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INTRODUCTION 

FROM time immemorial the soldier has carried his knapsack over a shoulder 
or on the back. It cannot be said, however, that the advantages of an upright 
posture have as yet made him into an efficient beast of burden. 

The pack animal, on the other hand, is deliberately trained. for porterage; 
it largely exercises its own will with regard to the speed of travel, imd is protected 
by the load being normally limited to less than a quarter of the body weight, 

By comparison, the soldier is poorly treated. Porterage, which may on 
occasion play a major part in his activities, is completely subordinated to his 
operational role. His upright posture makes him a very poor animal for load 
carriage; nevertheless he is still expected to carry at least a third of his own 
weight, and this he must do from the small platform of his feet through which 
gravity acts. Although stability is of paramount importance, antero-posterior 
balance is often neglected or may be difficult to obtain, and by reason of his having 
to carry a rifle or other weapon, lateral symmetry may well be impossible. The 
soldier must be able to see well, turn rapidly, and move with changing speed 
and direction. Military requirements are constantly at conflict with physio
logical principles. Thus one must consider problems of silhouette, manreuvra
bility, accessibility of items of equipment, and changing types of warfare. 
The best that can be hoped for in his method of load carriage is an acceptable 
compromise, in an equipment which meets the overriding operational require
ments with minimum sacrifice ,of the physiological principles which make for 
ideal load carriage. 

The turning point in the development of personal load-carrying equipment 
in the British Army came with the work of Parkes (1) and the Committee of 
1865-1868 (2), as a result of which the following principles were enunciated: 

(a) The weight to be distributed over a wide area of the body; 
(b) Weight of the knapsack behind to be balanced by the pouches in front; 
(c) All loads to be close to the body a d near the centre of gravity. 
(d) No compression to be allowed in he armpit or chest; and 
(e) The total load to be of the order 45 lb. . 

These various principles were combi ed in the first valise equipment of 
1871, in which the valise was supported b' the shoulders and hips (2). 
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138 Personal Load-carrying Equipment 

Considerations of the background .of the problem suggested that a prelim
inary approach should consist of an attempt to assess, under laboratory and 
field conditions, the physiological stresses imposed by four available types of 
equipment, and to examine critically the techniques of measurement with a 
view to their improvement. 

METHOD 

General 

The trial was divided into three phases: (a) validation field trial in which 
the measurements themselves were assessed; (b) a main field trial in which 
the four equipments were compared in battle order; and (c) a laboratory trial 
in which equipments were again compared in battle order. 

Equipment on Trial 
1937 Webbing Equipment.-This is a form of brace system in which the 

load is carried high on the back, and represents a lighter version of the 1908 
equipment used in the First World War. The weight is supported mainly by 
the shoulders. 

The Assault Jerkin.-The jerkin distri butes the load well, decreases pressure 
points, and because of frictional effects clings to the body. The earlier criticism 
of undue heat stress was met in the present trial by the use of a "leno" type 
weave of nylon, of open but strong construction. 

The Bergen Rucksack.-A rucksack has for long been used by the Scandi
navian infantryman, and is generally assumed to be suitable for hill climbing. 
It consists of a metal frame applied to die back and hips, and supports a capacious 
bag. The load is borne mainly by the hips and is not normally counter
balanced in front. The frame allows of ventilation near the back, but maintains 
the centre of gravity of the load distant from the spine. Hence, with a heavy 
bulky load, some flexion of the spine-a disadvantage for the soldier-is required 
to maintain equilibrium. Marching is associated with a wobble of the bag, 
particularly with change of speed and direction, and the annulment of the 
relatively high angular momentum of the load, by pressure on the tissues and 
muscular effort, is productive of discomfort and wasteful in body energy. 

The Z2 Experimental Equipment.-This is an 'outcome of the work of Lippold 
and Naylor (2), and consists in principle of a long pack closely adapted to the 
back. In practice, .the weight is borne mainly by the shoulders. The equip.: 
ment is best adapted for battle (fighting) order, but the insertion of a triangular 
container converts it into marching order. Photographs and other details of the 
above equipments were given in a previous communication (2). 

