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ARMY HYGIENE ADVISORY COMMITTEE REPORT No. 2. ,. " 

AN INVESTIGATION ON THE MOTION STUDY OF' DIGGING AND THE. 

Er:mRGY EXPENDITURE INVOLVED, WITH THE OBJECT OF INCREASING 

EFFICIENCY OF OUTPU'l' AND ECONOMIZING ENERGY. 

By CAPTAIN A; G/STEVENSON. 
Royal Army Medical Corps. 

AND 

CAP'rAIN R. L .. BROWN. 
Royal Enginee1's. 

r 
INTRODUCTORl{. 

THE following is an abbreviated ,account of a Report, submitted to the 
Royal Engineer Board and to the Army Hygiene Advisory Committee, of . 
an investigation on Trench Digging undert(1ken at the. request of the. 
Royal Engineer Board. All unnecessary details ana tables of figures 
have been omitted, along with various graphs, but a few tables have been 
retained to show how the various experimental results were tabulated 
and graphicapy represented. 

The work of cuttmg,down the Report of an original investigation, and 
rendering it in such a way as to present its original, form with the 
gradual working up to a definite- conclusion, and yet at the same time to 
omit no necessary link in the chain which 'was forgedin atriving at that 
COU9lusion, has proved a task which has not been lightly undertaken. 

Of necessity a large amount of t~e subject matter. of a report on 
Picking and Shovelling will approximate to the "dry." nature of the work 
involved, but it is hoped that the following a~count of an investigation 
lately carried out will show how the introduction of new ways of perform
ing a very common type of work brought about an economy of effort along 
with an increased production, and how adherence to true physiological and 
psychological principles is necessary if body and mind are to be utilized in 

. the most economic way. From the military aspect, many of the every
day tasks of the soldier are capable of being investigated with profit to the 
A,rmy as a whole,and we hope that this account of the investigation of. 
one of his tasks will stimulate thought to the many further problems 
which present themselves. 

In the limited time at our disposal and owing to the uncertainty of the 
weather, conditions during the winter months these investigations were 
necessarily based on lines which would be likely to produce he best 
results in the shortest time. 

No pretension has been made to make an exhaustive research into the 
many interesting channels which opened up as the work progressed, and 
as a consequence conclusions have been formulated on certain lines of this 

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-40-05-03 on 1 M
ay 1923. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


, 
A. G. Btevenson and R. L. Brown 34] 

\ 

work which need corroboration and would require further researqh to 
justify their definite adoption:' This applies particularly to the Rest

. Pause Section and to the experimental work done on different sized 
shovels. 

During the last few weeks of the Investigation most of the experi-:. 
mental work on Energy Cost had perforce to' be carried out on the 
authors. of this report, thus limiting the benefit which would be derived 
from taking an average of the results of many subjects. 

Ir{ our opinion the undertaking of a further and more detailed 
research on the wh?le subject, wo~ld be amply justified. 

(1) PREVIOUS WORK . 

. From both the military and civil points of view iI digging" is of 
paramount importance. Although various forms of machinery have been 
devised and are at present in use, digging is a form of' work which has 
neither bee~diminished in its practical form nor supplanted in many of 
its uses by man's inve'ntive genius. " 

. No doubt machinery has replaced the individual toiler in many tasks, 
but certain fOrIns and types of digging and ~hovelling ~orkcan never he 
so dqne away with. . \ 

This is certainly an established fact from the military poin.t of view. 
An army on the offensive or defensive has to rely on the individual soldier 
to obtain its cover from fire and to establish def~nsive points. Types of 
machinery have been devised for tr~nch digging purposes, but'no matter' 
how efficient or reliable they may be there are certain definite conditions 
which oppos~ their general use: the difficulty of transport, the all impor
tant factor of speed and' being on the right spot when wanted, the 

, . changing character of the terrain, and the uncertain nature of machinery 
as opposed to the human machine-all these tend to show that for 
defence purposes man cannot be supplanted on the field of .battle by 
mechanical means but must dig out his own salvation. . 

The importance of digging was made 'very apparent during the late 
. war (1914-1918), and one cannot see any likelihood of tlfis importance 
tending to dimInish in any war in the near future. No matter how 
quickly aircraft and tanks are developed as prime factors in the wars of 
the future and how open .the warfare may become, the deciding factor 
eventually is the individual soldier; and on occasions he, must" get down" 
and get down at once and in the quickest time possible if casualties are -
to be prevented. . 

