " " 1] o " 59.4 i 1
” " " i " " 59.1 " " *
» " " " " 16+3.15 59,2 " "
[ ] L] 1] LJ w " 62.5 it " '
n " ”n " ” " Co.g " "
" " " [} " " 60.6 " "
[} " " " n 17(3']5 67.5 " L]
" " " " " ] €7.4 [ "
L] L] o it [ " 67.8 Bl "
" " L] " " [ 67.5 " "
" " " " " 18.3.15 62.5 " "
» " " " W " 58.4 ] "
] " " " L] " 60.8 " "
L] " " 0 " " 58.8 ” L]
L] L] " " " 25.3.1 5 64.3 " 1®
] n i " 0] " 664 " "
L) " " " " " 6645 " "
" n " L 1 25.3.15 ;_'7.5 " "
» " " " " " 7.5 - " "
L] " L] " " " 67.0 " n
" " " " " 729.3.15 |63.3 wlow
" " " » " " 60.8 " n
L ” " " 1 " 62'8 1 " N
" " " " " 31.3.15 |64.8 o
L] L ] L] " " " 65.8 " 4] .
L) " " " " " 64.8 " "
4 " " " " " " 64.9 o
i . " " " " 23.6.15 |58,2 " * .
| [ ] ] " " " " 57.1 " "
& » [ ] L L] " (1] 55.0 " L4 i
X 3
i %tmmtea from Surface Area assuming Basal Metabolic Rate fof 40 Caloriss/Square zetres |




.

®) | (q) 2) () 679 \B)
. 15 15
) E 3 aa— 10 - &4
| (523) |52 (o) |GGag” |04
R.Q. [Rate of total |‘orking- |'‘orking- |Yorking= Vorking~ Working~
energy expend-| Kilo-cal~|Kilo~calor-| gram-calories|Kilo~calor- |Kilo-
iture ories per|ies per per harizon- |is per hori- calories
square |Kilogram of]|tal metre- |zontal metre| expended
Kilooalories/ | metre per|body weight|Kilo LKd logran per
min- minute (Total weight!(load anly) |minute
of body
1load)
: 1§59
0.69 2,95 " 1.285 0394 0.6008 . 1.94
0.77 2.68 1.107 «0338 0,508 . 1,87
- - - - - L4 -
0.82 2.55 1.02 " 0513 0.486 » 1.54
1.06 308 1.359. «M17 0.851 w 2,05
0.90 3.98 1.308 «0401 0.638 » 1.87
0,80 3.08 1.371 0421 0.637 " 2,07
0.90 2.93 ' 1,371 «039 10,598 " ] 1.92
0.87 3.84 ; 1.212 0372 10565 " i] 183
0.85|  3.88 1239 | .038 10574 we ] 1.87
0.83 2,99 1,31 «0403 C.607 " 1.98
0.88 2.87 1,231 0378 0,570 b 1,86
0.84 2483 1,208 037 0555 " - le82
0.87 3.0 1,325 «0406 0.615 » 2.(0
0,80 2.65 1,088 «0334 L5854 " 1.64
0.81 2,57 1,033 0317 0,510 " 1,56
0.82 2.47 «9686 0297 0.507 " 1.48
0,76 2,82 1.199 20368 0,603 » 1.81
0,84 2.48 <974 +0299 0.510 " 1.47
0,87 2.76 1.16 0356 0.522 " 1.75
0,80 2.87 1.232 .0378 0.512 " 1.86
0.78 2.78 1.172 «036 0,557 " 1,77
0.72 2.85 1,219 20374 0.630 " 1.84
0.83 2463 1.074 083 0,557 » 1.62
0.83 3.70 112 .0344 0.581 i 1.69
0.83 2,64 1,08 0332 0.533 " 1.63
0.73 2,86 1,225 0376 0.617 " 1.85
0,78 2.69 1.112 .0542 0.564 " 1.68
0.85 2,99 L3 »0403 0,598 v 1.98
0.89 2.77 1168 0358 0,530 " 1.76
0.85 2.78 1,172 .036 0.532 " .77
0.87 2.76 1.159 0356 0,527 i 1,75
0.87 2.78 1.172 036 ! 0.577 " 1.77
0,83 2,60 1,053 0323 0.554 n 1,59
0.84 2,58 1.04 0319 0,525 » 1.57
0082 2054' 1.01.5 -03]_1 0.529 " 1.55
0.67 2,82 1,199 »0368 0,573 » 1.81
0.7’7 2 .77 1.165 . 0558 0054‘5 1 l' 76
0478 2,70 b 0544 0,517 " 1.69
0,80 3.00 1.319 +0485 0,601 » 1,99
0483 2,79 1,13 0362 0,536 " 1.78
0.80 2,72 1,131 +0348 0,518 . 1.71
0.79 2 .58 1- 04‘ 00519 00505 " 1057
0,75 2455 02 0313 0,515 " ~1 l54
0.77 2454 1.014 L0311 0.495 " 1.53
0.8€ 2.58 1.04 0319 0,492 " 1,57
0.84 259 1.48 0321 0.488 " 1.58
0.84 2455 1.02 J0313 0,483 " 1.54
0485 2 30 +986 +0303 0.467 " 1'49
0.87 2431 .861 «0264 0.455 " 1,30
0.82 2,28 841 .0258 0,452 " 1.27
- 084 2.21 o734 <0244 0.436 " 1.20
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Appendix B
Statistical Analysis of Experimental Data

B.1. This appendix presents the statistical anulysis of the experimental
data tabulated in Appendix A.

