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THEORY OF LOAD CARRIAGE BY MAN.*

"By Lt.-Col. (now Col.) P. L. Kapur, 1.A.0.C,, Chief Superim‘endent of

-

‘Theory.

Development (Stores), Kanpur.
Introduction. :

Carrying of load by man has been a neces51ty since . pre-hxst(mc ‘
times. It was the sole means of transportation prior to the domesti-

“cation of animals like ox, ass, horse, etc. Today with the advance-

ment of mechanical transport the art has disappeared except where
‘mechanical transport is beyond rearch, 1mpract1cab1e or
uneconomical. '

In the Army, too, the soldier used to carry on hls back abaut
80 lbs., but with the advent of mechanica) transport and its mcreased
use and in order to allow more freedom ‘for the soldier's energy to
be available for combat, he is now made to carry about 4050 1bs.

Load carrying by man in Mountain Wazfare has assumed greater
importance where mechanical .transport :eannot -be ‘employed . and
the use of mules is restricted due to sufficient-numbers-not- being
available. In high altitude ﬁghtm§ tramport of equipment ' and

weapons can be carried by man alone due to dlfﬁculty of terrain.

: In order, therefore, to carry the load effectively in mounftamous ter-

rain and particularly at high altitudes more" eﬁ?yclently —

(a) methods have to be devised so that for a given eutput of
energy a greater weight can be carried ;

(b) weapons: and -ancillary equipment’ cah “be so'demgned as
to be eapable of being carrled easﬂy by man.’

In determining -the most- eﬁ‘rcxent me’theds of carrymg loads, cer-
tain mechanical factors have to bc taken mto account the pnnemTés
of which are :—
(a) Mechanical efficiency when standmg {static) ;
(b) Mechanical efficiency when walking (kinetie)
Static efficiency~When a man ecarrying load :is ‘standing still,

“both himself and the load are in equilibrium- and certain forces are

acting on the load. The two main forces acting are (1) the force of

“gravity of the load' (2) the force exerted by the body on the load.

For maximum efficiency the force of gravity of the foad and force
exerted by the body shodld be equal and'opposite.” But they are not
always so. Im fact, the body gene:ral}y ezert*' egrea%ap forces on the
load than its actual weight.

Kinetic efficiency—When a man is Walkmg at a constant speed,

“his kinetic energy is regulated.to that speed, but.no sooner than.he
"changes his ‘speed, rate of ‘climb, or direction, simultaneously with
“~these changes there is a change in kinetic energy.- He must build
;hup/brgak down the-kinetic: energy -in the load accordlrggly and this
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3 THEORY OF LOAD CARRIAGE BY MAN

is accompanied by expenditure of his bodily energy. For efficient
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, on the other hand, are affected
considerably. T T TR

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

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 diffi-
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 other :

(a) Rotation in a horizontal plane . about the -vertica'i‘ - 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.

(¢) Rotation 1n a vertical plane at right angles to (b) above about

a horizontal axis. Rotation of this kind is involved in a lateral bends .

-ing of the trunk, as in balancing. .

~ The energy required {o 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

it 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 :— : - S
~(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; . s o :

(c) placing the centre of gravity of thyéuload as close as pos~
sible to the other axes of rotation as much as consi-
derations of static efficiency permit:

1t will be noted, therefore, that along a stra’i%ht and level path,
changes in angular momentum will be very little, but .in rocky,
rough, very circuitous ﬁ;hs’ changes in angular momentum will be
considerable and the kinetic factor will assume ‘considerable . im-
. portance,- so much -so that certain otherwise efficient-metheds- of
Joad-carrying may become- impractjeable. -~ - ° 4
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Other Factors—Now, besides the analysis of the various forc.el '
acting on the load referred to above, the principles of load-carrying
by man involve other factors. ’ ' -

In order that the load may be carried comfortably without
fatigue, equilibrium has to be established between the forces acting
on the load when the man is moving in different terrains. One e
tﬁe 1imgor’cant factors for obtaining the equilibrium is support of
the load. a _ ‘

