
co >; DO

m<OU 166973 >m> ^ ~
D 73









ECONOMIC CONTROL

Of

IRON AND STEEL WORKS





ECONOMIC CONTROL
Of

IRON AND STEEL
WORKS

By

F. L. MEYENBERG
M.I.MECH.E.

With a Foreivord by

SIR WILLIAM LARKE, K.B.E.

Director, The British Iron & Steel Federation

LONDON
CHAPMAN & HALL LTD

II HENRIETTA STREET, W.C.2

1942



First published, 1942

Printed in Great Britain by The Whitefriars Press Ltd., London and Tonbridge.
Bound by G. & J. Kitcat Ltd., London, Flexiback Binding, Patent No. 441294.



FOREWORD

THE author has produced a very useful and practical manual
on Economic Control, in which the problems involved are clearly

stated, with solutions which in his wide experience he has found

to be effective both in this country and on the Continent. His

comparisons between Continental and British practice are

valuable in that they stimulate a re-examination of our own
methods. It is not necessary to agree with the author in all his

criticisms and suggestions in order to find great value in the

information which he has collated and presented in a logical form,

the presentation of which, in a colloquial style, renders his

discussion of the control of production, both technical and

economic, easy of assimilation. He has the gift of thinking aloud,

which is of considerable interest and advantage to the students

of his subject. The necessity for those responsible for production
and the technical direction of any works having knowledge of the

financial results of their policy might be thought to be axiomatic,

but far too often is it found that the accounting, commercial and

production departments are so separate as to stand rather in a

critical than in a co-operative relationship to each other. Indeed,

it is sometimes held that this is their proper relationship and
that it tends to the general efficiency of the organisation. I

believe this to be entirely wrong, and I support the author's view

that their relationship should be a complete understanding of

each other's function and its bearing on the ultimate efficiency

and prosperity of the organisation as a whole, and that therefore

they should be fully co-operative in promoting the interests of the

organisation of which each is only a part which cannot function

without the others. This co-operation will undoubtedly be

stimulated by a study of this book, and I commend it to the

favourable consideration of all those already in or aspiring to

executive positions in industry, whether technical, productive,

commercial or financial.^ It would also form a useful text-book for

a course of lectures on Economic Control of Iron and Steel Works,
as it covers a field in which doubtless a great fund of knowledge
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has been accumulated by individuals, very little of which, how-

ever, has so far been made generally accessible. Those training
for managerial positions would certainly benefit by a study of

this book. Universities and technical schools and colleges might
include in their curricula, with great advantage, a course of

lectures on the subject matter of this book, for degrees in

Metallurgy and Engineering.
W. J. LARKE.

Cray Hill,

Rectory Lane,

Sidcup, Kent.

September 22nd, 1941.



AUTHOR'S PREFACE

WHEN discussing economic control in industrial works it can

be assumed that in most cases those concerned have in mind only
matters of accountancy and costing. There is no doubt that these

are the main tools of economic control as explained in greater
detail in the introduction to this book. It would, however, be an

undue limitation of the first of these two notions, i.e.,
"
economic

control
" and "

accountancy and costing," to consider them as

almost identical.
" Economic control

" means making sure that one of the main

purposes of an industrial works, its profitableness, has been

obtained in the most economic way, i.e., to the highest possible

degree with the lowest possible means. It is in fact the verification

whether and how far the management of the works, this difficult

compromise of the simultaneous balance between technical,

commercial and psychological considerations, has solved its

problems. It is clear from this definition that economic control

must use beside the main tool of accountancy and costing any
other method available to find out the actual state of affairs in

the works on the one hand and to put at the management's

disposal means of future improvement on the other hand.

It is the purpose of this book to discuss the individual parts of

economic control and their connections with each other. It

should be understood that only the point of view of considering
economic control as an inseparable whole of technical, commercial,
administrative and psychological questions can produce the

favourable result, which should reasonably be expected from the

necessary clerical apparatus.
The book deals with these problems from the point of view

of the iron and steel industry, but the fundamental explanations
can be considered as valid for industrial works generally. If the

iron and steel industry is throughout quoted as example that is

due to the fact that the author has been connected with this

industry for 20 years and was able to draw comparisons between
vil
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German and English works which have shown beside many
differences such a similarity of the main problems that the

conclusions in both cases are the same in regard to principles.

The second purpose of the book is to contribute to a better

understanding between the various groups of industrial employees

engaged in the same works, but trained in different professions
and working frequently not in the spirit of co-operation needed

at present more urgently than at any time since the beginning of

industrial activity. It is the conviction of the author that this

co-operation cannot be brought about for long by compulsion, but

can only be created and maintained if based on the mutual

understanding of the various parties so essential to the success

of their work.

Finally it seemed favourable to give an opportunity to British

specialists to be more intimately acquainted with an important
German publication

l which reflects the present costing system as

approved and almost ordered by the Government for the whole

German iron and steel industry, and which can be considered as

the counterpart of a publication of the British Iron and Steel

Federation Uniform Cost System.
2

The present book describes in five parts the whole sphere of

economic control. The first part deals with
"
Accountancy

"

proper and its results, the balance sheet and profit and loss

account
;

it explains the principle of book-keeping by double

entry in so far as necessary for the understanding of this method,
but not with the purpose of doing accountants' work.

The second part,
" Works Accounts/' covers the grouping of

costs from various points of view. It gives the costing systems
in the individual departments of a large iron and steel works, and

discusses also material accounts and the organisation of stores

and stocks as well as the forming, booking and controlling of

wages. A section on the importance of work and time studies is

included, and another on the costing problem in connection with

by-products. It is this part that the intimate relations between

problems of technical and commercial nature to those of admini-

stration, organisation, costing and psychology will become

especially clear to the reader.

1 K. KLEINE, H. KBEIS, A. MULLEB. "
Leitfaden fur das Rechnungswesen in

der Eisenschaffenden Industrie
"

(" Guide for Industrial Accounts in Iron and
Steel Works "), 1938, Verlag Stahleisen m. b. H., Dusseldorf.

* Published June, 1935.
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The third part on
"
Job Accounts

"
deals with the develop-

ment of general equations of costs and then discusses problems of

evaluation explaining the contents of production and sales

statements as made up in the manner usual at present.
In the fourth part,

"
Standard Costs," is shown how discussions

on the influence of the activity factor on costs, on the calculation

of the selling price and on the price-policy of the undertaking
lead logically to the development of standard costs ;

and how

they should be used in budgeting and estimating. The close

connection between budgeting and planning is explained ;
thus

again demonstrating that technical problems and those of

organisation and cost-accountancy should not be dealt with

independently. Of special importance should be the reference

to the simplification of the whole cost-accountancy by correct

and extensive use of standard costs wherever this can be

justified.

Finally, in the fifth part,
" The Organisation of Economic

Control
"

is discussed, and the author indicates proposals for

improvement based on his experience and logical conclusions.

As to the history and form of this book, the author wishes to

add a few words. He had the opportunity of publishing in the

last two years two series of articles, (1) in Metallurgia
1 pn

"
Industrial Management and Production Control

" and (2) in

Iron and Steel 2 on " Features of Accountancy and Costing in Iron

and Steel Works." These two series of articles, in which many
readers have expressed interest, can be considered as the two

foundation pillars on which this book has been built. Whole

parts of these articles have been reprinted here, completely,
where they seem to serve the purpose of this book.

It is the author's hope that this volume will prove of value to

many people engaged in industry, especially in iron and steel

works, whether they are engaged on the technical or commercial

side
;
or whether they are working in research, production or

trade. Even if they do not need for their daily work the special

knowledge transmitted by this publication their understanding
of the coherence of all that goes on around them will increase ;

and with that their willingness to follow the demands of a

1 Published by The Kennedy Press, 21 Albion Street, Gaythorn, Manchester.
2 Published by The Louis Gassier Co. Ltd., 22 Henrietta Street, London,

W.C.2.
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reasonable management which bases its measures on figures

obtained by economic control.

There remains for me only the pleasant duty of thanking all

who have assisted my work by advice and criticism. It is almost

impossible to enumerate them, but I should like specially to

mention two men, who have helped again and again and in such

an unselfish manner that I feel greatly obliged to them : Mr.

W. E. Benbow, the editor of Iron and Steel, and Mr. Chas. A. Otto,

the editor of Metallurgies.

I cannot conclude without expressing my most sincere thanks

to Sir William Larke, K.B.E., Director of the British Iron and
Steel Federation, for his great kindness in writing a Foreword to

this volume.

Where former publications of others or of myself are used, they

are, of course, duly quoted as far as English literature is con-

cerned, but German publications are not referred to in detail.1

I should, however, be only too glad to give advice in special
cases to readers who wish to study the German literature con-

cerned. I also would be grateful for any constructive criticism.

Such personal contact with my readers would be the finest reward

I could imagine for the work I have put into this book.

F. L. MEYENBERG.
LONDON,

October, 1941.

1 It would be correct to make two exceptions from this rule, i.e., to refer to the
160 or so reports of the Committee on Works-Economics of the

"
Verein deutscher

Eisenhuttenleute
" and to the publications of the Committee on Industrial

Accounts of the " Verein deutscher Ingenieure." The author of this book was a
member of both committees, and chairman of the second from its foundation till

October, 1933.
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INTRODUCTION

COSTING AND ACCOUNTANCY AS THE MAIN TOOL

OF ECONOMIC CONTROL

A. THE POSITION OP COSTING AND
ACCOUNTANCY IN AN INDUSTRIAL UNDERTAKING

WHEN technicians of any kind, who have succeeded to higher

positions in industrial management, meet, say, at the annual

meeting of some scientific or technical institution, it is not

unusual, when conversation has become more intimate, for them
to lament the fact that their work is no longer technical, that this
" confounded administrative activity

"
takes all their time, and

that they have to leave all or at least nearly all the interesting

problems, the* solution of which has been the main object of their

training, to their subordinates. Who can doubt, if he has himself

been in such a position, that these complaints are well-founded ?

But who can also deny that the greater part of the so often abused
"
administrative activity

"
consists in smoothing over disagree-

ments between the leading persons of the firm, in positions just
under the general manager or managing director ? One of the
"
big men

"
of the industry in the U.S.A. once said that that part

of his job took at least 80% of his time. And it is only too well

known, that differences of opinion between two departmental

managers tend to infect all their respective subordinates and thus

increase the damage to the firm more and more if a compromise
is not found at the right moment.
How can this state of affairs, which seems so foolish to any

outsider, be explained, since the personal welfare of all executives

depends on the prosperity of the firm, to which they themselves

do harm again and again ? Ifwe leave out the cases of ill-will and
bad character, which in the author's experience are rare, if not

entirely non-existent, it is the differences in education and train-

ing, the upbringing with ideas of different origin and with different

zlv
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aims, which make understanding between man and man so

difficult and sometimes even impossible. Therefore we find that

these conflicts of opinion occur most frequently between members
of the technical and the commercial sides of the undertaking, and
the clashes take place mostly over administrative matters, where
both sides come into close touch.

Now it is a common experience that to have found the reason

of an inconvenience is to have nearly overcome it. Why not take

the second step, i.e., fill in the gap in the training of both sides so

that a better understanding is possible ? This book is intended

as a contribution to that end.

No one with experience of conditions in practice can deny
that the technician in iron and steel works he may be metallur-

gist or engineer usually does not know enough about the main
tool of economic control, i.e., accountancy and costing, to realise,

on the one hand, how far he has to help his colleague on the

commercial side, or what aid he can expect and should ask from

him, on the other hand. Moreover by taking an interest in these

problems the technician who is otherwise only dealing with

material and men, will learn to think from an economic point of

view not in the haphazard way in which nearly everybody

imagines he understands economics, but basing his thinking on

actual figures and the comprehension of cause and effect.

On the other hand, the accountant and costing man cannot be

acquitted of his share of guilt that often so little understanding

prevails between the two sides ; here the author hopes to be

specially adapted for interpretation. He is, of course, no

professional accountant, but one who has been engaged in

accountancy and costing work in various positions for many years :

as he is an engineer he perhaps understands the mind of the

technicians better than an accountant, and has therefore chosen

a method of presentation which may deviate in some degree from

that of orthodox English accountancy. This, it is hoped, may
lead accountants to constructive criticism ; for that would

completely coincide with the reason for this book, i.e., to bring

about a better understanding between the two opposing camps.
It is also hoped that accountants will be interested by a form

of presentation, which differs from that which the British Iron

and Steel Federation has chosen, since this book follows more the

lines of the German publication mentioned in the preface.
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This has been done not because that publication is considered

superior to the English one, but because of its suitability for the

special purpose of this book, which is concerned more with a

broad survey than with the many details so important in actual

practice.
* * *

Now let us go back to the two questions mentioned above and
to their answer

; they may be considered at the same time as

the most appropriate indication of the spirit in which this book

is written :

(1) How far should a technician, employed in the iron and steel

industry, be acquainted with accountancy and costing ?

Obviously his knowledge should not be so detailed as that of

an accountant ; for nobody expects that he will ever do the job

of an accountant ;
but he should understand the main principles,

since there is no better way of learning to think from the economic

standpoint than, for example, to follow up the comparison of two

different methods of production in actual figures, or to find out

the savings to be effected by a proposed new plant, as compared
with the existing one. The technician, who is trained at the

university or"in his early positions in the works, to observe the

metallurgical or purely technical processes alone and to think in

terms of qualities, quantities and times, forgets too easily that

behind these measures is nearly always hidden another, money,
which will and must decide ultimately whether his work can be

called successful or not.

The technician should not be blamed for that oversight ; for

it is no secret that this part of his education is frequently neglected
at the university or the technical college, sometimes intentionally,
on the ground that it is impossible in the theoretical lectures to

give the correct impression of work in practice, and that life

alone will provide the new-comer with the necessary lessons. Do
the adherents to this view not understand that the same argu-
ment could be brought forward against any kind of academic

education ? The author's experience has shown that it has only
too often been the incapacity to understand what thinking

economically means, that has led to that attitude. Be that as it

may, most technicians initially show a lack of this type of mind,
and it is the more difficult to overcome this deficiency, since

thinking economically differs in principle from that necessary in
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the purely technical sphere. For example, no longer are there

laws of nature, correct and absolute in themselves ; everything

depends on fluctuating relations between different classes of

human beings ; the measure itself, money, is not a completely
stabilised value. A changed outlook on life is indeed necessary
when processes, which previously were only of technical interest,

have henceforth to be considered from an economic point of

view. That is indeed the main preoccupation of a technician

when approaching matters of accountancy and costing.

There are, however, other reasons, which may be to some

people even more obvious than that which has been put first,

because it is considered as the most important. In an industrial

undertaking, even if the organisation is not first class, there

appear from time to time on the desk of a technician in a superior

position, costing reports which reflect or at least should reflect

the economic result of his work. It is a part of his duty to

understand these reports, to criticise them, sometimes to discuss

them with his accountant-colleagues ; perhaps he wants additions

or changes, not of the figures, but of the form of presentation ;

he must be in a position to find out whether a refusal of his

request is based on difficulties inherent in the matter itself or is

due to indolence or even ill will. For these discussions he needs

a knowledge of the work done in the costing department, a general
idea of the costing system used in the works

; he must under-

stand the special language used by the cost accountant so that

he can follow the latter's explanations of points which are not

clear to him. He needs all that to understand what information

he has to give to the cost accountant and why ;
and where he

would be justified in refusing information because its preparation
would be too difficult, too costly, etc. How many annoying
discussions or even personal ill-feeling could be avoided, if the

technician could always follow the train of ideas of his colleagues
instead of, aloud or sotto voce, giving vent to his anger about the
"
unnecessary scraps of paper

" and about the
"
counting and

weighing of things which will not be lost even if these measures

are not taken," etc. Everybody in practice has heard such

utterances often enough, and thus these remarks will be sufficient.

Now, consider the second question :

(2) What can and should be expected from the accountant and

costing man for purposes of economic control ?
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Just as we had to deplore a lack of understanding of the cost

accountant's job by the technician, so very often the needs of

production and sales are not given sufficient consideration by the

accountant.

There can be no doubt that, from the point of view of the

undertaking as a whole, production and sales come first, and

accountancy and costing can only be considered as services to

the production and sales departments, very useful and necessary
services indeed, but in all circumstances of less importance than

the production and the sales.

Hence, no measure adopted for accountancy or costing purposes
should be of such a nature that the work of the production
or sales department is hindered more than is absolutely necessary.
It is the manager in charge of production who alone can decide

whether there is any undue hindrance, for he not only knows best

the needs of the production department and the mentality of the

men engaged therein, but is also responsible for the result of the

production and it would not be fair to burden his shoulders with

such a responsibility, without letting him have a free hand in his

sphere as far as possible, and the same applies to the sales

department.
*

The second demand is that accountancy and costing should

give the technician all the figures necessary for economic control,

correctly, quickly and in the most useful form. Again it must be

pointed out that the production or sales man's opinion should be

the decisive one
;

for they use these figures first and for the most

important purpose, i.e., controlling and improving the production
and sales. It is, therefore, only a question of professional skill to

adapt the needs of accountancy, costing, etc., to the personal

requirements or peculiarities of the production or sales man, as

far as that is compatible with demands from the other, i.e., the

side of accountancy.

The third demand is that the structure of accountancy and

costing in the undertaking should be co-ordinated and compre-

hensive, i.e., so that no contradictory or repeated enquiries can

be directed to the people engaged in production or sales. This

will facilitate the understanding of the figures and results of the

costing department, which should not as it is unfortunately

sometimes the case be considered as secrets or the property of

that department alone, but rather the contribution of the depart-
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ment to the prosperity of the whole undertaking, and consequently
a guide to all concerned.

B. THE STRUCTURE OF COSTING AND
ACCOUNTANCY

Considering the state of affairs as indicated by the demands
of the production and sales men, the author has come to the

conclusion that they all can best and perhaps alone be

fulfilled if the system of accountancy and costing in an industrial

undertaking is considered as a complete whole. This whole may
consist of several sections, but they should not have, in the same

undertaking, an independent existence
; they should not arrive

at different results when considering the same matter. They
should indeed have such close connections that any differences

between their results can, and should, always be proved and

explained, thus testifying to their correctness just by those

differences. This opinion is not shared by all experts, some of

whom erect a barrier between accountancy and costing. The
author answers that he agrees that both use different methods,
but that his experience has shown the usefulness of the view

expressed above, as far as the purposes and the results of account-

ancy and costing are concerned ; it must be left to the reader to

decide which opinion he will adopt.
The structure of industrial accountancy and costing, which

may perhaps be called briefly
"
industrial accounts," is illustrated

by Fig. 1. Of course, this does not cover all possible cases as they

may occur in industry, and for some applications it may be too

detailed, especially in the case of comparatively small firms
; but

that does not matter for our purpose, which is to obtain a clear

and simple survey of that sphere in industrial life. Fig. 1 also

indicates the main relations of the individual sections to such

fundamental questions as : Do the figures of the section in

question belong to the past or to the future ? Do they refer to a

period of time either for the undertaking as a whole or for the

production alone, or do they give the output ? No further

explanation seems to be necessary especially as the reader will

become more familiar with the details of this Fig. 1 as the book

progresses.
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Sometimes it is concluded from the fact that the
"
industrial

accounts
"

as illustrated by Fig. 1 form a coherent whole, that

the whole sphere should be under one man, directly responsible
to the general manager of the undertaking. No doubt this

would be an ideal solution from the theoretical point of view
; but

experience has shown that problems of organisation cannot be

dealt with in practice without considering all the various working
conditions which generally make it impossible to do what may be

ideal in theory. In particular the question arises whether there is

a man available having not only the necessary knowledge and

experience of the whole domain of
"
industrial accounts," but

also strength of character to overcome contrasting opinions
without friction and to obtain the necessary co-operation from

all quarters. Therefore we had better disregard this question of

organisation for the time being and limit our considerations to

the subject of industrial accounts itself.
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CHAPTER I

THE ESSENCE OF ACCOUNTANCY

THE backbone of industrial accounts is certainly the part called
"
accountancy," i.e., that part which is concerned, as shown in

Fig. 1, with the figures of the past of the undertaking as a whole
related to a time basis week, month, year, etc. This is also the

part in which the method of book-keeping by double entry is

universally used. Everyone who has to deal in his work with

economic problems should realise that some knowledge of this

method and of
"
accountancy

"
is absolutely necessary, if he is

to understand what the effect of his work actually is
;
how the

financial basis of the undertaking is built up, and how it changes
under changing working conditions. It is strange in these

circumstances that accountancy is often regarded in technical

circles with aversion mingled with fear. Again and again the

author has encountered this attitude often veiled behind the

objection that the speaker could imagine nothing more dull than

accountancy. And yet no less a personality than Goethe said

that book-keeping by double entry was one of the most wonderful

inventions of the human mind. How can these contradictions be

explained ? It is nearly always the case that the man who
criticises accountancy unfavourably has not the slightest idea of

what it means. At best he has started to study one of the usual

handbooks written by professionals for those who are already in

the profession, and has put it aside because he cannot understand

the language. It cannot be denied that these books are often

written in a difficult language, as if the author wanted to keep
his topic as a kind of

"
secret science." And yet, any real expert

will admit that the great value of accountancy as of most great

inventions, lies in its simplicity and clearness.

It is therefore not superfluous to explain some general principles

of accountancy, before any special details for iron and steel works

are dealt with. It must, however, be remembered that a complete

description of accountancy cannot and shall not be given in this

3 B 2
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book. The intention is to explain some of the main features so

far as they should be understood by any industrial employee.

Accountancy is the logical representation of the financial

condition of an economic undertaking and of the changes in that

condition, so far as they can be evaluated in money.
The original form of capital is ready money ; this is changed

via raw material, wages and general costs into goods, the sale of

which again brings ready money into the undertaking, normally
in a greater amount than there was originally.

Accountancy should reflect this flow of capital at once and

correctly, and it should particularly show whether the expenses
incurred by the undertaking are completely transformed into

goods or are used for building new, or enlarging existing plants.

The more accurately the movements of capital are reflected the

better is the purpose of accountancy achieved. Its statements

should provide, at least for the expert, a complete picture of the

course of business transactions and the state of affairs at any
given time.

.



CHAPTER II

THE INSTRUMENTS OF ACCOUNTANCY

ACCOUNTANCY obtains these results gradually : the first step
is to record each individual business transaction in one of the

fundamental books. Such
"
books," in the proper sense of the

word, i.e., in the old form in which they were used for centuries,

have, of course, almost completely disappeared. Modern

duplicating procedures have replaced them, but this is only a

change in the form
;
the nature of the procedure is not altered.

It seems better for the purpose of this description, i.e., the

explanation of principles, to use the old form. As soon as these

principles are clear, the transition to any modern form will not be

difficult to understand. Moreover, this method of description

emphasises the point that all these modern forms of book-keeping,
to which so-called

"
organisers

"
attach exaggerated importance,

are mere externals, which do not touch the essence of the problem.
The sequence of the business transactions in these books is

primarily according to time
; they are not arranged according to

their nature. This second arrangement is, however, already
indicated by making a note against each entry indicating what

part of the property or what kind of business transaction is

affected, i.e., to which accounts the entries must afterwards be

transferred. This separation can be effected to some extent by
the direct use of various books, e.g., the cash book, the purchase

book, the sales book, etc., but again this is no essential feature of

this system.
The second step is to transfer the figures of the individual

business transactions to a second book, the ledger, which is not

arranged according to time, but in which the nature of the

individual transactions is the governing factor, and which is,

therefore, subdivided into
"
accounts."

A. ACCOUNTS
1. Accounts Generally. An account is the continuous

representation of the state of one and the same part of the assets
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or liabilities of the industrial undertaking, showing clearly its

increase and decrease in the course of time.

It is of the utmost importance that the accounts are selected

not only according to the nature of the undertaking which is

fairly obvious but also according to the various uses made of

the accounts by all parts of the works, especially by the production
and the sales departments. Before definitely fixing every detail,

the list of accounts should therefore be submitted to those who
are responsible for the main sections of the works, and whose

activities are afterwards controlled by the accounts, as they alone

can be so familiar with all the items necessary for real control as

to ensure that nothing necessary is forgotten and nothing

superfluous included. Of course, they can only act as consultants ;

the final decision remains with the accountant, who is responsible
for the results of the industrial accounts as a whole.

d = sum of the debit side.

c = sum of the credit side.

b = balance.

FIG. 2. Balancing of an account.

The form of an account, with its debit side and credit side, is

so well known generally that no further explanation seems to be

necessary ;
and yet the technician, accustomed to other methods

of calculation, often has difficulty in working with accounts.

Here everybody is restricted to addition only subtraction not

being allowed and in consequence the balance (it may be profit

or loss) is always shown on the side with the lower total, i.e., the

credit balance on the debit side and the debit balance on the

credit side. It is, so to speak, as if the accountant knows of the

equations d = c + b and d -f b = c (see Fig. 2), but does not

realise that they can be written also in the form

d c = b and c d b,

a fact which we can also observe in daily life. When we are
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shopping and receiving the change, the shop assistant always
calculates by addition.

It may be further remarked that the name of the method,
"
book-keeping by double entry/' indicates that no one single

entry is permitted : if an entry has to be made on the debit side

of one account, a second entry of the same figure must be made
on the credit side of another account, and vice versa. The

rigorous control from an arithmetical point of view, which is so

significant of this method, is based on this rule.

2. Accounts of Different Kind. Speaking generally of accounts

we may distinguish three different kinds :

(1) Stock accounts, showing the change of quantities of

materials by receipt and delivery.

(2) Expenditure accounts, showing the spending of means of

payment for various purposes.

(3) Result accounts showing profit or loss when carrying out

some business transaction.

Formerly it was quite common not to separate strictly these

different kinds of accounts, e.gr., accounts of the first and third

kinds were mixed and perhaps sometimes called
"
working

accounts." This should be avoided as far as possible. Why, is

best explained by an example.
A special product was in stock at the beginning of a period in a

quantity of 1,000 pieces at a cost price of 10 per piece. During
the period 500 pieces were produced at the same unit cost and
700 pieces were sold at 13 per piece. These transactions were

booked in the same account, thus :

(1,000 x 10 =) 10,000 (700 X 13 =) 9,100

(500 X 10 =) 5,000 balance 5,900

15,000 15,000

What is the balance ? Obviously it is a mixture of two

completely different things :

(a) There are (1,000 + 500 700) = 800 pieces at 10 =
8,000 in stock.

(6) There is a profit of 700 X (13 10) = 2,100 by selling

at 13 per piece, 700 pieces, which have entailed costs of 10 per

piece. Therefore the balance of the account is 8,000 2,100 =*

5,900, i.e., the difference between the cost of 800 pieces and the
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profit obtained by selling 700 pieces. That, however, cannot be

seen from the account in the ledger, which shows neither the

quantities, nor the unit prices (shown above at the account in

brackets) but only the money sums. The correct booking should

be done in two different accounts as follows :

STOCK ACCOUNT

(1,000 X 10 =) 10,000 (700 X 10 =) 7,000

(500 X 10 =) 5,000 Balance 8,000

15,000 15,000

RESULT ACCOUNT

(700 x 10 =) 7,000 (700 x 13 =) 9,100
Balance 2,100

9,100 9,100

3. Accounts and Types of Costs Almost Identical. Another

point to which attention may be drawn is that the accounts

should be selected so that as far as possible there is always only
one account in which an individual transaction can be booked.