'Loads Carried and Clothing 
In both laboratory and field tria ,all subjects wore batdedress blouse and 

trousers, with shirt, undervest and p ts; socks, boots G.S. and anklets. Steel 
helmets (weight 2 lb. 9 oz.) were wo n, and respirators, light (2 lb. 9 oz.), kept 
in the approved position. 
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A. M. Reid, E. T. Renbourn and J. Draper 139 

In both the main field trial and the laboratory trial, all men carried full battle 
order. This consisted of the above items, with rifle and bayonet (9 lb. 3 oz.), 
100 rounds of .303 ammunition (6 lb. 3 oz.), two "36" hand grenades (2 lb. 12 oz.), 
three Bren magazines loaded with 28 rounds (7 lb. 13 oz.), entrenching tool 
(4 lb. 1 oz.), water-bottle filled (~ lb. 5 oz.), ground-sheet (2 lb. 15 oz.), mess
tin and holdall (2 lb. 9 oz.), one pair socks (4 oz.), hand towel (7 oz.), and water 
sterilizing kit (4 oz.). The mean weights carried in battle order are summarized 
below: 

TABLE I 

Equipment Weight empty 
Load within or attached Total load in 

to equipment battle order 

1937 Web ... ... 4 lb. 5 oz. 24 lb. 6 oz. 50 lb. 2 oz. 
Jerkin .. , '" 41b. 8 oz. 24 lb. 6 oz. 50 lb. 1 oz. 
Rucksack .,. 

'" 6 lb. 12 oz. 24 lb. 6 oz. 52 lb. 5 oz. 
Z2 Experimental ... 6 lb. 8 oz. 24 lb. 6 oz: 52 lb. 1 oz . 

In the validation trial men wore either the rucksack or Z2 loaded to weigh 
18 or 48 lb. . 

Test Subjects 

Sixteen men, including two lance-corporals, who had just completed their 
period of training, were made available for the whole trial, covering in all a 
period of one month. The men cannot be regarded as a random sample, but 
from the viewpoint of the trial may be accepted as representing average National 
Service men. From the sixteen men, eight were chosen by a random process 
and became the test subjects. The rest were included in all activities in order 
to add military reality, and carried loads similar to those of the experimental 
subjects. An officer was in command of the twenty-eight-hour period of field 
duty (see below) and a sergeant in charge under other conditions. Four men 
of the group were used in the laboratory trial. 

Details of Work Sessions 

To make the test subjects feel less conspicuous with their equipment and 
with a view to keeping their attitude to the trial,as near normal as possible, 
the eight subjects worked within the group of sixteen men on all the field 
activities. A preconditioning period of seven days, with work sessions in the 
morning and afternoon, was allotted to allow the men to become foot-hardened 
as well as body-hardened to carrying a load, and acclimatized to the rubbing 
and chafing due to the equipment. It was realized that a week was probably 
insufficient for preconditioning, but it was the maximum time available. The 
various types of work session were staggered over the twelve available working 
days to make a balanced trial. This gave a variety of work from day to day and 
allowed the effects of the three types of activity on the wearers of the equipment 
to be compared. Within the limitation of group military activities, all men dId 
the same work over the same period of time. 
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140 Personal Load-carrying Equipment 

The validation trial took four days, with a work session each morning and 
afternoon. The first two days were concerned only with measurements of the 
rifle fire performance test. Each work session commenced with the rifle fire 
grouping practice, and this was repeated at the end of the periods of work. On 
the second two days, physiological measurements (see below) and performance 
tests-sand-shovelling and Bren magazine-were carried out before and after 
each work session. Work sessions consisted entirely of marches of three hours' 
duration. The following activities were carried out during" the field or lab-: 
oratory trials: 

(a) Three-Hour Marching.-This represented fairly severe work in which 
men were marched without rest at a rate of three miles per hour approximately. 
During the work periods, natural Qbstacles had to be surmounted in rough 
cross-country travel; barbed wire fences, rough high grass in marshland, and 
short slippery slopes were utilized to the full. There were four such periods 
in the validation trial and four in the main trial. " 

(b) Si~-Hour Marching.-This was a normal road-marching period at a 
rate averaging two and a half miles per hour, with a ten-minute halt in every hour 
and with a break of half an hour for a meal in the open. Routes were varied to 
avoid' "monotony, but chosen to give comparable muscular fatigue. The 
distance marched was thirteen miles in all cases, five miles of which were 
cross-country. Use was made of paths, but the greater part of the routes was 
on hard tarmac roads. There were four periods of six hours' marching in the 
main trial. 

(c) Twenty-eight Hours' Continuous Duty.-This was planned to produce the 
conditions of the other two work sessions, and to add the fatigue of simulated 
battle following a tiring night with little sleep. The exercise represented an 
approach to conta«t, with overnight bivouac and a dawn attack. It began at 
the laboratory with resting physiological measurements and the sand-shovelling 
and Bren magazine performance tests. The subjects were then conveyed in 

