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ABSTRACT (
The Physiological principles cancemed in losd~carrying into battle

are explained. Experimental procedures sre 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,

The equipment which was used for load-carrying in the experiments
is described and oriticised and suggestions are made as %o how it may be
improved,

The military requirements of and for carrying-equipment in the
Ammy are considered and it is urged that the whole problem of design of
clothing, fighting order, marching order and equipment for porterage is
co-ordinated before the design of any one of these proceeds further,

It is ooncluded that:=

{a) Carriage of loads on the hips is preferable to other methods;

(b) Less muscular effort is required to carry loads when these
are close to the body and disposed in a balanced fashion,

It 1s recammended that:-

(a) Battle order should consist of a long, thin, narrow pack
supported on the hips at the back, Pouches should be
supported on the hips at the front;

(b) & small workdng party should oonsider how these recamendations
can best be achieved, It should csist of an experienced
Infantry Officer, representatives from S,7,V,I., and M,0,S,.»

a Time and Motion Study expert and a Physiologist,
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Te Although modifications in the presont t; of wob oquipment have
been made several times sinoc its introduction 1908 tho dosign has
remained basioully the same. This design has a number of unsuitable
featurcs and it has becomc inarcasingly apparent, from both militery and
physiological considcrations, that a completely now design of fighting
order is neocossary. = B

2, The pattern now in uso (1937 type) has many undesirablc features.,
From the military point of vicw the side, front and prone silhousttes arc
unnecessarily large.: The basic pouches suspended on the chest make -
arawling difficult and lying olose to the ground impossible.

3 Fron the physiological standpoint mony faults in dosign are apparont,
The weight of the pouches and =sall pack 1s supportcd by the shoulder
girdle, which entails the continuous contraction of rclatively weak muscles
to keep the shoulders elevated, The result is early fatiguo and discomfort
in-these muscles, Occasionally this has been followed by a of the
ciavicles with resultant compression of the brachial plexus or tho
subclavian artery which gives rise to nurbness and paralysis of the amms.

(Starmers P.i.R,, Lanoct. CCLVIII, 605. 1950). The straps over the shouldors

are narrow, giving rise to high prossurc on the skin; this couses
considerable disconfort becausc the clovicles are close to the surface,
with no cushion of fat or rmscle intervening, -

e Werk has been carricd out at AORG .in order to clucidate tho under-
‘lying physiological mrineiples invelved in load carryings It is hoped

that the knowledge thus obtained will cnable these and military require-
- monts to b: combined, producing a.design satisfactory from both points of
view, 2 3 < -

% FHYSIOLOCICAL PRINCIPLES 7

Se In the design of cquinent for load onrrying.it is ﬁeoessnry to
consider the normal functioning of the individual with spoeific roference
to the tasks which he will have to perforn when fighting, in order that
these may be impaired to as smll an extent as possible,

" Load to be carried - » % —

6. The physicel performance of & man is at its peak when hc is unladen.
Obviously this is impracticable in warfarc when weapons have to be carricd
by each man, Any load-carrying will impair to some extent the physioal
perfornance of the soldier, Cathoart showed that when the load which a-
nan earrics oxoeeds 35% of his body weight, oxponditure of energy booomes
disproportisnately large., Thother this disproportionate rise in expenditure
of cnergy also means a disproportionate riso in ratc of fatigue is not clear,
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It is uninportant, because the basic fact remins, that the greater the N
load the groater tho fatigue, ‘and therofore the load should be uade as
light ac possibles This is the nost irpartant single point concorning

load oorrying into battle,

5 Digposition of tho load
7e In order to assecss the merits of the vorious fandanental nothods of
owrrying loads it is nocessary to devisc objective tochniques which will

. onable 2 conparison to be nade. Such techniques are all laboratory
investigations which, fron the point of view of indicating the design of £
cfficient load earrying apparatus, ore at loast as inportant as the sube .
Joctive nothods criploycd in ficla trinlse

8. All too little of this work has beun done in the past, and most

of the lterature deals wvith retnbolicn experinents, the details of :
which wore first desaribed by Valler (Proce Roys Soc. Bs 637:166, 1920),
Significant difforcncos in the cnergy oxpenditurt for &ifferent methods

of lond carrying worc obsurved by Bedale (I.PuRuBs Roport No. 29, WSO, - -
1924), who investigated various types of carrier used in industry, 2
40 1bss wos found to be the naxiinm coonoric load for riost types of

mm- > ;
% The rosults obtnined in these and othor exporisents indicate that
thore arc four essentials in the design of any load-carrying apparatus,
to enswre a nininun expenditure of crergy in usee Thesc are:e-

(a) Elinimtion of local strain,

: '(bj The maintenance of nornnl posture, .