Man’s body, besides other things, is made of bones 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 éxample of this principle is the carriage of loadl -
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-
mitted 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 vertical.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 resis directly on-the spine and shoulders, thus
sparing the muscles of the arms. The methbd is again statically
efficient, 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 #n the case of a stretcher, the muscles of the
hands, arms, and shoulders are soon fatigued. '

" Another part of the body which can give support to the load is
the back. If back alone were to give support, the man will have
to bend far down which is not always practicable, as there will be"
no ease¢ and freedom of movement 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 back from the shoulder by
means of shoulder straps. Fig. 4(a). A
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~_When carrying Joads by using “sl?galmdfrﬁtraps,, muscular tension
is ccncerned with the! maintenance of equilibrinm as a result of which
the pull of the-16ad:through'‘the shoulder strap places an abnormal
strain on the muscles attached to the outerend of the collar bones.
In order to reduce.compressing action on the muscles, shoulder
straps ‘are nmiade. broad and are padded with felt or other resilient
g ferial.” One has to be careful, however, about the tensions creat-
ed on the shoulder muscles. In most loads, part of the tension is
due’ to -the fendency of -the load to roll outwards, away from the
shoulders, i.e., turning in vertical plane. B o

SARRIAGE BY. MaN )

e Béfox_fe:diéqu«‘ss:i«-‘ - the ways. and means of reducing the tension
effect (tendency of load. to- roll outwards), static and kinetic prin-
ciples.involved in the method of carrying load at the back may be

considered.

» " Static” Pringiple—Here the static principle is quite different
from that involved ‘when the load is carried on the head. The body
actually exerts forces greater than the total load. '~ T )
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 thrust of the. shoulder strap (Q), and the thrust of the back
(P) acting through the centre of pressure and perpendicular to the
back..: The directions of these forces being known, a “Force poly-
gon” (Rig. 4(c)) can be.drawn. and the values of P and Q obtained-

in terms of W. The static efficiency is Pra- and is less than 1. -

- If the body could be conveniently bent forward so that P wis -
vertical, then P would become equal and opposite to W, and @
would become zero. This would be a position of maximum static
eficiency,. but. it is. not practicable because the body would be in
such ‘an unnatural position. It is, however, interesting: to observe
that for very heavy loads this position is more nearly approached.
The'inference would appgar-to be that for light-ledds, normal -pos-
ture and. ease of locomotion take priority over static efficiency, but
for heavy loads static efficiency must. fake first place.. Porters .in
hills 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 shown. In ordinary. porterage .on roads and -tracks, rotations
ahout axes YY and ZZ-are insignificant and.can be neglected. Loads
are usually. carried considerably higher on the back. than that illus-
trated and this has.the effect of bringing the centre of gravity even.
closer to the XX axis, thus further reducing the radius of gyration
about . this axis. Now the; XX axis passes through the . centre of
gravity of the body, and; the closer the centre:of, gravity of the load:
ta'this axis,. the smaller will be the forces P plus Q and, resulting
in, the.increase: of the. statip efficiency as well:as of the kipetic. effi-
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d 'é'he tension of the straps on shoulders therefong: g@ la; gy}
uced :—

C(a) By” bringmg the centre of gravity of the load clgse to the
back and vertically at a position correspondmg to the

. level of centre «of two shoulder blades; .

(b) By keeping the centre of gravity of the load hxgh One
must- not, however, raise the centre of gravity so rhuch
so that 1t goes to the other extreme and creates a torque
force tending to throw the man forward on his face;

- (c) By giving a counter-support. at the level of the pelvis; -

(d) By using head band as illustrated in Fig.- 5. The' ad—
vantage of this-lies in the direet transmission of weight

- to the skeleton se that museular effort - is reqmred for-

.. balance only and not for support. In mountain = war-
fare, 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 tracks. o

Method. of. Can'iage : S

¢~ Based on the above fprmcxples, a number of Carriers have been
4dé§1g‘n8d The design of 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: yosition;
and normal gait. Great attention has, therefore, to be paid to the
distribution -of pressure and reduction of load on- museles. Some
of the different types.of Carriers introduced for Army use’ are des-
cribed below :—

Haxaersack of the Web Eqmpment.