"transport to the rifle range and carried out the rifle performance test. Embussing, 
they were conveyed twelve miles away, and the officer in charge was given the 
narrative that he was on an approach march to contact. He was given a rendez
vous with transport (for food, tents, picks and shovels, etc.) and a likely bivouac 
area, and briefed to make the exercise as realistic as possible, with proper march 
discipline, a defence layout of the bivouac area, regulation slit trenche3 and 
suitable camouflage. Guards and night patrols were arranged to give com
parable exercise for all the test subjects. The average sleep obtained. during 
the exercise was about two hours. "At dawn the troops moved in through 
difficult country to the attack, being harassed by simulated enemy fire, and 
finished the exercise with a seventy-yard charge on to the objective-the firing 
point of the rifle range-where the men "shot it out with the enemy." Troops 
were then relieved and marched back to the laboratory where all measurements 
were repeated. In all there were three sessions of twenty-eight hours' con
tinuous duty during the main trial. 
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MEN AT THE END OF A 13-MILE MARCH 

THE SAND-SHOVELLING TEsT 
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Personal Load-carrying Equipment 

(d) Treadmill Walking in the Laboratory.-Men walked on a horizontal tread
mill for thirty minutes at a rate of three miles per hour. This activity corres
ponded most closely in intensity to the six-hours' march. 

Measurements 

1. Physiological.-Rectal temperature by clinical thermometer (five minutes) 
and pulse rate at the wrist were taken in the upright position after about thirty 
minutes' rest, and immediately at the end of the various work sessions in the 
laboratory and field. In the laboratory trial, expired air volume was taken over 
two consecutive five-minute intervals at the end of the treadmill walk, using a 
standard Douglas .bag technique. The value of such measurement' as an index 
of work metabolism has been described else~here (3). The nature of the field 
trials precluded measurement of sweat loss or skin temperature. Men were 
examined by a.medical officer, before and at the end of,the various work periods, 
for evidence of chafing or bruising.' 

A daily pre-work questionnaire designed ~o assess fatigue or discomfort of the 
previous day's activity was given to the men. Another questionnaire, involving 
simple three~point scales of subjective sensation, was used: before and after each 
period of work. The scales covered the sensation of warmth (viz., comfortable, 
warm, hot), sweatiness (dry, sweaty, very sweaty), fatigue (fresh, tired, exhausted) 
and chafing (none, little, much). -A similar scoring system was used for body 
aching, fit of equipment, balance of equipment and foot comfort. 

At the end of the whole trial, the experimental subjects were asked to rank 
the equipments in order of preference. Opinions were also taken from two 
men who had experience of all the equipments in the various work sessions and 
had acted as spare men. The preference :questionnaire was repeated after each 
subject had been separately warned· that the results of ·the trials might be 
inconclusive, in which case another ",~rk period would be required of much 
greater intensity than anything already done. Forgetting any ranking they .had 
already given, each subject was asked his first and second choice in such an 
eventuality. 

As a matter of interest, men were asked at the end of the trial to rank each 
other Independently in order of "military fitness," assn6wn by their general 
demeanour and activities during the. month's trial. This was done by the 
subjects themselves and by three unbiased observers. 

2. Performance Tests.-Three performance tests, simulating ordinary activi
ties of the soldier, were used in the hope of thrOWIng further light on differences 
between equipment or loads. These tests consisted of: (a) Sand shovelling: 
the men had to fill with sand. and empty as fast as possible a standard bucket 
eight times. (b) Men emptied and reloaded twice, as fast as possible, a Bren 
magazine. Tests were done at the same place, before and as soon as possible 
after return from field activity. Each man was individually timed by a stop-

- watch, but tests were carried out on the men as' a working group. (c) Rifle fire 
on a rifle range: two lots of ten rounds were fired in grouping practice on two 
targets in quick succession. 
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3. Further Tests and Observations.-(a) Distribution of the loads carried in 
battle order was measured laterally and antero-posteriorly. 

(b) Water uptake and drying times. Each equipment was-weighed dry, and 
then completely immersed in water for three minutes. On removal from the 
water, pockets were emptied and equipments hung up to dry in the open. The 
weight was taken when the rate of dripping fell below one drop per second, and 
successive weighings done until the original weight was recorded. 

(c) Photographs were taken and cinematography carried out as a routine 
during the various field activities. 

(d) Environmental measurements. It was not possible to carry out the 
laboratory experiments in a conditioned room, but fairly constant levels of 
temperature, humidity and air movement were maintained in a large laboratory. 

Under field conditions, wet and dry bulb readings were taken periodically; 
wind speed measurements at 4t feet were recorded over hourly periods and 
averages calculated. 

Design and Analysis' 

In order to make full use of the measurements taken and to minimize bias 
due to inherent differences between men and to the fact that measurements 
were not all taken at the same time, a statistical design of experiment was used 
into which 'all the measurements could be suitably fitted .. Primarily, the design 
ensured comparable opportunity for each man with each equipment in the same 
work experience. 

The object of the validation trial was an . attempt to investigate the ability 
of some of the methods used, to differentiate between a handy light load and 
a fairly awkward moderate load. It was of interest also to gather some informa
tion of the effect of loads, independent of equipment. The Z2 and rucksack 
were loaded to weigh either 18 or 48 lb. 