This can best be effected if (a) it is borne in mind that costs can

be classified from two different points of view, according either to

the various types which they represent, or to the various positions
in the works where they arise, and (6) if only the first of these two

view-points is used in fixing the list of accounts
;

in other words,
if the two expressions

"
accounts

" and "
types of costs

"
are

considered as almost identical. Again this may be explained by
an example.
The packing of the finished goods may be done in a special

packing department of the factory. The packing costs are

composed of the costs of the packing material, the wages of the

packers and the overheads of this department. As a material

account and a wages account exist (material costs and wages being

types of costs) a packing account should be avoided. If not, the

correct booking would be :

(1) For the packing material on the material account and for

the wages on the wages account, and :

(2) A transfer in both cases to the packing account. This,
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however, in spite of the complicated booking, would not show the

total packing costs, because the transfer of the overheads

themselves composed of many various types of cost from the

corresponding accounts to the packing account causes so much

difficulty that it is usually omitted completely or at least not

carried out to the full extent. Similar examples are given by the

maintenance account, the internal traffic account, etc.

This criticism, however, does not mean that there is no way of

finding out the actual packing, maintenance, or internal transport
costs ;

on the contrary it will be seen in the course of these

discussions that a correct collection of these costs can be obtained

easily in another way, i.e., the
"

statistical method "
of cost

distribution to positions of costs, instead of the double entry
method of cost distribution to types of costs or accounts. It is

not meant by this that the latter method is impossible ;
it is

only more complicated than the former and therefore too

expensive and more difficult to understand.

There may be also cases in practice where this latter method
cannot be avoided ;

but in any case it is a good help for the

beginner in accountancy to have a clear understanding of the

conditions involved.

4. The " Work in Production Account/' There may further

be mentioned a method of splitting the account
" work in

production
"

or as it is sometimes called,
" work in progress

"

which has been found very useful for control purposes. The
" work in production account

"
represents the half-finished goods,

and its value is obviously changing continuously as production

goes on, but at any moment this value is composed of that of the

raw material used, the productive wages already paid, and the

corresponding overheads. It is usual to charge these three parts
of the value to a common account, i.e.,

" work in production,"
and to discharge this account correspondingly as soon as some
half-finished goods have been completed and transferred to the

stock of finished goods.

The author has found it very useful to keep the three parts

separated, as long as the work is still really in production, and to

substitute the account
" work in production

"
by three others :

"
material in production,"

"
wages in production

" and "
over-

heads in production," and even to add a fourth
"
percentages of

wages in production,"
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The booking on these four accounts is illustrated by Fig. 3.

MATERIAL IN PRODUCTION

Brought forward from last Material contained in

period . . . . . . 400 finished goods . . . . 300
New material during the Material at end of current

current month . . . . 350 period . . . . . . 450

750 750

WAGES IN PRODUCTION

Brought forward from last Wages contained in finish-

period 1,200 ed goods ,. .. 900

Wages paid during current Wages at end of current

period 1,000 period 1,300

2,200 2,200

OVERHEADS IN PRODUCTION

Brought forward from last Percentage estimated cor-

period . . . . . . responding to the wages
Expended during current paid during current

period 1,450 period 150% of 1,000 = 1,500
Overheads surplus, i.e.,

over-estimation percent-

age of wages . . . . 50

1,500 1,500

PERCENTAGE OF WAGES IN PRODUCTION

Brought forward from last Percentage contained in

period . . . . . . 1,800 finished goods 150% of

Percentages added during 900 . . . . . . 1,350
current period . . . . 1,500 Percentage still in produc-

tion at end of the current

period 1,950

3,300 3,300

FIG. 3.
" Work in Production "

Accounts.
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It is assumed that at the beginning of a certain period, e.g., a

week, there was in production, i.e., on hand in the works in the

form of semi-finished products :

Material to the value of . * . . 400

Charged by wages of ...... 1,200

And by overheads of ...... 1,800

New work entered production during the period in the form

of:

Material ........ 350

Wages .......... 1,000

Overheads ........ 1,450

Finished goods went from production to stock, represented

by:-
Material ........ 300

Wages .......... 900

Overheads ........ 1,350

Obviously there should remain in production at the end of the

period :

Material ........ 450

Wages .......... 1,300

Overheads ........ 1,900

But as the correct percentage during this period,

x 10 - 145%

was not known before the end of the period, it was estimated

according to previous experience that this percentage would be

150%, i.e., I-1- X 100) and the Overheads Account was
\1,200 /

discharged by :

150 X 1,000
1,500 =

100

Therefore there remained in production instead of 1,900

actually 1,950.

This method has the advantage that it shows continuously
whether the estimated percentage of wages is sufficiently correct ;
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for the
"
overheads in production

"
account should theoretically

always be equalised at the end of the period, i.e., the balance

should be nil. Otherwise the balance indicates that an over- or

under-estimation of the percentage has taken place, and this can

be corrected easily during the next period. It depends on the

aptitude of the accountant to keep this balance low, and experience
has shown that this is possible to such an extent that the error,

or rather the incorrectness involved in the method, can be

neglected.

These proposals admittedly offend against the rules of orthodox

accountancy which forbid the booking of any
"

fictitious
"

figure,

i.e., a figure not based on an actual process of payment or at least

on generally defined and accepted rules of calculation, such as

those for depreciation. In the method described figures are used

which are merely estimated and are vague enough to cause a

scrupulous accountant to feel uneasy ;
but the advantages which

could be obtained from this method in practice are so great that,

in the author's opinion, they outweigh such doubts.

B. STOCKTAKING 1

1. The Purpose of Stocktaking. A further instrument of

accountancy is stocktaking, which is sometimes compared with a
"
snapshot

"
of the state of some accounts, while the account in

the ledger gives by the sequence of its figures a "
film reel

"
of the

changes of the object concerned during a certain period. The

purpose of stocktaking was formerly twofold. On the one hand,
it was necessary to divide the balance of any

"
working account

"

into two parts, the one produced by a change of quantity, the

other by a change of price ;
on the other hand, the balance of some

accounts had to be checked at a certain time, mostly the end of

the financial year of the concern, e.g., December 31st, 12 midnight,
in order to ensure that the figures in the ledger corresponded to

the actual stocks, and to be able to undertake devaluations of

these stocks where necessary.

If the mixing of changes of stocks and prices in one and the

same account is avoided, i.e., if
"
working accounts

"
are no longer

used in the system of accountancy in the concern in question,
the first of these two purposes no longer exists, the splitting of

1 See H. T. Hildagc, T. G. Marple, F. L. Meyenberg.
" The New Manage-

ment," pp. 162-165. Macdonald and Evans, London, 1938.
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the balance now being given by the stock account and the result

account. It is already mentioned that the
"
working account

"

must be considered as obsolete and should be avoided in all

circumstances. Thus we are entitled to neglect the first purpose
of stocktaking in further considerations. It is mentioned only
because it can still be found in many otherwise up-to-date

publications, and in order to draw attention to the very fact of it

being obsolete.

The other purpose, however, still continues, and it is a very

important one, much more important than is realised by many
production men who are only too often inclined to consider

stocktaking as an unnecessary interruption of their own work
and an exaggeration of administrative measures. It can, of

course, not be denied that an unpleasant by-result of stocktaking,
when carried out in the usual manner, is some disturbance of

production, sometimes even a complete stoppage for some days.
It depends on the ability of the man who is responsible for the

organisation of the stocktaking how far this loss of time can be

diminished
;
but the production man should not forget that, on

the other hand, this annual stocktaking offers a unique oppor-

tunity for him to attend to the order, tidiness and cleanness of

his shops. It will be shown later that the purpose of the annual

stocktaking and these favourable consequences can be obtained

by a more modern method, the
"
continuous stocktaking,"

without the disadvantages mentioned before, but some remarks

may first follow about the usual form of stocktaking in industrial

works.

2. The Procedure of Stocktaking. The procedure of stocktaking
falls into two parts : the obtaining of the figures of the quantities

concerned, and the evaluating of these figures. The first part must
be done in the shops, the second is office work.

Now remembering that stocktaking can be called a
"
snapshot

"

of the state of affairs at a certain moment and that this state

can and will change quickly, it is necessary to have a complete
record with full details required for the later evaluation, by which

time that actual state has long disappeared, and cannot be

remembered with sufficient accuracy. Furthermore, being aware

of the fact that this is a work which in large industrial concerns,

such as most iron and steel works, needs the help of scores or

even hundreds of men, it is clear that very careful preparation and
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organisation of stocktaking is necessary if important details

needed for the evaluation are not to be missed afterwards. How
this work is to be arranged can be decided only in the individual

case. In general perhaps the following main features can be

given :

The works should be divided into districts and one man be

responsible for the stocktaking in each district. He must be

familiar with the work in the district, but should preferably not

be the man who is responsible for the work in it in normal

times.

He will have as many assistants as necessary and the work
can be distributed among them by sub-division of the district

either geographically or according to the material concerned, i.e.,

one man takes the raw material, another the semi-finished goods,
a third the tools, etc.

A carefully developed, printed or duplicated form shows what
details are needed for all materials that have to be recorded, and
where these details should be entered. Thus it is necessary not

only to give particulars as to quality, weight and dimensions of

material, but also the degree of work already applied to the

material in the case of semi-finished or finished products so that

the costs of this work can be calculated and the value determined.

Regard must be taken whether the material in the stocks has

already been paid for at the time of stocktaking or not
;

in the

latter case it must be considered as the supplier's property and

ought not to be included in the stocks. The same applies to

finished goods, already paid for by the customer but still stocked

in the works on his request, and similar allowance should be made
for raw material and finished goods on the way from supplier or

to customer at the time of stocktaking.

Further, it is necessary to mark all objects considered to be

partly or wholly rejects or obsolete in order to be able to evaluate

them correctly and to send them to the scrapheap if they are

completely useless.

Finally care must be taken not only that the stocktaking is

complete through the whole works, i.e., that no small room or

corner has been overlooked, but also that the reports all arrive

in office and are kept there in good order so that their complete-
ness can be checked easily. Whether the stocktaking shall refer

to materials, semi-finished and finished goods only, or shall
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include also consumable stores, tools, jigs, gauges, machines,

apparatus with all accessories, etc., i.e., the whole plant, depends
on the peculiar conditions of the individual case : the manage-
ment has to put down clear regulations beforehand how far to go
in this respect.

It will be clear from this description that stocktaking can form

an excellent basis for clearing the works of excessive material in

the shops that should correctly be in the stores, broken or useless

parts that are kept by some over-cautious foreman, and obsolete

products or machinery that could be sold at reduced price or

translated into useful goods at comparatively small expense, etc.

The evaluation of the stocks (this expression taken in the

widest sense of the word) based on the vast bulk of reports

streaming into the office after the annual stocktaking is a big
additional job that must be done beside the usual routine work
and is mostly discharged by many hours of overtime unless the

engagement of temporary helping hands is preferred. Everybody
knows that both measures have their drawbacks : the temporary
assistants need time before they can be really helpful and long
hours of overtime tend to deteriorate the quality of the office

work during the whole working time
;
but the author does not

know any other way to overcome the difficulties which arise

from this sudden run of work on the office.

The problem on what lines to carry out the actual evaluation

will be dealt with in detail later in the book. Here it may be

sufficient to mention that raw material is usually valued at the

price at which it is put into stock
;

semi-finished and finished

goods at production costs ;
and all items that belong to the plant

at prime costs minus a suitable amount of depreciation. But it

is the custom and one may even say the duty of a careful

accountant to reduce the value of the result, if he thinks necessary,

according to market conditions compared with those upon which

the original evaluation has been based. It is, however, the

opinion of the author that this second step should be taken

separately from the first in order to be able to compare the

original value of the stock with that found in the books when

closing them at the end of the financial year, and also in order to

know exactly what the actual devaluation amounts to.

3. Continuous Stocktaking. As already mentioned, there has

been developed in the last twenty years another form of stock-
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taking which avoids completely the drawbacks connected with

the usual one, i.e., the stoppage and disturbance of production
and the accumulation of surplus work in the office at the beginning
of the new financial year. There is, however, one condition to be

definitely fulfilled before one can think of replacing the usual

form of stocktaking by the continuous one
;

that is, that there

must be a really first class organisation of stores and accountancy,
a fact which will again be checked by the continuous stocktaking.
The idea on which this new form is based is that the accounts in

the ledgers reflect the actual conditions in the works at any
moment

; taking that for granted, the checking of the balance

of an account by actually weighing, counting, or inspecting the

stock can be done at any time and distributed at will over the

whole year. A special gang of men under a suitable foreman

should be entrusted with this job and the checking can be done

according to a carefully prepared plan, which may be kept secret

so that the inspection and checking of a stores or department
comes unexpectedly to its foreman or departmental manager.
The plan should be arranged so that every place in the works is

inspected at least once a year, and possibly twice or three times,

and any discrepancies between the books and this inspection must
forthwith be cleared and the books corrected accordingly.

In order to obtain at the end of the year the figures which are

now given by actual stocktaking, the figures of the books are then

taken as correct, and experience in works where the new method
has been introduced shows that this can be done with sufficient

safety. Anyone who has ever been responsible for stocktaking
in a large industrial works knows that no absolute correctness can

be expected from this work, even if the utmost care is taken.

Some mistakes always creep in, and the final uncertainty of the

figures will not be less than that of the figures in the books if to

repeat the necessary condition for applying the method of

continuous stocktaking a first-class organisation of stores and

accountancy exists in the works.

That applies especially to the account of semi-finished goods
which is sometimes mentioned as one of the reasons against the

method of continuous stocktaking. On the contrary, the author

has sometimes found that the accuracy of the new method in

regard to this account was greater than the old one. And how
much strenuous and time-consuming work could be saved !
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Moreover, as modern production tends to limit the
" work in

production
"

as much as possible, and has succeeded in this

direction at a formerly unheard of extent, a mistake in the

balance of the account of semi-finished goods no longer has such

an influence on the total result.

Another objection made against continuous stocktaking is

that it is more expensive than the old method. It is impossible
to give a general answer to this statement

;
it may be true in

this or that case, but certainly not always. Besides, it is very
difficult to evaluate in s. d. all the advantages offered by the

new method so exactly that a fair comparison based on money
figures alone is possible. In these circumstances it is recommended
that the new method be introduced without discarding the old one,

to calculate carefully the costs of both as far as possible, and then

to decide which should be applied in future.

E.G.



CHAPTER III

THE RESULTS OF ACCOUNTANCY

A. THE BALANCE SHEET AND THE PROFIT
AND LOSS ACCOUNT

ACCOUNTS and stocktaking are the two necessary and comple-

mentary instruments of accountancy.
The link between them, the combination of the results of the

stocktaking and the book-keeping in the accounts, is the balance

sheet and the profit and loss account. This is not the place to

show in detail how these important financial statements are built

up from the accounts ; that must be left to the special books

on accountancy and is outside of the scope of this book
;
but the

reader should be familiar to some extent with the structure of

these statements and should learn
"
to read a balance sheet/'

i.e., to understand the meaning of the individual items, their

connection, and how to order and to compare them with each

other so as to obtain a clear and truthful survey of the economic

position of the works concerned. For this reason the following

explanations may be useful.

The balance sheet shows on the right-hand side the assets, i.e.,

all properties and possessions, and on the left-hand side the

liabilities, i.e., the debts and the investments. The latter consist

of the original capital as well as of the reserves built up in the

course of the business. As the balance sheet has the form of an

account, a profit appears on the left side (under liabilities) and a

loss on the right (under assets).

The profit and loss account is a collection of the balances of the

individual accounts, i.e., a detailed explanation as to how the

profit or loss, as shown in the balance sheet, is composed of various

items characterised by the individual accounts.

The table in Fig. 4 illustrates how the balance sheet and the

profit and loss account can be developed from the accounts of the

ledger. The example is not taken from a very modern publication
18
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and therefore contains some of the defects which are criticised

above. This is of no consequence for the present purpose. The

important matters are not the types or names of the accounts

and the figures, but the connections between the various vertical

columns of this table.

Columns 1 and 2 with the heading
"
Gross balance

" show for

each account and for both sides, the debit and the credit side,

separately, the sums of the figures which have been booked to

the account in question during the period for which the balance

has to be struck. The addition of both columns gives, according
to the rules of booking by double entry, equal sums, the first

proof that the booking has been done correctly from the

arithmetical point of view. The next two columns, 3 and 4, under

the heading
" Net balance," show similarly for each account the

balance, which has been found when closing the account at the

end of the period for which the balance sheet is to be made.

Again the addition of both columns gives equal sums, the second

proof of correct booking. The figures of the four columns 1 to 4

are now transferred to the columns 5 to 8, booking the liabilities

and the investments, i.e., the original capital as well as the

reserves, in column 5, the assets in column 6, the profits in column

7, and the losses in column 8. As the summing up of column 5

and column 6 as well as that of column 7 and column 8 must give

equal sums respectively, the
" Net profit," the figure in the last

row of columns 5 and 8 results as the difference between the sums
of the other figures in columns 5 and 6, and columns 7 and 8. A
" Net loss

" would likewise appear in columns 6 and 7.

The method is so simple that no further explanation seems to

be necessary, except as regards a few accounts, where the develop-
ment of the figures in columns 5 to 8 from those in columns 1 to 4

shows some peculiarities. The "
Depreciation

"
account has been

taken from the previous year at 13,200, but it is inserted as a

liability in column 5 at 15,871 and the difference of 2,671 as a

loss in column 8. This last amount is the increase of depreciation
on plant, machinery and equipment, which was found necessary
when considering the condition of these assets in comparison
with that at the beginning of the year. A distribution of this

depreciation over the year is to be preferred. The figures of the

assets of the following four accounts, finished goods, raw material,

consumable stores, and maintenance material have been found
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by actual stocktaking and careful calculation, taking into

consideration the market conditions, etc.
;
the figures of profit and

loss on these accounts result by comparing the stocktaking

figures in column 6 with those in the columns 3 and 4 of the
" Net balance." The kind of booking on these four accounts

shows that they are kept as a mixture of
"
stock

"
accounts and

"
results

"
accounts, a procedure the defects of which have been

explained above. The transformation of the columns 5 and 6,

and 7 and 8 respectively into the usual form of the balance sheet

and the profit and loss account is obvious.

B. INTERPRETATION OF A BALANCE SHEET

Having become familiar to some extent with the principles of
"
accountancy

" and the development of the balance sheet and
the profit and loss account, readers may be interested to have

some hints on how to read a balance sheet, i.e., how to draw from

the figures of a balance sheet conclusions regarding the economic

state of affairs of the industrial works concerned.

These hints can only be a guide to such a study ;
the actual

procedure can be understood best from examples in practice,

where the figures of the balance sheet relate to matters and facts

within the readers' experience, so that they are not mere abstrac-

tions, devoid of reality.

One other preliminary remark is desirable. When reference is

made to balance sheets and profit and loss accounts, these terms

relate only to those internal statements which reflect plainly and

openly the true state of affairs, as revealed by a correctly kept

ledger. Apart from any fraudulent reason for changing or

concealing figures, there are many motives which may lead to

summarising, combining, or even suppressing figures in the

balance sheet to be published, for reasons connected with the

legislation on rates and taxes, or regulations of insurance

companies, etc. None of these kinds of balance sheets is taken

into account.

1. Diverse Arrangement of the Figures of the Balance Sheet. A
balance sheet has always to be adapted to the special circum-

stances of the works to which it refers. It is therefore not possible

to give a pattern which is generally applicable. Nevertheless a

scheme has been represented in Fig. 5 in order to facilitate the

explanation of the hints mentioned above. It is so arranged as
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to cover at least a large proportion of the usual kinds of balance

sheet, thus contributing to greater famliarity with the generally
used wording.
For a clear preliminary survey it is recommended that on the

left side of the balance sheet the nominal capital (ordinary shares

and preference shares, assuming the concern is a joint stock

company), and the reserves of various kinds, including for

example a welfare and pensions fund, should be strictly separated
from the liabilities, which should be divided into long term and
short term debts. On the right hand side the assets may similarly
be divided into works property and neutral property. The latter

consists of all property in the hands of the company, not used

directly for the purposes of its business, but held in reserve for

future development, e.g., estates and buildings bought for later

enlargement of the works or only for investing capital temporarily
in excess of requirements, shares of other companies, securities,

etc.

The separation of these figures relating to neutral property,
and generally of all results of such neutral business, from transac-

tions arising from the ordinary purposes of the undertaking and

usually set out in the articles of association of the company, is

very useful and contributes considerably to a clear survey of the

business affairs.

The works property should again be divided into fixed assets

and floating assets as shown in detail in Fig. 5.

The usual sequence of the individual items of a balance sheet

as given in Fig. 5, should, however, for the purpose of checking
the quality of the balance, be changed as illustrated by Fig. 6.

There the assets are arranged according to their readability, or as

it is usually expressed, their "liquidity," and the liabilities

according to their urgency. By comparing, for example, the

floating assets with the short term debts, or generally assets and

liabilities according to their liquidity, valuable conclusions

can be drawn about the economic status of an industrial

undertaking.
2. Management Ratios. Another good test in criticising a

balance sheet is to compare the ratio of various items on the same

or both sides of the balance sheet with the corresponding figures

usual in works in the same branch of industry. In this connection

the statistics in Fig. 7 may be of interest. The figures are taken
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from a publication nearly a dozen years old, but comparison with
some individual, more modern figures of American origin show

relatively small differences.

If any trend of development during the last years can be

observed, it is that the fixed assets are growing in proportion to

the floating assets
;
this is certainly due to the greater mechanisa-

Nominal

Capital

J00%

Reserves,

Long
Term
Debts

20

23

35

Fixed
Works

Property

F/oating

Works

Property

Neutral

Property

Iron and Textile Mechanical Electrical

Steel Works Factories Engineering Machines
&. Col/ieries Works Manufacturing

Fia. 7. Liabilities (L) and assets (A) of various branches of industry.

tion of the works on the one hand, and, on the other, to the

modern tendency of keeping the stocks small and the actual work
in constant flow.

These statistics are given rather to draw attention to the

characteristic differences between various branches of industry
than to be taken themselves as a guide. They show what a

dominant influence the plant costs exercise in the iron and steel

industry in proportion to the floating assets, as compared with

conditions in other industries, i.e.,

58
Iron and steel industry and collieries . . = 2-15

Textile factories . .

39

52
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35
Mechanical engineering works . . . . = 0-56

1 ft

Electrical machines manufacturing . . = 0*26
61

It is obvious that this ratio determines to a great extent the

business policy, e.g., in an industry such as iron and steel, where

an unusually large part of the invested capital must be used for

the plant, special attention is necessary that this ratio does not

increase to a dangerous extent. Further, great care should be

taken as regards expert maintenance and the provision of sufficient

reserves for replacement of out-of-date machinery and equipment,
for in this industry these items play a more important role in the

costs than in other industries ; they can be kept comparatively
low in the long run only if they are continuously and carefully

controlled from the start by experts.

There are other such ratios, which are worth while noticing.
From the well-known Management Handbook l

only the following

examples can be mentioned, together with the figures for iron and
steel works, taken from the same source :

Percentage of surplus net profit earned on sales 10*5%

Average turnover of total capital employed . . 50%

Average turnover of inventories forming a

measure of the rapidity with which stocks of

goods are resold and replenished . . . . 502%

Average turnover of fixed property investment 70%

3. Depreciation. Further information is given by the investiga-

tion of the depreciation account. Intimate knowledge of the

internal working conditions as well as of the market and its

probable development is necessary when checking whether the

figures of depreciation are too low, sufficient, or exaggerated. In

the last case, which is often intentional, there is concealed in the

figure of depreciation a reserve which would be better shown

separately in a special account.

1 L. P. Alford, The Ronald Press Company, New York.
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In this connection it may be mentioned that it increases the

clearness of survey of the internal conditions if the original value

of the invested property, plant machinery, equipment and

stock-in-trade, is kept unchanged in the balance sheet and the

depreciation is entered as a summary of the figures of all former

years with the figure for the last year separately, so that the

momentary value of all accounts, as affected by depreciation, is

clearly evident.

Whether this is shown on the asset side by subtractive items

or on the liability side as a special account is practically
immaterial

;
the latter method seems to be more in conformity

with the rules of double-entry book-keeping and indicates more

clearly that money actually has to be put aside for the replacement
of out-of-date and worn-out machinery, etc. ; but the former

method may provide for a simpler survey of the real value of the

various items.

The question is more or less a matter of taste
;
the sometimes

heated discussion on this subject is an exaggeration of a point of

detail. It is better to keep in view only pertinent features which

are really decisive as to the value of the balance sheet. For the

rest there will be opportunity to come back to the problem of

depreciation in greater detail.

4. Limits of the Balance Sheet as an Economic Guide. So much
for the interpretation of the balance sheet. But it may not be

superfluous to repeat that the hints and the figures given in this

connection are only examples to show how an expert can learn

something about the state of affairs in an industrial works from

its balance sheet.

Further, it should not be overlooked that a balance sheet is to

some extent only the picture of a moment, i.e., the end of a

business year, and that the real trend of development which is

usually more important than such a
"
snapshot

"
can only be

discovered by comparing a consecutive series of monthly or yearly
balance sheets.

Finally, there are
"
imponderables

"
in each industrial under-

taking, such as market conditions, goodwill, tradition, esprit de

corps, etc., which cannot be expressed in terms of money and

therefore do not appear in the balance sheet, but may nevertheless

form valuable assets or dangerous liabilities. They should be the

subject of the report accompanying the balance sheet and cannot
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be dealt with by the responsible accountant alone. Here the

close co-operation of all executives general manager, commercial

manager, works manager, secretary, etc. is necessary, if it is not

preferred to seek the opinion of an independent management
consultant.



CHAPTER IV

CONNECTION BETWEEN FINANCIAL ACCOUNTANCY
AND WORKS ACCOUNTANCY

THE modern development of accountancy in the sense

explained by Fig. 1 has gone so far that a division into financial

and works accountancy is often considered as a necessity based

on the different nature of both. It may even be found in practice
that a kind of contrast has grown up between them. Nothing is

more absurd. Really they are a whole, two branches springing
from the same trunk, and the division has been made only because

it is expedient, or in large works even necessary for practical
reasons

;
but the common origin should never be forgotten, and a

connecting link should be carefully maintained to ensure close

connection and to avoid discrepancies between the two branches.

For this purpose it would be sufficient to have, in financial

accountancy and works accountancy, only one account and

counter-account, which may be called
"
works account," but it is

usually thought more convenient to have several corresponding
accounts in both cases. The financial accounts are thus made
more independent for the development of the monthly and yearly
balance sheets and profit and loss accounts, and the absolutely

necessary and complete agreement between the two sets of

accounts can be more easily maintained.

