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AND 

Captain P. F. D. NAYLOR, M.A., M.B., B.Chir. 

Royal Army MedicalCor:ps 
of the Army Operational Research Group 

FROM experience gained in the past war, it has become evident that a reform 
in methods of load-carrying in the Army is necessary. In Military operations 
three main problems present themselves. 

Firstly, heavy weights up to 250 lb. have to be transported relatively short 
distances. This is exemplified by the porterage of ammunition, stores,_ etc., 
and the methods adopted are not subject to limitations imposed by "military 
considerations. Secondly, medium weights, represented by a soldier's personal. 
equipment, have to be carried on long marches. Thirdly, small weights, 
comprising the ammunition and weapons of fighting order, have to be carried 
into battle by the use of an apparatus which interferes as little as possible with 

. the fighting duties of the soldier. 
It has been obvious time and again in past campaigns that decisive ad

vantage is given to forces having rapid mobility. While this mobility is, in 
part, dependent on mechanization, it also depends a great deal on the ability 
of the infantryman to undertake long forced marches carrying a maximum of 
arms and· equipment. He is enabled to perform such marches only when his 
load carrying apparatus is of the utmost efficiency. It is with this last problem, 
namely that of producing an efficient fighting, order, that the Army has been 
mainly concerned. 

11 
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148 The Investigation of Load-carrying in the Army 
/ 

The problem of devising an effective battle order is complicated at the 
outset by the la.ck of .any agreement on the basic requirements of such an 
apparatus. How much and what type of ammunition should be carried? 
What personal equipment is essential to maintain the soldier in battle? 
Obvious(y, the answers to these and similar questions depend largely on the 
type of military operation and the theatre in which it is being carried out. 
Thus any specific ·equipment produced either must be extremely versatile in 
use or must be capable of modification to meet the local demands upon it. 

From these and other considerations, it would appear that the most 
profitable method of attacking the problem is to define certain fundamental 
principles on which might be based a successful design of battle order. Two 
main methods of objective investigation of load-carrying problems can be 
employed. These are: 

(1) Laboratory experiments. 
(2) Field trials .. 

It is with thefirst of these two methods that this paper is concerned. 
In the design of equipment for load-carrying it is necessary to consider 

the normal functioning of the individual with specific reference to the tasks 
which he will have to perform when fighting, in ordertliat these may be im
paired to as small an extent as possible. 

Load to be Oarried.-It is not generally realized that the physical performance 
()f a man is at its peak when he is unladen; Obviously this is impracticable in 
warfare when weapons and equipment have to be carried by each man. Any' 
load-carrying impairs to some extent the physical performance of the soldier. 
Cathcart [2] showed that when the load which a man carries exceeds 35 per cent 
of his body-weight, expenditure of energy becomes disproportionately large. 
Whether this disproportionate rise in expenditure of energy also means a 
disproportionate rise in rate of fatigue IS not clear. It is unimportant, because 
the basic fact remains, that the greater the load the greater the fatigue, and 
therefore the load should be made as light as possible. This is the most im
portant single point concerning load-carrying i,nto battle. 

Disposition of the Load.-In order to assess the merits of the various funda
mental methods of carrying loads it is necessary to devise objective techniques 
which will enable a comparison to be made. Such techniques are all laboratory 
investigations which, from the point of view of indicating the design of efficient 
load-carrying apparatus, are at least as important as the subjective methods 
employed in field trials. ' 

All too little of this work has been done in the past, and most of the literature 
deals with metabolism experiments, the details of which were first described 
py WaIler [6]. Significant differences in the expenditure of energy for different 
methods ofload carrying were observed by Bedale [1], who investigated various 
types of carrier used in industry. 40 lb. was found to be the maxjmum economic 
load for most types of carrying; " 

The results obtained in these ari.d other experiments indicate that there 
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o. C. J. Lippold an~ P. F. D. Naylor 149 

are four essentials in the design of any load-carrying apparatus, to ensure a 
minimum ex~enditure of energy in use. These are: 

(a) Elimination of local strain; 
(b) The maintenance of normal posture; 
(c) The maintenance of a normal and free gait; 
(d) Chest freedom. 

