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of load by man has been a necessity since pre-histar'ic 
 the sole means of transportation prior to the domesti- 
als like ox, ass, horse, etc. Today with the advance- 

anical transport, the art has disappeared except where 
transport is beyond rearch, impracticable $r 

. 
rmy, too, the sold.ier used to carry on his' back about 
ith the advent of mechanical trgnsport and its increased 
der to allow more freedom .f6r ..the soldier's energy. to 
or combat, he is now ma& 40 carry about 4-50 lbs. 
ying by man in Mountain Wiwgare .has as$umc& greater 
here mechanical transport aannot -be -employ& and 
ules is Astricted due to sufficient -n.umbers not beiqg 
 high altitude fightiqf tradl~port of equipment . and 
 be carried by man alone due to difficulty of terrain. 
efore, to carry the load &ectix@ly im rnmmSainws ter- 
icularly at high altitudes m6re~ef%kient'1'j7 : - 
hods have to be devised so that for a-given o*u* of 
nergy a greater weight can be carried ; 
pons and ancillary eqtxipmmt cai~ - be so .de$i&&e as 

o be capable of being carried easily by man. 

ining ,the most efficient m+hods of e q i n g  lo$s , ,~-  
cal factors have to be taken +to accou-nt, the prineigTes 
:- 
chanical ,efficiency when -standing {static) ; 
chanical efficiency when walking (kinetick 
jiciencg.-When a man carrying bast- 'is &ljlndEng still, 
and the 1oad.are in equilibrium and certajn farces are 
 load. Th? two main forces qcting . r e  (1) the force of 
e load f2) the force exerted by the body on the load. 
 efficiency the force of gravity of the Ibad and force 

e bod9 shodid be equal -andLappas;i't$.:- -Eiuf$~@-j? are not 
n fact, -4% body generally exefts gFeab6~ forces on the 
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ia accompanied ?by expenditure of his boa,& energy. For eWcient 
load carrying, the expended energy should be reduced to the mini- 
mum. 

These changes in energy can be divided into linear and angular. 
Provided the load carried is not eccentric to the direction of motion, 
linear changes will not be affected greatly by the method of carriage 
and packing. Angular changes, an the other hand, are affected 
considerably. '1* 

The point is best illustrated by considering a long body. (Fig. 
1). 

If such a body is to be rotated, it is obvious that it is easy to 
rotate it about the axis XX passing down its centre, It is more diflti- 
cult to rotate it about axis YY, and most difficult to rotate it about 
any axis ZZ outside it and away from its centre of gravity. The . 
rotations which occur in load-carrying will be resolved into rotations 
in three planes at right angles to each ather : 

(a) Rotation in a horizontal plane about the vertical axis ; ' 
changes of direction in walking involve rotation in this plane. 

(b) Rotation in a vertical plane passing from front to rear, about 
the horizontal axis situated outside the body. The flexion of the 
trunk which accompanies stepping up is an example of a movement 
which involves the rotation of a load on the back about this axis. 

. (c) Rotation ta a vertical plane at right angles to (b) above about 
a horizontal axis. Rotation of this kind is involved in a lateral bend- ,- 
ing of the trunk, as in balancing. 

The energy required to initiate rotation of a body around its 
axis is determined by the moment of inertia about the axis which is, 
in turn, proportional to the square of the radius of gyration. So, if 
B t  were possible to concentrate the mass at a point on the axis of 
rotation, the radius of gyration will be zero and consequently the 
energy required to stop or to produce rotation round that axis will 
be nil. But this really is not practicable in load-carrying. 

In practical load-carrying, therefore the best results will be ob- 
tained by : - 

(a) reducing the bulk of the load by careful packing ; 
(b) loading it length-wise along and as close as possible to 

the axis around which the body is most likely to " 
rotate ; 

(c) placing the centre of gravity of the load as close as pas. - 

siblc to the other axes of rotation as much as consi- 
derations of static efficiency permit: 

t will be noted, therefore, that along a stra' t and level path, ' Y es in angular momentum will be very litt e, but in mcky, 
rough, very circuitous aths, changes in angular m o ~ t u m  will be 
considerable and the Em etic factor will asswna consi 

. portance,' so much so that certain otherwise efllcitmg 
bad-carrying may become, i~ractiuable. 
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Other Factors.-Now, besides the analysis of the various &ram 
acting on the load referred to above, the principles of load-c~ryuyt 
by man involve other factors. 