A. AN EXAMPLE OF WORKS ACCOUNTANCY

Fig. 8 shows diagrammatically an example of how this problem

may be solved in a non-integrated iron and steel works. It is

taken from the German publication mentioned in the preface to

this book and must therefore be considered as at least a semi-

official instruction as to how all iron and steel works in that

country have to arrange their system of accountancy. Although
this diagram may be clear generally with the help of the explana-
tions given on it, some few remarks may be added.

Some of the financial accounts show a sub-division into two
29
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accounts marked " P " and "
E," signifying

"
Payment

" and
"
Expenditure." This arrangement allows of distributing into

nearly equal monthly amounts of expenditure, the incoming or

outgoing payments which occur only once or rarely during the

business year.
This procedure is applied in order to adapt the figures of

accountancy to the demands of the costing system and of produc-
tion control. In both cases it is of the utmost importance to

eliminate from the basic figures, which must be in conformity with

the corresponding data in the financial accounts, all fluctuations

that are not actually caused by changing internal working
conditions, but are due to unusual and singular internal expendi-
ture or lump sum payments to and from outsiders, such as taxes,

rates, interests, etc. Otherwise fluctuations due to these latter

causes would overshadow the fluctuations resulting from changing

working conditions to such an extent that these, which alone arc

of interest from the point of view of costs and control, could not

be discerned clearly enough.
With that explanation the nature of

"
suspense accounts

"
is

also made clear. The term
"
suspense accounts

"
is used in Fig. 8

in two places, in the financial and in the works accountancy. As

already mentioned such accounts arc used in financial accountancy

mainly for the entry of irregular payments to and from outsiders.

In the works accountancy, however, suspense accounts are used

where an internal expenditure of some amount is necessary, the

costs of which should not be charged to the period in which they

happen to occur, but should rightly be distributed over several

months or even years. As an example may be mentioned the

cost of an expensive die for forging or pressing mass production

parts, which can be used for more than one year's production, etc.

It would be possible to speak of
"
active and passive suspense

accounts/' the former being used for the subsequent charging of

parts of a payment which has already been made, the latter for

the preliminary booking of expenses, the total of which will be

equal to a future payment, which can be anticipated with

sufficient accuracy.
The " Works Account "

in the financial accounts is characterised

above as the main and only necessary connection between the

two sets of accounts. The nature of this account is such that at

the end of a month, as soon as all bookings for this period have
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E.G.
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been made, the account must show a zero balance. Again, this

may best be explained by an example, as reproduced in Fig. 9.

No further discussion of this illustration seems to be necessary,
with the exception perhaps of the transactions No. 9

; profit and

loss by revaluations. They are divided into three parts :

(a) On material accounts.

(6) On accounts of products.

(c) On accounts of cost positions.

Revaluations on material accounts may become necessary if

the consumption of material is not calculated at book value in

the total cost of the products, or if corrections must be made in

respect of the trend of the market prices, etc.

Revaluations under (b) are explained by the following two

examples, the first showing a profit and the second a loss.

STOCK ACCOUNT OF THE PRODUCT : STEEL BARS
ID
Stock at the beginning of the month 10,000 tons at 5 Os. Od. 50,000
Production during the month 30,000 tons at 5 10s. Od. . . 165,000

215,000

Despatched 28,000 tons at 5 10s. Od 154,000
Stock at the end of the month 12,000 tons at 5 Os. Od. . . 60,000
Loss 1,000

215,000

(2)

Stock at the beginning of the month 10,000 tons at 5 Os. Od. 50,000
Production during the month 30,000 tons at 5 10s. Od. . . 165,000
Profit 1,000

216,000

Despatched 32,000 tons at 5 10s. Od 176,000
Stock at the end of the month 8,000 tons at 5 Os. Od. . . 40,000

216,000

Revaluations under (c) may be necessary, if standard additions

are used for covering the overheads of a shop or
"

cost position/'
and if these standards involve an over- or under-estimation in

comparison with the actual overheads of the same period.

It may be that these remarks on the bookings under No. 9 of

Fig. 9 are not quite clear to the reader who is confronted for the
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first time with such terms as
"
standard additions,"

"
cost

positions," etc., but this problem of revaluation will be referred

to again and these terms explained in greater detail.

B. CRITICISM OP THE EXAMPLE OF WORKS
ACCOUNTANCY

The fact that the previous section deals largely with the details

of the works accountancy in a non-integrated iron and steel works

as given in Fig. 8, does not mean that the author is completely in

agreement with the scheme. On the contrary it is useful to

consider whether this scheme is really the clearest method of

tackling the problem involved. It will be shown that in the

author's opinion that is not the case ; but the reader is expressly
invited to form his own opinion as the matter is to some extent

one of taste and it cannot be denied that the method illustrated

by Fig. 8 is practicable and leads to a correct result if carefully

handled. As already mentioned this method has been practically
made standard (in Germany) by government decree, and that

fact alone is sufficient to guarantee its usefulness. On the other

hand, the main defect in the scheme is important enough for its

use in practice to be discussed more in detail.

1. Accounts of Cost Positions. In order to make clear what is

really meant by these introductory remarks, the accounts of the

works accountancy given in Fig. 8 should be considered more

systematically. They may be classified into :

(1) Accounts of types of costs.

(a) Stock accounts of raw material, auxiliary material

and consumable stores.

(6) Accounts of wages, salaries and social services.

(c) Accounts of depreciation, taxes, rates, interests.

(d) Suspense accounts.

(e) Accounts of other expenses.

(2) Accounts of positions of costs.

(a) Accounts of administrative departments.

(b) Accounts of auxiliary departments.

(c) Accounts of supplementary departments.

(d) Accounts of main departments.

(3) Accounts of products.

(a) Stock accounts of products.

(6) Result accounts of products.
D 2
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(4) Accounts of selling costs.

(5) Accounts of rebuilding costs of plant, machinery, etc.

(Omitted in Fig. 8.)

The reader may remember what was said previously about

accounts of positions of costs, and that the use of this charac-

teristic of distinction in that part of industrial accounts which is

especially denoted as
"
accountancy

"
(see Fig. 1), is not recom-

mended. This principle is completely and intentionally neglected
in the scheme given in Fig. 8

; this is regrettable because in

practice considerable difficulties must arise. As the considerations

leading to this statement are especially suitable for elucidating
the whole structure of industrial accounts, they will be dealt

with in greater detail. Moreover this will be helpful later on,

when the costing system is explained.
2. Classification of Costs. The total costs of an industrial

undertaking can be classified from three different points of view,

logically connected, but mutually exclusive. These are :

(1) The nature or types of costs,

(2) The positions of costs, and

(3) The- bearers of costs, mostly known as works orders.

Each cost item can be characterised according (1) to its nature

or type, (2) to the place or position in the works, where it occurs,

and (3) to the order, the completion of which is assisted by it.

It is necessary that the
"
accountancy

"
gives a complete survey

of the total costs incurred during a certain period. No item

should be omitted, but neither should an item be counted twice.

This can best be accomplished if only one aspect of division is

allowed, because then the book-keeper will never be in doubt

about which account he has to select for his booking.

This, however, is not the only advantage of strict adherence

to the principle just explained. Book-keeping by double entry,
as stated earlier, has certain great advantages, but that does not

mean that one should be blind to its inherent disadvantages in

cases where the unsurpassable accuracy of the method is un-

necessary. That is certainly the case if the distribution of the

total costs among the various cost positions is intended. The
method of booking by double entry necessitates the booking of

the same figure on two accounts, and the infallibility of the method
rests to a great extent on this fact. Why use it where such
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accuracy is unnecessary and a statistical distribution of the total

amount of an account to the various cost positions can be done

by booking only half the figures ?

Costing is a branch of industrial accounts in which exaggerated

accuracy only too easily develops into nonsense. The author

remembers a public competition on costing methods in various

branches of industry almost forty years ago, in which a prize
was awarded to a work under the motto :

"
Whichever method

you choose, the result will never be completely correct." In

practice the truth contained in this motto is only too often

overlooked and either an inadmissible enlargement of the clerical

machinery or a belated and even insufficient delivery of the

results is the inevitable consequence.
How can this tendency be explained ? Obviously only by the

fact that costing systems are usually developed by accountants

who are rightly proud of that marvellous instrument of account-

ancy, double entry book-keeping. They overlook the completely
different nature of

"
accountancy

" and "
costing." After the

former has given the absolute guarantee of correct total sums on
the account almost synonymous with type of costs the

simple statistical distribution of this total amount to the cost

positions is sufficiently accurate. How this distribution should

be done, i.e., which keys should be used, will be discussed

later on.

It is, therefore, recommended that all these accounts of cost

positions should be removed from the works accountancy. The

simplification thus obtained will best be imagined by considering
the example of such an account as given in Fig. 10, with its

bookings from other accounts of the same nature as indicated by
asterisks.

3. Revaluations. Another point to which criticism of Fig. 8

may be directed is the revaluation as shown in the example of the

works account of the financial accountancy (booking No. 9).

Nothing can be said against revaluations under (9a), i.e., of costs

of material. They are certainly necessary in some cases, as

explained, although they will not be frequent, if the booking of

the material costs is done at book value, a method which suggests
itself and can be easily understood by all concerned. Other

methods market prices and fixed standard prices have many
disadvantages (the standard price method in particular gives a
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wrong impression from the economical point of view) and the

advantage of simplifying the booking work is very small.

The revaluation under 9b, i.e., of production accounts, starts

from an incorrect assumption : a stock account such as in the

example Fig. 9 should never show a profit or loss of the kind

indicated. It is only necessary to imagine what actually happens
in the works and should be reflected by the entries in the account :

A certain amount of material is in hand at the beginning of the

month and this material has a certain value
;

a new lot of

material is produced but at slightly different costs and is added
to the stock in hand at the beginning. A certain amount of

material is despatched during the month. Who can say whether

it is taken from the old stock existing at the beginning of the

month, or from the new production ? Why should the despatched
material be booked at the higher price of the new production and
the remaining stock at the lower price of the stock at the beginning
of the month, since this method alone creates a profit or loss on

this account ? It is an artificial procedure justified by no

consideration of actual facts.

Obviously two other methods can be used, which are both

simple and reasonable : either an average price for the stock

in hand at the beginning and for the new production together is

calculated and the booking of the despatch and of the remaining
stock is made at this average price, or the valuation of the

despatched material is done at the old price of the stock in hand
at the beginning of the period in so far as this despatched material

is covered by the old stock, and the remainder is valued at the

new price. The example of the revaluation under (9b) is then as

shown in the table on p. 40.

This example shows that no profit or loss appears in the account,

as it is of course only natural on a stock account which should

show only the changes in quantities apart from any changes in

price. No revaluation is therefore necessary.

Finally the question of revaluation according to (9c) no longer

arises, if accounts of cost positions are not used in works

accountancy. It has already been shown how a skilful and

conscientious accountant is able to minimise the differences

between actual overheads and the percentage additions used for

covering the overheads as part of the costs of finished and semi-

finished goods : the remainder is insignificant and can easily
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disappear in accountancy by transference to the profit and loss

account.

These considerations may be sufficient to characterise the

position which "
accountancy

"
occupies in the sphere of "

indus-

trial accounts
"
as defined by Fig. 1. Now it is necessary to turn

to the second main part, the
"
works accounts."





PART II

WORKS ACCOUNTS



IT is to be regretted that there is no other term which could

be used as a heading for this part than the expression
" works

accounts." This is already used in a more special and limited

sense and readers must distinguish clearly between that special

meaning and that assigned to it in the following consideration, as

part of the entity called
"
industrial accounts."

The object of the following discussion is : the analysis, distribu-

tion and collection of costs as they are summarised in individual

accounts or types of costs, in order to obtain a basis :

(1) of production control and

(2) of the determination of job accounts.

Costs must be allocated systematically to the cost positions
where they arise, and methods developed to connect the results

of this allocation with the bearers of costs or works orders which

are directly or indirectly the final result of the work done in

the factory.

Since the types of costs or accounts of
"
accountancy

"
proper

contain absolutely the whole costs, their accuracy being guaran-
teed by the double entry method, all that is necessary is to take

the final figures of the types of costs as the starting point for the

allocation of costs to the cost positions. This may seem so

obvious as to be superfluous or even ridiculous. Yet how often

it happens in practice that the close connection that should exist

between accountancy and costing, gives place to a kind of

antagonism and mysteriousness.



CHAPTER V

GENERAL FEATURES OP ORGANISATION OP A
BIG IRON AND STEEL WORKS

BEFORE dealing with the analysis, distribution and collection

of costs and their allocation to cost positions it may be useful to

consider the structure of the organisation of a big industrial iron

and steel company ; any misunderstanding about what is really

meant by the expression
"
position of costs

"
will thus be avoided.

Nearly all undertakings in the iron and steel industry have

developed to such an extent that a careful division is necessary if

the whole is to be easy to survey. Various names are used in

practice for the various parts, and many differences of opinion
result from the fact that sometimes the same word is used by
different persons for different parts. Here a nomenclature is

proposed which would bring to an end such misunderstandings
and could be advantageously considered as a

"
standard."

Distinction should be made between :

The Combine. A combination of various units, more or less

independent, into a whole with a common balance sheet and

profit and loss account, which alone reflect the economic state of

affairs of the entire undertaking.
The Works. One of the units forming the combine. A locally

coherent plant whose balance sheet and profit and loss account

may be built up independently, but forms afterwards only a part
of the financial statements of the combine and must be considered

as a purely internal matter.

The Departments. Parts of the works, which can be considered

as units, each forming a place where certain technical or com-

mercial processes are carried out, different from those in other

departments. Separate balance sheets and profit and loss

accounts of individual departments are exceptional.

The technical departments may be divided in main, supple-

mentary and auxiliary departments.
Main departments produce the chief finished goods of the

45
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works
; they are, for example, the blast furnaces, the melting

shops, rolling mills, and shops for further working up the rolled

material to sleepers, wire, strip, etc.

Supplementary departments manufacture finished goods which

arise out of the production of main products, such as slag grinding

mills, gas cleaning plants, etc. Sometimes it may happen that

these departments develop into very important parts of the works

and may even become the main source of economic success.

(For example, the author remembers a small iron and steel works

which would certainly have been forced into bankruptcy during
a period of depression had the profit of a cement and slag brick

factory not helped to overcome the temporary difficulties.)

Nevertheless these departments would still remain supplementary.

Auxiliary departments produce no saleable goods, but only
render services to the main and supplementary departments, e.g.,

the stores, the central power station, the maintenance shop, the

internal traffic department, watchmen and messenger service,

etc. They are sometimes supplementary departments at the same

time, e.g., a central power station may provide electricity not

only for the works but also for outside customers, or a furnace

gas cleaning plant may deliver gas to the own works as well as

to other companies, etc. In this case very difficult problems of

costing may arise, which will be discussed later.

Besides these technical departments there are :

Administrative departments such as cashier's office, wages office,

personnel, costing, etc., and
Commercial departments for purchasing and selling.

Many of these departments, particularly the technical, are

again divided into positions of costs for costing and controlling

purposes. For example, the melting shop may have the following

positions of cost : scrap yard, furnaces, preparation of ladles,

casting pit and discharging bay ; the bar mill is perhaps divided

into : furnaces, mill, finishing bank, stocks and despatch.

Generally, a
"
position of costs

"
should comprise only such

activities as are equivalent or at least similar enough to be

considered as a unit from the point of view of costs. For instance,

a forge may be one position of costs, ifmachines of nearly the same

type and size only are used and almost the same kind of work is

done throughout the shop ;
but if hammers of various sizes are

in the forge and manual work is also carried out, it may be that
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one very big hammer forms a separate cost position, a group of

hammers of medium size a second, the remaining small hammers
a third and the manual work a fourth position. It must be left

to the judgment of the responsible man how far the subdivision

is carried. He needs for it sufficient knowledge of the production

processes on the one hand and economical understanding on the

other hand : subdivision carried too far increases the work

unnecessarily ; too much aggregation renders the result unreliable.

This very important point is not always given the necessary
consideration in practice. The decision is often left to a subordi-

nate member of the staff in the costing department, whereas it

should be actually a matter of discussion between the accountant

and the departmental manager in question.



CHAPTEB VI

DISTRIBUTIONS OF COSTS TO COST POSITIONS

A. DIRECT AND INDIRECT OR INDIVIDUAL
AND GENERAL COSTS

1. Definitions. Before it is possible to discuss in detail how to

distribute the costs as collected on the accounts to the various

cost positions, a further distinction of costs is necessary, which
results partly in a subdivision of some accounts, i.e., into direct

or individual costs, and indirect or general costs. The former

are all costs which can be freely and easily attributed to the

bearer of costs or works order, for the finishing of which they are

necessary ; to the latter belong all the costs where that is not the

case. Although it should be, in the interest of accuracy, the

endeavour of the accountant to increase the first of these two

groups as much as possible in comparison with the second, it is

desirable to emphasise the expression
"
freely and easily." It is

often found in practice that the desire to be accurate leads to

exaggerations which cause unnecessary and uneconomical clerical

work without actually increasing the final degree of accuracy.
That may be illustrated by an example.

It is usual to allocate the costs of special drawings to the

products represented by the drawings. In order to be able to

do this the number of hours taken in the drawing office to make
these drawings is recorded and this figure is multiplied by average
costs of a working hour of the drawing office. This gives a high

degree of accuracy ;
but there are people who are not satisfied

with this calculation because the salaries of the draughtsmen may
be different and the costs of the working hours in the office vary

correspondingly. They therefore insist on allocating the
"
correct

"

salary to the drawing in question thus not only increasing the

clerical work, but also making the basis of their calculation

depend on a more or less casual distribution of the work in the

drawing office. Thus the first mentioned average method is not
48
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only easier, but even better from the point of view of costing,

apart from the fact that the
"
inaccuracy

"
thus incurred is

certainly within the limits of accuracy of the whole calculation of

costs. Analogous cases can be found frequently ; one need only
mention the work of the test house, inspection department,
internal traffic, etc. Such over-elaboration draws attention away
from the main subject to incidental matters, not worth while such

a scrutiny.

2. The Allocation of Direct Costs. It is clear that by the

division into direct and indirect or individual and general costs

some accounts or types of costs are subdivided, especially the

wages and the raw material accounts.

It is the duty of the wages office to do this job for the wages
account, i.e., to divide the total sum of wages of a certain period,

perhaps a week, into direct and indirect wages and to allocate

each part to the various cost positions where they have occurred.

In a similar manner the stores control office has to deal with the

raw material account, and the consumable stores account. It

will be described later how wages and stores account offices can do

these jobs and the means of simplification and mechanisation by
which the collection, distribution and allocation of the innumer-

able vouchers can be facilitated. Here may only be said that the

importance of these original vouchers for production control and

costing purposes is, oddly enough, often underestimated ; they
are not made out with the necessary care and accuracy and hence

the results drawn from these figures are likewise not reliable.

The production man, departmental manager or foreman or

workman, should do all in his power to improve matters in this

respect.

Direct wages are sometimes known as productive wages ; this

expression is misleading as wages which are non-productive, i.e.,

do not help production, either directly or indirectly, should not

be tolerated in an industrial undertaking in any circumstances.

Besides direct wages and direct material costs there may be

other costs which can be considered as direct costs, e.g., supply
of special goods from outside which will form a part of the final

delivery, or special patterns or jigs which can be used only for

certain works orders, etc.

All these direct costs have to be dealt with separately and their

distribution over the cost positions is obviously indicated directly
E.G.
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by the corresponding vouchers. Nevertheless the remark to be

found in many publications on costing, i.e., that dealing with

direct costs is so simple that no further explanation seems to be

necessary, is not justified. This is true only in principle ; but

everybody who has to do this work in practice knows the many
difficulties arising and the great care necessary to overcome them.

This is mentioned here expressly because the standpoint of these

publications is liable to influence the inexperienced in the wrong
direction.

3. The Allocation of Indirect Costs According to Keys. Another

kind of difficulty must be overcome if the indirect or general costs

are to be allocated to the various cost positions. As the name

indicates, there is no direct connection to the bearers of costs or

works orders which are carried out in the cost positions. For

some accounts, as, for example, consumable stores, it may be

clear from the vouchers to which cost position they are issued
;

but there are other accounts or types of cost, where no such

connection exists and a
"
key

" must be found as to how the

distribution shall take place. These "
keys

"
are the more useful

the more jthey are proportional to the costs to be distributed.

For example, the total cost of the consumed electricity can be

expressed by the number of units consumed multiplied by the

price of the unit. If the distribution of units to the various cost

positions is known a result that could be obtained by inserting
a meter at each cost position the allocation of costs can be done

in proportion to the units used during a certain period in the

various cost positions. Other such keys are : square feet of

area for the distribution of costs of area and one-storied buildings,

cubic feet space of building for costs of heating and ventilating,

number of working hours of machines for the cost of depreciation,
number of men or wages of men for the costs of management and

supervision, etc. Where there is no key exactly proportional to

the costs to be allocated, an approximately proportional key must
be taken ;

if that also is not possible there is no other way than

to use any key which may seem to be convenient.

It may be remarked that it is just this distribution according
to more or less suitable keys which renders all costing approximate
to a certain extent.

4. Production Control and the First Allocation of Costs to Cost

Positions. The results of this first distribution of costs to all



DISTRIBUTIONS OF COSTS TO COST POSITIONS 51

individual cost positions separately gives the main basis of "
pro-

duction control
"

in the widest sense of the word, i.e., including
administrative and commercial cost positions. Cost positions are

usually selected to correspond with the responsibilities of certain

persons, departmental managers, assistant managers, foremen,

charge hands, etc. No other costs, more or less outside their

direct control, are included with these first distributed figures,

and it is only fair to take these, and these alone, as the original

guide when judging the activity of these men. As will be shown
in due course they are also partly responsible for other additions

of overhead costs which will be allocated to the cost positions ;

but as regards these, other responsibilities are also involved often

veiling the final results in such a manner that it is difficult if not

impossible to do justice to the responsible man. This should be

avoided in all circumstances, as such a procedure easily tends to

sow mistrust between the production man and the accountant.

But even if the results of the first distribution of costs to cost

positions are alone taken into account judgment of the efficiency

of executives is no easy job and the utmost care should be taken

when drawing conclusions. One point especially needs considera-

tion : the working conditions are very seldom so similar in two
cost positions, that comparison between them is possible even if

they seem to be at first glance of the same character, e.g., roll

grinding for, or chipping material coming from, two different

mills. If that is so in the same works, how much more would it

be the case when the two cost positions belong to two different

works. It is therefore seldom possible to transfer figures of

experience from the one to the other. This remark should not be

misunderstood ;
the value of experience obtained in other similar

jobs is not underrated, but the above consideration should lead

to the conclusion that the best kind of comparison is the observa-

tion of development in one and the same cost position.

An example taken from mechanical engineering may be quoted
which indicates the difficulty of comparing two seemingly equal
cost positions : a special machine tool was producing a certain

work piece in a large mass production works. Piece work wages
were established to the satisfaction of management and men. It

so happened that exactly the same work piece was used in another

part of the works
;
but the machine tool was unable to deliver

the total amount necessary. A second machine of the same kind
K 2
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was therefore installed in another part of the works. But in spite
of all the trouble which the management took, and the good will

of the men, they were not able to earn their money with the same

piece-work wages. It took a long time before the reason was
found : the first machine was installed on the ground floor and
the second in the third story of their buildings respectively. The

greater vibration of the second machine prevented it obtaining
the same results as the first.

Because of the necessity of observing the development of the

figures of the same cost position, the cost department should

deliver these figures in the form of tables or graphs which can be

supplemented week by week, or month by month.

5. Job Accounts and the Allocations of Costs to Final Cost

Positions. The second purpose of collection, distribution and
allocation of costs to the cost positions is to establish a basis for

the job accounts. For this reason a further distribution and
allocation of costs of the auxiliary cost positions to the main and

supplementary cost positions is necessary, because only these

latter sometimes called
"

final cost positions
"

have direct

relations to the goods produced. This second allocation is usually
done in two or more steps, as some intermediate results may be of

interest. For example, the tool room needs electric power for its

machines ;
it is important to know the total costs of the tool

room including these power costs in order to be able to compare
in a fair manner the costs of production of a certain tool when
made in the shop and when bought outside.

Again there is the difficulty when carrying out this second

allocation of finding the best keys : again it must be emphasised
that that key should be used which forms the nearest approach
to the actual procedure without increasing unduly the clerical

work. Thus, for example, the costs of the maintenance depart-
ment may be distributed according to the actual work the

maintenance department is carrying out for the benefit of the

individual cost positions. Here again, exactness can be exag-

gerated, especially as in some cases no other key can be used but

one which is to a great extent arbitrary, as, for example, the often

used allocation according to direct wages sometimes is.

Here a word may be said about the old dispute, whether it

should, not be preferred as nearer to the truth, always to use as

the key of allocation the men's working time instead of their
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wages. From a purely theoretical point of view this question can

only be answered in the affirmative, for wages and working time

are only proportional in the case of fixed hourly rates
; in the case

of piece-work this proportionality no longer exists, if the piece-

work wages are established and applied fairly. But how often is

that really the case ? Is it not often the attitude of the men not

to work according to their ability but according to the stipulated

piecework wages, thus earning the hourly rate, which forms the

basis of the calculation of the piecework wages, and avoiding the
"
cutting of piecework prices

"
? Then, however, the propor-

tionality between time and wages is practically restored. Even
in the case of

"
correct

"
piecework wages is the deviation from

this proportionality big enough to justify the perhaps greater
clerical work connected with the allocation according to working
time ? The dispute is really

" much ado about nothing," and it

can be left to individual taste which method is adopted.

B. REAL AND CALCULATED INDIRECT COSTS

In order to bring this discussion to some conclusion it will be

necessary to explain the distinction between
"
real

" and
"
calculated

"
indirect costs and to show how to deal with the

latter.

Real indirect costs are those for which supporting statements

such as invoices, requisitions to stores, wage tickets, etc., exist,

i.e., statements arising in the usual course of business either

inside the works or in connection with outside sources. Calculated

indirect costs are costs for which such statements are not forth-

coming automatically, but must be created specially by the

accountant as vouchers for the booking of these costs, because

it is believed necessary to include them in the total costs of the

products.
1. Depreciation.