(o) The mointenance of a normnl and free gait,

1) Oheat frocdon,

= 10, Disproportionate oxpenditure uve onoryy does not necossarily rean
disproportionate rato of fotiguc, In the absence of cvidenoe on this

polnt it is rcasomble to kecp cxpenditurce of cnergy at a mindium,
Purthormore the fowr factors quoted cbove arc also thosc which Tronote -
bodily comfort and casc of porfomance of nilitary tasks, For theso-
rcasons it is thorefore desirable to see how load-carrying equipacnt onn
be designed to conforn with these requiranents,

3 Elinination of loenl strain 14
1% Any nethod of load-onrrying which entaiils continucus rmsculapy
contraction to cowntoract the effcet of gravity acting upon the load
- must produce strain and fatigue in the groups of ruscles so uuployed,
particularly if these ;wscles are wonk oncs,  This difficulty is avoided -
R hhen wieizht is applicd dircotly to 2 portion of the skeloton which can
# transnit the weight to the sround vAthout the intervontion of "strut
muscles"s  There are two weys of doing this:- :

(a) Carriage on top of the head, - g
Although this nethod thooretically ennbles loads to be crried
without the usc of tuscles, Bedale obsorved that the unstnble
position of such a load loads to a state of incrceased rusouloar
tension - particularly in the nock and shouldor reogion, In
any casc the ncthod is obviously quite unsuitable for military
. : operations, :

(b) Onmringe of weight on the hips,
o 4 The actunl iacthod of doing this will be discussod later, .
It wms decided to investisnte this ncthod of load-earrying in
ordar to doternine whether it did, in fact, reduce the ~-
of contimuous muscular contraction NC ous sy,

A s oy o~




<& 3 Vhen o nuscle contracts, the individunl fibres of which it is

N ' ntal invostigatio .

conposed devclop minute action potentinls, Electrodes placed over the
belly of any ruscle pick up volleys of thesc cleotrieal inpulscs through-
out the duration of its contraction. During relaxation littlc or no
electrical activity takes placcs Thus it is possible by using suitable
auplifying and recording apparatus to deternine the presence of activity
in any musclc or group of nmuscles.

13 A rough corparison can be made in this namner of the activity

of a group of m3scles when loads are carriod in difforent ways, It
¥ill be soen fron the detpils given in Appendix B that, in general,
nuscular contraction is less in the musclcs of the back and shouldar
girdlo whon thc 1c2d is supportod by the hips, than 1s*the casc when it
is supported on the shoulders, This agrecs with the conclusions arrived
at fran theoreticnl considorations.

14  The nortnl posturc of & porson carrying a load moy be ddsturbod
for scveral rcasons:=- = " L

(a)- The load is too heavy;

{b) The lond is not au:lfr.bly attached to the bodya-- The arms
my bave to be employed to steddy or hold thoe load; or
the back noy have to bo bent to oarry it;

(e) The 10ad 4s too bulky, (cez. in order to ocarry a bulky
suitease the arn owrrying the case must be held out at
an angle fron the body in order to Mold the case away
fron the legs); ‘ : oy :

" (Q) The losa 1s not properly balanceds

15. In a static systen 4n oquilibriun the Centre of Gravity lies over
the bases .The feet of a standing man foma the base of such a systen
and the centre of gravity normally lies over a certain part of the feet.
If a lond is placed upon his bock the centre of sravity is dlsplaced
backwards.and his equilibriun distuwrbeds In order to restore the . '
equilibriun he rust bend forward so that the oentre of grovity is again -
brought over thc same part of the foet, To maintnin this new posture,
constant activity in cortain rnuscles is necessary and a greater output
of cnerg, is needed than in maintaining the posture normally taken up
by an unladen man, ?

16, Floyd, % using an elcctro-myograph on unladen subjeots, has

shovn that in nnintenance of postwrc, there is least continuous activity
in the ruscles of the back and abdomcen when the subjeet is in the up=
right stances  Slouching and bending forward inarease the ruscular
activity considerebly, TFloyd did not experinent with laden subjocts.

But fron his work it night be mredicted that the nmuscular offort necessaxy
to maintain posture in the laden subjeot would be a minirmm whon the

load wes co arranged about his body that the contre of gravity rennined

in the cane place as in the wnladen, upright body, Any displacecnient

of ihe contre of gravity would incrcasc tho anount of activity ncocssary
to meintain the standing posture, i . 4

g O -

17 Experinents were dosicmed to “tost this rrediction; they are
described in detail in Appendix C,  They showed that in standing and
oorching nen with loads variously disposed, rmscular activity conocerned
with mintennnece of posture wns at a miniing: when the load was so
balanced that there is no disturbance of the body's normnl, static
oquilibritn. -
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Ma of a norne o i
18,  Soxe of the factors which are concernod in the naintenance of a
rmmlandfmogaitinloadmmm:- Fg

(2) Tho wight of tho isad; no subjoct can walk normlly if tho
-load 1s oxcossively heavy; -

(b) The posture of the carricr; ‘an abnormal posturo cuses an
abhorml gait; i :

() The height of tho centre of gravity of the load above the
© grounds . ! .

19, Whon 2 nan ourying a weight is wallding, altorations will occur
in thc angle which the long oxis of the body makes with the vertioal,

The higher the 1oad 1s above the round the greator will be the displaco-
nent of the vertioal mrojeciion o the coabined centrc of gravity, when
this angle is altered. The actions which 2 load carrier takes in such a
case of instability are; - - s

(a) Proventotivo-by taking snll stops which cnuse less doviation
ofthcbodyﬁ‘mt}pwrtimh ; .