He must also carry his own means of defence 01' 'have it brought up 
behind him .. Certainly; when the necessity arises his pick and shovel must 
be at hand,and the greater his efficiency in these tools, the greater his . 

. chance of safety and as a result the ultimate success of his cougtry. 
It is a remarkable fact that, with the exception of one or two researches. 
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on snovellingby American workers, no serious investigation of digging has 
been undertaken. ' , 

Despite the absence of scientific data, definite standards for the weight, 
'~J leng.th, and type of pick and shovel have been laid down and adher.ed to, 

definjte methods. for their use have been drawn up, and all on purely em-
pirical grounds. ' 

It is part of the wQrk of the present investigation to find out how near 
.these standards approach the optimum from the military point of view. " 

The.: previous work done by American investigators goes to prove that 
shape and size of tool, and style and methods employed in their use have 
a most important bearing (as one would expect) on efficiency of output. 

Thus Hauer [1], experimenting with different types of shovels in dif-
Jerenttypes of soil, found that alteration in the shape and size of the 
shovel increased efficien'cy and also that the rate of throw and the method 
~mployed altered with. these different factors, and. optimum rates and 
methods could .be determined in the varying conditIOns. . He laid 
down standards for the varying types of soil and of thl'Ow, hori
ozorital and vertical.' His figures are of extreme interest, and for the 
various occupations wher~ they can be used with advantage, e.g., civil 
occupations where· conditions are not likely to change to anyextent,-must 
undoubtedly produce an economy of time and labour. 
, From the military point of view the practical difficulties in the way of 
'estaolishing various sizes and standards of tools on account of the uncer
tainty of .local conditions, the ever-present question of transport, and the 
question of economy bring us dQwn to the real issue-to supply a pick 

. and shovel which will be the most efficient on the average on alHypes of 
soil; which, in relation to the average physique of the individual will be 
the best; and which; as regards weight and size, will be easily carried. 

Againas fegards methods of use and rate of work, the aim is to evolve', 
a method whIch will be the optimum under all- conditions, will suit the 
average soldier best, and will reduce fatigue and increase speed of output. 

Hauer's work, therefore, t~ough valuable in its-findings, cannot assist 
us to any extent. 

Gilbreth [21 who has done much valuable work on motion study, and, 
who,more than any other worker, raised this science to its present 
s~ate of importance, has no published results of ariy work on digging, but 
his theories and practical methods have given us great assistance in 
investigating the problem. -

Taylor [3], investigating the shovelling of coke, laid down the optimum 
type of shovel, the economic load, and the optimum rate, and claimed that 
as a result of the methods in use being changed in accordance with his 
ideas, efficiency of output was inc'reased \by thidy per cent, resulting in a 
saving of tipHi and an economy of labour. To what extent fatigue,resulted 
from these new methods was not investigated, and one cannot be certain 
that his standards could be continued indeQnitelY,without decre;sing 
efficiency owing to gradual prolonged overstrain. I 

\ 

/ 

/ 
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,A., G. Stevenson and R. L. Brown 343 
, I (2) REASONS FOR THE. PRESENT INVESTIGATION. 

Briefly th,e reasons and objects of the present investigation as 'described 
by Major-General Thriillier, C.B" who initiated the investigation, were as 
follows:- , 

(1) 'D.!1ring the ia,te war the skill in digging displayed by the average 
British soldier was of a poor type and was lacking in uniformity, 

" (2) The Germans, on the other hand,having' a ,training in this work, 
were infinitely more skilled. ", ,-

(3) No recognized digging'drill existed in our Army. . 
(4) Our Expeditionary Force which crossed to 'France in 1914 has bee~ 

. recognized by all as having been the most efficient force with regard to 
rifle firmg which has ever existed. This efficiency was produced by training 
and -was not naturally acquired. Trench digging, on the same lines, could 
be taught and, brought to the same pitch of efficieqqy by- instituting a 
.training on proper lines. ' 

(5) Accordingly a digging 'drill based on common-sense principles with 
due regards to the methods of skilled 'navvies was int!-,oduced as part of the 
peace training of recruits in the Royal Engineers. 