1 The most important of these calculated

indirect costs is what is usually called depreciation. No problem
in the theory of

"
industrial accounts

"
has been so extensively

discussed as that of depreciation and it might be thought that

by now everything would be clear, and common agreement
arrived at. But when comparing the two main sources mentioned

in the introduction to this book it will be found that there is a great

1 Part of this section has first been published in The Machinist of May 28th,
1938.
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difference between them on this very question, i.e., how to deal

with depreciation from the point of view of the costing system.
In order to make this quite clear, extracts from both sources are

quoted. The German publication says :

"
Depreciation is the equivalent of the wear and tear of the

plant. Goods can be either used, e.g., plant, equipment, etc., or

consumed, e.g., raw and auxiliary material, consumable stores,

etc. The latter are consumed directly to the full extent for that

production process, they are requisitioned from the stores
;

the

former are consumed in several, sometimes in a great many, parts
for production processes of the same number." (Already this

consideration shows that there is no difference in principle between

the two kinds of goods and that they should be treated in

industrial accounts equally in principle. )" He who buys a machine

knows the prime costs of the machine
;
he knows that some day

the machine can no longer be used, but he does not know in

advance for how many production processes he can use the

machine ;
and therefore neither does he know what proportion

of the prime costs of the machine he has to attribute to the

individual production process : he can only estimate these

proportions according to experience, so that when the machine

actually becomes useless some day in the future, the total prime
costs Jess, perhaps, the scrap price of the machine have been

distributed to all the production processes carried out by the

machine. This distribution is what we call
"
depreciation," and

the above consideration shows clearly that depreciation is part
of the costs and that no costing system that docs not include the

depreciation can give the total costs. It shows further that

depreciation can be spoken about not only for buildings,

machines, etc., i.e., plants of a long life, but also for tools, moulds,

rolls, etc. In practice this term is normally used in the first case

only.

The economic value of the machine can, however, be diminished,

not only by using the machine for production, but also by other

influences dependent on the total time since the installation of

the machine, such as unreasonable treatment, neglect during

long stoppages, destruction by force majeure, and particularly by
obsolescence. This latter term means that the machine may still

be quite workable from a technical point of view, but can no

longer be used economically as more up-to-date designs of the
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same or similar machines have appeared on the market which

will do the same work better or cheaper.

Depreciation is therefore dependent on two influences, the one

proportional to the total time during which the plant exists, or,

one may say, to the
"
calendar time

"
;

the other proportional
to the number of production operations that have been carried

out or can be estimated to be carried out in future, i.e., to some
extent proportional to the

"
working time." The responsible

man must decide how he will allow for the influence of these two
factors on the amount of depreciation. While the second of them
would give a fixed figure for a certain period, say a month, only
if the number of production processes does not vary for various

periods, the first factor will result always in the same amount per

period during the lifetime of the plant. Therefore if a certain

number of production processes is estimated as likely for a

certain period, and if it is assumed that these would be the

working conditions of the plant during its lifetime, thus making
the second part of the depreciation also constant per period, it

would be necessary to make an additional depreciation for a time

of unusually high output.
There has been considerable discussion whether it is correct

to use a fixed amount of depreciation per period or not. It has

been said that the output of a new machine is more valuable than

that of an old one, especially if the output of the latter can only
be obtained with higher maintenance costs

;
it would therefore

be more economical to put a higher burden of depreciation on the

first years of the life of a machine than on the later ones, i.e., to

use decreasing amounts of depreciation. On the other hand, it

could be said that the prime costs of a plant are the sum of the

depreciation instalments distributed over the lifetime of the

machine, but reduced by interest account to the day of the

installation of the plant. That means that the amount per year

corresponds to a rent, composed by interests and amortisation.

The interests decrease with decreasing book-value of the plant,

i.e., if fixed depreciation amounts are used per period, it is the same

as if increasing amortisation takes place. These considerations

show that for the purpose of depreciation the equal distribution

of the prime costs of the plant (minus its scrap value at the time

of definite shutting down) over the total lifetime is a commendable

via media.
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The greatest difficulty when determining the amount of

depreciation is always to estimate correctly the lifetime of the

plant."
Here an example taken from the author's experience may be

inserted showing how detrimental the consequences can be if a

fundamental error is made as to this estimate. A concern which

used to assess depreciation on the average at 10% of the original

value of its several hundreds of machine tools, to provide for

wear and tear and obsolescence, was asked by the inspector of

taxes for proof that this figure was correct. Investigation of the

books showed that it was not, as the practice of the firm in

replacing worn and obsolete machines gave an average life of

sixteen and half years for these machines. The consequences were

first that the firm had to pay supplementary income tax for a

couple of years past on the difference which had been wrongly
considered as a part of depreciation and was actually a part of the

profit. This additional payment was very high as according to

the law the procedure was regarded as fraudulent, and was
therefore severely punished. Secondly, obsolescence of the whole

machine plant was discovered which made inevitable a sudden

and expensive replacement. The result would have been

disastrous for the concern if it had not had plenty of reserves.

The German publication therefore reasonably draws attention

to the necessity of making sure from time to time that the

estimated lifetime coincides with the actual lifetime. Another

question is whether one should agree to the consequences

envisaged by the same authority in cases where changes in the

depreciation amounts are necessary on account of an unexpected
technical development.

" If the actual lifetime is longer than the estimated one, and it

is not desired to change the plan of amortisation as fixed for the

purpose of accountancy, it will be necessary to use different

depreciations in accountancy and costing ; the latter should

correspond to the new estimation of the lifetime, not considering
how much of the prime costs have already been written off in the

balance sheet. The difference between the figures for depreciation
in accountancy and costing has to be booked as

"
neutral

"
profit

or loss. The total result is therefore not changed, but individual

contingencies have been kept away from the costing and this is

made more useful for its proper purpose."
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What does the
"
Uniform Cost System

"
of the British Iron and

Steel Federation recommend in regard to depreciation ?
"
It is

recognised that provision for depreciation and obsolescence is a

proper charge against cost and that the basis for the determination

of the provision for inclusion in the cost requires thorough

investigation. Pending such investigation it is recommended that

costs shall not include any provision for depreciation and

obsolescence, but that for statistical purposes the provision might
be entered as a footnote."

And in some other places :

"
Depreciation shall be the amount set aside for the purpose of

replacing buildings and equipment when they are no longer
considered efficient. Note. This is a memo item only."
The difference between the two publications is evident : both

consider depreciation (and obsolescence) as a part of the costs,

but the British source refuses for the time being to draw the

conclusion from this, because the basis for determining the amount
of depreciation has not yet been established accurately enough.
The author cannot agree with this point of view. Of course,

as the reader will have recognised already from the extract of the

German publication, there are still many questions on the problem
of depreciation, to which the answer must be left to the discretion

of the responsible man, who may decide differently in different

cases. But experience has shown that it is dangerous to omit

depreciation entirely when building up costs. It is not enough to

say that the people who have to consider costs from one point of

view or another know that this omission has been made and will

always make a mental reservation when basing decisions on cost

figures. On the one hand it is not true that everybody concerned

with costs really knows of the omission, and on the other even

those who know it are only too easily inclined to overlook it in

the daily routine work
;
and very serious consequences may be

the result. The economic state of the plant, as expressed in the

figures of depreciation, should be continually in the mind of all

concerned from the managing director down to the foreman, and
the cost figures should show him the influence depreciation has

on the costs in each individual case. The more he 13 familiar with

these problems, the more care he will take to ensure the economical

working of the plant, its maintenance and its well-timed

replacement.
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It is the production man whose attention should be drawn

continuously to these questions : for if production engineers have
often pressed too much for new plant of higher capacity, which

afterwards turned out to be a failure owing to the impossibility
of employing it properly, there are, on the other hand, examples

enough of breakdowns of works owing to their plants being
obsolete and lack of reserves built up in time for replacement.
It is almost impossible to exaggerate the importance of correct,

i.e., just large enough and timely, depreciation, and the inclusion

of this item in the costs is a step in the right direction.

This consideration may serve as excuse when the results drawn
from the above discussion and from personal experience are once

more summarised in the following nine statements, which do not

treat the whole problem exhaustively but, it is to be hoped, may
be a useful guide in practice.

(1) "Depreciation" in the sense of compensation for wear

and tear and obsolescence is different from
"
depreciation

"
as

often used in published balance sheets, i.e., an item containing
secret reserves. If both meanings are used in the same concern

some kind of equalisation between them should be introduced for

avoiding contradictions in the industrial accounts.

The following points (2) to (9) refer only to the first of these

two terms.

(2) It is all the same whether depreciation is based on the prime
costs or on the book value of the plant, because neither method
can be claimed as absolutely correct, i.e., as always giving the

actual value of the plant in question. The first method is perhaps

preferable because it is simpler and gives greater stability to the

cost figures.

(3) Different percentages of the basic values should be used for

the two methods mentioned under (2) so as to obtain similar end

values at the same moment.

(4) These percentages are different for different kinds of items,

and can be estimated only from experience or may be taken from

handbooks if such experience is not yet available in the works in

question. The figures taken must be checked continuously, i.e.,

at least once a year in accordance with experience gained in the

meantime, and the necessary corrections must be made in costing
as well as accountancy.

(5) The determination of percentages for depreciation is by no
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means an easy task which can be done mechanically, say in

accordance with some general rules drawn up by the management.
On the contrary : the working conditions and the state of repair
of every single item of the plant must be carefully taken into

account, and that can be done only with the assistance of experts,
who are moreover familiar with the special circumstances of the

works. Thus it will usually be the best solution if this work is

done by close co-operation between the departmental manager,
the maintenance engineer and the accountant.

(6) Depreciation has to be taken into account as part of costs

in calculating a job, carried out with the machinery in question.
The suggestion that no depreciation need be included in costs, if

such machinery has already been
"
fully depreciated

" must be

considered wrong ;
for in such cases either the originally used

percentage was too high or the machinery is still working in spite

of being obsolete. In the second case sound technical progress
would be stopped ;

for under such a method of costing the

calculation could rarely show that a new plant would be as cheap
to run as the old one, i.e., the old plant would never be replaced
"
for economic reasons."

(7) Depreciation figures should be shown on a special account,
which must be carefully watched, so that it is always a true

picture of the capital originally invested in the works minus that

part of the capital which has already been transformed into

products by the use of the machinery.

(8) The actual substitution of new machines for old ones must
be charged to this account, except in so far as a machine is

replaced by one of higher capacity. In this case the difference

between the price of the new machine and the price of one of a

capacity of the replaced machine must be charged to a rebuilding
and improvement account.

(9) While the basis of the whole calculation is a matter of

estimation, i.e., must always remain, even if treated very carefully,

an approach to the real truth, the details are afterwards often

worked out with the accuracy necessary in accountancy. This

results in the belief that the final figures obtained are more

reliable than they can be according to the nature of the object

and of the method.

2. Interest. The second kind of
"
calculated

"
indirect costs

is interest, or at least that part of this type of costs not actually
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paid to a creditor, but which could be calculated as imaginary
debts to the original owner of the invested capital. {Again there

are divergent opinisns on how to deal with this item, but in this

case the differences of opinion are of a fundamental nature as may
be seen by quoting again the British and German publications.
An extract from the German book reads as follows :

"
Interest is the costs resulting from the use of invested capital.

It is an expense in the same sense as every other type of costs.

Nevertheless opinions are divided whether interest is a part of

costs or not. Even if this question is answered in the affirmative

there is no agreement about the amount which should be included

in the costs as the equivalent of the interest. This difference of

opinion can be explained by the fact that the decision may be

different according as the problem is considered with regard to

the concern as a whole or to that part of the concern which may
be termed

'

the factory
'

or perhaps better
*

the production

departments/ The capitalist puts his money to work in a

concern in order to make a
'

profit.' This profit is composed of

the interest and of the recompense for the risk which is connected

with each industrial activity. This distinction is not shown in the

balance sheet"; the whole is considered as the profit of the

concern. But if the works have to work partly with borrowed

capital, the interest which must be paid for it is generally con-

sidered as expense. For the production departments, however,
it is the same, whether the necessary capital is the property of the

concern or had to be borrowed from outside. The production
uses the capital and has to pay for the costs of this use. This

means that the interest on the capital working in the concern is

part of the costs, regardless of whether it must be really paid for

the borrowed capital or only calculated for the concern's own

capital. So far as this calculated interest exceeds that actually

paid it is treated in accountancy as
"
neutral

"
returns and

booked on profit and loss account.
" The amount of the interest per period, say per month, should

be calculated according to the book value of the plant and of the

stock of raw and of auxiliary material, semi-finished and finished

products.
"
It would be too lengthy a process to calculate in the interest

account the amount of interest for each position ; it is sufficiently

accurate to determine the value of the working capital on a
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certain day, perhaps the first of the month, and to charge the

month with the amount calculated for this capital.
"
It is, however, also possible to omit interest from the costs

completely and to let the returns for use of capital be merged
with the profit and loss account. Of course in this case any
difference in the costs produced by quicker turnover of the

capital, which is taken into account by charging calculated

interest disappears. If the capital is turned over only once a year
the profit must contain the amount for the total turnover per

year ;
if it is turned over every month, only a twelfth of the rate

of interest is necessary, i.e., the problem in question is of less

importance for short term than for long term production where

the interest may be a decisive item
;
but for short term produc-

tions also there are more reasons for including the calculated

interest in the costs than there are against this method, which

may therefore be recommended generally.
" The inclusion of interest for borrowed capital alone should

be banned in all circumstances."

In the British publication only one remark on interest could

be found, i.e. :

"
It is recommended that costs shall not include any charges

for interest."

As may be seen from these extracts it is almost a matter of

taste which way should be chosen in an individual case, provided
there is no common agreement on a standard point of view

throughout a particular branch of industry in order to facilitate

cost comparisons between different concerns or even productions.
If the British publication can be considered as such a standard,

well and good ;
then the problem is solved for the iron and steel

industry of this country. Otherwise the author can only express
his own opinion that the German deductions do not satisfy him
from a theoretical point of view : interest on a concern's own

capital is and remains part of the profit according to common
sense as well as to the rules of accountancy ;

those who wish to

include it in the calculation of costs for practical reasons may do

so ; but they should always be aware that the profit they

calculate, when for example fixing the necessary selling price

for a finished product, represents not the total profit, but will

finally be increased by the amount of the calculated interest which

they have included in their costs.
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Finally it may be added that the rate of calculated interest is

best chosen according to the rates of long-term debts as far as the

capital invested in plant, machinery, equipment, etc., is concerned

and as for short-term debts for that part of the capital which is

represented by raw and auxiliary materials and semi-finished and
finished products.

3. Other Calculated Indirect Costs. There are no other calculated

indirect costs mentioned in the two publications cited, but two

may be discussed here briefly on account of completeness.
The first are

"
employer's drawings." This type of cost is of

no great importance for the iron and steel industry as it has only
to be taken into consideration in the case of privately owned

works, which are rare exceptions in this industry. It is under-

stood that what an employer draws from the works of which he

is the owner is composed of the recompense for the actual work
of management he is doing and the profit he obtains from his

invested capital. The first part, assumed to be about the amount
of the salary of a general manager in a similar concern (perhaps
a joint-stock company), is considered as a part of the costs.

Only if this is done is a fair comparison of the costs in a privately
owned concern 'and in a joint-stock company possible. On the

other hand, it may be said that it is just this difference which

should be reflected in the costs, and that the employer may draw
in times of slack business less than the

"
calculated salary." In

this case should a debt of the concern be booked to him ? These

may be the considerations why
"
employers' drawings

"
are

generally not included in costs in British concerns, as against the
"
continental

"
custom.

The second kind of
"
calculated indirect costs

"
referred to

above, includes risks of any kind in so far as they are not covered

by insurance, as is usually the case in damage caused by fire,

water, robbery, etc. In any business risks arise in consequence
of deficits which could not be foreseen

; perishing of raw materials

or finished goods ; breakdown of plant ; unexpected repairs or

replacements of delivered finished goods, where for some reason

special payment cannot be asked for
; curtailment of profits by

suspension of payment ; penalties for not correctly fulfilling

contracts, etc., and finally the general risk of any employer

arising from failure of design, change in customer's tastes,

fluctuations in the economic conditions, etc. It is very difficult
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to estimate the correct amount which should be included in the

costs for these risks ; and that may be the main reason why very
often no such provision is made and only a reserve is put aside, if

possible, to cover such losses afterwards.

Summarising, one can say that it must be left to the discretion

of the responsible man whether he prefers to include
"
calculated

"

interest, employers' drawings, or risks in the costs, or to cover

them from the profit and loss account. In practice there is

scarcely a difference
;

for it amounts to the same whether the

costs are calculated lower and a higher addition for profit is made,
in order to get a certain net profit, or vice versd. In spite of that

these discussions on "
calculated indirect costs

" do not seem to

be without value as they show how many items one should take

into consideration when building up a costing system in an

industrial concern. The fact that often the decision must be left

to the discretion of the responsible man in each individual case

cannot be altered as long as no authoritative national body has

given a standard guide, accepted by the industry. But even such

a convinced advocate of reasonable standardisation as the author

of this book doubts very much whether accountancy and costing

should be made the subjects of standardisation to a large extent.

As both should reflect the organisation and the economic state

of the industrial concern as truly as possible, and each such

concern is an individual with its own peculiarities, standardisation

pushed too far, would be contradiction in itself. That may be a

difficulty for the accountant, but on the other hand it makes his

job so much more attractive, if only he is the right man for
"
feeling the pulse of life in the works."



CHAPTEE VII

MATERIAL ACCOUNTS, STORES AND STOCKS

A. MATERIAL AS COSTING FACTOR

THE purpose of each industrial undertaking is the transforma-

tion of raw material by labour into saleable goods. It is obvious,

therefore, that material and its economy is of essential importance
to the profit and loss of the concern. Especially is that the case

in iron and steel works where, as already mentioned, material

forms a comparatively high percentage of the costs in contrast to

mechanical engineering, for example, where labour costs have a

larger influence.

In spite of this fact, it is not unusual to find the organisation
of the storage of material of any kind in a state which would

not be tolerated in the case of labour problems. The reason

may be that the connection with money is not so obvious, and

that, especially in metallurgical works, the quantities of material

to be treated are so enormous, and the price per unit often so low,

that waste does not seem to be significant so long as no precious
metals or the loss of big quantities come into question.

This point of view, however, is wrong, and the understanding
of this fact is certainly growing ; the

"
good old times," when it

did not matter whether a waggon of scrap or pig iron more or less

had entered the works and was charged in the books, when even

leading persons openly declared there should be one or more such

waggons in excess in the works "as reserve," are definitely gone,
and greater attention is given to all questions of organisation of

material storage.

B. THE STORAGE OF MATERIAL
1. The Purpose of Storage. Material management problems

can best be understood if the purposes of storage are clear. They
should be so to everybody from his experience in daily life ; but

when applying these simple ideas to industrial matters, so many
64
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mistakes can be found in practice that it seems to be worth while

to mention the main reasons, why a well-organised storage

system is an indispensable necessity for an industrial works.

Normally only by the use of such a storage system is it possible :

(1) To buy material in bulk, i.e., at reduced price, for re-issue

in small amounts and to ensure at the same time that the stock

level remains within economic limits.

(2) To make certain that material is always available when
needed even if long times of delivery are demanded by the

supplier.

(3) To review thoroughly the economic situation in the works

and establish effective production control.

2. The Quantities to be Stored. These three points of view

quantities, time, and costs hardly need further explanation at

first glance, but the problems are so intricate that the greatest
care by the management is necessary in order to avoid mistakes,
which may be detrimental to the whole concern.

The difficulty is that the approach to these problems from a

theoretical standpoint has scarcely proved possible. We find

many attempts in this direction, especially in the American

literature, but experience has shown that the cases where one or

other of the nice formulae developed in the office can be used in

practice are so seldom that they are better not considered at all.

One should know that the storage of excessive quantities is

connected with all the losses which follow excessive investments ;

that, on the other hand, stores in too small quantities bring about

the danger of shortage just at the time when the material is

urgently needed
;

and in steering between these Scylla and

Charybdis there is, properly speaking, nothing more than
" common sense

"
to guide. Perhaps some help can be drawn

from former experience in the same works, and from past
statistics

;
but even that may be misleading if the working

conditions, especially the degree of activity in. the works, are

different from those of the period in comparison. Thus the only

guide which can be given generally is, perhaps, that the storage
should be done with a certain margin of safety, because the

disadvantages of
"
too much "

are smaller than those of
"
too little." Further, the more the modern tendency of a

continuous flow of work can be realised through the work, the

smaller can and should be the storage of material.
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It is no secret that a great deal of the success of Henry Ford

is due to a careful consideration of this fact
;
and it has to be

taken as a favourable circumstance that most processes in iron

and steel works are of this nature of continuous flow.

Another point worth mentioning is that care in managing
stores of these works should not be exaggerated to an uneconomical

degree. What is meant by this remark may best be illustrated by
an example : Hundreds of waggons of ore, coal, scrap, pig iron,

etc., arrive daily at one of the great iron and steel works
; they

are driven slowly by a locomotive over a weighbridge, stopping for

each individual waggon to determine the gross weight before

unloading at the proper position. So far, so good ;
but now the

empty waggons are again driven back over the weighbridge to

control the tare, which is painted on each waggon. Certainly
differences will be found

; they may be due to changes in the

weather ;
but the question arises whether the costs for the loco-

service, for the men at the weighbridge, for all the clerical work

connected with this procedure, etc., are not greater than the

possible gain which could be obtained from reclamations because

of differences in the net weight. Perhaps it will be sufficient to

take samples off-hand from time to time or when there is any
reason to suspect something wrong.

3. The Subdivision of Material to be Stored. We have to

distinguish between :

(1) Direct material, i.e., raw material transformed into goods
in the works by any of the manufacturing processes and contained

finally, at least to the greatest part, in these goods.

(2) Indirect material, i.e., material used and consumed during

production.

(3) Finished material or saleable goods.
These distinctions cannot be applied to a particular material in

general ;
on the contrary, they can only be used from the point

of view of the works in question i.e., what belongs in one case

to one of these groups may, in another case, be part of another

group ;
but it is necessary for costing purposes to make this

distinction clear once and for all in the particular works
;
and

where, as it sometimes happens, a change takes place from one

group to another, to provide for special measures of transferring
so that correct book-keeping takes place. In order to make these

remarks perfectly clear, round bars may be saleable goods for the
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works in question, and so stored in the warehouse, but for some

repairs such bars are needed and have to be transferred to the
"
indirect material

"
to an extent necessary for the repair.

Special attention must be given to material which arises from

the production process and is known as scrap, by-products, etc.

Scrap has to be collected immediately after it has appeared and

brought to the scrap dump where it belongs, after being credited

to the order or workshop where it arises. The calculation of

by-products is similar, but here arises one of the most difficult

questions of costing which can only be solved in a special case, and
even then mostly by an agreement between all concerned,

because there is no solution which could be considered as abso-

lutely correct from all points of view. This problem will be

discussed later in detail.

4. The Arrangement of the Stores. Here, too, it will only be

possible to give some general principles, as all details are to be

adapted to the special nature of the material to be stored.

The question whether an open stockyard accessible to every-

body, or a closed stores or warehouse, should be chosen will be

decided according to bulkiness, weight and value of the material.

It is clear that the latter form is the better one from an administra-

tive point of view, as it is easier to keep the survey of what is at

hand when only a limited number of persons responsible for the

material has access to it. Therefore the former arrangement can

be allowed only where the danger that unauthorised people may
cause disorder or remove material without voucher is excluded

by the nature of material, as is the case with ore, scrap, ingots,

etc. It may be expressly mentioned that these remarks are based

less on the fear of loss by theft in many cases this loss would be

less than the cost of supervision of the stores than on the fact

that
"
open

"
stores make the necessary survey and book-keeping

nearly impossible in many cases.

5. Stores Administration and Control. A much-discussed

question is whether the actual administration of the stores and

the control of the stores by suitable book-keeping should be in one

hand or strictly separated. It is clear that, in principle,
r

the separation can be right, because nobody's work o1

controlled by himself. Experience has shown, how*

are cases in practice where it can be re^

through this practice, and the problem
~
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tion and control of the stores may prove to be one of these

exceptions. One must, of course, disregard any question of

ill-feeling on the part of the storekeeper, who may look at such a

separation as a sign of distrust : everyone in industry has to

consent to being controlled. But the combination of proper

storekeeping and book-keeping sometimes brings about such an

intimate knowledge of the requirements of the works concerned

that each of these two activities alone will never produce. That,

however, can be a real asset, especially in stores of great size with

perhaps thousands of various parts where
"
drugs in the market

"

only too easily arise which a careful and experienced storekeeper
could avoid.

This is certainly one of the occasions where it is evident that

the persons in the works have not to be used according to its

organisation, but the organisation built up according to the

persons available. One may decide for combination in a certain

store, but reverse this decision when the storekeeper retires and
an adequate substitute is not available.

If separation is decided upon, one mistake unfortunately
found frequently in practice should always be avoided. In

spite of the separated book-keeping a rump-book-keeping is

arranged in the store itself which is sometimes considered an

intensification of control without being so in practice. The result

in this case is enlargement of clerical work, not only by duplication
but also because the two books or cards dealing with the same

object must be made to coincide if a discrepancy arises. Thus

it can often be observed that in addition to the book-keeping of

the stores at present nearly exclusively carried out by card

indices the
"
bin cards

"
in the stores are continued, which

contain nothing more than some of the items on the cards in the

store book-keeping, in both cases based on exactly the same

vouchers. Good experience has been obtained by suddenly

scrapping these bin cards after the separated store book-keeping
was put in good order. One cannot object that the storekeeper
+hen has insufficient survey of the contents of his store

;
he has

looking into the bins. But he is deprived of the possibility
N
lly making the actual stock coincide with that on

thus real control by the store book-keeping is

'^iin?stration may be mentioned, the
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negligence of which often leads to trouble and sometimes even

to booking the same material twice. Any purchased material

should be charged to the stores and issued from the stores but

not immediately charged to a special order, even if it is actually

brought to the spot where it is to be used because of its bulkiness

or because no other purpose of use is possible.

6. The Stock in the Stores. It has been mentioned that the

greatest attention must be given to the quantity of the
"
stock

"

in the stores i.e., the difference between the material received

and issued, or the material remaining in the stores. Attention

may be drawn here only to one other detail : this stock is not

always really available for any new order, because it is possible

that it is already partly seized by previous orders not yet sent

to the shops. Distinction should therefore be made between the
"
real

"
stock at hand in stores and the

"
available

"
stock which

is free for new orders. Simple as this idea is theoretically, it is

sometimes difficult to carry out in practice. In any case, careful

organisation and an especially close connection between the
"
order book," the department of production planning, and the

stores book-keeping must be made. This should be done, there-

fore, only where it is really necessary to avoid delays in delivery,

etc. ;
but it is sometimes found that it is done more generally in

order to avoid different forms for the two different kinds of

material : the same form being used in both cases is taken by
the employees concerned as an instruction to proceed equally in

both cases. This remark may seem to be far-fetched, but it is

not superfluous to draw attention to such incredible facts going
on for years until mere chance brings them to light.

C. THE ORGANISATION OF THE STORES
1. Generally. Industrial works can be likened to a body of

organic structure, and as there are no two human beings, two

animals or two trees absolutely equal to each other, so there will

never be two industrial works which could be considered identical

to the last detail, even if their original plans on paper could not

be distinguished from each other. Surroundings, working
conditions, peculiarities of the people working in them, and many
other influences will soon bring about a special individuality
which in turn needs the application of arrangements especially

fitted to the works in question, if an efficiency of work as high
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as possible is to be obtained. That is what so many
"
organisers

"

of industrial works overlook : the organisation to fit accurately
to this body of organic structure can never be

"
ready made "

;

it must be
" made to measure." Therefore it is impossible to

define clearly the position of the stores in the organisation of the

works, and all that can be said on this problem should only be

taken as an example of how this question is answered in a special

case and what advantages and disadvantages are connected with

the solution adopted. Thus it is often discussed whether stores

belong to the technical or commercial side of the undertaking and

whether they should therefore be subordinated to the works

manager or to the commercial manager. The author has found

that the answer depends in practice mainly on the characteristics

of the persons concerned another instance that the personality
of the people at hand determine the kind of organisation, and not

vice versd.