- Principle.—~The weight is hung on to the back by means of
shoulder straps. The entire support is provided by the shoulder
mauscles thus enabling the wearer to- maintain his body in* the up-
right posture and to have complete freedom of movement.

Advantages.
1. Can be easily slung on to the shoulders.

2. Correct posture of the body is maintained while walkmg‘
about with the haversack in position.

3. Ensures freedom of movement and speed.

Disadvantages. ,
1. For loads greater than 20 lbs, it becomes: uneomfortable to
wear on account- of strain produced by shoulder straps

which provide the only means- of support..
2. The load is borne by the muscles which get easxly fat;gued

with greater loads.
3, Tendency. for the loads to- - roll out—reduces - the - kznetu:
_ efficiency as :— . o

- (a) radius of . gyratxon mcreasesL and

(b, the copine of gravity falls away oo the spitg,
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Manpack - Carrier. S T

Principle of the carriage has already been discussed ,in‘ previous
paragraphs (Fig. 4). EER ‘ o

The following are the various types of Carriers Manpack in
use -— : ool

(a) Carrier, Manpack, G.S. (U.K. Pattern). (Illustrated in Fig.
6).—This is a light alloy metal frame, which is sluhg in position by
means of shoulder straps. The points of -application of load are
~ the shoulders and the back. In addition, head-band is also provid-
ed which when brought into use is intended to take off  the load
from the shoulders and shift it to the skeleton. This is to provide
relief for the shoulder muscles which would otherwise get fatigued.
The load can be raised and the centre of gravity moved forward and
higher thus increasing both static and kinetic efficiency.

Advantages. = S '
1. Uniform distribution of the load on the back.
2. The head band provided for occasional use could be very
beneficial. But in the existing design it cannot lift the

load oft the shoulders. The advantage which was in-
tended to accrue is thus lost. - '

Disadvantages. - = ‘
) 1. The ventilation of the back is not proper. e .
-\ 2. The depth of the frame is low and causes discomfort to. mens
of smaller stature, i.e. 5 6” and below. '
- 3. The method of attachment, of load is not satisfactory. The
ftracllps provided are not suitable for securing awkward
“loads. Sl ; »
4. The gead band as explained above is not properly position-
ed. , .

(b) Packboard, Metal (Indian Pattern). (Ilustrated in Fig. 7).
This is manufactured from light alloy metal tubings and has the
following additional features as compared to item (a) above :—

1. The shoulder straps can be so attached that the entire Pack-
board is raised or lowered—raised for heavier loads and
lowered for lighter loads. ' I

2. The depth is-sufficient to ensure .equal comfort to men of

: various stature. s o

" 3. Thump loops have been provided for hitching up and easing

the load occasionally. = ‘

" 4. There is better ventilation of the back. .

5. Shoulder straps and head band are all padded with felt and

‘ - are therefore more comfortable to wear. . '

(¢) Packboard, Plywood (modified I-ndum Pdtiem);—-—Thig is a
‘plywood press-out job with a stretched canvas back rest and incor-
porates all-the desirable features of the Carriers”(a) and (b) above.



Reg. No. 382 HE (C)'50-205 (H.L.O)

Fig. 5




APPENDIX A" ERD 121

RRIERS MANPACK G S

@FRONT

PACKBOARD METAL I P

3DrronT

Reg. No. 382 HE (C) 50208 (H.LO)-




Fig. 8

Reg. No. 382 HE (C) '50-205 (H.L.O}

Fig. &



- -~ - DEFENCE-SCIENCE JOURNAL— a

In addition; the load rests inclined at an angle to the vertical in the
normal. position -itself so that the centre of gravity when raised is
brought forward and thus the load is borne more by the spine, thus
reducing muscular fatigue. B '

 (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 rest. - The carriers at (a), (b) and (c) above are light strue-
tures suitable for loads upto 50 lbs. "

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

Advantages.

1. 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 efficiency is thereby achieved..

3. The posture 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 effect, 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. o

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 fresdom
of movement to the shoulders and the body, but at the cost 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. B

Advantages.