In order that the load may be carried comfortably without: 
fatigue, equilibrium has to be established between the forces act 
on the load when the mab is moving in different terrains. Or& f o 
the important factors for obtaining the equilibrium is support of 
the load. 

q Man's body, besides other things, is made of boaes and muscles. 
Bones are rigid structures and support weight passively, but muscles 
when used involve expenditure of energy due to their contraction, 
etc., and, fatigue, therefore results. The best and the easiest 
method of carrying load, therefore, will be when maximum advan- 
tage is taken of the support given by bones and muscles are used 
to the minimum thereby a least amount of energy due to muscular 
action is lost. 

An excellent example of this principle is the carriage of load 
.f on head. (Fig. 2). 

Statically this is a 100 per cent. efficient method. The support- 
ing force exerted by the body is exactly equal to the weight of the 
load. The hands and the body are free. The posture is erect and 
the gait is practically normal. The weight of the body is trans- 
p$tted through the head direct to the vertebral column so that 
little muscular effort is utilised in direct support. From the kinetic 
point of view,, the centre of gravity coincides with the vertical axis 
of rotations, turning is, therefore, efficient, but it is very unsatis- 
factory if the rotation starts along the vertica1,planes. Therefore, 
'the art of carrying load on the head is quite satisfactory on easy, 
level grounds, but it becomes impracticable on difficult terrains. 

Another example of the same principle is the carriage of load 
by a " Yoke ". Fig. (3). 

The weight here rests directly on the spine and shoulders, thus 
spbring the muscles of the arms. The methbd is again statically 
eiiicient, the lifting force being equal and opposite to the total load. 
The load is concentrated for (distance "Y ") from the axis or rota- 
tion XX and is therefore very inefficient from the point of view of 
turning. It may be noted for contrast that similar loads when 
carried in the hands, as 3n the case of a stretcher, the muscles of the 

X 
hands, arms, and shoulders are soon fatigued. 

Another part of the b@y which can give support to the load ig 
the back. If back alone were to give support, the man will havb 
to bend far down which is not always practicable, as there will bab 
no ease and freedom of Vvement of the body, and the man will 
feel very uncomfortable, and thereby get fatigued.. For ease and 
freedom of movement, it is desirable, therefore, to keep the body 
as erect as possible, but from the point of view of "support", 
flexion of the trunk improves the distribution of weight. This is 
achieved by hanging the weight on the byds from the shoddcr bx 3 
means d shoulder straps. Fig, 4bb - .  
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%'he, cyrying .&a$pY.by- yskw sl_yrgl- r.straps, muscular tension 
k~cnceyed  ~iMr.th'$ npjWt!@irrcs cfFGeqgf 7 i b s m  as  a resalt qf which 
the  pull of the- lmcb &mag% .the shoulder 8 t - q ~  places an abnormal 
strain on the muscles attached to the outer end of the collar bones. 
In .cad= to xeduse . wmpressing action on the muscles, shoulder 
stsms are made bsOad and are padded with felt or other resilient 

"Wial. -. Obe has to. be careful, however, about the tensions creat- 
6 on-$he shoulder muscles. In most loads, part of the tension fs t 
dae' to .the tendency of the load to roll outwards, away from the; 
shoulders, i.e., turning in vertical plane. 

- " .  

{ Before discussi the ways and means 01 reducing the tension 
&act (tendency of, f oad. to. r ~ l l  outwards), static and kinetic prin- 
cig!es involved in the method of carrying load at the back may be 
considered. 

:: ' ~ i a t i c .  Princ4ple.-Here the stat& principle is quite different 
from that involved.-When the load is carried on the Head. The boa$ 
actually exerts forces greater than the total load. 

,- . 
As will be seen in fig. 4(b), there are three forces acting. -They ' 

are the weight (W)- acting vertically down, the forward and up- 
ward t hu& of the shoulder- strap (Q), and the thrust of the back 
(P) actihg through the centre of pressure and perpendicular to the 
hack. The dizectien~ of these -f&ew being known, a "Force po&+ 
gon" (gig. 4(c)) can be &awn and the values of P and Q obtained 

W & term of W. The static efficiency is - and is less than I, 
P+Q 

:: If the body could be conveniently Gent forward so that P was . 
vertical, then P would bemme equal anil opposite to W, and Q 
would become zero. This 'would be a position of maximum static 
e.kiency,, but it is" not practicabla because the body would be in 
sucli'an unnatural position. It is, however, interesting to obervaa 
that-for very heavy loads this position is more nearly approached: 
The in$em~e would appear to be that for light loads, n~rmal  peg- 
ture and ease of locomotion take priority over static efficiency, but 
for heavy loads static efficiency must take Arst plue, Porters in 
hiUs bend their backs considerably in order to support very heavy 
weight. 