(b) Corroctivee Onco unstablo oquilibriun has ocowrred those
neasurecs are two~foldy :

' (1) ouaay Doving the foct to 1ic wndar the contro of
gravity of the 1oad which in effoct is a a1l
staggering movenent; . e 0y

- (11) Bonding of tHe body in a alroction opposito to the
deviation frozr the vertionl (which ontails the usc
of additional nusclos,) -

20, The closer the centres of eravity of the oouponent parts of the lond
arc to the contre of eravity of the body, the casicr 'awrc those corrcctive
actions, for the further awmy they arc the greater will be the angular
nonentwa of the load and a large angular noncntun irmedes neccessory

21, The lower the contre of gravity of the lond ecrried, the groator the
alance

ground, cwusing deviation of the body fron the vertical, will not cause
such 2 large novanent of the centre of gravity of the load as to upsot

Atho gait of the load carriocr, Thus, by naking the load light, having it

Properly balsnced, carricd ns closc to the body as rossible and as low as

_possible (but not interforing with the noveent of thelegs), the normand

godt nay bo -naintained,

Chest freodon

22, This my be intorfored with in two ways:-

(n) Muscular tension is increased in the che ¢ ang back rmscles as
a result of on unstable o
4 good exmiplc of this is the carriage of loads on the head
in an untrainca mnn, The instability of such a loag nakes
the subjoot hola hinsclf very rigidly and this is o hinarance
to nornnl respiration, : .




" (b) Dircct pressure on the chost by woights or straps also’
: hinders normnl respiration,

Thermal ég'_oag

23.  The body terperature is naintained by the balance of hoat
rroduction and heat loss. Excreisc greally incronscs heat mroduction
because only part of the cnergy liberated by the chanical changes in
usclo is converted into mechanienl work, the renainder being ovolved

as heats  This hent must be lost if the body tempersture is to renain
within nornal linits. .

2 Heat is lost frou the body by convection, radiation and in
veporisations  Under conditions of stre.uous exercise a large proportion
of tho total heat is dissipated through: voporisations If during exerdciso
the balance 48 to be maintnined, and an cxcessive rise in body tomperature
avoided, heat production rust be at a rinizunm and heat loss by vaporisation
must be as free as possible. .

25. The stimuli for the production of sweat are:-

(a) A rise in body teupernture directly offecting the hoat
regulating centre; :

(v ‘Throqgh reflexes from the nerve endings concerned with
temperature perception in the skin.

26, It is desirable to avoid an excessive risc in body tenporature but
- ones it s ocowred and swenting has resulted, the sweat :wust be allowed
to vaporise frecly, not only to reduce body terperature again to normnl
. but also becouse sweat acowulation per se is undesirntle,

27, Over short periods clothing becores saturated, ir which condition
it is a better conductor of heat, This is adventageous during the actual
cxercise. VWhon cxercise osascs, however, the danp olothing cuses ropid
hoat loss with conscquent chilling cnd attendant i1l effects, unless a

cnee of clothing is available, Over longer periods sodden skin predis-
roses to gkin disease and nlso is iore susceptible to pMvustre and chafinge
Since aren- of sweat accumlation are niso areas of weight bearing,
blistering and uleeration .f the skin ey resulte It is therefore necessar
to consider the facters which affeet the accwmlation of swent en the skin
and hov they mny be avoided,

28, The accurulation of sweat on the skin, after its production, occurs
vhen the hwiidity of the air layer irredintc to the skin is highs The
hyuidity of this lnyer dcpends partly on zeneral atmospheric humidity end
partly upon the rnte of coxchange of thie layer with atiospheric air,

The rate of exchnnge of this' contnot layer is controlled by several facters::

(a) In het wenther or durinc oxercisc the skin rust ‘be uncovered
over as larpe an awer r3 possible or, if covered, air nust be
allowed to circulate frecly under tho clothing #nd out again.
There nust bu no unnecessary arens of naterinl, especially
if ticht fitting, covering the skin;

(b) The nir spaces under the clothing nust not be divided by straps
into a series of reclotively Air-tight compartients;

(c) Vherever rossible the load should be supportod awny fron the
skin;

(a) ieight bex orecs should be snll, (This clashes with the
’ requirencnt of having these arcas as large as possible to

dizvdnish pressure per unit ored, 4 conpromise rmst therefore
be effectcd botween the two. (Sce parn. 3k below),




g ity

29, In practice it is Aifficult to distinguish between small differences
vhich various clothing assenblies have upon the totnl volume of sweat
seareteds It is therefore correspondincly nore difficult to distingudsh
between the differonces in total volunc of swoat produccd whon wearing
different load-carrying equipnents.