Economic reasons, however, seem to demand nearly always
that the management of the stores should be independent of that

of the production proper. To a certain extent the stores control

production, as far as the economical use of raw material, the

delivery of finished goods, etc., are concerned
;

a co-ordination

at least of the stores manager and the individual managers of the

production departments would therefore be the correct reflection

of their relations to each other. That does not imply any
contradiction to the fact that the stores are bound to work in close

co-operation with production, to which they have to work as the

supplier to the customer ;
for it is well known that in this case

the best results will always be obtained if the negotiations are

conducted on equal terms.

2. Requisitions and Returns to the Stores. Now we come to

a measure which one hears so often referred to as
"
red tape,"

and which must appear at first glance to the inexperienced mind

really to be so.

Nothing should be taken out of the stores without a regular

requisition slip. How often does one hear complaints about the

unnecessary paper-work for a few pence, about all this work,
"
only invented by clerks in order to provide work for themselves

and to show their own importance !

" But it must be emphasised
that without carrying through this demand strictly no real survey
of the economic situation of the works, no orderly book-keeping
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and correct profit and loss account, is possible. The author knows
that even here exaggerations occur, but it is the

"
rule of large

figures
" which should be kept in mind, the fact that the sum of

numerous small items is finally a lot, and these items easily run

up in big works to many thousands a week. There is no other

way than the demand of requisition slips for each item ; and
what makes things worse, there are many cases where the stores

must deliver, for technical reasons, more than is asked for, and a

return of the excess with a return slip is unconditionally needed.

Naturally, the whole procedure should be made as easy for the

workshops as possible by suitably printed forms, by correct

situation of and clear arrangement in the stores, etc., but that is

nearly all that can be done. The fundamental demand, as

already explained, cannot be abandoned.

The next stage in treating these requisition slips is the evaluat-

ing of the material, the voucher for which they are. There are

in use various methods for this work : (a) To take the actual

value of the material, as shown by the invoice in cases where the

material is delivered from outside, or by calculation when

produced or transformed in the works
; (6) to choose the

"
market

price
"

;
or (c) to fix a

"
standard value

"
unchangeable for a

certain time, perhaps the business year. The author prefers

personally the method under (a), especially because it can be

reasonably explained to the employees concerned as following

closest the actual course of events, but it cannot be denied that

the other methods have advantages, which may lead to their

application e.g., in case of great fluctuations of the market

prices. One may even find, in the same works, the use of two or

three of these methods simultaneously for various types of

material, and has to agree that some advantages could be accom-

plished only in this way in the case in question. Of course, that

means a more careful training and supervision of the employees
concerned. But, whatever method is adopted, it should never be

forgotten that carefully as it may be carried out the right result

can only be obtained if the original vouchers, the requisition and

return slips, are correctly written out and correspondingly
carried out, and it is here that many queer mistakes often occur.

The employees who have to do this work cannot for economic

reasons be highly trained, and easily become accustomed to do

their work mechanically. It is the duty of the storekeeper to
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supervise them continuously, and to eliminate such mistakes as

using wrong lines or columns in the printed forms, by confounding
the various figures, writing words or figures incorrectly, etc.

These minor matters often cause trouble in an organisation, the

main feature of which may be absolutely sound. The planning
of an organisation is comparatively easy, but it is its application
in connection with all the detail work which matters in

practice and decides whether the organisation is a real success

or not.

In order to obtain a better understanding what these considera-

tions on stores and their organisation actually mean it will be of

interest to discuss in detail how the stores are connected with other

departments of the works. For this purpose it will be convenient

to follow an example how the flow of the material into and out

of the stores is carried out and of the clerical work which must be

done in order that a complete report on this flow is available.

3. Material Received in the Stores. All material from outside

sources is received at the receiving depot, either actually, when
the nature of the material allows, or for booking purposes only,
when the bulkiness or the nature of the material (ore, scrap, etc.)

forbids intermediate storage in the receiving depot.
In the latter case, precautions must be taken to prevent the

material being used before permission is expressly given, according
to the organisation to be described. This is an important point
which is often neglected. It must be admitted that this instruc-

tion is not always easy to carry out, but disregarding it may
endanger the success of any objection raised to the acceptance of

the material received .

In the office of the receiving depot seven copies of the receipt
are made, using suitable printed forms, according to Figs, lla,

b and c. They are so arranged that the particulars on all copies
are produced on a typewriter at the same time as the original is

made. As may be seen, copies 1 and 2, on the one hand, and

copies 3 and 4, on the other hand, are each called
"
preliminary

receipt," copies 5, 6, and 7,
"
definite receipt." The differences

between printed forms will be explained subsequently by their

use in the various departments. The course of the copies is

illustrated by Fig. 12.

Copy 1 (Fig. lla) is sent to the purchasing department for

quick information, in order to prevent unnecessary correspondence
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with the supplier. Later it is sent together with the supplier's
invoice to the book-keeping department, i.e., the department
where the books of accountancy proper are kept, and then

returned to the purchasing department for filing. Copy 2 (Fig.

lla) is sent to stores control for the quick information of the

ordering department. Copies 3 and 4 (Fig. lib) are sent to the

Copies
Preliminary Receipt Purchase Order M?

deceived on

Signed

Against Advice Note

for OrderM

Quantity Unit Description

Weight
PieceW
MaterialM

Date Signature

FIG. 1 la. Receipt of material,

Copies

Quantity Unit

Preliminary Receipt Purchase Order #9

Received ort

Signed

Against Advice Note

for Order

Weight

Description

Date

Piece #?
MaterigIM

Signature

Result of Technical Inspection

Date Signature

Purchasing Department Decision.

To Stores, under Material /V?

Order M
^ decision wi/lbegiven /ater

Date Signature

FIG. lib. Receipt of material.
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Copies
S,6,&7

FINAL RECEIPT Purchase Order N9

Received on

Signed

Against Advice Note

for OrderM

Quantity Unit Description

Freight s. d.

Weight
Piece N?
Material

Date Signature

FIG. lie. Receipt of material.

FIG. 12. Showing the course of the forms reflecting the receipt of material in
the stores.

technical inspection department, which retains copy 3 for its

files and sends copy 4 to the purchasing department, after having
made the necessary tests and entered the results on this copy.
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The purchasing department decides whether the material can be

accepted, makes this decision on copy 4, and returns it to the

receiving depot. Here copies 4 and 5 are fastened together and
sent to the purchasing department for comparison with the

invoice of the supplier. Copies 1, 4, and 5 and the invoice are

then sent to the book-keeping department, which returns the

receipts 1, 4, and 5 to the files of the purchasing department.

Copy 6 is sent with a copy of the invoice to stores control, copy 7

to the stores themselves.

It must be admitted that this organisation seems rather

complicated at first glance ;
and the author is the last to recom-

mend it for every possible instance, but the reader can be assured

that it has proved effective in various and very different industrial

works, that it entails comparatively small clerical work, and

presents, simultaneously, sufficient safety against carelessness

and fraud. Special attention may be drawn to the fact that the

receiving department must write down the receipt according to

the actual material, as no advice note or supplier's invoice is

at hand when the material arrives
; thus it is impossible to

"
copy

"
the supplier's invoice and regard it as a receipt, as lazy

receivers of the material are sometimes inclined to do. Another

point of view worth mentioning is that no further co-operation
of the supplier is expected, as for instance the sending of the

invoice in duplicate. Experience has shown that any organisation
which seeks the special co-operation of an outside firm is, to a

certain extent, unreliable.

Finally, it may be added that returns of any kind are treated

in the same way as new material
;

in these instances the inter-

mediate storage in the receiving depot is very important, and, if

possible, this practice should be adhered to so that a close

inspection of the returned goods is possible before they are

accepted by the stores.

4. Material Issued from the Stores. As already explained in

requisitioning material from the stores, there is a distinction

between material in stock. Part of the stock can and should be

reserved for orders already received, but on which work has not

begun ;
thus the material in the stores may comprise

"
actual

"

stock and "
available

"
stock and may require to be separated

in the stores book-keeping. On the other hand, however, such a

separation may be superfluous or even absurd. The former will



76 ECONOMIC CONTROL OF IRON AND STEEL WORKS

always be
"
direct

"
material, the latter either

"
direct

"
or

"
indirect

"
material. Both kinds of material are demanded from

the stores by requisition slips of the same printed form, but of

different colour. Requisition slips for direct material are generally

made out by the planning department, those for indirect material

by the consuming section ; an original and one copy are provided,
each having the same current number, so that all slips can be

traced and controlled.

The course of the material issued from the stores, and the

clerical work connected with it, is illustrated as example by

MATERIAL ISSUED FROM STORES Issuing of Reserved Material

P/anning
Department

Workshop

Stores

Requisition S/ip Original

Requisition Slip Copy
Material

,,.. Summary Original
oooo Summary Copy

Voucher for Book-keeping

Starting Point

x final Point

Book-keeping

Stores Contro/

Costing

Department

FIG. 13. Showing the course of materials issued from the stores.

Fig. 13 for
"
reserved material

"
i.e., where it is decided to

distinguish the material by
"
actual

" and "
available

"
stock.

The scheme for
"
not reserved

"
material can easily be determined

analogously to Fig. 13.

The planning department makes out the requisition slips and
sends the original and the copy together to the workshop, which
in turn forwards both to the stores. From the stores the copy of

the requisition slip travels, together with the material in question,
to the workshop, while the original is sent to stores control. In
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the stores control all necessary details are entered into a card

indexing system, which can be regarded as the key to the informa-

tion about each material issued from the stores, and must,

therefore, be very carefully kept.
1 This point will be discussed

later. After the evaluation of the issued material and entry of

the value on the requisition slip as well as in the card index, a

summary is prepared and made out in duplicate. This can

consist of a daily or a weekly summary, according to the number
of the issue items, and the originals of the requisition slips with

both copies of the summary then travel to the costing department,
where they are examined, mistakes corrected, and failures rectified.

The current numbers of the requisition slips provide a guide for

the latter purpose.
When the copy of the summary is acknowledged as correct, it

is returned as a receipt to the stores control and a short voucher

informs the book-keeping department of the necessary figures to

be taken from the summary. Thus, the book-keeping department
receives daily or weekly figures for entering into the accounts,
instead of figures for each detail, but the auditors can easily trace

back the origin and composition of these figures to the single

requisition slips, where they consider this to be necessary.
The requisition slips are collected, according to the order

numbers, in the costing department, so that the consumption of

the material can be determined for each order separately. This

does not mean that the determination should be made for all

orders
;
on the contrary, in many cases it has been proved that a

complete calculation of all finished orders is unnecessary, as the

advantage gained does not compensate for the amount of clerical

work involved, but the costing department should be in a position
to collect easily the costs of any order which the management
may select for any special reason. This problem will be discussed

later in detail.

5. The Card Index of the Stores. A few remarks may be added

about the work of the stores control, or rather its main tool the

stores card index. How it works may be gathered from Fig. 14,

which shows only the head of the cards and scarcely needs a

detailed explanation. It gives as an example the printed form of

a card, which may be used for
"
reserved

"
material and would

satisfy all demands which can be put to such a document. For
1 See Stocktaking, pp. 12 to 17.
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example : one card is used for

the type of material concerned,
and the sum of all cards make a

continuous inventory of the whole

material existing in the works

if and this is essential the cards

are used and filled in properly.
That is the important and diffi-

cult duty of all concerned with

stores control, and the super-
intendent and his assistants

must look after the correct

working of this apparatus inces-

santly ; for, as already mentioned,
mistakes too easily creep into

these details, which, though small

in themselves, may add up to

amounts which make illusory the

necessary survey, without which

the management cannot lead the

undertaking efficiently.

The foregoing explanations may
be sufficient to convey a right

impression of the position occupied

by the stores in the organisation
of the works. It will be appre-
ciated that the explanations are

not by any means exhaustive
;

what is hoped, however, is that

these examples show the spirit in

which these matters should be

approached and dealt with.

D. THELAY-OUT OF
STORES

To discuss the stores as part
of the lay-out of the works in a

general way presents many limita-

tions, since less can be mentioned
than can be considered to be
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generally correct. It is proposed, therefore, to confine the

discussion to the problem of centralisation or decentralisation of

the stores.

It is obvious, from an administrative point of view, that the

centralisation of the stores has great advantages, and therefore

one can generally find an inclination towards this form. It must,

however, be considered that, especially in iron and steel works

where mostly large areas are covered, centralised stores easily

increase the transport costs to an inadmissible amount. It is

often difficult to find out whether this point is actually reached,

because the determination of the actual losses by excess of

transport is not an easy task and generally includes a mere

estimation of some costs in addition to those which can be

calculated. When looking for a suitable compromise, it should

always be considered that administration is a service the demands
of which must be secondary to those of the main work, especially
if the latter is connected with such high costs as transport

generally involves.

When the transport costs from a central store are likely to be

excessive, two or more stores for the same material may be

located in various parts of the works, and a new and difficult task

of stores control arises. It is necessary to assign the right

proportion of material to each individual store, to equalise stock,

when issues from one store have been excessive, to consider all

stores together when ordering new material, etc. The usual

method of maintaining balance between the various stores is to

use an individual card for each store and a main or summary
card for all stores together ;

this certainly involves additional

clerical work, and difficult clerical work too, but only rare cases

are known where it could be avoided with advantage.
In any case, it is important to guard against measures of

distribution which allocate weekly or even monthly consumption
of certain material to the foremen i.e., building up

"
foremen

stores," which have to be made good according to the quantities

issued to the shops. Although, at first glance, this idea seems to

be very promising, it cannot be too strongly pointed out that in

practice the method is bad. The control of these numerous small

stores becomes so difficult that often it is entirely omitted and
the necessary survey is lost. The author could tell from his

experience convincing examples, where material of a value
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amounting to hundreds and even thousands of pounds had

disappeared from the books, and was found only after many
months

; material which was badly needed in other parts of the

works.

Whoever believes that such or similar conditions are impossible
in his own works may be congratulated wholeheartedly, but the

author, as a result of his experiences of industrial practice, is

usually somewhat sceptical of the accuracy of such statements.



CHAPTER VIII

THE WAGE ACCOUNT

THERE can be no doubt that however important other working
conditions may be in forming the relation of the men to their

firm, the wages problem will always be the most significant and

rightly so. If an industrial undertaking has succeeded in building

up the wage system in such a manner that a fair compromise has

taken place between the demands of the management and the men,
and if this system is applied so that the men, consciously or uncon-

sciously, feel this faimess, much, if not all, is gained for real

co-operation, so important for the prosperity of the firm.

A. THE DEMANDS ON A WAGE SYSTEM
What now are these demands which the management on the

one hand and the men on the other hand may rightly put to a

wage system ? Before making an attempt to define these

demands, it may be useful to point out that we do not speak in

this connection about the absolute amount of money which has

to be paid to the man for a given time or certain work, but about

the relation of the figures for different work or different men.

The management has an interest in the system which is covered

by the following :

Al. The calculation of wages should be as simple as possible.

A2. The value of a certain piece of work should be capable of

determination beforehand.

A3. The amounts of wages for different jobs should be propor-
tional to the difficulty of work involved.

For the men, it is important that :

Bl. They should easily understand how their earnings are

built up.

B2. The fluctuations in their earnings should be tolerable.

B3. Different men with different earnings should have their

earnings graduated as far as possible to the difficulty

of the jobs and the ability and industry of the men.
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This summary, which only gives the main demands, shows that

if we, for the moment, disregard the absolute figures, the demands
of the management and the men on a wage system are nearly
identical. The best known and most-used wage systems are

the fixed hourly rate and the piecework rate
;
all others are more

or less built up on one of these two or a combination of both. It

will, therefore, be useful to consider these two systems separately
and more in detail.

1. The Fixed Hourly Rate. This is the oldest, but still very
much used form of wages, and the author is convinced that the

development of modern industry will again bring about preference
for this form, after it has been tried as an emergency measure in

cases where other
"
higher

"
wage systems could not be used. The

calculation of the earnings of the man is so simple in this system
that it needs no explanation : the time the man is in the works is

multiplied by the fixed hourly rate. It will be clear that the

demands Al, Bl, and B2 are fulfilled perhaps as completely as

possible. But as no really direct relation exists between the rate

and the work, neither demand A2, nor the nearly identical

demands A3 and B3 can be fulfilled.

On the other hand, it has to be considered that the development
of the industrial technique is certainly directed towards relieving

the worker from manual work and in making him the leader of

machinery which does the actual work. As the most highly

developed example, consider a modern power station, where the

work of the men is almost completely reduced to the observation

of measuring instruments and the moving of certain levers and

switches. (In order to avoid misunderstanding, it may be

expressly pointed out that this has increased rather than lowered

the importance of the man's work.) Or consideration may be given
to the high-production technique developed, for example, in

Henry Ford's factories, where the equipment of the shops,

especially the transport system, determines the speed of the work,
and therefore rules out any other wage system. In addition, the

fixed hourly rate is used in other industries where the nature of

the work forbids or makes it impossible to predetermine a certain

time for a given job. This is largely the case for repair work, where,
too often, during the work itself, unforeseen jobs must be carried

out, and the interests of the firm are best served when the men are

not unnecessarily hurried in making a thorough and good repair.
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111 such cases it is generally uneconomical to give the men a

special incentive to speed up repair work : the machines which
have to be repaired, either after a breakdown or in the form of

the periodical overhauling, are usually so valuable that a longer

time, and therefore more costly repair, does not count if thereby a

real improvement in the state of the machine is reached or the

danger of a repeated and perhaps more serious breakdown is

avoided. The same applies in the case ofwork which needs special

care or attention, as, for instance, inspection work and the

making of tools, jigs, gauges, etc. It would be foolish to endanger
the result of work, perhaps many times as costly, by hurrying
the inspection and thus saving a small part of its costs. Further,
in modern industrial works, the work of one shop or department is

frequently so dependent on that of another that this very fact

provides the men with an incentive to repair the machine in

question, or to deliver the necessary tool or gauge, etc., as quickly
as possible, as they know that their colleagues are waiting for it

and will perhaps experience losses if undue delay of the necessary

repair occurs.

It cannot be denied, however, that our demands A2, A3, and B3
are not fulfilled, and that the nature of the fixed hourly rate

system does make it nearly impossible to fulfil them. As these

are very important demands, it is only natural that efforts to

overcome these difficulties should have been made by another

wage system. That may be the origin of the piece-rate system.
2. The Piece-rate System. A closer connection between the

amount of payment and the amount and quality of work done is

required, on the one hand, because it seems to be fair, on the other

hand, because it is important, sometimes even vital for the

management to know beforehand the actual costs of a job.

Again, let us remember that we are dealing with the problem
from a practical point of view. We are well aware that a certain

school of thought, the purely socialistic one, declines this connec-

tion between wage and work but to treat this problem is outside

of the scope of this book.

This demand that the wage paid and the amount and quality
of work done should be proportionate to one another is perhaps
one of the most difficult to fulfil in industrial practice. The most

experienced specialists agree that this problem is by no means

completely solved or that it can be solved under our present
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knowledge ofhuman physiology or psychology. But that does not

relieve us from the obligation to attempt its solution as far as

possible. The difficulties involved in, and the imperfections
connected with, applying this idea in practical cases may perhaps
best be understood by considering how this problem has been

treated in the course of time.

Originally the foreman of a shop was asked to fix a piece-work
rate for a certain job. He "

guessed," according to his experience,
how long a man would take to do it, perhaps thirty minutes, and
as this man earned on the average 2s. per hour, he fixed the

piece-work price at Is. The man, of course, contradicted and

explained that he needed fifty minutes, and after a certain

discussion they agreed on forty minutes, and the piece-work price
was fixed at Is. 4d. It is from this imperfect method of rate-fixing
that this wage system is sometimes termed "

accord system."
Our example is certainly crude, and in this form may not

occur in practice to-day, but if one goes to the root of the method

applied, this kind of guesswork is more prevalent than is imagined,

although it is veiled in one way or another, and therefore not so

obvious to the critical observer. But why do we condemn this

method so sharply ? Experience shows that seldom is pure

guessing correct. Either the price obtained is too low and trouble

is encountered with the man, who cannot earn the money he

believes himself entitled to ;
or the price is too high and the man

earns more than the foreman expected. The latter protects
himself by cutting down the price, one of the most objectionable

procedures in the system, because it destroys the confidence of

the men in the management, as any breach of promise is bound
to do

;
or the man, who has learned his lesson by former price-

cutting, slows up his work in order to earn just as much, or only
a little more, as has been expected. Both parties, management
and men, suffer a loss.

Perhaps there are some piece-work prices in the shop which
are too high, and some which are too low, in the sense explained
above

;
it is possible, however, and indeed usual, to draw a veil

over the whole procedure by mixing these
"
good

" and " bad "

piece-work prices to use the normal workshop expressions in

such a manner that the mistakes made do not come to light.

Even the foreman sometimes favours this proceeding, either

because he fears the objections of his superintendent for fixing
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wrong prices, or because he wants to avoid trouble with the

men.
It may perhaps be said that the actual conditions in practice

were not so bad as described ; but whoever has occasion to

investigate various industrial works, or to discuss this matter

with colleagues in other undertakings, knows very well that

though such conditions have perhaps ceased to operate in the

factory of any individual reader of these lines, they are, neverthe-

less, often customary, he may believe, in other works. Certainly,

however, it should be clear that such piece-work prices do not

fulfil our stipulated demands : they neither give in advance a

true picture of what a job will cost, or, better, should cost, nor

are they really, or at least approximately, proportionate to the

amount or quality of the work to be done.

In order to avoid the mistakes explained above, it is primarily

necessary to entrust the difficult work of piece-rate fixing to a

man who can devote to this job more time and thought than the

busy foreman can afford. This step is taken frequently, and the
"
rate -fixer

"
has made his appearance in industrial works.

Unfortunately, it is sometimes believed that that is enough, a

belief which is definitely wrong. If this man works according to

the old method, no improvement takes place ; very often indeed

there is deterioration, as his connection with the shop is not so

close as that of the foreman. Much more important is that he

should use different methods of rate-fixing, such as estimation

based on careful works analysis ;
calculation where it is possible

i.e., where the working time is governed by machine and not

by hand-work ;
work and time studies on equal or similar work

in the shops themselves ; comparative and statistical methods

by means of tables and graphs ;
all closely adapted to the present

working conditions or those that can be expected in the future,

when proposed alteration or further development has taken place.

It is not possible here to consider in detail this important

work, of which mention has so far only been made from one point
of view

;
the reader seeking more enlightenment must be referred

to the extensive special literature on this
"
science," which has

been developed during recent years. Attention should be drawn,

however, to one point : it is not a
"
science

"
in the accepted

sense of the word, for there are too many basic facts still insuffi-

ciently investigated, and too many empiric values must be used
;
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but it can be stated that sufficient is known to develop in practice
methods which avoid many of the mistakes of the old method of

rate-fixing and which give sufficiently fair figures for the working
times of various jobs.

Up till now we have been concerned with the determination

of time
;

there is a second and not less intricate problem, the

transition from time to money which remains to be made.

This seems to be so simple, in view of the various agreements
with the men's organisations. For nearly all the various positions
of the workmen in each trade hourly rates are fixed, and a special

clause makes it clear that if the work is carried out against a

piece-work price, the men are entitled to 25%, 30%, or 33%, etc.,

in excess of the earnings on a fixed hourly basis. In such cases

it is only necessary to increase accordingly, and the desired money
factor is found with which the working time must be multiplied
to obtain the right piece-work price. This is the usual way and

may be the best way under present conditions.

The author would like to point out, however, that injustice and

unfairness can easily creep in, and for the time being perhaps it

cannot be avoided ;
it may be desirable therefore to give this point

more detailed consideration. The social conditions between em-

ployers and employees have often been so developed that the agree-
ments previously mentioned are considered from the one side as a

maximum and from the other as a minimum of the demands of

payment ; and they have thereby obtained an inflexibility which

makes it nearly impossible to take into account the variations of

difficulty between jobs belonging to the same heading of the

agreement. Various methods of avoiding this difficulty have

been applied in practice which, being outside the scope of this

book, cannot be discussed here in detail, but they have been

applied sporadically, and a more systematic treatment of this

problem seems to be worth while. Certainly it will take much
time and work before the basic facts are clear and before their

practical application will be possible ;
these short hints, therefore,

may only be considered as attempts to draw attention to a

problem which is often completely overlooked. That seems the

more important, as these remarks also apply to the fixed hourly
rate system.
One point, however, must be emphasised before leaving the

piece-work wage system. After a piece-work price is fixed in the
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manner previously explained, it should be changed only when an
actual error has been made, and then only after it has been openly
discussed with the men and agreement is obtained, or when a

clear change of the working conditions has taken place and the

basic factors of the fixed price have been altered. The bad
method of

"
price-cutting

"
must disappear to preserve good

relations. Only when this rule is strictly followed and the men
have the confidence that they will be treated fairly, is it possible
to prevent that unpleasant behaviour of the men, which produc-
tion engineers know only too well as slowing down working

capacity, a kind of passive resistance, which men use as a weapon
against unfair treatment. In such a case the men no longer
work as they can, but as they are expected, to work by the rate-fixer,

and an equalisation of the hourly earnings takes place, which

nearly wipes out the differences between the skilful, the average,
and the weak worker, with the result that the level of piece-work

prices is lowered more and more to the capacity of the last one.

The author has known cases where this phenomenon has lowered

the output of the works 20% and more, under the possible output,
thus endangering the very economy of the whole concern.

This brief explanation may be sufficient to show that the

problem of fair piece-work wages, even when it can be solved

satisfactorily, is by no means an easy one : it needs a firm but

just mind, trained technically, economically, and psychologically ;

it needs patience to introduce it in replacement perhaps of an

out-dated system ;
and constant attention where it is already

iu use
;

for with changing working conditions and they will

never be constant in a really up-to-date works prices must

change correspondingly.

Finally, it should not be forgotten that this piece-work wage
system should be connected with a guarantee of a minimum

wage, usually the hourly rate, fixed by agreement i.e., perhaps

75% to 80% of the hourly earning in piece-work a fair protection

for the men against circumstances which may arise through no

fault of theirs. When a man is not capable of increasing his

earnings above this minimum level, say, during two or three wage

periods, he should be removed to another more suitable workplace;

but another man who can and does earn more than the expected

average the excess may be as big as possible must not be

disturbed under any circumstances.
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3. Other Wage Systems. The difficulties of building up,

introducing, and maintaining a fair piece-work system, and also

the wish to have in the wage system some incentive, as is un

doubtedly contained in piece-work prices, have led to many
other systems, known as payment by result, premium, bonus,

incentive, etc., and much has been written about their relative

merits. The author had many opportunities of studying these

systems, both theoretically and in practice, but as a definite

solution could not recommend any of them ; only in rare cases

did he use them as a temporary or additional measure.