Disproportionate expe:q.diture of energy does not necessarily mean dis
proportionate rate of fatigue, but in the absence of evidence on this point 
it is reasonable to keep expenditure of energy at a minimum. Furthermore 
the four factors quoted above are also those which promote bodily comfort 
and ease of performance of military tasks. For these reasons it is desirable to 
see how load-carrying ,equipment, can be designed to conform with these 

, , , 

requirements. 

Elimination of Local Strairi.~Any method of load-carrying' which entails 
continuous muscular contraction to counteract the effect of gravity acting 
upon the load must produee strain arid fatigue in the groups of muscles so 
employed, particularly if these muscles are weak ones. The carriage of loads 
on the shoulders shows these disadvantages clearly. The result is early fatigue 
and discomfort in the muscles employed to. keep the shoulder girdle elevated. 
Occasionally this method of load carrYing has c~used a drop of ,the clavicles 
with compression of the brachial plexus and/or the subeIavian artery, resulting 

. in numbness and paralysis of the arms (Stammers [ 4]). This difficulty is avoided 
when weight is applied directly to a portion of the skeletol1.which can transmit 
the weight to the ground without the intervention of·" strut muscles." There 
are two ways of doing this: . 

(a) Carriage on top of the head. 
Although this method theoretically ,enables loads to be carried 
without the use of mm:cles, Bedale observed that the unstable 
position of such a load leads to a state of increased muscular tension 
-particularly in the neck and shoulder region. In any case the 
method is obviously quite unsuitable for military operations. 

(b) Carriage of weight on the hips. 
It was decided to investigate this method ofJoad-carrying in order 
to determine whether it did, in fact, reduce the amount of continuous 
muscular contraction necessary. 

Note on Experimental Investigation of Local Strain.-Whena muscle con
tracts, the individual fibres of which it is composed develop minute action 
potentials. Electrodes placed over the belly of any muscle pick up volleys of 

• these electrical impulses throughout the duration of its contraction. During 
relaxation little or no electrical activity takes place. Thus it is possible by 
using suitable amplifying and recording apparatus to determine the presence 
of activity in any muscle or group of muscles. 

A rough comparison can be made in this manner of the activity of a group 
of muscles when loads are carried in different ways. It will be seen from the 
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150 The Investigation of Load-carrying in the Army 

details given in Appendix A that, in general, muscular· contraction is less in 
the muscles of the back and shoulder girdle when the load is supported by the 
hips, than is the case when it is supported on the shoulders. This agrees :with 
the conclusion arrived at from theoretical considerations. 

The Maintenance of' Normal Posture.-The normal posture of a person 
carrying a load may be disturbed foi' several reasons: 

(a) The'load is too heavy; 
(b) The load is not suitably attached to the body. The arms may have 

to be employed to steady or hold the load; or the back may have 
to be bent to carry it ; 

(c) The load is too bulky (e.g. in order to carry a bulky suitcase the 
arm carrying the case must be held out at an angle from the body 
in order to hold the case away from the legs) ; 

(d) The load is not properly balanced. 
In a static system in equilibrium, the centre' of gravity lies over the base. 

The feet of a standing man form the base of such a system and the centre of 
gravity normally lies over' a certain part of the feet. If a load is placed upon his 
back the centre of gravity is displaced backwards and his equilibrium disturbed~ 
In order to l'estore the equilibriumhe~ust bend forward so that the centre 
of gr:avity is again brought over the same part of the feet. To niaintainthis 
new posture; constant activity in certain muscles is necessary and a greater 
output of energy is needed than in maintaining the posture normally taken up 
by an unladen man. ' 

Floyd [3J, using an electromyograph on unladen subjects, has shown that, 
in maintenance of posture, there is least continuous activity in the, muscles of 
the back and abdomen. when the subject is in the upright stance; Slouching 
and bending forward increase the muscular activity considerably. Floyd did 
not experiment with laden subjects. From his work it might be predicted that 
the muscular effort necessary to maintain posture in the laden subject would 
be a minimum when the load was so arranged about his body that the centre 
of gravity remained in the same place as in the unladen, upright body. Any 
displacement of the centre of gravity would increase the amount of activity 

, necessary to maintain the standing posture. 
Experiments were designed to test this prediction; they are described in 

detail in Appendix B. They showed that in standing and marching men with 
loads variously disposed, muscular activity concerned with maintenance of 
posture waS at a minililum when the load was so balanced that there is no 
disturbance of the body's normal, static equilibrium. 