A 2 X 2 factorial design arranged as two Latin' squares was used for the 
validation trial. The squares taken together represented a random arrange
ment of the heavily and lightly loaded equipments allotted among eight subjects 
in four similar work sessions, thus giving thirty-two experiments for the four 
types of combination (Z2 equipment, heavy and light; rucksack equipment; 
heavy and light) or eight experiments for each load/equipment combination. 

In the main trial, a design was used enabling. the three types of activity 
to be analysed separately or conjointly. For each of the three- and six-hour 
periods, two Latin squares were used. Lack of time enforced the use of two 
Youden squares (4). for the twenty-eight-hour work periods, since each of the 
latter involved two working days. This arrangement gave eight experiments 
per equipment for the three-hour and six-hour sessions, and six for the twenty
eight-hour periods. In total there were twenty-two experiments for each type 
of equipment over all forms of activity. 

For the laboratory trial, a combination of two 4 X 4 Latin squares was used, 
giving eight experiments per equipment. Data obtained from the Latin squares 
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144 Personal Load-carrying Equipment 

were examined by analysis of variance. This allowed the total variation in the 
mass of data to be subdivided into its component parts, viz., man to man, session 
to session, work to work, equipment to equipment, load to load, etc. Certain 
interactions of interest, viz., equipment X weight, were also separated. Many 
of the objective data were analysed as both post-work and post- minus pre-work 
measu rements. 

Subjective data of post-work sensation scores were analysed by the X2 test. 
The results Of the preference questionnaire were analysed and Kendall's co
efficient of concordance calculated (5). The results of the subjective "military 
fitness" ranking and related data of interest were analysed by the technique of 
rank correlation, and Kendall's Tand Spearman's p calculated (5). 

For brevity, only the more pertinent data and tables are included in the 
present paper. 

RESULTS 

Validation Trial 

The results were analysed in the form of both post-work and difference 
(post- minus pre-work) readings; but only . the former' are tabulated here. 
Table 11 gives the consolidated results from variance analysis. 

TABLE II.-VARIANCE ANALYSIS-POST-WORK MEASUREMENTS-EIGHT OBSERVATIONS 
PER EQUIPMENT/WEIGHT COMBINATION . 

Equipment/Measurement Pulse rate Rectal Bren Shovelling temperature magazine' 
-

Between heavy and light P<l% Not significant Not significant P<S% 
load Significant Significant 

Between Z2 and rucksack Not significant Not significant Not significant Not significant 

Interaction Not significant Not significant P<S% Not significant 
Equipment X Load Significant 

With the pulse rate, it is noted that it has been possible to distinguish 
between the effect of an 18-lb. and 48-lb. load, but not between the equipments 
(even at the 10 per cent. level of probability). No significant difference was 
found between loads or equipment in final recta~ temperature at the 5 per cent. 
probability level, but significance was present between equipments at the 
10 per cent. level. The shovelling test showed a significant difference between 
loads, but not between equipments. Results of the, Bren magazine test showed 
no significant difference between loads or equipments, but the significant 
interaction term suggests that the increase of weight affected the use of the 
rucksack more adversely than that of the Z2 equipment. 

Examination of the means for these two performance tests shows that post
work were usually better than pre-work scores, i.e., the tests did not appear to 
be a valid measure of fatigue. This matter is discussed later. 

It was unfortunate that the subjects, National Service men, engaged in the 
trials were, in spite of the records in the A.B. 64, so inexperienced that results 
from the rifle test could not be analysed satisfactorily because of the large 
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TABLE IIIA.-MEAN PULSE RATES AND STANDARD ERRORS 

Session 3-Hour (S Expts.) 6-Hour (S Expts.) 2S-Hour (6 Expts.) Total (22 Expts.) 
Measure 

1* Difference 
I 

, 

Equipment Post-work Post-work * Difference Post-work * Difference Post-work * Difference 

1937 Web .,. 120±2.2 36±2.S 122±3.S 3S±4.S 12S±3.2 44±3.9 123±2.1 39±2.4 
Mean pulse rate (beats Jerkin ... .,. 116±2.2 32±2.S 12S±3.S 47±4.S 120±3.2 34±3.9 121 ±2.1 3S±2.4 

per minute) Rucksack .,. 117±2.2 30±2.S 121 ±3.S 34±4.S 12S±3.2 43±3.9 121 ±2.1 3S±2.4 
Z2 E~perimental 10S±2.2 21 ±2.S 12S±3.S 4S±4.S 13S±3.2 49±3.9 123±2.1 36±2.4 

"Post- minus p,re-work figures. 