The results of this drill were found to be of S0 much value that it was 
considered that ,a complete investigation of the whole problem would be 
likely still further to increase efficiency in digging. 

(6) To test the value of this drill on scientific lines, to test the efficiency 
of the present ArI~Y tools in relation to the average individual stature of 
the soldier, and to evolve,if necessary, methods ~nd tools for digging pur
'poses which would produce the maximum output with the minimum of ' , 
fatigue-were the terms of reference of the present investigabion. 

(3) NATURE AND METHODS OF INVESTIGATION. 
" 

At the outset; after a preliminary study of local conditions, methods, 
material, and personnel had been made, a plan of investigation was drawn 
up and submitted for approval. This approval having been ,~eceived, thil 
work, bf which the present report is the result, was proceeded with. ' 

Plan, of Re.search. 

This as' originally drawn up was adhered to in the main principles, , 
though as the wor~ proceeded various side-lines presented themselves apd 
had to,be tackled in their turn. ' .' . 

Briefly, the investigation was _ conducted on the following qifferent 
\ lines:- )', ' 

(1) By Empi1'ical MethC?ds.-By observing the /methods of both skilled 
and unskilled workers to eliminate obvious faults in' style .and the use of 
tools. . 

Having.eliminated these to'; experiment with varying rates, styles and 
methods and find out the best. ' ' . 
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(2) By Scientific Methods.-'-Having obtained an optimum method on 
practical lines, to employ scientific methods, e.g., estimation of energy, 
cost of work, motion study in its various forms, to test or improve its 
efficiency. - . 

(3) By Actual P1·actice.-To train recruits in the new drill and test its 
efficiency by definite tasks or spells with special relation to the rate of 
output ,and the after-condition of the subjects employed. 

(4) TOOLS USED AND ApPARATUS EMPLOYED. 

Tools.-Every experiment was conducted with both the R.E. pick and, 
'shovel and the, G.S. pick and shovel. The following table gives a com-
pa~ison of their weights and sizes :"- . 

Kind 

-R.E ••• 
G.B. 

TABLE I. 
Pick 

--'----
Length Weight 

•• ' 36 in. ., S lb;and 4~ lb. - •• 
.. ,36 in. •. SIb. and4~ lb., •• 

Length" 

,3 ft. 4 in . 
3 ft. 2 in. 

Shovel 

Weight Size of pan 

•• 5 lb. .• 12! in. by 10 in. 
.. 3! lb. . . 9~" by 81. " 

Apparatus Employeddwring the Investigation. 

(1) For the practical experiments platforms were constructed and also 
boxes of ,varying capacity-4 cubic feet, S cubic feet and· IS cubic feet, thus 
facilItating measurement of output. A chess framework to resemble the 
side of a trench, the height beingadjristable up to nine feet, was also 
constructed. ' 

All time measurements were made by a stop-watch, and when rate' 
of stroke came up for investigation a metronome was used. 

(2) In the cyclographic study of movement, a small electric globe was 
attached to either the tool or part of the worker's body, and by an inter
rupted current and the use of special photographic plates,graphic records 
of movements were obtained. ' 

(3) In estimating energy expenditure the Douglas-Haldane method 
. was employed,. i.e., the expire~ air was collected in the Douglas bag and 

its analysis carried out on the small Haldane apparatus. . 
Care was taken to allow a definite time (about three hours) to elapse 

after the previous meal before any records were taken. .' 
In the calculation of energy expenditure, the oxygen figures and the 

Zuntz values were employed. . . 
Mean valu~s were ,~aken from the results of individual. experiments. 

(5) CONDITIONS OF EXPERIMENT. 

(1) Atmospheric.---=-Conditions were standardized as niuch as possible 
though the weather was naturally variable. A certain number of experi
ments were carried out in a large open shed,' conditions of weather and 
base being thus uniform. 
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(2) Soil.--,-A special piece of ground was chosen with soil of a more or 
l.ess uniform type, and all experiments were carried out with this soil. 

Type-medium; earth and gravel; weight per cubic foot, approximately 
eighty-five pounds. . , 

Naturally slight variances were found in different parts of the ground, 
, but on the average the weight per cubic foot did not vary to any extent. 