Maintenance of a Normal and Free Gait.---,Some· of the factors which,are 
(Joncerned in the maintenance of a normal and free gait in load-carrying are: 

(a) The weight of the load; no subject can walk normally if the load 
is excessively heavy; 

(b) The posture of the carrier; an abnormal posture causes an 
abnormal gait;, 

(c) The height of the centre of gravity of the load above the ground. 
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When a man carrying a weight is walking, alterations will occur in the 
angle which the long axis of the body makes with the vertical. The higher 
the load is above the ground the greater will be the displacement of the vertical 
projection of the combined centre of gravity, when this angle is altered. The 
actions which a load carrier takes in such a case of instability are: 

(a) Preventive-by taking small steps which cause less deviation of 
the body from the vertical; 

(b) . Corrective. Once unstable equilibrium has occurred these measures 
are twofold: 
(i) Quickly moving the feet to lie under the centre of gravity of 

the load which in effect is a: small staggering movement; 
(ii) Bending the body ina direction opposite to the deviation from 

the vertical (which entails the use of additional muscles). 

The closer the centres of gravity of the component parts of the load are to 
the centre of gravity of the body, the easier are these corrective actions, for 
the further away they· are the greater will be the angular momentum of the 
load, and a large angular momentum impedes necessary corrective movements: 

The lower the centre of gravity of the load carried, the greater the angle the 
body can make with the vertical without loss of balance occurring. Steps of a 
normal length can then be taken and :;my unevenness in the ground, causing 
deviation of the body from the vertical,will hot cause such a large movement 
ofthe centre of gravity of the load as to upset the gait ofthe load carrier. Thus, 
by making the load light, having it properly balanced, carried as close to ·the 
body as possible and as low as possible (but not interfering with the movement 
of the legs), the normal gait may be maintained. 

Chest Freedom.-This may be interfered with in two ways: 
(a) Muscular tension is increased in the chest and back muscles as a 

result of an unstable load. A good example. of this is the carriage 
of loads on the head in an untrained man. The instability of such a 
load makes the subject hold himself very rigidly and this is a 
hindrance to normal respiration. 

(b) Direct pressure on the chest by weights or straps also hinders 
normal respiration. 

Thermal Stress.-The body temperature is maintained by the balance of 
heat production and heat loss. Exercise greatly increases heat production 
because only part of the energy liberated by the chemical changes in muscle 
is converted into mechanical work, the remainder being evolved as heat'. 
This heat must be lost if the body temperature is to remain within normal 
limits. 

Heat is lost from the body by convection, radiation and in vaporization. 
Under conditions of strenuous exercise a large proportion of the total heat is 
dissipated through vaporization. If during exercise the balance is to be 
maintained, and an excessive rise in bod.y·temperature avoided, heat production 
must be at a minimum and heat loss by vaporization must be as free as possible. 
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152 . The Investigation of Load-carrying in. the Army 

It is desirable to avoid an excessive rise in body temperature but onc~ it 
has occurred and sweating has resulted, the sweat must be allowed to vaporize 
freely, not only to reduce body temperature again to normal but also because 
sweat accumulation per se is undesirable. 

Over short periods clothing becomes saturated, in. which condition it is a 
better conductor of heat. This is advantageous during the actual exercise. 
When exercise ceases, however, the damp clothing causes rapid heat loss ~th 
consequent chilling and attendant ill-effects, unless a change of clothing is 
available. Over longer periods sodden skin predisposes to skin disease and also 
is. more susceptible to pressure and chafing. Since areas of sweat accumulation 
are also areas of weight bearing, blistering and ulceration of the skin may 
result.· It is therefore necessary to consider the factors which affect the 
accumulation of sweat Qn the skin and how they may he avoided. 