TABLE IIIB.-VARIANCE ANALYSIS-PULSE RATES-POST-WORK MEASUREMENTS 

Session 3-Hour 6-Hour 2S-Hour Total 

Between equipments ... ... P<S% Significant Not significant P~S% Significant Not significant 
Between men ... ... . .. P<0.1 % Highly significant Not significant P< 1 % Significant P<O.l % Highly significant 
Between sessions .. , ... ... P<O.l % .Highly significant P<S% Significant Not significant -
Between .types of work ... ... - - - P<O.l % Highly significant 
Interaction (equipment X type of work) - - - P<S% Significant 

TABLE IVA.-MEAN RECTAL TEMPERATURES AND STANDARD ERRORS 

Session 3-Hour (S Expts.) 6-Hour (S Expts.) 2S-Hour (6 Expts.) Total (22 Expts.) 
l\1easure 

Equipment Post-work * Difference Post-work * Difference Post-work * Difference . Post-work * Difference 

1937 Web ... 99.9±0.09 1.3±O.10 100.0±O.OS 1.0±0.12 99.9±O.lS 0.9±0.23 99.9±0.09 1.1±0.10 
Mean rectal tempera- Jerkin ... 99.9±O.O9 1.3±O.10 100.0±O.OS 1.2±0.12 99.S±O.lS 0.7 ±0.23 99.S±0.09 1.1±0.10 

ture (OF.) Rucksack ... 99.9±0.09 1.4±O.10 100.1 ±O.OS 1.3±0.12 99.7±O.lS 0.7 ±0.23 99.9±0.09 1.1 ±O.10 
Z2 Experimental 99.9±0.O9 1.1±0.10 100.1 ±O.OS 1.3±0.12 99.9±0.tS 1.2±0.23 100.0±0.09 1.2±O.10 

TABLE IVB.-VARIANCE ANALYSIS-RECTAL TEMPERATURES-POST-WORK MEASUREMENTS 

Session 3-Hour 6-Hour 

I 
2S-Hour Total 

Between equipments ... . .. Not significant Not significant Not significant Not significant 
Between men ... . .. . .. P< 1 % Significant P< 1 % Significant 

I 
Not significant P<S% Significant 

Between sessions ... ... . .. P< 1 % Significant P<O.l % Highly significant P<O.l % Highly significant -
Between types of work ... . .. - - - P < 5 % Significant 
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146 Personal Load-carrying Equipment 

number of misses. There were, however, indications that the - test would 
distinguish between heavy and light loads, but not between equipments. 

It may be concluded that the tests were not able to distinguish between the 
two equipments, but pulse rate and sand shovelling showed significant differences 
between packs loaded at 18 and 48 lb. 

Main Trial 

The means and standard errors for both post-work pulse rate and post
minus pre-work pulse rate are given in Table IIIa (page 145,) analysed'separately 
for the three forms of work activity. Table IIIb gives results of variance 
analysis for post-work measurements only. 

Analysis of data obtained from the above tables shows that the appreciably 
lower post-work pulse rate for the Z2 equipment in the three-hour march session 
is tiignificantly different from that of the other equipments. Significant differ
ence between equipments is, however, absent for the six-hour march period. 
Data from the twenty-eight-hour continuous duty show almost significant 
difference, between equipments. Further examination demonstrated that the 
lower pulse for the jerkin is significantly different to that of the other equip
ments almost at the 5 per cent. level of probability. Analysis of variance showed 
that over the whole trial there is a significant i~teraction of equipment X type of 
work. This would again suggest that the different kinds of equipment may be 
suited to different kinds of work. In the case of differences between men and 
between sessions, highly significant differences were present for both resting 
and final pulse rates. 

Table IVa gives means of rectal temperatures for the various work activities, 
and Table IVb the results from variance analysis of final rectal temperature. 
In the analysis of the twenty-eight-hour session with data'derived from Y ouden 
squares, the "between equipment" effects have been adjusted for differences 
between men. This was done to compensate for each man not having equal 
opportunity with each equipment. Despite balance being only partial, valid 
comparisons between equipments are obtained. 

Differences between means are all negligible, and there is no significant 
difference between equipments for the three types of work activity or of these 
combined. It is noted that the difference between men is significant for the 
three-hour, six-hour and total period, but not for the twenty-eight-hour exercise. 
Since an adjustment was not made for man-to-man effects, the comparisons are 
not strictly valid. A significant "between session" difference is present for all 
types of work activity and there was interest as to whether this was due to some 
learning or other acclimatization factor. However, analysis showed the absence 
of a significant regression. One may therefore presume the difference to be 
related to day-to-day vagaries of the weather or other uncontrollable factors. 