They are too complicated when calculating the earnings of

the men
; they are too difficult to be easily understood by the

men, and therefore the suspicion of the men is likely to arise
;

they render more difficult the estimating of costs
;
and they

are unfair either to the men or to the works. In nearly all cases

they consist in the distribution of earnings, in excess of the level

which had been expected, between the men and the firm, whereas

in the piece-work system this excess is given entirely to the

worker whose higher efforts have produced it. The works receive

their share by the increased output and the correspondingly
lowered overhead costs, and are not entitled to obtain a second

part at the cost of the men. Where, however, such a wage system
is built up with the idea of increasing the excess of earning above

the average, which is not proportional to the increase of output
as with the piece-work system, but a rapidly increasing proportion,
either the worker is over-exerted, the plant is worked too hard, or,

mostly, both occur and a breakdown is invariably the result.

These are the reasons why, in principle, the author is against
all these systems ;

he has known many cases where they have

been introduced with great enthusiasm and hopes, but had to be

abandoned after a long or short trial, leaving both the manage-
ment and men disappointed, and a situation giving more trouble

than that experienced if the original scheme would have been

maintained. It would not be surprising if some readers could give

examples of an opposite nature, but special circumstances may
have been the reason, as, for instance, a change from an incorrectly
built up and badly applied piece-work system, when it was
intended to avoid some of the former mistakes.

Under these circumstances, the author does not intend to

consider these premium systems in greater detail, but the
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accompanying illustration, Fig. 15, shows the principles of the
various systems which it is hoped will be understood without
further explanation.

700 r&37o 200

Hourly Output, m %.

(Output with average performance taken as 133J% according to agreement)

Line A-A represents the fixed hourly rate system.

Line A-I3-C-D represents the piece-rate system with a minimum wage = fixed

hourly rate.

Line A-B-E represents a premium system, the men and the works sharing the
excess of earning for example, X-Y = share of the men ; Y-Z = share of the
works.

Line A-B-F represents a premium system with an excess of earning increasing
quicker than the output.

FIG. 15. Showing the principles of various wage systems.

B. APPLICATION OF WAGE SYSTEMS IN IRON
AND STEEL WORKS

1. Tonnage as Measure. One kind of
"
payment by results

"

is noteworthy, and to which the readers' attention may be directed

because this system is so often found in metallurgical works,

despite the fact that a short consideration shows it does not

satisfy the simplest demands which must be made to a system

pretending to be a payment by result i.e., the tonnage bonus.
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If the expression,
"
payment by result," is a logical one, it can

only mean that somebody, in this case the workman, is paid

according to the result obtained by his work
;
and the piece-work

system, as explained above, is a real payment by result. But the

produced ton is only a correct measure of the work done in rare

cases i.e., if real mass production without change of quality,

dimension, production method, etc., takes place. In all other

cases a ton of one class is not equal to a ton of another and
therefore the ton cannot be a fair measure of the work of the

men. Moreover, the workers have not the slightest influence as

to which class of product has to be produced ; perhaps in one week
the products to be delivered involve increased work and increased

time in consequence ; the earnings in this week will be lower. Of

course, in another week the reverse may occur and the earnings
exceed the average, and in the long run it will be equalised ;

but

there are these fluctuations which irritate the workman with his

small budget, and create, perhaps unconsciously, an ill-feeling,

because he knows that he has done his job properly week after

week in the same manner.

Of course* everyone knows and appreciates these facts
;

but

how often are they overlooked in daily practice ? The mill

manager asks the foreman why the mill has produced only 420

tons this week, against an average of 500 tons during last year.

The workmen ponder on Friday morning that more than one and
a half days' work are necessary during the running week to reach
"
their earnings." The salesman and the controlling cost accoun-

tant grumble that again the mill has not done its duty during
the past week, because it has not done its average tonnage, etc.

That of course is all wrong, and everybody agrees that it is
;

but the habit has grown to such an extent that it can rightly be

spoken of as an illness of the mind, a
"
ton-psychosis," and it

seems to be opportune, under present working conditions involv-

ing stronger competition and more strained labour relations with

the greater necessity for control of economy, to dispense with this

thoughtless method ofexpression. The author does not exaggerate

by stating that much greater success will result from a saner

method ofmeasuring, or at least the adoption of the best possible

one. It would clear the whole atmosphere in the works and

remove the reasons of much misunderstanding and heated

discussions between the persons concerned, and the methods of
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planning and progressing, of costing and controlling, would be

simpler and cheaper.
What are the methods of measurement which could be used

instead of the actual weight expressed in tons ? There is, first of

all, the working time, secondly, an "
equivalent ton," a term which

will be explained later, and thirdly, a combination of both.

2. Working Time as Measure. We need only study the

interesting report of the Rolling Mill Committee of the Iron and
Steel Industrial Research Council, as published by the Iron and
Steel Institute,

1 from which we will see how great the difference

is when using time instead of tonnage as measure. The table in

Fig. 16 of cogging times of three different types of ingots is taken

at random from pp. 44, 45 and 46 of this report.

Size of Weight of Rolling
Type of blooms ingots, times,
ingot in in. Tons. Cwt. Sees. orMins.

W.P. . . 7f X 7| . . 2 7 . . 174 = 2-9

Sj . . 10 X 4] . . 3 2 . . 276 = 4-6

X . . 10 x 4f . . 2 5 . . 210 = 3-5

B! . . 6x5 . . 3 2 . . 318 = 5-3

X . . 6x5 . . 2 5 . . 252-4-2
Sj . . 3i X 3i . . 3 2 . . 540 - 9-0

FIG. 10. Cogging times of three different types of ingots.

A cogging performance card from p. 50 of the report is shown
in Fig. 17. It indicates how these figures are used for building

up a report from which the efficiency of the shift can be seen.

Of course, this report could also be made out using tonnage

figures instead of time, and considering it separated from reports
of other shifts, no advantage seems to be evident by the one

method against the other. Assuming, however, that the mill had
to roll, instead of the mixed programme as indicated by Fig. 16,

105 ingots, type W.P., 7| in. X 7f in., on the one hand, and
34 ingots, type S

1?
3 in. X 3 in., on the other hand, the total

standard cogging times would be nearly the same in all three

cases as 105 x 2-9 = 34 x 9*0 approximately 305 minutes.

Obviously, the performances of the three shifts would be equal

too, but the outputs would differ very much :

Tons

1. 105 ingots, W.P. 7 in. X 7f in., each 2-35 tons = 247

2. Performance according to Fig. 17 -- 195-9

3. 34 ingots, S t 3 in. X 3 in., each 3-1 tons = 106

1 Seo extract below, pp. 130 to 134.
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It will be agreed that these output figures are greatly misleading
in judging the mill work, and even if it must be admitted that we
have selected extreme cases and that the differences will not

usually be so great in practice, these cases are by no means

impossible.
What would be the result if these output figures were made

the basis of future consideration ? In planning beforehand the

possible output of the mill according to average figures, perhaps

represented by the performance card (Fig. 17), it will be noted

that case 1 would take over ten instead of eight working hours,

and case 3 only four and half hours. If these three shifts were

worked one after another during one day in the morning, afternoon,

and night, and a tonnage bonus was paid separately to each shift,

the morning shift would earn 26% more, and the night shift 45%
less than the average represented by the afternoon shift. And

yet the performance of all three shifts is nearly equal, showing
that the men have worked with the same efficiency in each. But

wrong results would also be shown in calculating the costs per
ton if based on the output figures alone.

Of course, this difficulty is quite well known in many works,
and methods are used to overcome it, either by pooling the

earnings of the three shifts, or by paying an hourly fixed rate to

the men, and in addition a correspondingly smaller bonus

per ton, thus making the unfair manner of payment less

obvious.

But why make this procedure so complicated if a simple way,
clear to all concerned, is so obvious i.e., using the rolling times,

determined by proper time studies or any statistical method, as

basic figures for planning, payment of wages and costing purposes?
The men, especially, will soon recognise the fairness of this

method, and be grateful for preventing fluctuations of their

earnings associated with the old method, fluctuations not due to

their working efficiency, but mostly caused by circumstances

outside their influence, especially, for instance, the composition of

the mill programme.
The author would not like to conclude this example, however,

without raising the question : Is this kind of work, the team work

at one of the big rolling mills, really that sort of work which one

has to consider as a proper job for any method of payment by
result ? It should be considered that the mill itself is, to a great
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extent, the governing factor of the output, that, as already

mentioned, the composition of the mill programme has a great

influence, that the nature of the work calls for a strong supervision,

and therefore, as far as possible, for the avoidance of delays. Is

this not one of the cases, mentioned before, where a return to

a fairly fixed hourly rate would be the right way, removing many
reasons for unpleasant discussions with the men, and what is

often forgotten much clerical work ?

There may be reasons for keeping to the present custom
; but,

if that is the case, the step from the unfortunate tonnage bonus

to a fair piece-work rate based on time should be taken under

all circumstances.

The example of the rolling mill is used, because it is one where

the advantages of the above principles can easily be explained,
but it may be pointed out that similar considerations also apply
to furnaces of any kind, to many apparatus in chemical factories,

to some machine tools, etc.

3. The "
Equivalent Ton "

as Measure. Sometimes it seems

to be useful to keep to the habitual expression of tonnage as a

measure of output, etc. Then it is necessary to modify at least

the pure weight-ton in such a manner that the different kinds of

tons produced i.e., the tons of different value, can be added up
without obvious mistake. One special kind of produced tonnage
is taken as a basic figure, perhaps that kind, whose output used

to be the greatest. The special properties of this kind of tonnage
are carefully investigated in so far as they determine the value

of a ton, the same is done with all other kinds of tons produced,
and the figures of the individual properties are put into relation

to each other, thus building up some factors, which allow the

reduction of the value of each kind of ton to that of the basic ton,

which is called
"
standard ton

"
or

"
equivalent ton."

The author would prefer the second term, as the word
"
standard

" has obtained a special meaning in its association with

the work of the British Standard Institution, a meaning which

indicates the importance of the standard product for a whole

branch of industry, whereas we have to deal in this case

with something important only for the individual works in

question.
This working with equivalent figures is mainly used for costing

purposes, but there is no question that it is also useful when
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projecting a now layout for a workshop or changing the old one,

when planning the possible output, etc.

How this method is used may be shown by two examples taken

from actual practice. The first refers to a constructional depart-
ment of a big iron and steel concern. The production programme
of this department was very variable

;
it changed between light

constructions e.g., light-posts where the wages formed a com-

paratively high percentage of the total costs, and very heavy
constructions, as, for example, big river bridges. Careful statistics

over rather a long period showed that it would be useful and suffi-

cient to divide the total products into six classes, according to the

different influence of the wages to the total costs per ton. Taking
the share of the wages in the Class I, with the lowest share equal
to 100, those of the other five classes could be fixed with sufficient

accuracy to always one -fifth more of the total difference between

Class I and Class VI i.e., to 116-6, 133-3, 150-0, 166-6, and 183-3.

If, therefore, in an individual month the actual output in tons for

each class was known, and Class I had been selected as basis

i.e., formed by
"
equivalent tons," the total output in equivalent

tons could be determined easily as follows :

Actual

output Equivalent Equivalent
in ton figure output

Class I .. .. 110-4 .. 100 .. 1104
Class II . . . . 279-3 . . 116-6 . . 325-7

Class III .. .. 336-4 .. 133-3 .. 448-4

Class IV .. . . 356-7 . . 150-0 . . 535-0

Class V .. .. 218-1 .. 166-6 .. 363-4

Class VI .. . . 178-6 .. 183-3 .. 327-4

Total .. .. 1,479-5 .. 2,110-3

Fig. 18 shows the result of this method of consideration during
a period of twenty-one months, and the advantages of the method

may easily be recognised. Whereas Curve 1, the material actually

despatched, shows fluctuations which are partly inexplicable, the

trend of Curve 2, representing the output in equivalent tons, is

more steady ;
but that this second curve is really a better

representation of the actual work of the shops can clearly be seen

in comparing Curve 3 and Curve 4, showing the working time per

despatched and equivalent ton. It is regrettable that reproduc-
tion on a necessarily small scale cannot give clearly enough the
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fluctuations of Curve 4
;
as a matter of fact in the original they

indicate the improvement of the economy of the works at the end

of this investigation, due partly to the higher output and partly

to improvements in the shops based on observations during this

investigation ;
this was carried out with the purpose of decreasing

the transport costs and was very successful.

FIG. 18. Output of the shop.

The second example of the use of equivalent figures is taken

from an investigation in a factory of iron barrels also connected

with a big iron and steel works. In this case the problem was

more complicated in so far as the more superficial treatment of

classification as used in the first example would not have brought

sufficiently accurate figures of comparison. On the other hand,
it was fortunate that when starting the investigation equivalent

figures had already been in use four years, and therefore sufficient

figures of comparison were at hand to build up diagram Fig. 19,

from which all necessary basic figures can be taken. As may be

seen, seven different constructions of barrels were produced, and

for each construction barrels of various volumes.

For comparison purposes again, the value of the necessary
labour was taken, expressed in working minutes as determined

by time studies for fixing fair piece-work prices ;
but not an
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actually produced barrel was used as a basis. In this case an
"
ideal barrel

" was selected, using sixty working minutes, as in

this way the basis will be constant, even if the working conditions

of the
"
equivalent barrel

"
change and therefore the possibility

of comparison over longer periods will be maintained. This

equivalent could be used for the determination of a manning plan

5-0

4-S

I"
2-0

0-5

Labour 1/a/ue of the

fquiva/ent Barrc/*/-0

/OO 200 300 400 500 600 700 600
Vo/umes measured'//? Cubfc -decimetres

SOO

FIG. 19. Labour values of different classes of barrels plotted
against volumes.

separately in eight different shops occupied with barrel production,
for fixing correct dates of delivery, for daily control of output and

production, and for building up production costs.

Finally, it may be mentioned that a third example for using

working time as a measure and a basis of fair piece-work prices
on the one hand, for applying equivalent figures for costing

purposes on the other hand, taken from a wire rod mill plant, is

published in detail in
" The New Management/' pp. 166 to 218.

B.C.
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All three investigations were carried out in large iron and steel

works and published under the personal responsibility of the

author.

4. Piece-work Wages at the Finishing Bank. It is usual in

metallurgical works that the
"
hot

"
part of production, the

melting shop, the hot rolling mill, etc., is succeeded by a "
cold

"

part, mostly called a finishing bank. (These workshop terms

may not always be correct
;

for in some cases, as, for example,
in special steel works, hot processes, such as annealing, normalis-

ing, etc., are included in the work of the finishing bank.) Generally

speaking, it is the job of the finishing bank to remove, as far as

possible, certain defects of the material coming from the hot

departments by annealing, chipping, pickling, straightening, etc.,

to put additional work into the material, according to the

customer's orders, by sawing, shearing, or breaking to certain

lengths, by milling or slotting, punching holes, etc., and to prepare
the material for dispatch by carting, packing, bundling, etc.

Here is the proper field of the piece-work wage system, but it is

only too often here that old-fashioned methods of rate fixing are

found, where the tonnage bonus system particularly exercises its

fatal influence, since it is only in rare cases that the weight is one

of the governing factors of the work, as, for example, with

annealing. Usually the lengths, the cross-section, the quality of

the material, the number of pieces ordered, etc., are much more

important. Of course it is a much more difficult job, taking time

and meditation, to consider all these various circumstances, but

it is a job worth while doing, not only because it leads to fair

piece-work prices which the old method will never do but

because it clears the actual working conditions at the finishing

bank to an extent unequalled before, thus inducing improvements
of layout, procedure, and organisation.

It is not possible here to give an extensive guide as to how
this job should be done, especially as the circumstances vary very
much from works to works, but some hints and an example may
help.

As a rule, it is necessary to differentiate between setting time,

main time, and lost time when calculating the total working time,

and to consider each of these times separately in order to find

the governing factors. Thus, for example, Fig. 20 shows the

time in minutes per piece for straightening a certain section by a
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roller-straightening machine, plotted against the length of the

piece. This time is T = t8 + r x L, ts
= setting time per piece,

L = length of the piece, and r = the incline of the straight line

which has been found by time studies for various lengths, the

figures at the points showing the number of investigations on
which these points for the various lengths are based. For Z
pieces with a total length of y feet, the total working time will be

time per foot x y + time per piece x Z. The incline will be

456789
L -

Length, m Metres.
to

FIG. 20. Time T for the straightening of section X on a
roller-straightening machine : T = L X r -f t9 min./piece.

nearly the same for similar sections i.e., parallel lines will result,

but will differ for different sections. It is suggested that unavoid-

able lost time is included in the basic figures for tg and r.

Often, however, it is necessary to repeat the straightening as

performed at the roller-straightening machine, under a separate

press, because the former does not work accurately enough, in

which case a similar calculation must be made for this second

straightening. As the costs for this press work are much higher,
it is advantageous to give an incentive to the men to increase

the accurateness of the roller straightening as far as they can.

This can be done by determining how much of the roller-

straightened material, measured in per cent, of the total, usually
has to be straightened afterwards under the press, and to pay an
increased rate for each per cent, saved in the actual press

straightening. Both parts, the men as well as the works, will thus

share in the profit.

H 2
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Even when the fair piece-work prices are determined there are

some difficulties of organisation which must be overcome if they
are to be applied according to the actual working conditions.

Of these only two may be mentioned.

The first is to separate the material according to the orders to

which they belong. The billets, rounds, slabs, plates, etc., may
have different dimensions

;
then a division is easy ; they may

have different qualities ;
then a division can and must be made,

corresponding inscriptions either by painting or stamping, and

if multiples of lengths are cut into pieces care must be taken

that these inscriptions are repeated on each single piece. It may
be that exactly the same products of similar dimensions and

quality are required for different orders, and those inscriptions

have to be added according to the orders. Experience has shown
this to be possible throughout, but the workers often falsely

regard it as
"
red tape," designed to reduce the actual work for

which they are paid, and it needs strong supervision and the

conviction of the men that this marking is part of their work,
and the time necessary is calculated in the piece-work price. It is

doubtful whether this work of marking should be given to a

special marking gang as then mistakes may creep in more easily ;

in such a case the division of labour seems to be exaggerated.
The second difficulty arises if one is forced to insert work

against a fixed hourly rate between piece-work from time to time.

This cannot always be avoided, whether it is the work of rolling

mills or machine tools on the finishing bank. It is only natural

that there is a tendency to increase the time of day-work on the

records against that which is actually worked, although that is

strictly speaking a fraudulent measure. The organisation should

take care to avoid this by always handing out to the men only one

order at a time. That, of course, is easier said than done, but

no other known method ensures a real coincidence between work
and records and checks the fairness of piece-work rates simul-

taneously.

C. SUMMARY

To develop a wage system in an industrial works as fair as

possible in present economical conditions is of such importance for

the co-operation of employees and employers that it may be

justifiable to summarise in the following conclusions the main
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contents of the previous discussion. Thereby it may be empha-
sised that they are the result of the author's personal experience,
but that they cannot be considered as a common standard, but

rather as a compromise developed in view of the many difficulties

connected with this delicate problem in practice.

(
1

)
The system of labour payment and the building up ofweekly

wages should be as simple as possible so that even the least

educated workman is able to understand how the sum in his wage
packet is made up.

Many existing agreements between employers and

employees may have been very clear and simple when first

put on paper, but changes and additions have been made
in the course of time which often make the understanding
arid the application of these documents very difficult. Cases

are known where in big factories even the specialists in the

wages office did not completely agree about the meaning of

this or that sentence. Where that is the case a new working

through the agreement and rewriting in plain language is

recommended. This opportunity should be used to form

all instructions so as to keep the clerical work in the wage
office as simple as possible.

(2) Only the two wage systems of fixed rates and of piece-work
rates can bo proposed generally, a premium or bonus being
allowed perhaps in addition to one of the first two systems as

remuneration for avoiding rejects, saving material, etc.

The payment of human labour by the (hourly, weekly,

monthly) fixed rate as at present used only where payment
by results is either impossible or cannot be recommended

owing to the nature of the work, can be considered as ideal.

It should be the endeavour of all concerned to increase the

sphere of fixed hourly rates by the technical development
of the plants as much as possible ; piece-work wages should

be considered only as a substitute made necessary by
imperfections of human nature to bo used where an incentive

is unavoidable because the plant itself is either not yet fully

automatic or is not yet built up in such a manner that the

speed of the work is almost independent of the human
element, as is the case with work in an up-to-date power
station and work on a continuous belt.
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Premium and bonus systems should not be used as funda-

mental wage systems as they must be considered as attempts
at withholding from the workman a part of the wages he

should obtain as a result of his doing better work than

expected on an average.

(3) The fixing of rates per hour either for direct payment of

wages according to the fixed hourly rate system, or as basis for

the calculation of piece-work prices should in principle be part
of the agreement between employers' federations and trade

unions, the heated discussions of this matter thus being kept

away from the workshop once and for all.

Where, owing to the peculiarities of the work in the works

concerned, an elaboration of these rates in greater detail is

necessary that could not be expediently included in the general

agreement, special arrangements should be made between

the two parties based on the figures of the general agreement
as minimum rates.

(4) When using the piece-work system an hourly rate should be

fixed as minimum payment in case the man would not earn with

or without his fault even this fixed rate, which is best settled in

the general agreement as a certain percentage of the average

earnings for the same work when working in fixed hourly rate.

It is due to the nature of the piece-work system that the

earnings of the men are subjected to some fluctuations, but

the workman not being usually in a position to collect

sufficient reserves must be protected against breakdown on

account of bad luck or mistake by the guarantee of a

minimum income. On the other hand, the employer must
have the right to change the work place of a man or even to

dismiss a man who is working in piece-work and, owing to

his own fault, does not earn the minimum rate for some

periods following each other.

(5) Piece-work prices once fixed and agreed upon should not be

changed without express consent of the men as long as the

methods of production have been practically unchanged.

The unfair
"
cutting of prices

" must be avoided in all

circumstances. It cannot be considered as anything else but
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a breach of promise ;
and the bad results of this method

as the main obstacle to a real spirit of co-operation are well

known. On the other hand : If the workmen are thus

protected against any other upper limit of their earnings but

their own ability and industry, a complete cessation should

be expected of that holding back of labour which can

unfortunately be observed so often in industrial works and
which is incompatible with the true spirit of co-operation.

(6) Fixing of piece-work prices is not a bargain between

foreman and workman, but the careful determining of the time the

job in question needs in the given conditions of work when

applying average skill and eagerness. All methods known at

present as suitable for the determination of these times, especially

work and time studies, should be allowed and applied in the shops
and should find the eager support of the workmen.

It is true that these methods have been used in some cases

in a manner detrimental to the workers : but is there any
method which could not and has not been abused and does

that speak against the method itself ? There are at least

as many if not more examples of the contrary effect, and the

workmen have so many means of enforcing a fair application
that by now the antagonism of the workers against these

modern methods of determination of fair piece-work prices

begins to be ludicrous.

There are already many workmen who recognise that

flatly and it is time that the trade unions follow and convert

their fight against time studies into an assistance for

introducing and applying them in a correct manner.

D. THE CONTROL OF WAGES
1. General Considerations. When dealing with the problem of

wage-booking it is not intended to describe one or several of those

many
"
systems

" which are perhaps developed with great care

for a special case, and often advocated by their originators as the

universal remedy for any works in any kind of industry. We are

here concerned only with the principles according to which the

problem of wage-booking should be solved
;
and where examples

are given, they have to be taken as such i.e., illustrating an

idea, not as instructions that would be applicable in all cases.
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Before going into details, the need for economy of effort may
be emphasised. The wage office is dealing with ready cash, and
it is obvious that its work must be carried out with utmost care

and accuracy. This certainly correct point of view, however,
seems to tend only too easily to

"
over-organisation," in so far

as one and the same process or fact is booked in two different

ways. That, of course, results in a double checking, but represents

unnecessary work, for one method could have been used and with

reasonable care would prevent mistakes. It should not be

forgotten that the principle of economy governs the problem of

wage-booking too. It is therefore necessary, before organising
the work of wage-booking, to review the situation, and to

eliminate all statements and statistics which are not necessary.

Admittedly, problems may arise in special cases which need a

more than usually detailed study of the vouchers coming from the

shops, and these must be filed in a manner easy for reference after

use for the main purposes of wage-booking. Care must be taken

that such special studies do not lead to a new series of statistics

which may not be used afterwards
;
for this is one of the directions

in which "
over organisation

"
starts.

The booking of wages can be divided into two parts : the

booking of wages in the shops, and the treatment of the various

vouchers coming from the shops into the wage office. It is sur-

prising to see that generally, in practice as well as in literature, the

second part is dealt with more carefully than the first one. And

yet it cannot be denied that the former is the basis of the latter,

and that no subsequent accuracy can correct any mistake made in

the earlier stage. It should therefore be the duty of any organiser
to give the utmost attention to this first booking in the shops.

Why that is so often overlooked will always be a puzzle ; perhaps
the reason is that the greater difficulties arise here and that

human nature tends to take the line of least resistance. We will

not make this mistake, and will attempt to find out which demands
have to be fulfilled by this initial booking in the shops.

Because a truth should be obvious, it is still worth mentioning ;

and yet it must be emphasised that it is just these apparently
small and self-evident matters which, if neglected, cause great
trouble later on.

(1) No work whatever should be carried out by any workman
for which a written order is not at hand or, in emergency cases,
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made out during or immediately after the work. There are many
cases in practice where this demand looks like

"
red tape," and

workmen as well as foremen are only too easily inclined to look at

it from this point of view. That does not matter. This condition

must be maintained rigidly, or one may lose all necessary survey
of what is actually going on in the works, and control will be

incomplete. A second question is : who shall make out this

written order, and how he shall do ijb ? Various ways are possible,

and it will depend entirely on the special organisation of the

works as to which shall be used. We are not concerned here with

any special
"
system," but with basic requirements, and will

therefore give no answer, but must mention that the very person
who is often entrusted with this work is the wrong one i.e., the

foreman. He is the supervisor of the work and of the workmen
in the shop, and not a clerk

;
and any clerical work which he has

to do keeps him in his cabin and away from his proper job. This

rule should be put aside only in emergency cases.

(2) Carefully prepared printed forms should be provided for

these orders and for the vouchers of the work done often the

same form can be used for both purposes not only in order to

diminish the writing work, but especially to guarantee that no

important note be forgotten which may be necessary for later

identification of the work. What, then, remains to be written

into these forms should not be done by the workmen themselves,

as is so often the case. The reason for this rule is not distrust of

the honesty of the men, but the fact that they are not clerks,

but workers
; they are not accustomed to this job, and those who

are best on the machines and at the bench are often poor

writers, and their time is too expensive. It pays very often

to have a special clerk doing this work better, and in shorter

time.