The accumulation of sweat on the skin, after its production, ocCurs when the 
humidity of ,the air layer immediate to the skin is high. - The humidity of this 
layer depends partly on general atmospheric humidity and partly upon the 
rate of exchange of this layer with atmospheric air. The rate of exchange of 
this contact layer is controlled by several fiwtors : 

(a) In hot weather or during exercise the skin must be uncovered over 
as large an area as possible or, if covered, -air must be allowed to 
circulate freely under the clothing and out again: There must be no 
unnecessary areas .of material,. especially if tight fitting, covering 
the skin; 

(b) The air spaces under the clothing must not be divided by straps 
into a series of relatively airtight compartments; 

(c) Wherever possible the load should be supported away from the 
skin; 

(d) Weight bearing areas should be small. (This clashes with the re.
quirement of having these areas as large as possible to diminish 
pressure per unit area. A compromise must 'therefore be -effected 
between the two (see below).) 

In practice it is difficult to distinguish between small differences which 
various clothing assemblies have upon the total volume of sweat secreted. It 
is therefore correspondingly more difficult to distinguish between the differences 
in total volume of sweat produced when wearing different load-carrying 
equipinents. 

In considering various types of equipment, differences in rate and distri
bution of sweat accumulation are more important than total sweat production. 
They also vary more and are therefore easier to measure. 

Experiments on the comparison of equipment must be performed in.a 
climatic chamber in order to standardize the temperature and humidity of the 
atmosphere. These experiments can be carried out using water-sensitive 
agents on the skin or on garments next to the skin. Local accumulation of 
sweat is' indicated by an area of colour change, the extent of which can be 
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permanently recorded by means of a suitable photographic technique, Com
parative results are given in detail in Appendix C. 

Skin Pressure and Skin Friction.-When loads are carried for a long time 
the ill-effects of pressure and cha,fing on the skin become apparent. These 
effects are caused by : 

(a) Steady high pressure on certain areas of skin; 
(b) Variations of pressure' on certain areas caused by parts of the 

equipment bouncing against the body; 
(c) Movement ·of the clothing and equipment relative to the skin, 

causing frictional effects. . 

When any of these factors becomes excessive, redness, blistering, bruising 
and painful ulceration of the skin result. Experimental work on the relative 
importance of these factors in producing ill-effects needs to be carried out. 

Steady Pressure.-Pressure per unit area of body surface is directly pro
portional to the total weight carried and inversely proportional to the tOtal 
area over which this weight is applied., To reduce this pressure the area of 
supporting skin must be as largeas possible. Weight-bearing straps if present 
must be broad. In order to maintain skin pressure over the weight-bearing 
areas at a uniformly low level, the fit of equipment to the body is important. 

Bouncing of the Load.-When a manis walking at moderate pace, "bouncing" 
of the load is not a serious problem; when he is running, however, the 
frequency and amplitude of the up and down movements, of the body are 
increased. If the load is rigidly fixed to the body, a great deal of energy is 
required to overcome the inertia of the load at each step. If loosely fixed, the 
load.moves r,elative to the body at· each step and "bouncing" occurs. 

Different parts of the body move with different frequencies and amplitudes, 
during normal locomotion. Steindler [5] has shown experimentally 'that the 
shoulders move slightly less in the vertical direction than do the hips. Moreover 
there are relatively high-frequencyeomponents in the motion of the hips not 
present in the shoulders, which show an altogether smoother movement. 
Important.from the load-carrying point of view is the fact that the amplitude 
of the vertical motiON of the shoulders can be voluntarily greatly reduced (by 

. flexing the trunk on the hips). Vertical motion ofthe hips cannot be so reduced, 
except by running or walking with the knees bent throughout each step taken; 
a condition imposing severe strain. ' Therefore if loads . have to be carried when 
running, bounce is .more severe when hip support is used, than when straps 
Dver the shoulders are used. This is the greatest single disadvantage of the 
pelvic carriage method. . 