Results from the subjective data are tabulated below (Table V) : 
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TABLE V.-POST-SESSIONAL SUBJECTIVE SENSATION SCORES 

Questions 

1. Warmth ... 
2. Sweatiness 
3. Tiredness 
4. Ability to repeat 

the course. "Yes" 
or "No" 

5. Chafing 

6. Body aches 
7. Balance .... 

8. Soreness of feet ... 
9. Fit of equipment 

1.73 
2.72 
8.82 
6.49 

16.30 

2.70 
40.87 

Significance 

Not significant 
Not significant 
Not significant 
10%>P>5% 
Nearly significant 

P<0.5% 
Highly significant 

Not significant 
P<0.1% 

Highly significant 

5.14 Not significant 

, Remarks 

An almost significantly 
greater proportion of men 
wearing the 1937 web 
gave answer "Yes" than 
for other equipments. 

The rucksack and the 
jerkin chafed the skin 
significantly more than 
the Z2 experimental or 
the 1937 web. 

The rucksack upset bal
ance significantly more 
than the other equip
ments. 

.2 could not be calculated due to the almost unanimou; 
opinion that all of the equipments fitted well. 

147 

It is seen that subjective sensation scores show no significant differences 
between the four equipnients with regard to making the men feel hot, sweaty, 
tired; to body aching, sore feet,. or to fit of the equipment on the body. Men 
were of the significarit opinion that the rucksack and jerkin chafed the skin 
more than the other two equipments, and that the rucksack upset body balance 
more than any of the others. There were also complaints of chafing in the 
groin by the pouches of the Z2 equipment, and of the shoulders in the 1937 
equipment. A seeming incompatability appears to arise between the answers 
to questions 3 and 4. Only six "not tired" answers were obtained from the 
35 questions put to the men after wearing the 1937 webbing. This is in contrast 
to the 16/35 affirmative statements that they could go over the course again 
wearing this equipment, suggesting that at least ~en tired or .exhausted men 
could go over the course again immediately after heavy work. Such a result 
may be explained in terms of lack of validity in the method of scoring; the 
term "tired" may not be sufficiently discriminatory between the onset of tired
ness and the verge of exhaustion; and the men may belong to a class who were 
only slightly tired, but not of the class "not tired." On the other hand, greater 
familiarity with the 1937 webbing perhaps made them better judges of their own 
strength in the sense of the further work they could do, even though tired. 

Analysis of the preference questionnaire taken at the end of the trial gave 
Kendall's coefficient of concordance W=O.508, P<l %, i.e., there was significant 
agreement among the subjects. Their ranking of preference was as follows: 

(1) Z2 experimental equipment. 
(3) The rticksack. 

(2) The jerkin. 
(4) 1937 webbing. 
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148 Personal Load-carrying Equipment 

Analysis of data from the "military fitness" ranking by Kendall's coefficient 
of concordance gave W=0.47, P<1 %. It was felt that this ranking was one 
of "fitness" mixed with popularity, and friends were inclined to put each other 
first. However, there was significant rank correlation between the rankings of 
three observers and the' subjects themselves. Spearman's coefficient gave 
p=0.85, P <1 %. As a matter of interest, ranking correlations were calculated 
between the fitness ranking and the order of merit as assessed by the sand 
shovelling and Bren magazine performance tests. Both Kendall's T and 
Spearman's p were used. A significant positive correlation was obtained 
between the fitness ranking and the performance tests. Results are tabulated 
below. 

TABLE VI.-RANKING CORRELATIONS-"FITNESS" AND PERFORMANCE 

"Fitness" and sand shovelling 

"Fitness" and Bren magazine 
test 

T=0.S7, P<S% 
p=0.79, P<5% 

T=0.57, P<5% 
p=0.74,P<S% 

Significant 

Positive correlation 

The above results fit in with the hypothesis that experience may, under 
certain conditions, be as good or a better criterion of judgment of "military 
fitness" than conventional laboratory performance tests. 

Both pre- and post-work results were analysed separately for the rifle fire 
test. It was reasoned that analysis of pre-work results might indicate whether 
one type of equipment interfered more with the use of a rifle than another type. 
Analysis of the post-work results would. perhaps indicate such an effect, plus 
the varying effect of fatigue due to marching with a loaded equipment. Various 
considerations suggested that logarithmic transformation of grouping diameter 
was most suitable for analysis. Variance analysis of transformed pre- and post
session firing scores showed absence of significant differences between equip
ments and between sessions. In the case of man-to-man difference the results 
gave P <5 % for pre-session and P <0.1 % for the post-session scores. Absence 
of significant differences bet~een sessions suggests absence of a learning factor, 
and in using such a performance test a simpler design could be utilized which 
ignores the "session variable." 