B.2. Definitions’
wC = Energy expended in 'working kilo calories’ per mimte.
¥ = Weight of man in kilos. .
L = Load carried in kilos. .
V = Rate of walking in metres per mimte,
z

= Random term measuring the variation in the -
data ascribuble to random causes.

N = Total number of observations.
B.3. Data

The data (listed in Appendix A) have been extracted from a mumber of
different sources which are described in the main body of this report. A
total of 817 observations was obtained and in each case the values of wC, W,
L and V were available.

B.4k. QObject

All observational data are subject to variation which may be due to a
mmber of causes or factors. Of these, those that can be identified may be
called assignable causes, whilst those that canmot may be called chance or
rardom causes. The assignable causes of these data are W, L amd V, and it
is the object of amalysis to:- :

(2) Qetermine a mathematical law that adequately describes
ths relationship between wC and ¥/, L and V,

(b) establizh how much of the overall variation of wC can
be sttributed to W, L and ¥,

(c) " estimate the accuracy that can be expected in using
this law to predict wC from given values of W, L amd V.

B.5. The General Mathematical Law

As there is no analytical technique which can be applied to the data
fo produce a general form of the required relationship, a suitable model must
be poutulated. In general the choice of such a model is essentially arbitrary
and in these instances it is necessary to appeal to other evidence, such as
past results involving the same elements, or certain a priori infoymation,
to indicate a likely fundamental form. In this case previous authors have
dlsocovered that for given values of W and V the relationship between wC and
Wis linear. Purthermore, from the evidence of the data (see Figs. 1 to 3)
it seems reasonable to infer that, if the other two imdeperdent variates
remain oonstant, the relationship between wC amd L may alsoc be adequately
represented by a linear law, In order to postulate a suitable law for the
relationship between #C and V, oconsideration was given to the experimental
results. These are illustrated in Figs. 31 amd B2. In Fig. B4 the results
are divided into 4 groups defined by the following values of L:=~




e A . g

0.0 Kilogram

0.01 to 15.0 "

15.01 to 30,0 "
greater than 30,0 "
In each group the value of wC is plotted against the value of V, For
oconvenience the values of V are themselves grouped, the following 12 sub-
groups of V being taken as 35.01-45, 45.01-55 cceeees, 135.01_-11»5, 145.01-155,
80 that the actual values plotted are the 42 values of V and WC, where V is
the mean value of V in a sub-group ard WC is the mean value of wC in the same
sub-group. In these curves no specific allowance is madc for variation of W.
Examination of the results, however, shows that thc average values of W for
these sub-groups are very nearly the same. Thus the curves effectively give
the relationship between wC and V for cach group of L, virtually independent
of W, -

Fig. B2 is similar to Fig. B1, except that for each grouping of L the
12 values of log W arc plotted against V. From this latter it is seen that

(a) for each of the 4 groups of data a straight line gives
a good fit

and fo) the 4 straight lincs so fitted are approximately parallel.

It is therefore reasonabl: to supgest that for constant %, the relationship
between wC and V is of the form

logwC = A+ ¥V (1)
where A is indcpendent of the value of V.

This suggests for the complete relation between wC and the independent variates
a form

w = £, L) (2)
Incorporating the indicated fomm of f(W, L) we have
WwC = (a4 + a¥ + a;’c’(z + 8L+ ast)eKV (3)
The quadratic terms that are included in this model are intended to provide a
basis for assessing the adequacy of the linear terma in describing the

relationship between wC and ¥ and L.

B.6. Estimation of Parameters

If the least squares technique is applicd to estimating the unknown
parameters in equation (3), 6 simultancous equations result. Lowever, as
these equations are non-linear, their solution would require excessive
computation. It is therofore required to find some method that simplifies
the problem, Such a method is irdicatcd by the fact that if the parameter,

K, can be estimated by other methods yiclding a value of K, then a atatistical
model of the following form may be set up to describc thz data:-

y = wee™ aq + agW + aflz +al + ax5L2 +2 (&)
The five unknown parameters in this model may then be simply estimated by

solving the 5 simultancous equations resulting from the application of the
least squares principle.
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B.7. ZEstimationof K

It has already becn noted that the 4 straight lincs fitted to the points
obtained by plotting log ¥C against ¥V for 4 different load ranges are
approximately parallel (see para. B5 amd Fig. B2). Now it follows from
equation (4) that the slope of each line may be takcn as an estimate of K.
Hence, by taking an average of the four slopes, suitably weighted to account
for the different mmbers of observations associated with each point on each
line, an ostimate of X based on all the data is obtained. ‘The estimate, K,
derived by this method is

K = 0.01%25
hs the data are grouped to producc the points of Fig. B2, X 1s not necessarily
the best estimate of K that can be obtained. It is, however, probably as
accurate as any other estimatc not based on the solution of a set of non-
linsar equations.