(3) In organising this kind of work, care must be taken first

of all of the demands of production control i.e., it must be easy
for the foreman or the departmental manager to obtain from these

papers a survey of the work of an individual, or a group of men,

during a certain period, or for any special job. These papers must

be filed for possible reference later, in case of any complaint, or

for statistical purposes. Only after these demands are fulfilled

can the wishes of the wages office, of the costing department, etc.,

be taken into consideration.



106 ECONOMIC CONTROL OF IRON AND STEEL WORKS

2. The First Booking of Wages. As already mentioned, many
and ingenious

"
systems

"
are developed and described in litera-

ture how these vouchers for wages should be carried out and
used in the shops, etc. Almost each type has its advantages
and disadvantages, and the best organisation is that which
is sufficiently flexible to be able to use in each shop that

form which is most suitable for its particular kind of working.
Ardent advocates of the modern trend of booking each fact

on a separate slip of paper or card may be astonished to

hear that the author is, in this sense, defending for some cases

the
"
good old

"
diary of the individual workman, of course not

kept by him, but by the above-mentioned clerk. It gives, for

example, in repair shops a survey of the work of a fitter sometimes

working on this, sometimes on that plant, as no slip-system can

offer without special work. That may be of such advantage to

the supervising engineer that the disadvantages of the diary-

system could be disregarded.

Fig. 21 gives an example of a wage ticket which has been used

in this form in a factory for various products for hourly fixed rate

as well as piece-work wages. It may illustrate the various

circumstances which must be considered in order to give all

necessary details if, for example, the form would be used at a

finishing bank of a rolling mill or in a machine shop of a big

metallurgical works. There an individual work-piece has to

undergo various operations one after another, and for each of

these operations a special wage ticket is necessary, differing from

the previous only in certain details. These wage tickets can be

clipped together in the form of a booklet and accompany the

material from one operation to the other, that ticket being torn

out of the booklet which represents the operation just carried out.

In this case the wage tickets identify to a certain extent the

material already distinguished by stamping or painting, as

explained before.

It may be emphasised that in each case for work at a fixed

hourly rate as well as for piece-work, the time actually taken

should be entered on the wage ticket. That is necessary for

costing purposes in case of work at hourly rate, and also for

checking the piece-work prices on piece-work. The reverse of the

wage ticket, as shown in Fig. 21, is used for this purpose, the

carrying out of which is not so easy as may appear at first glance.



THE WAGE ACCOUNT 107

I

"* ^

X

^ ^

X

<sr <*

it

!

-5T-



108 ECONOMIC CONTROL OF IRON AND STEBL WORKS

There is certainly a tendency for the men to obstruct this measure,
and even the management sometimes declares it to be superfluous.
The objection of the men may result from the mistrust that this

checking of piece-work prices is done with the intention of

price-cutting. That can and must be overcome by a frank and
honest wage policy, and the very discussion of this question of

entering the actual working time into the wage tickets may
provide an opportunity to the manager of the shop to make a

clear explanation of his standpoint and afterwards to show that he

stands by his word. The objection of the management mostly
results from the consideration that the piece-work prices, if once

fixed, should not be changed, and that it therefore does not

matter how long a time the men use for a special job. That

means a misunderstanding of facts
;
a change in the piece-work

price is necessary if a mistake has been made in fixing it, and if

the working conditions have changed considerably. Both can be

found out only by continuous checking as the
"
rate-fixer

"
will

not always be informed by the people responsible for production
when a change or improvement of production methods has taken

place. Thus "
good

" and ;< bad
"
piece-work prices will occur,

even if the original ones have been correct, and the bad con-

sequences connected with them will result. Now this entering
of the correct working time is by no means an easy job. As already

mentioned, there is no other way to come to it than by limiting

the work which a man has in hand simultaneously to a single job,

indicated by the one wage ticket which is given to him. He has

to return it when the job is finished, or must bo interrupted, and
should begin a new job only after receiving the wage ticket

belonging to it. Suitable arrangement of the layout of the shop
as well as of the organisation is necessary, to avoid too far and
too frequent walks of the men to the place generally the

foreman's cabin where the tickets are issued. It is often said

that what has been described above is an exaggeration, and this
"
system

"
could never work in practice satisfactorily. Experience

has shown on various occasions that that is wrong, and that a elear

survey of the work actually done in the shop is more than worth

the organising and clerical work entailed. Of course, the difficulties

of introduction are not small, but when it is running it is simple
in operation, and the very workmen who may have opposed so

strongly at the beginning are then the most eager advocates.
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3. Wages Summaries Per Worker and Week. The total

working time of the men, formerly controlled by the watchman
at the entrance of the works, is at present mostly checked by the
"
stamp clocks/* the construction and use of which can be taken

as generally known. Often an attempt is made to combine the

workman's diary or the wage tickets in some way with the stamp
cards used in these clocks, and the idea is attractive at first

glance. Practice has shown that this can be recommended only in

rare cases. The author has seen more works where the printing
on the back of these cards for this purpose has not been used

than those where it lias actually taken place in the intended

manner. Of course, in the case of piece-work a comparison of the

total working time as given by the stamp cards of a man, and as

given by the number of wage tickets finished by him in the same

period, must be made, but that should be done on a separate form,
with sufficient space to show in detail how the gross earnings

during the week are made up by the wages for the various jobs,

which additions for overtime, etc., have been added and which

deduct ions for insurance, etc., have been made, thus obtaining a

not sum, which will be paid in cash. When these summaries are

made by the wagos office so that they can be distributed to the

men, say, on Thursday for the preceding full week, the men have

time to check them and make any claims for adjustment before the

money is actually paid on Friday. Thus one can avoid differences

not l)oing cleared in time and money paid the next week which

should have been paid in the previous week. The ratio of such

claims or adjustments to the total number of workmen is a very

good criterion of the organisation of the wages office. The author

remembers quite well a factory occupying 1,200 to 1,300 men in

a very complicated production where the average number of such

adjustments per week, taken over a whole year, certainly did not

exceed two or three.

4. The Purposes of the Work of the Wages Office. It is the

duty of the wages office to collect all wage tickets, stamp-clock

cards, and other vouchers used in the shops for recording working
times and wages, and to draw the necessary conclusions from the

figures and dates they contain. But it also plays an important
rdle in the relations between the men and the management ;

for

the confidence of the men is based to a great extent on the correct

and fair payment of their earnings ;
thus it is only natural that
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this work of the wages office is generally carried out with utmost

care and accuracy. And yet it is often found that the proper

organisation of this office is built up in a rather haphazard manner.

That can best be avoided or improved upon by a clear analysis
of the functions of this office.

They are manifold : First of all, it is its duty to find out for each

workman whose name is on the wages list the true earnings during
the last finished wage period (mostly a week) ; it has to put together
these individual earnings in the pay roll, so that the necessary

ready money can be asked for, paid into the individual wage boxes

or packets, distributed to the various shops and handed over to

the men at the right time (usually Friday of the following week).

Secondly, it has to provide the works manager, his departmental

managers and foremen, with all statistical data necessary for

judging the correctness of the rates, hourly-fixed as well as piece-

work, in relation to the work done ; and the earnings of the

individual worker as well as certain groups of workers per hour,

per week, and per year ; average figures of these items for

comparison purposes ;
further numbers of the workers divided

according to age, sex, trade, actually working, and absent because

of illness or leave
;

labour turnover, with necessary details
;

finally, the number of working hours, divided into normal hours

and overtime, net working time, meal times and stoppages, etc.

From these data all conclusions must be drawn and issued in

handy form, in so far as the works management asks for it, but

no more
;
for statistics which are not used represent unproductive

work. Careful consideration is therefore necessary to make the

right selection.

Thirdly, the wages office has to provide the costing department
with similar information as it does to the works' management,
the details of which are determined by the system of accountancy

adopted in the works, and therefore variable from works to works.

Of course, it is not only possible, but even probable and desir-

able, that figures prepared for one of these three groups of

purposes can be used for one or both of the others.

5. Some Features of the Organisation of the Wages Office. If

we consider the work of the wages office from these three aspects
we find that it consists of

(1) Collection of wage figures } f -. . f .

;: ,. r /f t from different points of view.
(2) Separation of wage figures J

r
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(1) The collecting of wage figures takes place first of all in the

pay-roll, which, as the name indicates, is the basis of actual

payment of the men in ready cash. Therefore it contains against
the name of each worker all details, how his gross earnings are

transformed into net earnings and the payable sum by means of

the various deductions or stoppages for insurances, money
advanced, etc., and the sub-division of money in paper and coin,

for distribution into the individual pay-packets.
The pay-roll should also give, however, such other details as

profession, working hours, either against piece-work rate or fixed

hourly rate, overtime, etc.
;

for these are necessary for many
statistics which are best based on the pay-roll.

(2) The separating of wage figures is less commonly used.

It is based on individual accounts for each worker, again contain-

ing about the same figures as the pay-roll, but so arranged that a

survey of the weekly, quarterly, and yearly earnings of the

worker are obtainable without special investigation of the pay-roll.

These accounts are sometimes connected with a muster-roll of

the workers, giving all necessary personal details about each man
his age, address, date of engagement in his present occupation,

wage rate, promotions, etc. These accounts have proved useful

in many cases, especially in big factories, as a basis for negotiations
with the men themselves, the works' council or trade unions, in

answering questions of the Inspector of Income Taxes, etc., also

for some statistics which may be required. Still, it cannot be

denied that these accounts, mostly made out in the form of card

indices, cause considerable work, and it is certainly necessary to

investigate in each case i.e.. for a special works whether the

possible advantages counterbalance this increased work which has

to be done in the wages office.

One point of view which is often overlooked when arranging
the work of the wages office has a more universal and greater

importance than is generally recognised :

Everything possible should be done to make the flow of

work through the wages office as even as attainable.

The nature of the work of this office has the opposite tendency
and is readily affected by slack and rush periods. If, perhaps, a

special investigation required by the management outside routine

work coincides with a rush period, the staff is insufficient, and
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either a generally uneconomical increase of the staff takes place
or complaints about the inefficiency of the wages office arise.

Therefore all measures which facilitate such special investigation
should be welcomed, as, for example, the accounts of the individual

workmen.
6. The Problem of Mechanisation of Wage Booking Exemplified

by the Hollerith Punch Card System as Applied to a Factory of

Iron Barrels. It may be clear from these discussions that the

work of the wages office mainly consists in the different grouping
of the same figures with a view to finding sums of payment, costs

and statistics of various kinds. This can be done, and is done at

all times, with the help of the simplest methods of arithmetic
;

the first four rules, as learnt in our school days. But the bigger
modern industrial works become the more the number of workmen

increases, the more tedious and time-taking the more costly and

subject to error does this job become. It is therefore only natural

that the human brain has tried for a long while to establish

methods to mechanise this work, which seems to invite such a

development perhaps more than any other office work. This

tendency is certainly a sound one and any proposal made in this

direction is worth serious consideration. There are, however,

undoubtedly some dangers also connected with it which are often

overlooked when first approaching this problem. Of these only
two may be mentioned, the importance of which should be kept
in mind continuously when choosing and introducing one of the

various
"
systems

" which have been elaborated.

It should never be forgotten that such a system cannot be

anything else than a
"
tool

" which is applied for doing the real

job. It is therefore necessary first of all to make perfectly clear

what kind of work shall be done, i.e., to build up the organisation
itself in the old and simple manner as if such a modern system
did not exist

;
to find out the basic reasons which shall be a guide

through the masses of figures pouring week after week into the

wages office and frequently causing too much work for the persons

occupied with the actual grouping. It may be that this stage of

development is not actually achieved in practice as the working
conditions are such that the use ofone of the systems ofmechanisa-

tion is a clear necessity from the first. In this case the organiser
should at least outline on paper the whole organisation in detail

without considering such a system of mechanisation, and then
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consider the changes necessary for its introduction. This is the

only manner by which to obtain those final results which are

expected from the organisation.
That is also the best way to avoid the second mistake, of which

it may be advisable to take particular notice, i.e., that the system
does not always remain what it should be, namely a "

tool
" and

nothing else
;
that it does not by itself begin to govern the work

which has to be done and leads either to unnecessary complica-

tions, or what is worse to a handicap to production itself. As
far as the organisation accomplishes one of the main demands
that workmen and foremen shall be kept free from clerical work,
it is not or very rarely possible completely to do without their

help at the first booking of wages. Here the system of mechanisa-

tion must work so that it neither complicates this assistance nor

obscures the reason for the various steps which may be asked

for in the form of help from the men and the foreman. It is

generally agreed that the woman with the best reputation is one

whose reputation is not discussed, and the same applies to such a

system. The best is that which does not call for comments in the

shops because one does not feel that it influences the method of

first booking in any way, and can therefore be chosen solely

according to the convenience of production.
As already mentioned, there is a series of such systems

elaborated and in use. Here only one example will be described,

and it is chosen because it is the best which the author could

observe in practice as fulfilling especially the demands outlined

above
;
but it should be kept in mind that it is given only as an

example, and it is possible, of course, that there may be others

equally valuable with which the author had no opportunity to

become acquainted.
In order to render this description more useful for the practical

man, it is given in a form which shows not only the system itself,

but simultaneously its application in a special case, i.e., in the

factory of iron barrels, already mentioned. It will be seen that

the importance of this system goes far beyond the limits of the

wages office and the departments connected with it, but really

embraces the whole internal organisation of the works.

The system used in this case was the well-known Hollerith

System, which does not need a detailed description of the technical

details after the many publications which may be found in
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literature. 1 Here may be called to mind only the fact that the

technical equipment consists of three machines : the punching

FIG. 22. The elements of works organisation.

machine or key punch, operated by hand, similar to a type-
writer, which is used for

"
translating

"
the figures from the

1
See, for example, Wheldon,

" Cost Accounting and Costing Methods."
London, Macdonald and Evans, p. 344, where the application of the Hollerith

system to a plant rolling steel sheets and strips has been explained in detail.
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original vouchers coming from the shops into punched cards
;
the

sorting machine and the tabulating machine, both operated

automatically by means of electricity, the first sorting the

punched cards in any desired manner, the second adding the

figures of the individual groups and printing the results obtained.

Fig. 22 illustrates the elements of the determination of wages
and material in connection with a system of piece-work wages
expressed in time on the one hand, and the Hollerith system on
the other hand.

The Hollerith cards have forty-five vertical columns of the

figures to 9 (see Fig. 24) and these columns must be allocated

to all details, the collection of which is necessary for the depart-
ments concerned, i.e., the wages office, the costing department and

production control. This is shown in the two columns with the

heading :

" number of columns allowed at the Hollerith card
"

for wages and material separately and it may be noted that, in

this case, it was possible to cover all details just by the forty-five

columns. Of course, this cannot always be obtained, but it does

not matter if one or several columns are not used. Difficulties

may arise only if the total number of forty-five columns is not

sufficient, but can be overcome completely by a second set of cards.

The shaded squares in the columns of the three departments
indicate which of the departments is interested in the figures in

question.

According to the first column of Fig. 22 the work of organisation
can be divided into four parts concerned with :

(1) The goods manufactured or the products,

(2) The raw material,

(3) The workshops, and

(4) The work.

As products and raw materials can be arranged according to

the same principles of organisation, we deal here only with the

products. A tripartition is therefore sufficient for the following
considerations .

Classification of the Products

A barrel consists of body, ends and hoops. The hoops were so

standardised that the same size of hoop could be used for various

designs or sorts of barrels
;
but body and ends had to be treated

individually as no agreement of the customers to a standardisation

of these parts could be obtained
; nearly every customer asked

I 2
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for a special kind of branding of the ends or body, special plugs,
thickness of the sheet, etc.

This fact led to production of the hoops in a special shop

separated from the barrel factory proper. It was therefore

possible to study the problems of both mass-production and
individual production on this example.

(a) Barrel Factory. Four groups of barrels were produced ;

plain, galvanised, tinned and lead-coated barrels. Each of these

groups may contain various designs or sorts of barrels, such as

common barrels, pressed ring barrels, containers, riveted barrels,

convex barrels, drums, tapered barrels, etc., and each of these

designs or sorts can again vary in some details.

Each barrel is marked clearly by a figure of three digits : the

figures of the hundreds column, indicating the group, i.e.,

5 = plain ;
6 = galvanised ;

7 = tinned and 8 = lead-coated
;

the figures of the tens column indicating the sort, i.e., 1 common
barrels, 2 pressed ring barrels, 3 containers, etc., and the figures

of the units column the details of the design. The volume of the

barrel was given in litres (1 litre = 0-22 gallon) and added to the

barrel figure by figure of one or two digits showing the volume in

10 litre units. Thus, for example, a figure 651/22 denotes a

galvanised convex barrel of design 1 and a volume of 220 litres.

(h) Production of Hoops. Similarly the hoops are marked :

the figure of the hundreds column is here always 9, the figures of

the tens column characterise the profile of the hoops, as they are

used for various purposes, i.e., roll hoops, internal and external

hoops, headings, strengthening hoops, and rings, corner headings,

etc., and the figures of the units column give the size of profile

rings. Thus, for example, a figure 924/25 denotes an external

hoop, a profile 33 X 8 and contents of 250 litres.

Classification of the Workshops

A diagrammatic representation of the workshops is given by

Fig. 23.

Each sort of barrel had to undergo some operations in the same

sequence. Operations closely allied to each other were grouped
in sections. Thus the following sections were obtained :

(1) Production of hoops.

(2) Production of ends.

(3) Production of bodies.
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(4) Production of convex barrels.

(5) Production of containers and pressed ring barrels.

(6) Galvanising, tinning and lead-coating shop.

(7) Assembly.
(8) Inspection.

(9) Repair shop.

"age

'ions

Production

of Hoops

Storaqe of Sheets and Accessories

Product/on

of Ends

EndBuffer

L 3J Production of Bodies

Production

ofusual
Barre/s

Production
of Convex

Barrels
Prediction of

Containers

Body Buffer

Galvanising Shop Tinning Shop Lead Coating Shop

Assembly

W//////////////M
Workshops of the Barrel Factory.

\////////YA Stores under the Administration of the
Commercial side .

FIG. 23. Classification of the workshops.
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As may be seen from Fig. 23, these workshops were enclosed

by stores which were under the administration of the commercial

side of the works, while the shops, of course, belong to the

technical side. Requisition and delivery slips were necessary for

obtaining material from and delivering goods to the stores. The
buffer-areas for ends and bodies were of different nature : as the

name indicates they were inserted with the intention that there

should always be enough material for assembly and that stoppages
could be avoided. These buffers, therefore, were not considered

as stores and no exact book-keeping of issuing and delivery took

place. They were not connected with the costing system and

were under the administration of the technical side of the works
;

but they were used as important places for the control of the

production progress according to the original planning. The repair

shop had the duty of correcting, as far as possible, all mistakes

found in the inspection, i.e., of the work, which is known in factory

language as
"
touching up.

55 One may say that it is wrong

psychologically that the man who has caused a mistake or let it

slip through unnoticed has not to correct it himself
;
and the

justice of this idea is not to be denied. But the material which

had to be handled in this factory was so bulky that it was prefer-

able to put up with this disadvantage and in return to avoid as far

as possible the transport of material against the flow of production.

Classification of the Work

(a) For production control purposes.
Three main groups of work have been distinguished :

(1) Production work.

(2) Auxiliary work.

(3) Touching up.

As may be seen from Fig. 24, three columns of the Hollerith

card were free for denotation of the work, i.e., the figures 000 to

999. The system of figures should allow the kind of work as well

as the place where the work is carried out to be made perfectly

clear. That has been obtained by the following method :

(1) Production Work. The figures in the hundreds column

denoted the section or workshop where the work was carried out,

those in the tens and units columns, i.e., 00 to 99, characterised

the work itself in the sequence of its planned flow.
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(2) Auxiliary Work. The figure in the hundreds column was
here always 0, the figures in the tens column denoted the sections
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as explained above, and the figures in the units column operations
which were repeated in the individual sections, i.e., = transport

necessary for keeping the plant working ;
1 = transport of
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production material
;

2 = shop labour
; 3 = training of work-

men ;
4 = general maintenance of the shop by its own workmen

;

5 = repairing machines
;

6 = lubricating machines
;

7 = work

stoppages, etc.

It may be surprising at first glance that the transport of

production material was classified as
"
auxiliary work," while it is,

strictly speaking, certainly
"
production work." This has been

done because the control of this item as a whole could thus be
facilitated. It was the intention of the management from the

first to have the auxiliary work in special view and to aim for

close working from hand to hand between the individual sections.

Therefore transport of any kind should be considered as some-

thing which should be reduced to a minimum
;
and that could best

be obtained by putting it under the heading
"
auxiliary work,"

while the costing point of view would have asked in this case for

its classification as production work. Again the strictly logical

aspect has been abandoned for psychological reasons.

(3) Touching-up Work. This was denoted in the hundreds
column by the figure 9, in the tens columns the figures 1 to 8 of the
sections in the same manner as the auxiliary work and in the

units column the figures to 9 as indicative of touching-up work
in the sequence of the operations as planned.
A very strong production control could be obtained by this

detailed classification of all operations possible, i.e., a control of
the wages necessary for producing the various sorts of barrels,
divided into the individual operations ;

the earnings per hour
;

the ratio of time actually used to that stipulated ;
and finally

the auxiliary work and the touching-up work in all desirable

details.

(b) For Costing Purposes. The detailed classification, as
described under (a) for purposes of production control, has not
been used for costing purposes. Here a simplification has taken

place as the overhead costs have been allocated according to

certain keys, as generally adopted ;
and this allocation involves,

of course, always some degree of inaccuracy . It would be useless
to press for greater exactness in the determination of the direct

costs, i.e., those of labour and raw material, than it is connected
with the allocation of the overhead costs. It must further be
considered that the barrel factory was a part of a big works,
where in each production department vsimilar operations were
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carried out
;

it was therefore possible to obtain sufficiently

accurate costs by comparing the overhead costs as a percentage
of the production wages. In these circumstances each single

performance has not been marked by a separate figure ;
but equal

and similar operations have been allocated to
" work accounts/'

and these have been denoted by Hollerith figures. Four columns

are used for this purpose throughout the whole works
;

the

figures in the thousands and hundreds column mark the produc-
tion departments, e.g., in our case 7,000 = production of hoops ;

7,200 = production of barrels
;

the figures in the tens and the

units columns represent the
" work accounts," i.e., 00 to 50

repetition operations, applying to all production departments (for

example, 20 = work of fitters, 31 = arc welding, etc.) ;
51 to

99 operations, peculiar to the production department in question

(for example, 53 work at the burnishing machines of the barrel

factory). Therefore 7,231 means arc welding in the barrel factory.

After this explanation, the Hollerith card of Fig. 24 can be

easily
"
translated

"
;

it says : the workman, check-number

6,234, has arc welded (05) in the section assembly (7) during the

second week of the period, 50 pieces plain barrels (511) of a

volume of 20 litres. The number of the works order was 239. He
worked on piece-work (1) ;

the stipulated time was 610 minutes,

and the time actually used 515 minutes. As the rate per minute

was agreed at 1-96 Pfennig, the total earnings for this job were

610 X 1-96 = 11 Mark 96 Pfennig (1 Mark = 100 Pfennig =
about 1 shilling), and they had to be booked to the

" work
account

"
7,231, i.e., arc welding in the barrel factory.

These cards, once punched, form an unchangeable permanent
record

; they can be mechanically sorted at any time and accord-

ing to each classification indicated by one of the enumerated

figures ;
the information punched therein can then be added or

subtracted as desired and the result printed, and that almost

automatically without brain work on the part of the person

manipulating the machines, and with great speed. Moreover, if

for a special investigation statistics are needed which are not made
available in the usual course of the work, these can be obtained

with nearly the same facility as if they had been provided from

the first. The basic requirement is a suitable filing system for the

cards.

It is obvious that these are great advantages against the usual
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method without such mechanical equipment, advantages which

will, of course, increase in proportion to the number of workmen,
the variations of the products, and the more important and
numerous statistics the management demands. On the other

hand there are the costs of the installation and manipulation of

this mechanical equipment to be considered in relation to possible
ultimate economy. That certainly always needs special calcula-

tion
;
for the author could cite an instance of a factory with only

500 to 600 workmen, where the Hollerith system was working

very economically, although it is often declared that an economical

result cannot be obtained in works with less than, say, 1,500

workmen.



CHAPTER IX

THE IMPORTANCE OP TIME STUDIES FOR
*

ECONOMIC CONTROL

A. SOME PRELIMINARY AND GENERAL REMARKS

THE term " time studies
"
has been used repeatedly in connec-

tion with the explanation of wage systems on the previous pages,
but is still so often misunderstood in practice, especially by people
whose work is not directly connected with such investigations,
that it seems worth while to insert a chapter which deals with the

importance of these methods in modern production. This is done
less to inform the reader exhaustively on the details of this work

(an attempt that would exceed largely the space available for

such a single item in the scope of this book) than to raise his

interest and to entice him to study other sources, some of them
mentioned in the course of the following considerations.

Do we really appreciate in our daily life how important
"
time "

is ? An old adage says :

" Time is money
"

;
but one could

reply :

" Time is more than money." Is it not possible to

retrieve lost money ? How often has a ruined man rebuilt his

fortune ? But the time of his life that has passed is gone

irrevocably. We hear this truth from our first schooldays,

learning when ten years old in the Latin lessons the verse :

"
Veniet tempus mortis et quidem celeriter, et sive retractabis, sive

properabis ; volat enim aetas
"

;
but we do not understand it as

long as we are young ! The child plays through the day, un-

concerned in the evening that again a day is gone ;
life lies before

the young man in a series of years when he can work
; only at

maturity he begins to feel how valuable each day, each week can

be for his whole development, and he must approach the end of

his career before understanding the full tragedy which lies in the

word "time." Even if not in the scientific sense of Einstein,

that is, if you like, a relativity of time, not an objective but a

subjective one
;
but is it therefore less important for a human

123
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being ? Who has never experienced the sad truth of the words of

the German poet :

" What you have refused to the moment,

Eternity will not return !

"

But do we act in practical life according to this knowledge ?

In particular, is the industrial employee always conscious of the

importance of this fact ? A short walk through the majority of our

works must convince us that it is just this most valuable good,

time, which is treated very badly, idled away, neglected in a

manner which shows that only a few people have a real under-

standing what they are actually doing. It is the importance of

the time study that this consciousness is sharpened in all parts of

the works, not only in the shops, but also in the offices, the

knowledge of what time really means. Engineers know that

power and material are indestructible
;

that time is the most

transitory of all that man calls his fortune, we forget only too

easily.

B. WHAT DOES THE TERM " TIME STUDY "

ACTUALLY MEAN AT PRESENT?
Time studies have changed since the days of Fred W. Taylor

that great man, perhaps one of the greatest engineers of modern

times, who first made such studies systematically thirty, forty

years ago. Although he himself may have recognised clearly

which part of these studies was the most important, his pupils
and successors have carried them out only too often in a more
mechanistic manner, forgetting that not the time itself but the

work done in the time, and the man doing it, should be investi-

gated. The idea
"
time

" must give way to the idea
"
work done

in a certain time
"

;
instead of the

"
time study

" we would
better speak of a

" work and time study."
The time study to use, nevertheless, this short expression in

the following discussion is not, as the layman may believe,

a pure determination of the time needed by a certain work
;

it is :

(1) An analysis of the work as it is done. The individual

operations are examined and analysed as is thought desirable.