30. In conéidu‘im; various types of c¢quipnent, diffarcnces .4n rmte and
distribution of sweat accuulation. -re nore Anportent than tetal swont
productions They also vary more :id ace therefore casior to neasure,

3. Experinents on the conparison of cquirnent nust be performed in o
climtic chauber in order to standardize the taaperature and humddity of

the atmosphere.  These experinents ean be oarricd out using water scnsitive
agents ou the skin or on gaments next to the skin.  Loecal accumlation

of swoat is indicated by an area of colour cho a¢, the oxtont of which

can be permanently recorded by ncane of a suitnble photogrphic technique,
Couparative rosults arc ~iven in detail in<ippemdix D,

Skin mresgure and skin friction

32, When loads are oorricd for a lonc tine the 111 cffects of pressure
and chafing on the skin beesme apparente  These cffects are onused by:=

*

(2) Stendy mMigh pressurc on certain arcas of skin;

. (‘z) variations of rrossure on certain arcas enuscd by parts of the
cquip:ent bouncine asninst the body;

(c) Moverient of the clothing and cquirnent relative to +he skin,
causing frictionl effacts,

33 “hen any of these factors becoqe excessive, rodness, blistering,
bruising and pninful wlcerntion of the skin result, Ixperinental work on
the rclative inpartance of these factors in wroducine 111 offécts needs

to be carried out and it is intended to dc this as soon as facilitios at
40RG or elsewhere beoone availables .

Steady pressure

3, Pressure per unit arca of body surface is directly proportional

to the total weight carried and inversely proporticnal to the total .orea
over vwhich this weicht is applicd, To reduce this preasure the nrca

of supporting skin oust be as larpe 2s possible, feight bearing straps
if jresent must be broad, In order to ndintoin okdn pressure over the
weicht bearings arcas at a unifornly low level, the fit of equipnent to the
body is inportant, g ]

Bouncin: of the load - .

35 When a nen is walking at noderate race, "bouneing" of the lond is
not a serious problery  when he is running, howover, the frequency and
arplitude of the wp ond down ;overients of the body ~re increnseds If tho
load is rigidly fixed to the body, a great deal of cnergy is required to
ovoreone the inertin of the load ~t ench stecrs If loosely fixed, the lond
noves relative to the body at cach step and "bouncin:" occurs,

36, Dii"orent parts of tho body move with different frequencics and
aoplitudes during normal locomotion,  Steindler 1935 (ifechanics of Normal
& Patholosical Locomotion:= Sprinefield, I, C.Cy Thomns) hes showm
experinentally that the shouldcers rove slichtly less in tho vertical
direction than do the hips. = orcover there arc rolntively hich frequency
conponents in the notion of the hips not prescnt in the shoulders, which
show on nltoscther sneother noverent. Lportont fron the load corr

point of view is the fact that the ~oplitudo of the vertical notion of the
shoulders con be voluntarily ~re~tly reduced (ty flexing the trunk on the
hips)s  Vorticrl notion of the hips cnnnot be so reduced, except by running



or walking with the knces bent throughout each step takon; a condition
inposing severe strain, Therefore if loads have to bo carriod when
ruming, bounce is nore severc when hip support is used, thn when straps
over the shoulders are useds This is the gsreatost single disadvantago
of the pelvic carringe nethods i

37.. When bone irmedintely underlics the ald.n,"ak:ln conmression is highor
than when soft tissucs intcrvenc ond oxert a cushioning offects Tharefare
"weight boaring dreas should huve on adoquate thickness of tissue covering
the boness - ?

Frictiopnl eoffocts

38, Movonents between the skin ana clothing and oquipicnt mst be nini-
niseds In proctioo this monns thnt the friction betwoon skin and
clothing must be so grent that movement does not occurs  Thus statio

friotion should be as great as possible and Rinotic friction at a Tiiniram,

DEVELORTN! OF THE /ORG FROTOTYFE EOUTHENT

39. It was decided to attuwipt to produce 2 fichting ordar which
dhcorporated the physiologionl prineiples which have been outlined, and

the assuption has beon nndo that the infantry soldier will have to

oury the sane load into battle in the future as he has bocn

hithertos That this last proviso does in frot hold is by no neans oortain
as will be cxplnined laters  In nust be stressed that +he attaipt which
has been made 4s in no wny moant to be a finnl answer, but it suggests the
linos along which futurc development could nost rrofitebly mrogress once
cilitary roquiranents have boun more clenrly dofincds

The pack

40, It ws decided that the wedcht of this should be carried by the
pelvis, The choice lay between the franed ruc-sac of the Bargen type

and the non-franed typee In the framed type thare are severnl disadvont-
ages, It is difficult to produce a franc which fits confortably every
size and shape of soldier. The load is held too far away fron the back
which is undesirablo physiologically, Hilitarily, it enlarpes silhoucttoes
and restricts arawling through undar-growth and confined spacess The
extra wight of the frane, if strong onough, is also to its disadvantago,

M. It wns docided therofore to adopt the non-franc systems 4 pack
was oonstructed of approximatcly equal wvolue to the 1937 type smll ’
pack with peasurenents 18" x 9" x 3",  (Sce Pigs, 1, 2 and 3,)

L2, Tho weight of the pack is transnitted to tho- hips by a flexible

belt and the top of the pack is kopt in contact with the shouldors by

broad straps which thke prootically no weicht, The pouchos are supported by
tho bolt and carried in fromyand to the side thus balancing the load,

Both the pack and pouchos arc nttached to the belt by moans of quick

release clips so that the pnck only noy be detachod in an «aergency or the
pouches mniy be detachoed and passed to another soldier, (Soec Fige, 6 and 7,)

43, The flat shape of thc pack not only lowers the silhouctte but alse
ensurcs that the centre of gravity of the pack is low down and close to the
m‘ : Farid . -

4, The contents of the pack wore found to be sufficient stiffening in
thaaselves without the usc of a framos There was o slight sag in the
middle which was found to be dosirnble as it held the pack slightly away
fron the back, ) :

45, The arez of onnvas is kept to a nintrn to rrevent acowmlation of
pospiration but at the sape tine the straps transnitting.weight to the
body arc sufficicntly large to elindnate dlsconfort, mroduced by pressurc,
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?5. . Details of the
Pigs. 4,5,6 and 7.)