B.8. Estimation of a4, ap, a3, 8, and ag

Kinimization of
N

2 '1 (s = 8y - oMy - ag;® - ayLy - agty®)?
with respect to aq, a7, a3, 8, and a5 yields the estimates
ay = =0.031215
a, = 0.011795
a3 = =0.000029
'ik a  0.008449
ag = 0.000001
The significance of each of the aj's can then be determincd by referring the
value J%i to tables of the t-statistic with 847-5 = 842 degrees of freedom,

where V;% denotes the (standard error)2 of the eatimate a;. The results of

this test are summarized in Table 1 below.
Table 4
i ay V‘a‘i tg12 Level of Significance
2 0.011795 | 4.08302x1072 | 1.85 .08
3 |-0.000029 | 2.49247x1077 | 0.58 | -
4 | 0.00849 | 1.34618x107 | 7.28 001
5 | 0.000001 | 1.30614x10°8 | - -

It follows from this table that y is probably unrelated to w2 and 12 and

may accordingly be omitted from equation (4).

R
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adsquately describes the data.

Prom the previous section it is deduced that the statlistical model

As before, the parameters by, by and by are
estimated by using the least squares technique, yielding the estimates:-

.083156

. 0081433

-~ 0084894
1.2579 x 107
3.1459 x 1077
1.7002 x 10~7
-1.9631 x 1072

2,2155 x 10-6

Cgp. = -5.7402 x 107

017336

where 3-2 4. the least squares estimate of the variance of y, C'f,i'f, denotes
the covariance of the two estimates 'bi and bj and, as before, 3
Vby denotes the (Standard error)? of the estimate by.

;.2:

It may be shown that by fittirg equation (5) to the date .5062 of the
overall variation of y is extructed which is considered to be a satisfactory
figure for data of this type. The final regression equation is therefore

a .019625v

wC a2 (.083156 + ,0CB81433W + .COB4LE9LL)e (6)
which may be approximately re-written as
wC = .0083(10 + W 4 L)e'/50 (7)

B.10. Accuracy of Prediction

Having determined an equation that fits the data fairly well it is now
required to estimate the accuracy that can be expected in usirg this equation
to predict wC from given values of W, L and V. It is important to note that
the error attendant to the estimation of by .019625 is incorporated in the
random term, Z, of equation (5) and is therefore taken into account. It may
be shown that ‘}wc, the variance of the predicted wC may be cstimated by

- ”~ 2 .~ a2 Z;V
v, Vi, + WVS, + LV MCy; 210 5 i - ¢
w = (Vg By + L'VBy + FChb, + 2L05 by + ATophs + & Je (3)
The values to be substituted into this equation appropriate to these data are
quoted in the previous peragraph., By making the assumption of normality an
approximate confidence interval can be constructed for thc predicted wC,

A8 an example, suppose it is required to predict wC frow the following
values of W, L and V:~

W = 70 Km
L = 21 Xgn

V = 80 metres per mimite

et e T T B
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Substituting into cquation (6) we have for the estimate of wC
W = (083156 + .00B1L33 x 70 + .008489% x 31)e" 019625 X 60
Substituting into equation (7) the variance of #C is given by .
Ve = ( 1.2579x10™ 4 4,900 x 3.1459x107 + 44t x 1.7002 x 107
- 140x1.963x10"5 4 42x2,2155x10~° -
+ 017336 )a'60%-01%25 0 ,
Assming thet the distribution of wC ig normal it may be deduced that the 0% »
confidence interval associated with wC is approximately / L.00-1.645./ %02,
4.00 + 1.6L5/.4027 = [/ 2.96, 5.04/. It is evident that in this case t.e
only term that mekes any material contribution to Vo 1s &« Other examples
have been evaluated with the sane rasult. It is ther=fore considered that g
for reasonable values of W and L, Vy may be approximately estimated by

v
Vig o -0173%6e° PN 0470 /25

4.00

- 294L0x5.7402x10

B.11. Conclusion
It is suggested that the mathematical law
’ S v
¥ = .0083(10 + W o+ L)e /50
adequately describes the relationship between wC and W, L and ¥, and that
the variance of the error associated with the prediction of wC froa given
velues of W, L and V may be approximately expressed as '

. Ve = L0176 /25
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