(6) SUBJECTS OF EXPERIMENT (these nUJllbered nine in all). 

Personnel: One non-commissioned officer and six men. They were 
specially chosen to include varying types of physique and represented an 
average army squad. They had .;little previous experience in digging. 
beyond the average soldier's ~work in this line, and their ~xperience of 
trainin~ in the digging drill was very slight. Two skilled navvies were 
also employed for a short period; the authors of this report being unskilled 
in digging,. served as useful experimental subjects. 

c 
SECTION I. 

PRACT:[.CAL OBSERVATIONS OF RELATIVELY SKILLED AND 
UNSKILLED' WORKERS. 

RECORD OF EXPERIMENTS. 

The object of the observations under this section was to' ascertain 
practically, by allowi~g 'each man to work in his own way (i.e., style, rate 
and rest-pause), the effect on output of varying methods, and to-form a 
rough estimate of the optimum methods of digging with reference to 
length of spell, rate of pick stroke and shovel throw and length and time 
of rest-pause. Having obtained these records of what the various individual 
subjects could perform by their own' methods, a basis for further research, 
would be thus obtained. 

- All observations were carried out under similar conditions-of soil and 
tools, and height and length of throw were standardized for all. 

The standard height of throw aimed at was 4 feet 6 inches, and the 
horizontal throw 5 feet. 

CONSIDERATION OF RESULTS. 

Each individual subject's results were averaged and tabulated for 
varying spells of single and combine,d tasks, and Jrom these a summary of 
averages for purpose of comparison between individuaJs and -between types 
of tool was drawn up. The following two tables have been selected to 
show how these results were tabulated. ' 

(A) Picking. 

(1) Length of Spell.-.-In the members of the R.E. squad a short spell, i.e., 
under sixty' seconds; appeared to produce better results than a long spell, 
but it was noticeable that i~ the case of the navvies this w,as not borne 

, 
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out,each man lia-ving an average spell of about ninety seconds. This 
seemed to be due to' two causes :-

(i) The inclusion of a raking stroke after the main pick stroke to 
clear the way for the next stroke. 

TABLE II.-SUMMARIZED AVERAGES: R.E. TOOLS. 

I Rests Output 

I --- Aver· Average* ------c---,----

total Aver- I Aver- I Change- 8h;:el-Subject 

Pick Shovel 

spell ao-e Per Pcr age Per c~~~ ~ODgt I ~~er _ Lb. load 
.... (secs. ~pell m;~~te r~l~r;g spell m;~;:ete sera in (secs,) tnne mr:~te in lb. 

_________ ~ecs.) ______ (secs.) ___ p g ___ ~~ _____ _ 

" D" .. 1,664 30-6 29'6 Nil 72'7' 18'2 0'6 1,430 I' 4'6 140'6\10'2 
"B" .. 1,636 54'5 25'1 " 93'1 13'6 2'1 30 4 115'6 9'6 
"C" .. 1,609 61 32'2 " ,74'5 19 1'6 '506 5'2109 i 8'3 
"G",.. 1.612 58'7 25'8 " 71'2. 19-9 1'3 570 4 101 6'0 
" E" .. 1;624 80'! 26'8 " 93'4 16'9 0'6 . 457 4·9 94'4 - 6'7 
"Ji'" .. 1,554 78.:? 28'4 " 98 13'4 1'3 1,165 4'8_ I 81-8 7'7 

Civilian ) 
labourer '" 

" R" 
"L" 

.. 1,744 106-8 25'7 36 135'3 17'3 ,11'5 134 6'5 

.. 1,6,83 86'6 25'7 28 139'6 12'6 4'8 73 4'3 

Note.-* Spells include periods of ten minutes to one arid a·half hours. 
t Long rests include any rest over ten seconds, and, as shown, 

refers to the long spell only (one and a half hour's task). 

TABLE III.·-SUBJECT "K's" ,AVERAGES. 

I Pick Shovel - . Rests" 

133'7, 10'7 
110'2/ 10'0 

Output 
Aver· :Aver-----age 

Task Tools Aver-I Per 
age 

total Per Aver- Per Per Change- shovel· 
spell age minute cent age minute cent Long over Lb. per load 

(secs.) spell rate raking spell rate scraping (secs.) time minute in lb. 
(Sees.) (secs.) (secs.) 