With the other two performance tests, variance analysis was done on the 
means of post-session scores for the three..:hour, six-hour and twenty-eight
hour activities. None of the analyses showed significant difference between 
equipments for either test. However, in both tests a significant difference 
between men was found for the three types of work and for all work combined 
(P <0.1 %). A significant "between session" difference was present for both 
tests, and since a gradual fall in mean times was found over the trial, it may be 
assumed that for these two particular tests a learning factor was present. This 
is to be compared with the results obtained with rifle fire. As a matter of 
interest, a correlation coefficient was calculated between final pulse rate and final 
Bren magazine performance test. The coefficient was negligible. 
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Laboratory Trial 

The results are summarized in Table VII below. 

TABLE VII.-MEANS (EIGHT EXPERIMENTS) AND STANDARD ERRORS 

Measurement/Equipment 1937 Web Jerkin Rucksack Z2 Experimental 

Respiratory Volume 
(litres per minute) ... 3S.4±0.68 36.3±0.68 36.9±0.68 37.3±0.68 

Post-work rectal temperature 
of. . .. ... . .. 100.0±0.1 99.9±0.1 100.2±0.1 100.1 ±0.1 

Post-work pulse per minute 127±29 119±2.9 128±2.9 126±2.9 

It is noted that in minute respiratory volume the 1937 equipment showed 
the lowest mean, but differences are only of the order of 5 per cent. or less. 
In the case of final pulse rate, the jerkin gave appreciably lower figures. However, 
none of the above differences is significant at the 5 per cent. probability level, 
although significance at the 10 per cent. level is present for the difference 
between maximum and minimum means for ventilation volume. The treadmill 
walking corresponded in activity level most closely with the six hours' field 
marching. It is to be pointed out that the former was only of half an hour's 
duration, and with exertion the rectal temperature often requires up to an hour 
or more to stabilize. 

Other Observations 

Water uptake and drying times for the four equipments showed that the Z2 
equipment took up most water and took a very long time to dry-about seventy 
hours compared with the four to five hours for the other equipments. It appears 
that absence of water exit holes in the Z2 equipment was the main cause of the 
differences encountered. 

Examination of the component parts of the four equipments from front to 
back and side to side showed the jerkin to be best balanced and the Z2 equipment 
second best. The rucksack has such a preponderance of weight at the back that 
a forward stoop is inevitable. Cinematography was carried out during hill 
climbing, crawling, running, rolling down hill, jumping and standing. It was 
clear that the only bad silhouette was that when wearing the 1937 equipment. 
There was little to choose between the others. Posture in marching is normal with 
all equipments' except the rucksack. This gives a particularly wobbly load and is 
least suitable for military activities. The most stable equipments, in the sense 
of clinging to the body during most activities, were the Z2 and jerkin. Direct 
observation and cinematography repeatedly showed that one of the most 
important features of a good military load is stability' on the wearer and 
freedom of leg action; Movement of the load when the man is in motion is, 
quite apart from accompanying chafing, mentally irksome and tiring to the 
wearer. When wearing a rucksack in the prone position, it is difficult, even with 
the helmet off, to get the head far enough back to fire comfortably. When the 
helmet is in position, it is practically impossible to use the sights, since the top 
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150 Personal Load-carrying !Fquipment 

of the rucksack butts the rim of the helmet. The jerkin, with its high pouches, 
made it difficult to fire in the prone position. With all equipments, crawling was 
difficult because of the chest position of the respirator. It is here to be stressed 
that in problems of military load carriage, all personal equipment carried into 
action should be taken into consideration. 

DISCUSSION 

The results of the present investigation show that with soldiers loaded in 
battle order, none of the four equipments under trial occasioned physiological 
strain as measured objectively or subjectively. Differences were found between 
equipments in the various measurements used, but rarely passed the critical 
eye of the significance test. 

The only objective test which showed significant differences was the pulse 
rate. Analysis suggested that the Z2 equipment is more suitable for a gruelling 
march and the jerkin more adapted for the twenty-eight-hour session. The 
finding of a significant equipment X type of work interaction has a similar 
implication. Significant differences in pulse r;tte were, however, not found 
in the treadmill experiments, and the findings of Daniels et al. (6) are similar. 
Long marches over variable and difficult terrain and with change in speed and 
direction of the body may show up defects in an equipment and introduce 
physiological and psychological strains which do not arise in the uniform short 
walks on a laboratory treadmill. A treadmill is furthermore not suitable for 
use by a group of men in full equipment. 