1. Tt has a capacious bag for articles which can be packed
. separately in separate pockets. Co

2. The main support is provided by the.wai_s,t,-bénd which fits
"~ over the hip thus relieving the strain on the shoulders
and keeping them free to move, - =



s Wmm MA!I

avThe entire “back - is%‘ree‘;frmany' ftact with ‘the Toad
~- - -'Fhis.-provides ventilation. It is' yartiéul‘arly mseful in
“tropical climates. -

Disadvantages.

1. The . a;:ea supporting the weight being eenmderab;y small,
_ie., the waist-band-~increased load-becomes rather 1n-
“comfortable and tiring. -Over 50 lbs. the intensity of
pressure becomes unbearable.

2. There are no means to bring the. centre of gra\nty of the

: ‘load nearer to the vertical axis either by means of rais-
ing the load or by altering the method of packing. T‘hxs
results in both static and kinetic inefficiency.

Carrler, Everest (Fig 10)

Pnnmple involved in Carrier. Ev‘erest is the'same as that of the
Rucksack, Bergen, but the pdmts ‘of application in this instance are
.on ‘the shoulders and on a point under theé waist:band which can be
varied. by ‘alteration to the length of straps. ‘This type of carrier,
slowever, pérmits the: change of centre of gravity by suitable pack-
mg without alteration to the points: of application of the load.

" From Fig. 11 it will be. seen if moments are taken about point
fA oh- the shoulder then :—

P x h W x d or P=W x -—%—
Ithis mcreased, it is true that d will also ineréase slightly due to
the posture of the body. It is not possible to state -exactly Haw
~much it will increase, because the shape of the back is not-a straight
“line; "It can be said, however, that this increase is very small com-
pared with increases in h.

Hence P is.approximately - equal to constant h.
‘“Hence if h is' increased, P will be reduced

ft is therefore an advantage mechamcally to have the waist-band
ow.

" "'From anatornical consxderatmns, however, there are certain
thltahons ‘with regard to the point of application of load. For
“instance, should. it be very low it would impede the working .of the
-legs. From this view point the best point :is sacrum. The lumber
sgegion (small of the back) is wdrse, because of -the :direct pressure
jon the muscles. I is bad from mechanical considerations as-will
~sinee -thepoint of application is high. A mistake-is" also often made
-0 raise the load :(centre:of gravity) by  tightening the shoulder
straps instead of repacking the load correctly and adjusting centre
of gravity. Therefore one has to pack the load correctly and ‘ad-
_just the Carrier S0 that Workmg of the legs is not 1mpeded '

Aﬂvantages

-}. The Everest Carner ‘does nat rest on the entlre back, which
;‘ R ,g gog;l ’?1? tmpwal chma’tes far the pu:puSe of ventila-
o A ‘ on ° e e < S o ,g.v,,
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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 kinetic efficieney -is thus achieved. .

Disadvantages, =~ =

1. The load being concentrated on the waist-band the inten-
sity of pressure becomes unbearable-with loads beyond
50 1bs.- - L B s .

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 from.the spipe

both static and kinetic inefficiency result.

From the above it will ‘be clear that.in order to- carry: the:lpad
“comfortably besides the selection.of proper carrier, ' the “loading/
~packing of different weights has also to be done carefully, -g.g~

(a) The heavier components of a load are packed close tédhe
body to bring the centre of gravity of the load forward,
thus incréasing” static -efficiency and-ease ‘in- turning'dn

-the horizontal plane.

(b) Heavy objects are’packed' high in order that they may be
brought farther forward. '
.- (¢) Flat loads are packed closer to the bac_,'k, 7
7 {d) Lohg objects are packed with their least radius of gyration
- perpendiculart o the: vertical -akis: of; rotation, -because
.. -this'is the axis about which most-movement takes place.
-{e) Bulky .loads cannot be carried so- efficiently Because -mor
energy .is required to carry them ‘than leéss bulkyiléads
of the same weight. - e

-

. Tt will be obvious after considering wvarious type of carriers-that
-’ §1thotgh” nuiber ‘of “€arriers *have” been-designed,” yet: there-is-no
““phiversal carrier which ‘can be used to:carrydoads beth light --and
" heavy comfortably and it is in this'direction -that: further research

“work is suggested.
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