Kinetic Principle.--In fig. 4(b) the relation of the centre of 
gravity of the load to the three axes of rotation XX, YY and ZZ is 
also sl?own. In ordina~g porterage on roads and -tracks, rotations 
about axes YY and &-are insignificant and.can be neglected. Loarts 
are usually carried considerably higher on the back than that illus- 
trated and this has the effect of bringing the ceptre af gravity even 
cl,oses to the XX axis, thus further reducing the radius of gyration 
about this axis. Now the. XX axis passes through the wtse of 
grrryiky of the body, and th-e closer the cents_e*of, gravity of. the laad 
ta. this axis,. the smaller will be the forces P plus Q a&, resulting 
iqb$3c,inwfise of .W~stat;ia.. e a $ a i ~ ~ .  as well as of the w e t i c  &k 
aency. I . . I , - . _. _ , ' 7 ,  .-._ . , . , ** "__.*  



The tension of the straps on shoulders theref*+ k r -  
duced : - 
. - (aj J3y""bringing the centre of gravity of the load c l~w .  $6 thq 

back and vertically at a position corresponding to the 
level o i  cent&@ at- two" sbulder blades ; . .  . 

(b) By keeping the centre of gravity of the load high.' One 
must not, bqwever, r&e .thq centre of gravity so much 
so that it goes to the other extreme and creates a to~quu 
force tending to throw the man forward on his face; 

(c )  By giving a conqk-support at the level of- the pdvi-s ; 
. (d) By using head band as illustrated in Fig. 5. TheA ad- 

vantage of this lies in the diilreet transmission of weight 
to the skekhn s0 that muscular effort is required for 

. balance only and not fop support. In  mountain war- 
fam, however, the head band has the serious disadvan-* 
tage that it fixes the head and thus restricts the field 
of vision. Its use in forward areas is therefore con- 
fined to porterage on known trwks. 

, Mrefhod of Cartriage. 

I" BasaqU ioa the above rinciples, a number of Carriers have been 
,/deS@ed. The design 6 f! the carrier has to be such that a reason- 
;able degree of mechanical efficiency is achieved without unduly up- 
setting freedom of the shoulders and hips, natural erect 
and normal gait. Great attention has, therefore, to be p a i f 0 ~ ~ % ~  
distribution of pressure and reduction of load on muscles. Some 
of the different types of Carriers introduced fon Army use are des- 
cribed below : - 

L - J&krsa& of the Web Equipment. 
' Pdncipk.-The weight is hung on to the back by means of 

shoulder straps. The entire support is provided by the shoulder 
m ~ s d e s  thus enabling tke wearer to maintain his body ini the up- 
right posture and to have complete freedom of movement. 

ABvmtagebjl. 
1. Can be easily slung on to the shoulders. 
2. Correct posture of the body is maintained while walking 

about with the haversack in position. 
3. Ensures freectom of movetnsnt and speed. 

Disjad~aqtages. 
1. For loads greater than 20 lbs., it becomes uneomfortable to 

wear on actcount of strain produced by shoulder straps 
which provide the only means of support. 

2. The load is bocne by the muscles which'get eas i l~  fatigued 
with greater loads. 

3. Tendency for the lodbds to. rdl out-reduces the kinetic 
efficiencx as : - 

(aj-~adCus of gyration increaves, and . - .  ,.  

'. - .  - , - .c), . \ : t+~.~W?i@e. , , .  . srt P M Q  away *-the; , .  I I _ / 
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Manpack Carrier. 
Principle of the carr

paragraphs (Fig. 4). 

The following are th
use :- 

(a) Carrier, Manpack
6).-This is a light alloy
means of shoulder strap
the shoulders and the ba
ed which when brought 
from the shoulders and 
wlief for the shoulder m
The load can be raised a
higher thus increasing b

Advantages. 
1. Uniform dist'rib
2. The head band 

beneficial. B
load off the
tended to ac

,Disadvantages. 
1. The ventilation 
2. The depth of the'\ of smaller st
3. The method of 

straps provid
loads. 