When bone immediately underlies the skin, skin compression is higher 
than when soft tissues interv(:jne and exert a cushioning effect. Therefore weight
bearing areas should have an adequate thickness of tissue covering the bones. 

Frictional Effects.-Movements between the skin' and clothing and equip~ 
ment must be minimized. In practice this means that the friction between 
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154 The Investigation of Load-carrying in the Army 

skin and clothing must be so great that movement does not occur. Thus static 
friction should be as great as possible and kinetic friction at a minimum. 

APPENDIX· A 
ELECTROMYOGRAPHIC INVESTIGATION OF. LOAD CARRIAGE ON THE HIPS 

AND ON THE SHOULDERS 

When a muscle contracts, small potentials occur in the individual fibres 
of which it is composed. These can be recorded using suitable apparatus, to . 

. give a rough idea of the state of contraction of the muscle. This method 
suffers from severe limitations in its. application for sev~ral reasons. 

, Firstly, only those muscles directly underlying the pick-up electrodes can 
be investigated. Although some indication of the activity of the' surface 
musculature can be obtained, it by no means follows that the state of the 
deep muscles can be deduced from these results. 

Secondly, the electromyographic' method differentiates'. only between 
contraction' and relaxation of muscle .. It does not give any reliable measure 
of the degree of contraction of a muscle. Not only is there stray pick-up from 
neighbouring muscle groups, but, when muscles contract, their relative 
positions beneath the skin change. . It follows .from this that any system of 
multi-channel recording of muscle action potentials, using numbers of skin 
electrodes in order to differentiate finely between the degree of contraction of 
various muscles, is bound to produce extremely misleading results. 

There is no doubt, however, that in spite of these difficulties the electro
myographic method has a limited application to load carrying problems, in 
that it is able to give a rough confirmation of the expected behaviour of certain 
large muscle groups. Experimental work has been carried out inan attempt to 
differentiate between the muscular effort involved in hip and slj.oulder carriage. 

The conclusion has been reached that the electromyographic method }las 
no place in routine laboratory tests on specific carrying equipments, especially 
when differences between them is small, although it is of use in the comparison 
of fundamentally different ways of load carriage. 

Methods.-Action potentials are led from the muscles by skin surface 
electrodes, consisting of brass cups i inch dia. and i inch'deep, connected via 1 
inch ext. dia. pressure tubing to a Bunsen vacuum pump. The cups are 
electrically connected via earthed balanced twin, low impedance cable toa 
push-pull amplifier. 

The input, balanced with respect to earth, is fed to a push-pull buffer 
stage followed by a Tonnies compressor, which gives good discrimination 
between signal and interference. Two further stages in cascade drive a cathode 
ray oscilloscope, the vertical deflection of which is photographed upon a 
continuously moving strip of bromide paper. The overall gain is such that 
when using electrodes over the extensor indicis longus, elevation of the fore-. 
finger results in a vertical deflection of the spot by about 4 cm. The apparatus 
is so arranged that the subject is able to walk and run a distance of 20 yards' 
in the open, while records are being taken. 
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The electrodes are attached to the subject as follows (fig. 1). 

(a) Trapezius. 

(b) Cervical part of sacrospinalis. 
(c) Thoracic sacrospinalis. 
(d) Lumbar sacrospinalis. 
(e) Over abdominal muscles (rectus, into and ext. oblique). 

i55 

In all cases the subject stands at ease, attention, marches and halts, firstly, 
wearing equipment carrying 45 lb. over the shoulders, secondly carrying 45 lb. 

) 

(cl) 

! 
L-----~,....~-+_O ," 

FIG. l.--Arrangement of Electrodes. 

on the pelvis and thirdly unladen. Each experiment is carried out with 
Blectrodes untouched .from beginning to end. Four subjects .took part in 52 
Bxperiments. 

Results.-When the electrodes are placea on the back as in cases (a), (b), 
(c) and (d) above, very considerable difference in activity of the underlying 
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lllU8clet-; i::-; observed (fig. 2). "\Velgl1t car-ried on the shoulder girdle C<Ll1SHS a 
cont..inuou::-; contract,ion of tra-pe:t.ilus and the [..;acI'ot-;pjnalis. This is the case .in 
all experiments. 

a 

b 

c 

cl 

"TYPE I" EQUIPMENT 

45 LB. 

... , ......••........ 