Shovelling R.E. .. 415 .. .. . . .. 19'1 .. .. _ . 221 11-6 
G.S. .. 504 .. .. .. ' .. 22-4 Nil .. -.. 182 7'2 
Dockyard 3~3 .. " .. .. 14'7 " .. . . 285 19-4 

----- -------------------- ----------------- ---
Picking .. R.E. .. 120 -. 27 33 .. _. ," .. .. 269* .. 

G.S. .. 28'3 .- 35'6 11 .. I .. .. _ . .. 212 .. 
Combined R.E. .. 891 103'6 28 30 122 17'5 12 Nil 6 96'4 10-5 

(short) (J.S. .. 720 72 35'6 17 107 25:8 ,"6'8 " 4'3 85 6 
Dockyard 1,840 91'8 18'6 36 132 12'4 9'5 " 5:6 ,102'5 15'9 

------ ----1---- --------
Qombined R.E. .. 5,550 110 22'1

1 

45 148'6 15'2 11'6 134 7 83'8 10 
(long) G.S. . _ 5,400 97'1 27 35 138 21'2 6 180, 4'3, 76'5 6'1 

Aver~~ R.E-:--.-. 1,744 106:S25~r3s-135'317-31M -rn- 6'5 133'7* 10-7 
G.8. -.. 1,728 84'6 32'7 I 23 122'5 23'1 6'4 180 4'3 114'5 6'4 

, : * The output in pounds per minute as averaged does not include that of picking only; the results 
obtained from thi~ task, if included, would tend-to give a wro~g impression of the average output .. 

(ii) The better balance and stance of these lIlen which enabled 
them to loosen and, bring down more earth to the base without 
treadiJlg it in. 
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Neglecting the raking ,stroke the optimum length of spell ona 
5 feet face by,'~Ueet deep would appea:r; to be about 60 seco~d~ with 

, the RE. pick, sl,ightly longer with the G.S. pick. ' 
(2) Rate per Minute.-This approximated closeJy in all men (neglecting 

short strokes), and the optimum rate wou!d>appear to be, twenty-six to 
• I-/,' r 

twenty-eight strokes per minute for the RE. tool, slig~tly faster for the 
G;S. variety. . 

, (3) Methods.-It was noticeable that with regard to the method of 
picking by allowing the tool to fall under its' own weight, described in 
S,M.E. Fortificatio~ Circular, No. 61, the only subject who utilized this 
method was the worst 'performer as regards output, and that the skilled 
navvies made more use of their shoulder muscles and body weight in 
reinforcing, their stroke than any member of the RJi:. squad except the - '\ 
best perform'er (Subject D). 

The raking method of the navvies as mentioned above appeared to be 
of value. 

Balance and stance were very important factors, as al~o the motion of 
the forward hand in the downward stroke. 

(B) Shovelling only. 

(1) .Length &j Spell.-Thisdepends so much on the length of the picking 
spell th'at any reduction or increase in' the latter affects the shovelling 
spell, but in this type of soil, speaking generally, the length of period 
appeared to be about half again the time of the picking spell for the R.E. 
shovel, at;td for the G.B,. shovel twice as long as, the picking spell. 

(2) Rate pet· ])!Iinute.:-The optimum rate appeared to be eighteen 
throws per minute for the average ,man using the RE. ,shovel. Marked 
increase ~or decrease on this rate would ,seem to diminish output. With 
the G:8. shovel the rate was about two extra throws per minute. 

(3) Methods.-Balance and position of the feet appeared of the utmost 
,importance. ~, .' " ," . 

It was noticed that the navvies made very much more use of their 
knees and body weight in assisting the forward thrust of the shovel blade 
into the material than the RE. squad. This happened only with the RE. 
shovel. No ,aids were used with the G.S. shovel. " 

Also the scraping factor was present in all though more pronounced in 
the navvies. This Plethod of. keeping a clean and smooth base though 
,valuable can certainly be very much overdone, and, if so, adversely affects 
output. -

(4) Shovel Load.-In general, the greater the load the better the out-, 
,put. The optimum appeared to be about· 10 lb. for thf:l RE. shovel, 6 'to' 
7 lb. for the G.S. . , 

, Rest Pauses.:........::Changing over from one tool to another occupied on the 
average about five seconds, and can be regarded, as a short rest during 
which time the sUhject straightens himself and eases any cramped position. 