It is at first surprising that rectal temperature proved an insensitive index 
of difference between equipments. Differences in rectal temperature between 
loads of 18 and 48 lb. were negligible and not significant. This again agrees 
with the finding of Daniels et al. (6) for loads of 0 to 61 lb. When, however, 
the total load (including the man's own weight and clothing) in battle order is 
considered, the difference between 18 and 48 lb. becomes a mere 15 per cent. 
of the total load. In the field trials, the order of correlation between pulse rate 
and rectal temperature was low, with a coefficient of 0.22 (not significant). 
Data from the laboratory treadmill experiment gave a higher figure (r=0.52, 
P < 1 %) and other unpublished laboratory data gave a similar coefficient 
(r=0.59, P<O.1 %). Such differences in correlation may perhaps be related to 
the circumstances associated with marching in the open or walking on a 
laboratory treadmill. Caution should be used in extrapolating laboratory 
findings into the realities of the field. (2) 

The early classic .work of Zunz and Schumburg and Brezina and Kolmer, and 
the'more recent studies of Cathcart et aI., stressed the value of energy expenditure 
measurement as the index of the relative efficiency of various forms' of load 
carriage (2). However, such measurement throws light on one aspect of physio
logical strain, and may give little indication of delayed strains on blood vessels, 
nerves, ligamentous structure and bone (2). Using ventilation volume as an 
index of energy expenditure, the present results show that in the laboratory the 
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maximum difference between equipments is of the order of 5 per cent., and such 
difference is significant only at the 10 per cent. probability level. Danie1s et al. (6) 
found but small differences in metabolic rate between carrying the same load 
high or low on the back. It has been suggested that pulse rate or rectal tempera
ture may, under certain conditions, be a useful index of metabolism, but our 
data do not show correlations of a high order between these varieties. Thus 
for ventilation volume and pulse rate, r=O.26 (not significant); and for ventila
tion volume and rectal temperature, r=O.57, P<O.1 %. 

Subjective data largely confirmed the objective findings. At the end of the 
trials the order of ranking of equipments showed highly significant agreement 
between men. The Z2 equipment was given first place and the jerkin was ranked 
second. In both of these equipments, distribution of load is good from front to 
back and from side to side, and both are more stable in the rough-and-tumble of 
field activity than the others. Men stressed the feeling of oneness with the 

. Z2 and jerkin, and that they could jump and crawl with confidence. Mter the 
twenty-eight-hour exercises, stability of load and free leg action again emerged as 
a major consideration of a good equipment. In the repeat preference question
naire, the rank order of equipments remained the sa~e, but two men changed 
the first choice. Previous work in this and other laboratories has shown that men 
are liable to reverse their opinion concerning the value of clothing or equipment. 

None of the three performance tests showed significant differences between 
equipments, although the sand-shovelling test was able to differentiate between 
loads of 18 and 48 lb. It was noted that whereas the rifle fire accuracy fell off 
with exertion (results not appended), the performance with the Bren magazine 
and sand shovelling improved. It has long been known that fatigue may be 
associated with a decrement in performance only when exhaustion is approaching. 
In the case of a group of men, motivation and group attitude may alter whilst 
working together. At the end of a work period, the realization that rest and 
food are in sight may give a boost to performance. Muscular fatigue is highly 
specific, and the muscle groups used in a performance test may be far less 
fatigued than those concerned with locomotion. These are some of the factors 
which may in part explain the improvement in performance with work. There 
are pitfalls associated with the use of performance tests, and one should search 
for a valid test that can be undertaken with the stressful situation and which will 
escape the criticism open to an interpolated task. 

Evidence is accumulating that measurements taken under conditions of 
rest may not be of particular value in assessing the effect of work. Mahadeva 
et al. (7) show that this appears true for measurements of energy expenditure. 
Examination of our tables shows that for pulse rate and rectal temperature, the 
standard errors for "difference" readings (post-work minus pre-work) are larger 
than for final readings. Analysis of data (not appended) from the performance 
tests shows a similar finding. Further examination of the data for these variates 
also shows a larger F ratio for final than for "difference" readings. The cause of 
such findings is undoubtedly the inherent variability of the resting man. Other 
possible factors have been mentioned above. 
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152 Personal Load-carrying Equipment 

The technique of variance analysis enabled the separation of man-to-man 
differences in the various objective tests; and our data show significant differences 
for pulse rate, rectal temperature, ventilation volume and the three performance 
tests. Men are unique individuals in their physiological and psychological 
reactions and in their response to work stress. It will hence be surprising if 
one type of load or load-carriage equipment is ideally suited to all men. The 
goal for the designer is that equipment suitable for the majority, adaptable 
to the requirements of the soldier and to the changeable stresses of the field. 
For the physiologist, however, the hope lies in reduction of the load to be carried. 

RESUME 

Small differences only were found in physiological strain due to the four 
types of equipment loaded for battle order, but the pulse rate showed differences 
which were significant. 

On the whole, the Z2 Experimental equipment is the best, but it appears that 
an equipment suitable for one type of work activity may be less suited for another. 
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