. 4. The head band 
ed. 

(b) Packboard, Meta
This is manufactured fr
following additional feat

- I. The shoulder str
board is rais
lowered for 

2. The depth is su
various statu

3. Thump loops hav
the load occa

4. There is better 
5. Shoulder straps 

are therefore

(c) Pockboard, Plyw
plywood press-out job w
porates ail-the desirable 
iage has already been discussed in previous 

e various types of Carriers Manpack in 

, G.S. (U.K. Pattern). (Illustrated in Fig. 
 metal frame, which is slung in position by 
s. The points of applicagion of load are 
ck. In addition, head-band is also provid- 
into use is intended to take ~ f f  the load 
shift it to the skeleton. This is to provide 
uscles which would otherwise get fatigued. 
nd the centre of gravity moved forward and 
oth static and kinetic efficiency. 

ution of the load on the back. 
provided for occasional use could be v m  
ut in the existing design it cannot lift the 

 shoulders. The advantage which was in- 
crue is thus lost. 

of the back is not proper. . 
 frame is low and causes discomfort to m e ;  
ature, i.e. 5' 6" and below. 
attachment of load is not satisfactory. The 
ed are not suitable for securing awkward 

as explained above is not properly position- 

l (Indian Pattern). (Illustrated in Fig. 7). 
om light alloy metal tubings and has the 
ures 8s compared to' item (a) above :- 
aps can be so attached that the entire Pack- 
ed or lowered-raised for heavier loads and 
lighter loads. 
fficient to ensure equal comfort to men of 
re. 
e been provided for hitching up and easing 
sionally. 

ventilation of the back. 
and head band are all padded with felt and 
 more comfortable* to wear. 

ood (modified Gdkn  Pattern).-This is a 
ith a stretched canvas back xest and incor- 
features of the Chfiers'[a) a&ii (b] ahaPG 
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In addition, the load rests inclined at an angle to the vqticd in the 
norinal position itself sa that the' centre of gravity when raised is 
broug3t forward-and thixs'the load is borne more by the spine, thus 
reducing muscular fatigue. 

(d) Pack, Yukon. (Fig 8, without Platform).-This is a sturdy 
frame made from timber and is provided with a platform for the 
load to r e~ t .  The carriers at (a), (b) and (c) above are light struc- 
tures suitable for loads upto 50 lbs. 

The Pack Yukon, however, is essentially designed to carry 
heavy loads which can be raised to the maximum effective Jimit of 
height. But this entails increased flexion of the trunk and thus 
hampers freedom of movement. 

Advantages. 
I. The pressure is uniformly distributed over the back. 
2, The load can be raised to bring the centre of gravity nearer 

to the body and the vertical axis of rotation. Better 
static and Kinetic ea iency is thereby achieved. 

3. The phture of the body, consequent on (2) above, can be 
maintained more erect ; this, however, entails more mus- 
cular effort since the load is chiefly supported by the 
shoulders. The efiect, can be neutralised by the increas- 
ed bending of the spine which will result in moving the 
centre of gravity forward thus relieving the shoulder 
muscles. This posture is however uncomfortable for 
working. 

Disadvantages. 
1. The back is not properly ventilated because the entire board 

is in close contact with it. 
2. For lighter loads it does not afford any special advantage, 

as much of the muscular energy will be spent to sup- 
port the load in this type as in any other. It is rather 
a heavy and clumsy piece of equipment for light loads. 

Rucksack Bergen with frame. (Fig. 9). 
Principle involved in Rucksack Bergen with frame essentially 

differs from that of the Carrier, Manpack in that the load is not distri- 
buted over the back. It is concentrated on the waist-band which 
provides the only point of support. This ensures complete Iredona 
of movement to the shoulders and the body, but at the eo& of 
mechanical efficiency, since the centre of gravity of the load cannot 
be either raised or moved forward. The weight is far from the 
vertical axis and the body, thereby reduces both the kinetic and the 
static efficiency. 
Advantages. 

1. It hap a capacious bag for articles which can be padsed 
separately in separate pockets. 

3. The maiq support is provided by the waist-band which fits 
over the hip thus relieving the strain ~n the shoulders 
and keeping them free to move, 



' .  , . 

Disadvantages, 
1. The area supporting the weight being eonddpr 

is., the waist-band-ineneased lpad - becomes 
comfortable and tiring. -*r 50 ibs. -the intensity of 
pressure becomes unbearable. 