". , ••• * •••••••••••••• 

"TYPE 11" EQUIPMENT 

45 LB . 

• •••• ~ •••••••• t ••••• • 

••••••• 1 ••••••••• , •• 

~i)L~1 , .,. 
f~f~";~ lr "rr 

, I' I, Ij , Y 

, .. [ ............. :. 
TIME MARKING: 0·1 SEC. 

UNLADEN 

• •• 1 •••••• 1 1 ••• 

* •• ~* ••• •••••• I •••• '. 

1:J •••••••• 1.111 •• 1I1. 

•••••••• t •••• , •••••• 

1* •••••••••••••• 11 ••• 

• •••••••••••••••••••• 

F IG. 2.-Electrol11yograpll records taken froIn the back musculature using slJrface 
eiectmlles . C('mparison is bet,Ycen "type 1" equipment utilizing carriage on the shouldcn, 
and "type 11" equipment llsing hip carri(tgc. The third column shows the sallle subjecl 
mGl"ching ·Wilh no lOGd. 
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In most, but not all, experiments there is lack of activity i~ these muscle 
groups when weight is carried on the hips. Records taken from the abdominal 
musculature give equivocal results. A very few records taken from other 
muscles (limbs and back) fail to reveal any significant difference in activity: 

Discussion.-The fact that there is considerable activity of the trapezius 
and of underlying muscles both when standing still and walking with shoulder 
carriage indicates that these muscles are being used to keep the shoulder girdle 
elevated. When the weight is transmitted directly to the pelvis it is seen that 
these muscles are no longer in continuous use. 

The increased activity of the sacrospinalis which occurs with shoulder 
carriage when walking, indicates that the high position of the centre of gravity 
in this case leads to a condition of increased instability compared with a 
method of load carriage in which the centre of gravity is lower down. This 
increased activity of the sacr:ospinalis represents the force necessary to restore 
the body to the vertical after its displacement during a step. 

While it cannot be concluded from these results that hip carriage is 
invariably preferable to- shoulder carriage, other. factors being equal, it is 
reasonable to suppose that a, method of load carrying involving less muscular 
effort to support the load is the more -efficient. 

APPENDIX B 

EXPERIMENTAL INVESTIGATION OF LOAD "BALANCE" 

Using the same technique as described in Appendix A the effects on the 
activity of major muscle groups can be investigated when loads are carried 
so that they are "balanced" or "unbalanced;" A" balanced " load is so 
disposed that the centre of gravityofthe component parts of the load coincides 
with that of the body. Loads may be unbalanced laterally or anteroposteriorly. 

Methods.-Separate weights of 33 lb. each are hung on the shoulders and 
hips in different ways. The activity' of the sacrospinalis and other superficial 
muscles is investigated as before, using electrode positions (a), (b), (c) and (d). 

Results.-It will be seen from the tracings reproduced in: fig. 3, that the 
activity in all cases tends to ·be much increased when the load is carried in an 
unbalanced 'manner. 

Discussion.-The fact that there is considerable activity of the back muscles 
when carrying a weight unbalanced, indicates that dorsal displacement of the 
combined centre of gravity is compensated by a continuous contraction of 
these muscles in .order to fix the' spine and hip~joints in a position of semi-
flexion. . 

When the weight is eve:rily distributed, as in the second series of experiments, 
little alteration in the vertical projection of the combined centre of gravity 
takes place, posture is normal, and there is little or no activity in the back 
muscles. 
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~ 