I' 
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Long rests were almost invariably taken after a completed combined 
spell, i.e., at the end of the shovelling period after the loose.earth had been 
thrown out of the trench. ' 

The length of these rests varied considerably in 'different individuals. 
In It hours spell with R.E. tools, periods from t minute total, to 24 
minutes total were taken, and it was a striking fact that the latter rest 
occurred in the performance of the best individual output. 

The optimum rest' period would therefore appear to be best taken at 
the eIld of a combined spell and would be a short period after a short 

. spell, 'i.e., thirty seconds after every combined spell, or 'sixty seconds after 
every two combined spells. The latter would equal about twelve minutes 
per hour. 

(C) General Obsei'vations on Section I. 

These observations on the relatively skilled (R.E. squad) and the skilled 
(navvies) men have proved a most interesting and profitable study. -

Methods, rate of stroke !!nd throw, rest pauses, etc., yoluntarily under-
. taken produced most variable and contrasting figqres, yet it became obvious 
early on that good performers had essential points of similarity in -their 
styles and rate of work as a contrast to bad performers who had the same 
obvious faults in technique.' 

. Thus rhythm of movement in one or two perform erR was very' faulty, 
a .too rapid or too slow sequence of movements producing a jerky s~yle 
and ~ poor result Balance was thus affected, causing a great deal of 
shifting of the foot stance with corresponding inefficiency. 

Another common fault was overswinging which also caused, unsteadi· 
ness and resulted in 'a high degree of fatigue without a proportionate 
increase in output. _ - ' 

Tools were often put to an illegitimate 11se. ,:!,hus, earth'insufficiently 
loosened by the pick was frequently scraped and cut into with the shovel 
in an endeavour to get it away, causing a proportionately high energy 
wastage. 

Successive strokes of the pick often fell on the same. spot and on 
material already broken up. 

Occasionally so much earth was picked down that· it was trodden under
,foot and had to be loosened again prior to shovelling. 

A rough and bumpy trench base was frequent chiefly due to insufficient 
pick work, and as a result much more ene~gy was wasted in the sJlOvelling 
period and the employment of "aids" was necessary. 

These good or bad methods had a most marked effect on output of 
'earth. - Thus a well co-ordinated action in picking and shovelling p~rformed 
in a rhythmical manner and at a!l easy natura\ rate would far exceed the' 
output of a method which involved greater muscular effort and a quicker 
rate of work, performed in a badily co-ordinated manner. 

Undoubtedly an optimum method, 'an optimum rate and an optimum 
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spell exist, and this optimum does not appear to differ much in different 
types of physique. This optimum method and rate coming in the natural 
swing of the arms and shoulders tends to become rhythmical and as a 
result economIzes energy and defers the onset of fatigue. 

The best two performers were a contrast in pbysique : the one, subject 
"D" (RE.), being-short and light, the other, subject" K" (navvy), being 
tall and heavily built; .. 

Their: method and style on the whole approximated closely .. Their out· 
put of 'earth and condition after work were easily'in advance of any of the 
remainder of the experimental party. . . 

Subject" D " during a long task rested for periods which, totalled up, 
more than doubled the combined rest periods of any other 'performer, yet 
his output was far in excess of the others. 

. With regard to the two types of tools used, the R.E. pick and shovel 
for general work and with all members of the squad (large and small) pro
duced better results. Spells were shorter, rate of stroke slower and output 
was greater. The G.S. shovel in particular, for the amount of energy. 
involved in using it, produces pe or results. For an average soil its pan is . 
too small, taking an average load of 6 lb. only, thus increasing the length of 
spell andby the relatively large number of throws necessary, tending to 
produce rapid fatigue. . 

The two picks showed less varying. efficiency. Some meri produced a 
better output with the. lighter type (4t.lb. head), and in a certain type of 
soil (light) it would probably produce better results than the heavier pi'ck 
(8 lb. head) and being lighter and more easily transported would" pay its 
own way"; but as an all-round tool for the average man and in heavier 

. soil a pick-head of about 6 lb. would be more suitable. 

(1'0 b(j continued.) 
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