, . 2. There are no means to bring the centre af p g t y  of the - load nearer to the vertical axis either by means of rais- 
ing the load or -by altering the method of packing. This 
results in both static and kinetic inefficiency. 

Carrier, Everest. (Fig. 10). 
Principle invalved in Cgmier E m  is the 'same as that of the 

3%uQha~k, Bergen, but the p6ifits bf ap$ksxi%an Zri this imtance are 
.on the shauldsrs and on a point under the waiscblnd which can be 
varied by alteraTion to the length of strap. "P"hb type of carrier, 

diowmqr,, p&rmit$ the change ;of centre of gravity by suitable pack- 
ing withut  al.teration to the points of application ,of the load. 

From Fig. $1 it will be.seen if moments are taken about point 
the shoulder then :- 

d P x k = W x d o r P = W  x- h 

If h is increased, it is true that d will also increase slightly due to 
the posture of the body. It is not possible to state exactly M$v 
much it will increase, because the shape of the back is n0t.a straight 
'line. It can be said, however, that this increase is very small com- 
pared with increases in h. 

Hpnce P is approximately equal to constant h. 
~ ~ e n c e  if h is increased, P will be reduced, 

It is therefore an advantage mechanically to have the waist-band 
low. 

'From anatomical considerations, however, %here are certain 
limitations with regard to the point of application of load. Far 
instance, should it be very low it would impede the working af the 
legs. From this view point the best point is sacrum. The lumber 

Zj~e&ton (small of th6 b ~ c k j  .is worse, kaurse'r>f -the &rect pzessuoe 
:on the rnusdes. It is bad from mechanical considerations as will 
4 n c e  the-point of application is high. A mistake i s  also often made 
-,kid cieaise $he bad. (centre. of- g~avity) by tightehing the sbttlder 
straps instead of repacking the load correctly and adjusting centre 
of gravity. Therefore one has to pack the load correctly .and ad- 
just the Cacrier so that working of the legs is not impeded. 

..-&&&t&gks. . . ' . . 

- 1 .  The Everest Carrier does not rest on the entire back, which 
, .is, g o ~ d . i a  tqpical climates idw the p u p a e  of ventil- 

tioti of the . . - 
l r i  i i ., r . - - - * ,. 
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2. Unlike the Rucksacks. the load in this type of carrier can be 
suitably packed to raise the centre of gravity, thus 
bringing it forward and nearer to the vertical axis of 
rotation. Better kiaotic effisieney is thus achievgd, 

I r 

Disadvantages, 
1. The load being c~ncentrated on -band the inten- 

sity of pressure becomes unbe ith loads beyond 
50 Ibs. 

2. The load cannot be moved far enough to bring the centre 
of gravity very close to the vertical axis. For heavier 
loads with the centre of gravity away fr e 
both static and kinetic inefficiency result. 

hading* 
From the above it will be clear that in order to carry tke~1wd 

comfortably besides the selection of proper carrier, the lqad$qg/ 
,packing of different weights has also to be done m&vlly, aggg+. 

(a) The heavier components of a load we paeked close. %&$he 
body .to bring the centre of gravity of the load fwW?%Pd, 
thus increasing &&tie -efficiency and--ease in t d n g d n  
the horizontal plane. 

(b) Heavy objects are packed high in order that they may be 
brought farther forward. 

(c) Flat loads are  packed closer to the back. 
fd) Long obje~tb ar& -pa;cEted with &eir leas* mdius QY y&igt~ 

peI;pehdik!ul&: w 'the ; kektiifat @%is ~ @ : - - p $ i q ~ %  
this is the axis a b u t  which most -mo\~wmt ta es ce. 

-.(e)' Bblkjl l& &mot  be carried so- #?d&& 'bca~t%:m&re 
energy is required to carry them %an lee bdkr;l&ds 
of the same weight. - ,. 

I$ will .be obvioits' a f t e ~  consMering xtarious 'type pf- wrriers @at 
--"P~~~;OIQ$- nit&%ef-cof-carr$ers have- been :r?aesigned,' ye$- +bra-,is,po 
..*uhiversal carrier 'which can be used to x e .  avads 4~1th light.. and 
heavy cornfortqHy and it is in this '&&ion 4hat P-er m ~ . r $  
iPbrk is suggested. 
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