Prelimdnory trinis

47. . FPrelininary trinls were undertoakon by the two designers,one wearing
the 1937 type webbing ahd the other wearing the prototypo-equipment.

The two Were exchanged on alternmnte doys. Morching (10-15niles) and

- olinbing over cliffs and rough ground with full ecuipniont wore undertaken
{ to mnke & comparison between the two types.

Sugpested nodifications

pack ~nd release clips nny be scen in the photographse

L8, Photographs were token in order to compare “he silhouettess ~Sec
Figs, 8 nnd 9. These showed: = :

in the laternl prone firing position-a rcduction of 3 to 4 ins;

w}'i-m lying as close to the ground o.s. rossible-a reduction of
2% ins; : 3, ;

in the forword facing prone position-a reduction of.j to 4 ins,

The subjective irprossions gathored dwring the trials wese as follows:~

the prototype wns ooftt\inl.y nore confortable to wear than tho
1937 type equipment and produced no locnl strain or. fatigue;

the pretotype was loss tiring than the 1937 type;
no restrioction of :wwéacpt was npparent;
swent accwwmlation was not inarcoscd in the prototypo;

bouncing of the pack was oqunl in the two when running but
not excessive in either; o

bouncing of the pouches was nore with the prototype than
with the 1937 type »nd as these lay aaross bony poipts of
the pelvis irnedigtely underlying the skin (the anterfor
supcrior ilinc spines) a cortain anount of disconfart wns fclt
there, rfter » tine,

()

49, Lis a result of thesc trinls tpd following inprovenents sucgested
thensolves:®- ! G

The distribution of the woicht between the hips and shouldars
may be altered slichtly (by neans of the adjustable buckles) -
so that the shoulders onrry glishtly :oro weisht than is ot .
mresent the cnsos  This two-point suspension from the top’
and the botton should reduce the bouncing of tho pack when
1:;.ming;.

The belt should be nore casily adjusteble in pirth;

If the belt f:{sten:lngs ~re nnde slichtly narrower thon tho belt
itsclf, slide fastenings ony be used to nttach the prouchos to

. the belt and these nay be slippod off the bolt whon it is o

unfastcened,. In addition, if the belt is nade slightly broader
this canbinntion should ersurc jecter stability-of the pouches
vhen the user is rumning; r




(8: Tnsteed of the lurge basic pouches at present used, pouches of
about nalf the size nay be attached to the belt in front or
at the sides according to whether the user is walking or
crawling, Pockets in the clothing ray be used for Bren-Gun
Magazines vhich are of an awkward size and shape and thereby,
at the moment, prevont any reduction in the size of basic
pouches,

R R UTLITARY CONSIDERLTTONS

50, When the nilitary rccuirenents of fighting order come under
consideration i- wus soon realisca that the investiontion would have to be
extendud to incuude not only fighting order but also clothing and the
necessity for aad the design of merching order and equimment for porterage.
To consider on¢ snll facet of the whole problen woald lend to a groat
wastage of rescarch in dns’ym anl develoment and to a wastage of material
whéia Lhe cqui-ens cone D oo paoduction and use.  Overlaps and gnps in the
field of viillty o the differ-at equipments so producsd would be nuIerous.

51. FurtLermore, unless clothing; fighting order, narching order and
equipnent for poterage are all devaloped together, some particular principle
which has beew. dveloped in cne .y be nogated whea this is used in oconjune~-
tion with another. For crmiipl2, if the clothing is designed to be used
without a belt ard ih2 lorl eor=ying cquimment inccrporates a belt as an
essential part of its Cesig:; *he wo arc incompatidble. On the positive
side, deficierzies iu orc itea pny be nade good by suitable provision in

b b another and the tvo nade in interlock in design, Jor exanple, lack of a

S certain “z- ar? shape " pouch in the fighting order may be ocompensated

i for by ¢ wovisiva of suiiable pockets in the clothing,

52, The vhole pichlen 2s rnde 6ven Lore difficult at the noment, by the
R ~ state of flux which existc In the field of clothing and by the change which
- will probably take place in the type and design of weapons and riode of
transport of men, %

53, These factors render definitive design of fighting order useless at
the nonent,  The whole problen will have to be co-ordinated nnd decisions
mde at a high level as to axactly whnt is required, 3
54 Several designs for rishting order have becn made recently which