The I nn <lltigatiIJ/t oJ Load-can'ying in 'lte Anny 

a 

b 

c 

d 

BALANCED LOAD 

66 LB. 

...... ' ..... ,." ..... 
, : 

~~~~~~~:.~~~i~ 
.... , ..... ,~ .... ...• . , 

./,,,,.~,t\..~ 

, .. , .......... ,.' .. , .~ 
••.••. .. ............. , 

-
Hr<>.rr(r"r,-tJr 

" I 

I ••• ll .!..!...! ••• ..!... •••••••• • , 

,.,t .•••• •• •.•••• , •• • l,l 

~ 41'- ,J~.tI~r-t-

I •••••••••••••••••••• • 

UNBALANCED LOAD 

66 LB. 

~I •• •••••• • ••• , •• " • • ( 

I ~ I ". : I., l. 'I' j 

~~!I';illf';~~~.if"rPr/i~~i:II, ' 
l fl !'.' ;. ". ' j 

• • 1ft •• • ,I • • t ••• , •••• • ( 

.. .... ' .. .. ,.,.' ..... ~ 
.... 

.~ j I ,, ' \" \., ., I,' \lW,' , ~~ V 'V; J , . 

~ ••• , ••••••• 8 •• ,.'.,. 

~ ...... rl"··········1 

~fi~f~1 ....... .. ............ , 

, ••• ••••• " •••••• • •• 1\ 

i 

~!ri~~~Wit~ 
••• ••• •• ••••• • •••••• • ! 

THE MARKING, 0·1 SEC. 

FIG. 3.-Electromyograph reconls of a m arching subject loadrd in. bvo diiIerent ways. 
The first column shows aciivity of t he brLck muscles when the load of 66 lb. is a rra.nged 
so that its centre of grav it.y coincides 'with that or Lho hody. The second column shows 
the grf'ater muscular con t raction necessary to support t he same load when it. is carried aH 
on the back. with its centre of gravi ty displaced dorsally. 
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APPENDIX C 

EXPERIMENTS ON LOCAL SWEATING 

159 

The total volume of sweat secreted by the body in a given time depends 
mainly on its expenditure of energy during the period and the. " effective 

COMPARISON OF LOCAL SWEAT ACCUMULATION 
Superimposed Line Drawings of Photographed Vests. (5 Experiments) 

f f(.O NT· & A C K 

FIG. 4 (i}.-Type I equipment worn over the vest. 

flONT BACK 

FIG. 4 (ii}.-Type II equipment worn over the vest. 
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160 The Inve8tigation of Load-carrying in 'the Army 

temperature" of the environment. The effect on expenditure of energy in 
carrying a particular load in different ways is relatively small, so that any 
resulting change in total sweat rate will be negligible over short periods. 

Local accumulation of sweat, due to failure of its evaporation, is a major 
cause of discomfort durihg exercise. The design of 19ad-carrying apparatus 
profoundly influences the extent of sweat accumulation when it is worn. 

_ To demonstrate the. degree of impairment of sweat evaporation due to any 
type of equipment, the areas of the body on which the accumulation of sweat 
occurs, can be demarcated. ' 

Method8.-White " Aertex " vests (largest size to allow for shrinkage) are 
dyed evenly in a saturated solution of cobalt chloride. After drying in a 
forced ventilation heating cabinet, a vest is donned by the experimental 
subject. The equipment investigated is worn over the vest. 

After a standard period of exercise in the hot chamber, the vest TS photo
graphed, front and back. Areas of sweat accumulation appear bright red. 
Areas where evaporation proceeds normally remain blue. 

Photography is rendered difficult by the colours being very unsaturated 
(owing to the use of the white vest). Use of a minus blue filter of appropriate 
type together with panchromatic film gives the best results. Adequate contrast 
can, however, be obtained by using orthochromatic film and a blu(( filter. 

Re8ult8.-Fig. 4 shows the comparison between two types of equipment' 
type I possessing more straps than type IT. It can be seen that the areas of 
weight bearing show sweat accumulation in both types, but whereas under the 
pack and the numerous chest straps in type I are massive accumulations, 
type rr gives rise to very few additional areas of sweat accumulation., 

SUMMARY, 

The Physiological principles concerned with load-carrying into battle are 
explained. Experimental procedures are outlined which may be used in the 
testing of equipment produced in the future and which were used to enable the 
deductions to be made. 

It is concluded that the carriage ofloads on the hips is preferable to other 
methods and that less muscular effort is required to carry loads when these 
are close to the body and disposed in a balanced fashion. 
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