. show pronising “deas, Aleo nany more sugrestions have becn made for
further designs:  Urtil euch time as the whole problen has been co-ordinated,
desicns and ideus will continue to be produced in great mmbers, each ene
differing fron the cthers to a grenter or lesser degree. The nurber and
variability of such designs is in itself a nensure of how indistinet and

! - vogue is the final goal, It is felt that the nost economionl way to

i attack the problen o %o .cmi a tean consisting of an experienced Army urficer
1 a ropresentative fron it? Finlsiry of Supply, a Tine and Motion Study

expert, the G.S. boonch ecacermsd and o Physiologist,

55. Appendix A ia devosed 4o a discussion on ideas of the nili tary
requirenents which have neea prerozed fron the user point of view, The

lack of agrcenc=t cor - thing nilitary requirenents is shown in the discussion
_vhich repreror s ' s opinjornc of irmy Officors concerned in Operational
Research or *“ec dnvelojmeni of fighting order, each one having had eonsider-
able user expsrierse.
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QONCLUSIONS
56, hs a result of the experimental work desaribed and the theoretionl

discussions cf the physiological principles involved in lond ourying,
sertain conclusions are reached:-

(2) Crariage of londs on the hips is preferable to other nethods;

(t) Teas rusouinr effors is required to cary loads when these are
close to the body and disposed in a balianced fashion,

RECOMMENDATICNS

i 1t is strongly recormendod that future designs of battle order
have the foliowing reatures incorparated in them:-

- (a, “he small pack to be supperted on the hips and to be long, thin
. d narrow in shape; . 5
(L) Tre pouchss %o be carsied by the hipse The weight of the
" povches should Lalance the weight of tre pack;

(e) A small working party should coordinate all the loAd corrying
Fobins in the Jumy and should considcr how these recoimend=-
atlionz cca best be achleved., Tt should consist of an expari-
tneed Infantry -0ffizer, a represenvative fron Seiv.Vele and tho
Min'sizy of Supply, o Mime and Motion Study expert and a
Plynsiclogist, .

A\

58, Vo wish %o thark all who have $aken part in the work and in the
meparaticn of this report tspecially Mr, Z.E.E, Treadwell, for the design
and muaractere of the quick release nechanisn ond clips,

: 58 /5%
SRS A
Superintendent, ..,0.R.G,

. \



Appx A
. Appendix 4 -
Carr ing~Equipmont for the Infontry Soldicr, an Opinion Survey.

1e The following p:\_ragmphs represent differing opinions concerning
lilitary-requircments of nrdfor earrying-equipncnt and shew how they
conflicts Each is the opinion of an cxperizncod officar,

(2) Requircnents of fightingz oxder,

Opinion (i)' Tho crivnt of ruzamition ond fighting implements
which the soldicr will heave te carry wiil probably
inercr.se in the future, ~né thorcfore the infentry-
ran 47ill nct be cxpected to carry anything but
these into battle,

Opinion (ii) There will be no gront cianges in the cquipment
vhich the infentry soldior will be cxpeeted to
earry into battle in the futurz and the weight
oend volune will roncin substantinlly the sams,
(ie2s 2wwnition end figeting implencnts plus
7ater and a small cuount of food eng clothus, )

Opinion (iii) In nddition to ctwmnition and fighting izplements
i quitc oftcn the infantry s0ldicr-will be oxpeetod

to corry substentially morc than is at present the

923 *  For uxmiple, when on p2trol he uay have to

earry food, clothing and bedding for several deys,

() iothod of earrying fizhting ordor,

Opinion (1) Everything should be earried in multiple pockets,
cither in the noracl fighting garments, or a spceial
5 itcn of clothing should bz issued which has such
- pockitss

Cpindcn (u) Arzunition suould b: carricd 4n pouches, preforably
casily dct;:ch::blc, and the post of the equipment
should b2 earricd in pockcts,

Opinion (iif) The enost is the only accessiblc peeition for
X pouches,

Opinion (iv) Pouchcs may Squally well be placed at the back
over the buttocks,

Opinion (v) The ammunition should bo carriid in pockots or
pouches cnd the reascinder in some type of small
pocke

() Copueity of rizhting order

The 3ind of the pack is ~Tan open to dispute, . Opinions range
fron tho prescnt typs small paok to a larger pack with a
stiffened back ond finally to the mwwpack earricr which is
rceouired on patrols to carry food, clothing and bedding,

There is no egrococnt on the position in which such a pack
should oz carricd, 3Som Laintain that fron the point of view
o' conflort, cny P2ck must alvnys b ar rricd high up on the
shoulders, Othirs aintoin that the prck must be supported
by the pelvis, Differ.ont dugrocs of iiportance aie attached
to the question of silhouctte sone maintaining that it is
atremcly irportunt and others thet it doos not matter,




Opinion (ii)

Opinion (iii)

Opinion (iv)

Opinion (i)

Opinion (ii)

~ccononyy in the total load-carrying cquipment issucd,

As arcmunition and fighting implements increase
in quantity end also as mochanisation improves,
the infentry soldicr will be expected to carry
bedding and cxtra clothes less often and tharefore
oquirnent for marching order will bo needed less.

Marching order will frequoently bc needed and
provision for this should be 2 general issuce

Extra clothing and bedding should be placed in

an cxtra pack, when it has to be ca.rried and
n.ttached to thn fighting orders vaision is
made so that this moy be dropped quicklys

The cxfra clothing and bedding should be placed in
o lorger pack and to this should be added the
contunts of the small pack of fighting orders The
small pack may be rolled up and also placed inside
thc larger packe This arrangement ronders tha
change to fighting order slower. But, if the
ammunition is carried in scporate pouchos it is
argucd that the larze pack mey be dmpped instantly
and the soldier can be rcady to fight. In this
case he is without thc contents of his smll

pack which some proplc consider cssential for
ﬁ.ghting order, .

(e) Equipnent for portirage

Equipment for porterage will rarcly be nceded and
should be issuﬂd when roquired,

Tuis mll bc nueded fairly frequently, If man=-
pack carricrs, which cre considered to.be well
dvsign"d for lond carrying, arc moade o general
issuc thiy will cover the necd for carrying
marching order and will bs aveilable for porterage
and no oxtra cquipment will thorcforc be nceded,

It is crgued that this would produce a considcrable




. Appondix R

Elcctromyosraphic inveéstipgtiion of load carriage
on thc hips and on thce shoulders

1. ¥hen o muscle-contrnets, small potuntinls occur in the individusl
fibrcs of which it is composcds These can be recorded using suitable
apparatus to give a rough iden of the statc of contrzction of the mascle,
This mcthod suffers from scevere limitations in its applicntion for several
rensons, s

2. Firstly, only thosc muscles dircctly underlying the pick-up
elcctrodis cin be investigated.,  Although somc indiention of the activity
of thc surfacce musculaturc con be obtnined, it by no mezns fellows that
the state of the deep muselis can be deduccd from these rosults, |

3 Sceondly, the clectromyographic method aifferentintos anly beticen
cantreetion ond reloxation of musele, It dous mot zive any reliable measurc
of the degrue of contraction of 2 muscle, wot only is therc stray picke-up
from ncighbouring muselc groups, but when muscles contract, their rclative
positions benenth th. skin ch".ng,s.. It follows from this that any systcn

of multi-ch~nncl rccerding of muscle nction potentinls, using numbers of skin
clectrou 5 'n oricr to ddfforcntisto finoly botween the dcgroe of contra-tion
of variou. musclcs, is bound to produce cxtrumely miglonding rosults,

Ly There is no doubt, however, that in spitc of thusc aifficulsics the

cleetromyographic mcthod has o limitcd npolication to load carrying proolons

in that it is 2ble to _ivc a rough confirmar.iicn of the cxpuetid behaviour of

cortain lorge muscle jroups. At 400G cxpurimentel work hos been corricd out

in an attenpt to diffcrentiaste but..wn the msculor cffort involv\.d in hip
wnd choulder oa.x'z‘i:“c.

5. The conclusion has beun ronched that the clectromyographic mcthod has
no place in routine laborntory tosts on spucific carrying cquipments cspeeinlly
whc.n dificrune.s between them is small, although it is of usc in the compari-

¢ of fundancntally different ways of 10- 4 enrric g,

Methodss-

[N ‘Action pot«.ntir.l.. arc led from the musclcs by skin surface ¢luctrodes,
conzisting of brass cups z inch din. -nd 7 inch ducp, connict.d via § inch
ext, dia, pressur. tubing to a Bunsen v-cuun pump Fiz,11, Th. cups arc
clectricnlly comnceted vin carthed belonced twin, low impedance cable to a

A push-pull anpu:l.«.r. (1.4 10).

s The input, bolanced with xwpvct to warth, is fud to o pushe-pull
buffur stage I‘ollo -d by r. Tonnics conpressor, \.'h .ch gives good discrimination
between signnd. and interferonce, Yo Curthel stnges in cuscv.dc, drive a
cathode ray oscilloscope, the vertical dofliction of vhich is photogr:phed
upoen 2 ~ontinuou.,]y noving strip of bromide prper,  The overa2ll gain is cuch
that hon using (1o ..trodva ovir the citunsar indicis longus, clovation of the
farefinger rosults in ~ vertical dcflcction of the spot by nbout 4 cn, The
apparctu. i. so wrr: x\_,vd. th- ¢t the subjeet is nble %o wnlk and run n distance
of 20 ymads in the open, while reeords ~re being token

8, The ¢leetrodes arc attrched to the subjeet as follows (fi.12).




(a) Trapesius

(b) Cervicai part of sacrospinalis - |

(c) Tharacic scorcspinalis

(a) Lumbar sacrospinalis

(¢) Over sbdominal musclcs (roctus, int, and ext. oblique)

9 In all cascs the subject stands at case, attention, marchus and halts,
firstly woaring cquipnent carrying 45 lbs over the shoulders (1937 pattorn
web equip.ent), secondly carrying 45 1bs on the pelvis (AORG prototype) and
thirdly unladen,  Each cxperiacnt is corried out with clectrodss untouched
fron beginning to end,  Four subjccts took part in 52 experiments,

Results

10, When the clectrodes arc ploced on the back as in cases (a), (b), (c)
and (@) above, very considerable difference in activity of the under

muscles is obscrved,  (Figs13).  Weight carried on the shoulder girdle
couscs a continuous contr-ction of Trnpqzius. and the sacrospinalis, This is
the casc in all experiments, O

1. In most, but not all, oxperiments therc is lack of activity in thuse
muscle groups when weight is corried on the hips, Rccards taken from the
abdominal musoulature give equivoecal results, . A very fow recards taken from
otiier musclcs (limbs and back) fail to reveal any significant differencc in
activity, 3 ,

Discuss -

12, The fact that there is considerablc activity of the trapezius and of
underlying musclcs both when standin; still and walking with the 1937 type
.indicates thet these musclces arc being used to keep the shoulder girdle
clevated, «hen the weight is transpditted directly to the pelvis it is scen
that thuse muscles are no longer in continuous use.

15, The incrcascd activity of the sacrospinalis which occurs with the 1937
typc cquipnent whon walking, 4ndicat.s thov the high position of the Centre
- of Grovity in this cusc lends to n condition of incrcascd instability camparcd
with a nethod of load carringe in which the Centre of Grovity-is lower down,
This inercosed activity of the snerospinalis represents the farec rcecssrry to
restore the body to the vertical after its. displacenent during a stop,

L1’ Whilc it cannot bu cancluded from thuse rusultshat hip corriagce is
invarisbly preferable’ to shoulder earriage, other factors bein, cqual, it is
rcasonable to supposc that o method of_lemi carrying involving loss muscular
cffort to support the lond is the marc officicnt, 7

.
.




Appx C

Experihental investigation of load "balance"

1. Using the same technique as described in Appendix
activity of msjor muscle groups can be investigatod when
e thrt they are "oalamced" or "unbalanced". A "balanced"
that the centre of gravity of the component parts of the

that of the bddy. Loads amy be unbslanced laterally or
liothods
2. Separ:.te weights of 33 1bs cach are hung on

in different wuys.
muscles is investigated as before,

Rosults

3.

B the effects on the
loads are .arried so
load is so disposed
load coincides with
znteroposteriorly.

the shoulders and hips
The activity of the sacrospinalis and other superficial
‘using clectrode positions (a), (b), (c) and

- It will be sccn from the tracings produced in Fig. 14, that the

activity in s1l cases tends to be uuch inercased when the load is carried in

_an unbelanced manner. -~ .
Digcussion 3 i

The fact that there is considerable activity of the back muscles when

cerrying a weight unbalanced, indicates that dorsal displacement of the
combined centre of gravity is compensated by o eontinuous contraction of

these muselea in order to fix the spine and hip
scni-flexion, -

5 Whon the weight is evenly distributcd,

Jeints in a position of

as. in the sccond series of expori-.

ments, little wlterction in the vertienl Projection of the corbincd contre cf
grovity tokes place, posture is nernel, and there is little or no activity in
the back musclcs.




x3 e . Appendix D
Experiments on local sweating

1. The total volume of sweat secrcted by the body in o given time
depends mainly on its cxpenditure of onargy during the period and the
"offcetive temporaturc® of the envirement, The cffect on expoenditure

2 of onorgy in carrying a particular load in diffcrent ways is relatively
small, so that any rcsulting change in total sweat rate will be
negligible over short periods.

2, - = Local accumulation of sweat, due to failure of its evaporation,
~is a major cause of discomfort during cxercise. The design of load=-
i ©  carrying apparatua prof'oundly in{luences thc-oxtent of sweat accumilation
3 vhon it is wom, - iy Mo T * .

E 3¢  To demonstrate the degree of impairment of sweat ovaporation due to
: -any type of equipment, the areas of the body on which the accumilation of
sweat otcurs, can be demarcated, ; .

© 0 Methey A ‘ %

be  VWhitc "Aertex" vests (largest size to allow for shrinkage) are

dyed ovenly in o saturated solution of cobalt chloride, After drying in
a forced ventilation heating cabinct, a vest is donned by the oxverimontal
subjoct. The equipment investigated is worn over the wwste

' 5 5.  After a standard poriod of cxercise in the hot chomber, the vest
| is photographed, front and back, Arcas of sweat ncowmilation appear
! bright rods Arcas whore ovepmabiau proncoda normelly remain bluc,

e ° 6,  Photography is rendered difficult by the colours being very
. unsaturated (owing to thc usc of the white vest)s = Use of a minus bluc
filtor of appropriate typc togcther with panchromatic fila gives the best
results, Adcqunte contrast can however be obtained by using
=" orthochramatic film and a blue filter,

$ Results . £
y T'ige15 shows the comparison between 1937 type webbing and the ARG
prototype, It can be secn that the arcas of weight bearing show sweat

- accunulation in both. types, but whercas under the pack and thc nunerous
chest straps in the 1937 type arc messive accumlations, the AORG
prototypc gives risc to very fow additional arcas of sweat accumulation,
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QUICK RELEASE FASTENINGS ON THE POUCHES.

& ONE SUDER IS SHOWN HALFWAY ENCAGED. THE OTHER SHOWS
THE SLOT INTO WHICH SLIDES THE BRASS FITTING ON THE POUCH.
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