The various times required for these operations are measured.

(2) A rationalisation. Any improvements in the methods of
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working suggested by the information obtained is carried out,

eliminating as far as possible delays and lost times.

(3) A time study measuring the times necessary for the

improved or rationalised process.

(4) An analysis and criticism of the study under (3), especially

by comparison with the original study under (1).

(5) Further utilisation of the results for future work of similar

character.

It is valuable, although not necessary, to build up certain

schemes, to show how to analyse the work and how to analyse
the time

;
and at the same time to standardise the nomenclature

of the different parts of work and time. This makes easier the

understanding in an individual undertaking, and, if the nomen-
clature is accepted by a branch of industry or even by the whole

industry of a country it facilitates the changing of employees
trained in this kind of work from one works to another for the

benefit of the community.

C. THE TIME STUDY AN AUXILIARY FOR
PRODUCTION IMPROVEMENT

Time studies can, as already mentioned, be used as a help
towards production improvement. We may distinguish between

such improvements as require or do not require investment of

new capital. In both cases the investigation of the present state

of affairs from all possible aspects is important. As the process of

production is mostly a combination of work done by (1) man
on (2) material by (3) means of machines or tools, these three

points of view should be taken into account. Questions of

organisation, technology, engineering practice on the machines

and tools and their maintenance, of the best manner of treating
and leading men, etc., must be answered. If, as a result of the

investigation, it is found necessary to buy new machines, new

tools, to enlarge the shops or even to build completely new ones,

the basic facts and figures can be developed according to these

investigations and can form the foundations of enquiries for

supplies of new equipment. Often the result is only small

individual improvements in production, but they may sum up
and finally give an increase of profit, an improvement of the

whole atmosphere and of the spirit in the shop, which astonishes

the investigators themselves.
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Of course, the necessity for these improvements is mostly
evident as soon as they are found out by work and time studies.

Sometimes they are even well-known to workmen and foremen.

But if one asks why they are not carried out, no answer or only an

evasive one can be given. It is only when the systematic carrying
out of such studies shows the damage done by such continuous

toleration of old and bad habits or arrangements that actual

remedy takes place. Innumerable examples could be given for

such cases ; here may be mentioned the rational arranging of a

working programme of a plant, e.g., avoiding of frequent changing
of tools

;
the improvement of sharpening of tools on lathes, saws,

etc., by the organisation of a common tool room for a number of

workshops ; arrangements of a general transport time table in

big works, etc.

D. THE TIME STUDY AS BASIS OF A FAIR
WAGE SYSTEM

This point has already been dealt with in the preceding

considerations, but may be repeated and partly extended for

completeness purposes.

Theoretically there is no fair wage system as long as the work
of the men cannot be measured as one is accustomed to measure

weight, or dimensions, or temperature, etc. It is known, however,
that no such measure of human labour exists at present, and that

it will not be at hand until physiological and psychological science

is much further advanced. Therefore one has to be content with

the nearest approach to measuring human labour, and that is the

working time.

Wage systems in use are mainly the hourly fixed rate and the

piece-work wage, nearly all others being unfair, either to the men
or to the works. Every piece-work wage should be equal to the

average time required for the work, multiplied by the hourly

earning of the workman in question. The latter is mostly

regulated by agreement between the employers and the employees.
The first factor, however, can be determined by different methods,
more or less connected with what we have called time studies, i.e.,

(1) Estimation.

(2) Calculation.

(3) Time studies proper.

(4) Comparison.
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Estimation is the oldest and simplest method and is, in fact,

often used unconsciously by those who even to-day deny the

importance of the modern determination of working time. Its

accuracy depends on the experience of the estimator and the

care with which he does his work. The use of this method can

only be justified in simple cases, and only then by first analysing
the job into parts which may be estimated separately. The old

estimation in the lump or according to rule of thumb must be

condemned in all circumstances.

Calculation, the second method, is possible only for the main
time on machines. Special mathematical formulae have to be

developed for each kind of machine, which mostly contain factors

depending on the quality of the material, the tool, and the

dimensions of the work piece.

The time study method is already characterised sufficiently.

Here may be added only that the accuracy with which this

method must be carried out varies considerably according to the

circumstances in which the work investigated takes place. It is

not true that the time study man calculates always in tenths or

hundredths of minutes
;

he must possess what one may call
"
percentage thinking," really sense of proportion, and use

common sense in applying the method.

Comparison is not a fourth method in the strict sense of the

word, but a combination and extension of the three others in

collecting and arranging working times as found by them, with a

view to finding out by interpolation the time required for

manufacturing similar articles which differ in size.

E. TIME STUDIES AND INDUSTRIAL ACCOUNTS
If we call to our minds what can be considered to-day as

common knowledge that the value of any kind of product or

saleable good depends on the amount of man's labour contained,
it is not astonishing that time, one of the most important measures

of labour, is seen to be more and more a leading characteristic of

modern industrial accounts. One has only to remember the role

that standard data play, and that it is almost impossible to obtain

reliable standards without time studies of any kind, and one will

realise that actually industrial accounts cannot give a real

picture of the building up of costs without the use of this

auxiliary.
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As problems where these standards are used may bo

enumerated : determination of effective capacity, labour cost

control, the comparison between standard and actual overhead

costs, etc. There will be ample opportunity in the course of the

discussions forming the contents of this book to point out the

importance of accurate time studies in connection with industrial

accounts
;
therefore these hints may be sufficient for the moment.

F. TIME STUDIES IN CONNECTION WITH
INDUSTRIAL PSYCHOLOGY

Psychological knowledge has brought about a great improve-
ment in the attitude of modern management ;

it is, however,
essential that the man who wishes to carry out this work in the

right manner should experience a change in the whole spirit of

his relations to workmen and work. The connection between the

work to be done and the human being who has to do it must
be recognised, and the necessary conclusions drawn from this

fact.

Also in technically well-organised undertakings considerable

differences between individual workplaces and working methods

can be found for the same job, resulting in different success. It

has to be investigated why that is so.

There may be many reasons for these differences of which

only those based on the different individuality of the workers,

which cannot and should not be suppressed, will be justified.

Suitable methods of training should be evolved, which raise at

the same time the willingness to work and remove any disharmony

amongst the workers. Actually the variations in the performance
of human beings are much greater than is usually supposed.
Practice in modern workshops helps to smoothe this fact, some-

times only veils it, but cannot eliminate it. It is necessary to find

out how far an application of methods of modern psychology
will help to show the most practical way of carrying out this

work, without doing any harm to the personality of the workmen.

Here may be mentioned as such methods, inter alia, analysis of

occupation of trade, best arrangement of the workplaces, develop-
ment of vocational tests, training after starting work, and

supplementary and practical instruction later on. All these

methods can best be based on careful work and time studies,

arranged for the special purpose in question.
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G. SUMMARY AND CONCLUSION

Looking back to the various items we have dealt with wo

recognise that it is nearly impossible to maintain in practical life

the separation we have used : improvement of production, a fair

wage system, industrial accounts, industrial psychology, these

are all branches of works economics so closely connected with each

other that it may be possible to treat them separately in such a

general survey, but in the shops these things must be combined,
all the different aspects be considered simultaneously, and the best

compromise between them must be found out
;
for only too often

they make conflicting demands, and of all possible solutions the

practical optimum has to be selected.

The time study is a connecting link, the common basis
;
there-

fore it does not only fulfill the individual purposes mentioned, it

leads the people concerned consciously or unconsciously to what
is unfortunately so often missing in modern works, co-

operation. It is one of the bad consequences of the division of

labour, this mark of our modern development, that it is so

difficult to co-ordinate the work of so many different persons,
different in profession, education and training, to one purpose,
to the best of the common works. They all, the engineer and the

commercial man, the draughtsman and the production engineer,
the salesman and the accountant, they all see a mirror of the

results of their work more or less in time studies. Therefore, if

these investigations are carried out in the right spirit, correct but

not exaggerated, showing the way without presumption, in

fairness to all concerned, they can develop to a very useful

mediator between the different interests and become the creator

of the spirit of co-operation in the works, which is and will always
be the first condition for real success and therefore the most

important asset of the undertaking, although it cannot be shown
in s. d. in the balance sheet.

H. SOME EXAMPLES OF APPLICATION OF TIME
STUDIES IN IRON AND STEEL WORKS

This general discussion on the importance of time studies to

economic control of industrial works may be further illustrated

by some examples where these modern methods have been

applied with good success in iron and steel works. The first is an
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extract of the report of the Rolling Mill Committee of the Iron

and Steel Industrial Research Council of the British Iron and
Steel Federation,

1 the second has been taken from the author's

own experience and the third is an extract of an investigation
carried out some years ago by one of his pupils under his

responsibility.

1. The Report of the Rolling Mill Committee of the Iron and

Steel Industrial Research Council. This report refers to an

examination of three rolling mills :

(a) A steam-driven 36-in. cogging mill.

(6) An electrically driven 36-in. cogging mill.

(c) An electrically driven 30-in. slabbing mill.

The course of the reports in all three cases is almost the same
;

after a short introduction a description of the mill plant and their

products is given, the procedure of the studies is explained, their

results are interpreted and standards derived and finally the

application of these standards is shown. Of course, each of the

three plants has its peculiarities and, therefore, each of the reports
shows different details, but the general course follows these logical

lines.

In the first case the analysis of the studies is carried out in two

stages ;
the variations in the rolling times are examined on (a)

individual products under different working conditions
; (6)

different products. From (a) the following conclusions are

drawn :

With satisfactory soaking and correct rolling temperature and
with steam pressure over 75 Ib. per sq. in., it is always possible

to follow a definite pass specification and to roll the same product
in approximately the same time. Steam pressures below 75 Ib.

per sq. in. are definitely unsatisfactory. Even with adequate

soaking and correct rolling temperature, a fall in steam pressure
to 60 Ib. per sq. in., i.e., 80%, can increase the total rolling time

by as much as 35%. Inadequate soaking and rolling temperatures
below the optimum for the particular quality of steel being rolled

have a marked effect on output. While for the most part different

shifts adopt the same pass specification and draughting for the

1 " The Application of Time Study to Rolling Mills." Published by the offices

of the Iron and Steel Institute, 4 Grosvenor Gardens, S.W.I. 1938.
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same product under optimum steam and heat conditions, and also

meet non-standard conditions in similar ways, differences do

sometimes occur which obviously influence the output.
For the second case may be mentioned as most important

conclusions :

Whilst under optimum operating conditions, steel quality has

no very marked effect on rolling practice, rolling times are

somewhat less for low, than for high, carbon and alloy steels.

The number of passes bears a relationship to ingot and bloom
size which is best expressed as a stepped function of the ratio of

these two factors, i.e., elongation. Manipulation time is generally

directly proportional to the number of passes employed, net

rolling time is a definite function of elongation, or, for the same

type and size of ingot, a definite function of the bloom cross-

sectional area. Whilst the bloom shape may affect, to a certain

extent, the relationship referred to, the ingot type has, with few

exceptions, no influence on the number of passes, net rolling and

manipulation times.

Based on these conclusions standard times may be determined

and selected, the application of which makes possible a control of

the plant utilisation and mill performance which can scarcely be

obtained by any other method. They are expressed by two

terms :

Cogging performance

Total shift standard time (min.)
2 : o /

Total shift working time Delays (min.)
/0

and, for an eight hours shift with a statutory break of thirty
minutes plant utilisation or overall performance =

Total shift standard time (min.)

Total shift working time (450 min.)
/0

Although under present working conditions all improvements
could not be obtained which were possible at a plant in which
the various parts are in better balance soaking pits, cogging
mill and angle mill the steps of improvement, based on the

knowledge gained by the time study, resulted in an increase in

output of 12% or 340 tons per week.

During the investigation of the second plant, an electrically
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driven 36-in. cogging mill, new rolls unfortunately had to be

installed, and consequently it has been necessary to divide the

study in two parts, the first representing more normal practice
with the old rolls and the second giving a measure of the initial

effect of the new rolls. Attention is drawn to four factors

influencing the rolling times :

(a) Shift Performance. Although different techniques were

employed by the different mill teams, and even by the same
mill team at different times, the total rolling times were very

comparable, which would suggest that these times were closely

approaching the minimum possible value.

(6) Soaker Treatment. The rolling time obviously increases

with decreasing soaking time
;

there is, however, an optimum
soaking time, for instance six hours for cold ingots in the plant
in question, which has to be regarded as a suitable compromise
between the opposed economic demands. A certain relationship
could also be established between the bloom temperature and the

net rolling time, for instance, in a special case, an increase of

time of 0-25% per l
c
C.

(c) Effect of Steel Quality. It can be stated that average

rolling times run against the carbon content
;
but this tendency

is not very pronounced and it is certainly correct that the Report
is very carefully worded when giving figures for this relation.

More experience has to be collected before reporting definite

results.

(d) The relationship between elongation, rolling time and

number of passes is shown in a monograph which gives a very
clear survey of the connections between these figures as given by
the investigation. This monograph was used to facilitate the

selection of standard rolling times. Some examples are given

showing how this selection is done and attention is drawn to the

fact that the mill performance is not affected by the time necessary
for the travel of the ingot chariot from the soaking pit to the mill,

but that a waiting time of thirty seconds on the average has to

be included between each ingot for wash heating.

The effect of the new rolls is an increase in the total rolling

time, which amounts to between 10% and 65% for the different

types of ingots rolled. The additional time is due to increase in

both net rolling and manipulation times, but principally the latter.

The increase in net rolling was due primarily to the skidding or
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slipping of the rolls upon the ingot, while increased manipulation
was usually caused by difficulty of introducing the ingots to the

rolls. The application of the standard times thus developed
takes place in the light of the data obtained in the first

investigation.

The third section of this Report deals with an electrically

driven 30-in, slabbing mill. Again a division of the investigation
into two parts is made : the one and main part concerning rolling

slabs, and the second rolling blooms. In the first, the same
method of analysis was used as in the cogging mill investigation,

i.e., an examination was made of variations in the rolling practice

and rolling time, as between successive ingots of the same product
on the one hand, and as between ingots of different products on
the other hand. It was possible to select standard pass specifica-

tions and standard rolling times for each product from the figures

obtained by these studies
;

therefore due regard has been taken

of the number of ingots studied, the conditions under which they
were rolled (e.g., rolling temperature and heating) and the

minimum and average times observed. As the mill was working
well below maximum capacity during the period of the studies,

the mill teams did not appear to be endeavouring to obtain the

best performance. This was probably due to a total lack of

incentive (i.e., reduced tonnage). It was, therefore, decided to

reduce all standard times by 10%.
In the second part of this section concerning rolling blooms

by the slabbing mill the effect of variations in rolling conditions

(initial rolling temperature, pass specification, operation) are

again discussed as far as the comparatively small number of ingots
allowed to draw conclusions, an analysis of the variations on the

different products is given, and standard times are selected. An
interesting comparison is drawn between the rolling of blooms

in the steam-driven cogging mill of the first and in the electrically

driven slabbing mill of the third investigation ;
the net rolling

times were lower in the slabbing mill, the manipulation times

lower in the cogging mill, resulting in higher total rolling times in

the slabbing mill.

As already mentioned the operation of the slabbing mill during
the studies occurred when at a low capacity, obviously due to the

supply of ingots and the capacity of the reheating furnaces. An
increase in output therefore, due to the setting of time standards,
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could not be put to effective use
; but that does not mean that

the studies have been without importance, as the knowledge
obtained will be very valuable for purposes of control, costing,

etc.

In an appendix, some notes are given on experiments for the

determination of power consumption of electrically driven

reversing rolling mills. The difficulties connected with such

investigations are explained, if they are not undertaken from a

purely economic and costing point of view considering the supplied

energy as an economic unit, but allocating the necessary power
consumption to each ingot or section rolled. Nevertheless, these

difficulties have been overcome in the experiments in question
and some facts, found by investigations already published, could

be confirmed, namely : (a) the carbon content of steel from

0-04% to 0*75% appears to have no appreciable effect on the

power required ; (6) a fall in rolling temperature from about

1,160 C. to 1,100 C. involves, for the investigated qualities, an

increase of power consumption of about 25%, and the curves

indicate that this tendency continues down to 1,040 C. and up to

about 1,180 C. to 1,200 C.

From a study of the report the following general conclusions

have been drawn :

(1) That the application of research into problems of

production control, conducted principally by means of the

stop-watch, will provide reliable standards of performance
and show how plant utilisation can be increased.

(2) That a considerable difference was found to exist as

between the best tonnage that could be produced and what
was in fact turned out.

(3) That time studies have brought to light the necessary

requirements to secure the best output under optimum
conditions and a reliable method of comparing outputs
obtained from time to time, irrespective of the ingot size and
finished sections.

2. Special Features of Time Studies at a Jobbing Rolling Mill.

The second example can be considered as a supplement to the

first in so far as it is an investigation at an outspoken
"
jobbing

mill," whereas the production of the three mills investigated by
the Rolling Mill Committee is at least a class-, if not actually a
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mass-production. It was the purpose of this investigation to

find out whether it was possible to establish standard rolling times

for planning and costing purposes in spite of a programme which

covered ingots of more than 40 different weights, of more than

115 different qualities and more than 100 different finished sizes,

not to mention the fact that the methods of teeming the ingots
varied largely. All these various products were produced mostly
in small batches according to customers' orders as it would have

been economically wrong to work on a large scale into a warehouse

and to despatch the material ordered from stock.

For the purpose in question only the
"
sequence time "

is

important, i.e., the time from the beginning of rolling of one ingot
to the beginning of the rolling of the next ingot. These times

were measured and recorded by means of an instrument operated
with the help of an electric contact by the chariot which carried

the ingots from the soaking pit to the mill. Any stoppages and

delays exceeding 3 minutes were recorded in a book and a

distinction was made between stoppages (i.e., standing still of

the mill due to any trouble caused by the machinery, material

to be rolled or the manipulation of the men) and delays caused

by lack of working capacity of the mill, which was originally

built for mass production and not very well adapted to the work
now required. The mill programme, the diagrams of the recording

instrument, and the book of stoppages and delays were the

documents from which the standard rolling times could be

derived. Over 15,000 ingots have been investigated, but the

variety of the governing factors was so large that in spite of this

large number of ingots and of the fact that comparatively few

groups of weights, qualities and finished sizes were formed and

only averages for these groups developed the whole investigation

could be considered only as a
"

first step on the right way
"
with

all the uncertainty that is invariably connected with such a new
method. Still the results have been accurate enough to be in

use in practice till the working conditions had changed consider-

ably, i.e., the composition of the orders in regard to the qualities

to be rolled.

It is not intended to report in detailed figures what results

were obtained as they are only useful for the works in question,

but two features of general interest should be mentioned,

the first confirming facts already stated in this book, the
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second adding some new aspect to what has already been

explained.
It has been found

as the weight of an ingot
increased

18%
68%
77%
104%

'o

'o

236%

the sequence time

increased

2-6%
18-1%
20-0%
32-3%
132-0%

The use of tonnage for all calculations with the exception of

rough average estimates should therefore be abandoned once and
for all.

The method ofinvestigation was different from usual time study
methods in so far as no special reports besides the diagrams of the

recording instrument were used ; for the mill programme as

well as the book of stoppages and delays were kept continuously
for production control purposes in exactly the same manner as

they were used for this investigation. It was now the question
whether a difference in the figures found by the new method

(which may be called shortly
"
statistical ") on the one hand and

the usual time study method could be stated and if so how it

could be explained. For this statistical method had such great

advantages no interference with or prejudice of the usual

production, no specially trained investigator in the shop, the

work of investigation to a large extent routine work that could

be done by girls in the office after a few days' training, that its

use in similar cases seemed very commendable, if it could be

proved reliable enough. Therefore a special investigation has

been carried out for comparing the figures found by the two
methods and the result was that the ratio of the figures found

by the statistical method to those found by the usual time study
method was 1-18, i.e., the former were about 18% higher than the

latter.

This difference, astonishing at first glance, could be explained
as follows :

(a) There are delays not included in the time studies but

invariably found and unavoidable, generally known as
"
lost

time." They are perhaps important in other forms of production
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but usually small at such rolling mill plants, since the causes can

be avoided when the work is done by gangs of men one easily

replacing the other for a short time. In the case in question these

delays could be estimated at about 3% of the time found by time

studies.

(6) As already mentioned, the book of stoppages and delays
contained only interruptions of work of more than 3 minutes,

but it was clear that shorter interruptions occurred which should

have been avoided and therefore excluded from the standard

time. These stoppages were estimated in the case in question to

be not more than 5% of the time study times.

(c) The remaining 10% must be attributed to the fact that the

mill in question was used as a "
jobbing mill

" and not as a mill

for mass production, one ingot being influenced by the one rolled

before or after. This fact, which came as a kind of surprise to the

investigators during the work itself, may be explained in principle

by Fig. 25. It represents diagrammatically the time for each

operation for a number of ingots passing through different stages
of manufacture. For each ingot one operation takes the longest
time and is therefore the

"
bottle-neck." The sequence time for

this ingot will then be the bottle-neck time plus the intermediate

time between the end of this operation on one ingot and the

beginning of the same operation on the next ingot. The sequence
time in Fig. 25A for one ingot is 14 minutes, in Fig. B for another

ingot of a different type is 9 minutes. If 10 ingots of type A and
then 10 ingots of type B were rolled, the total time taken would

be (10 X 14) + (10 x 9) = 140 + 90 = 230 minutes. If, how-

ever, ingots of type A and B were rolled alternately as shown in

Fig. C, then it will be seen that the total time taken would be

300 - 230
(24 + 6) X 10 = 300 minutes, i.e., = 30% higherZoO

than in the case represented by Fig. A + B. Now Fig. 25 has

to be considered as a purely schematic one, the differences being
made larger than they are usually in practice in order to make
the principle quite clear. An investigation of the actual figures

obtained in the case at hand showed that this fact of jobbing work
at the mill in question accounted for the 10% increase of the time

study times. It was doubtful whether this figure of 10% could

be reduced considerably because a better approach towards
" mass production

"
could not be expected as long as the nature
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of the customers' orders on the one hand and the working condi-

tions of the plant on the other hand could not be changed in this

direction.

Under these circumstances the standard times were made equal
to the statistical times minus 5%, i.e., the stoppages characterised

above under (6). In order to avoid any misunderstanding it may

FIG. 25. Sequence time by alternate rolling.

be pointed out expressly that all
"
stoppages

"
contained in the

" book of stoppages and delays
" were already subtracted when

developing the statistical figures, but the
"
delays

" were not

considered as they resulted from the lack of capacity of the plant
and were therefore unavoidable. This procedure is the con-

sequence of the definition of standard times as a "
practical

ideal," i.e., the best which can be expected under actual working
conditions of the plant in question. There will be opportunity to

come back to this problem more in detail in the course of this book.

3. Time Studies on Autogeneous Welding. The third example
deals with the possibility of defining working times for autogeneous
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welding on lines somewhat similar to those generally applied in

other metal-working operations such as turning, sawing, grinding,
etc. It is chosen in the scope of this book on economic control

in iron and steel because welding plants of the kind as dealt with
in this investigation are often considered as an appendix to the

iron and steel works proper. (As a matter of fact that was the

case with the plant in question.) A second reason for the choice

of this example is that it is concerned with nearly all aspects
enumerated above as the main ends of time studies.

Description of Plant

Plates as delivered from the rolling mill were cut to size on a

planing machine, and rolled to pipes on a plate-bending machine.

They were welded on nine hammer welding machines (see Fig. 26)

arranged adjacent to each other, and controlled by a common

K. Gas air fine (top burner)
KK. Gas air line (bottom burner)

A Welding chariot

B. Drive of the welding chariot.

C Beche -hammer.
O. Floor stand.

. Gas distributor

f. Anyi/rod.
G. Counterbalance.
// Top burner
J. Bottom burner.

Fio. 26. Diagrammatic representation of a hammer welding machine.

crane. The burner, shown in Fig. 27, had top and bottom parts of

similar design arranged opposite to each other and parallel with

the anvil rod. As soon as a portion of the pipe was sufficiently

heated by the burner it was brought by the welding chariot under

the pneumatic hammer, and welded. A steam-jet blower cooled

hammer and anvil rod during the heating turn, and removed the
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slag during the hammering of the welded seam. Two men were

necessary for operating the machine, the welder who controlled

1
Top burner

Side view

A. Gas chamber
B. A/r chamber
C Refractories

O. Nozzles
. Air line connection.

F. Gas /ine connection.

G Mixing chamber.
Bottom burner

FIG. 27. Diagrammatic representation of an autogeneous welding burner.

the machine and the
" wrench man " who kept the pipe in its

correct place and moved it during the hammering.

The Production Programme

The pipes produced had internal diameters of about 16 to

32 in., thickness of plate 5 to 16 mm., and lengths of 23 to 26 ft.

The welding machines were divided into three groups, A, B, and C,

and the distribution of the various classes of pipes to the machines

is shown by the following table :
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The investigation was limited to Nos. 1 to 5, 7 and 9 i.e.,

pipes of 16 to 24 in. internal diameter, which represented 86%
of the total production, and of a material normally used for such

pipes with a tensile strength of about 22 tons per sq. in.

Analysis of the Welding Process and the Necessary Working Time

Several heats are necessary for welding a pipe of a particular

length. To find out the influence of the different variables on the

welding process and the working time, it is possible and useful to

analyse this time as follows : The time for welding an individual

piece of pipe during a single heat can be subdivided into :
l

Main welding time/pipe Supplementary time/pipe'

Transport/no of the

pipe to andfrom the

machine, andstraight'
ening and controlling
the pipe.

Lost time

(Addition in %
of basis time)

Welding time/pipe

Referring to the whole length of the pipe, it is convenient to use

the sub-division :

Striking time Hammering supplementary

Heating timt (Hammering main time) time i.e.

f
(a ) Transporting the

pipe to the anvil.

(6) Transporting the

pipe to the burner.

Total ve/ding time

1 The terms used are analogous to those explained in
" The New Management/'

pp. 50-86.
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Limiting Factors and Their Influence on the Welding

A close investigation of these individual times and the kind of

work to be done indicated that the limiting factors or variables

which influence the welding process can be considered mainly as :

The length of the pipe.
The length of the burner.

The number of heats per pipe.
From these factors result

, , length of pipe
The feed per heat = r FT i : anc*r number of heats per pipe

m P .,. r i i
feed per heat

The rate of utilisation of the burner =
length of burner'

The welding time is dependent chiefly on the length of the

burner, but the length of the part that can be welded in one heat

is limited in practice by the length which can be hammered while

the material remains hot enough. The cooling rate increases with

decreasing thickness of pipe, while the quality of the welding seam

depends on the quality of the material used, and on the method
of working* which is again influenced by the length of burner.

The effect of the burner is dependent chiefly on the feed and the

rate of application. The length of heating time is affected by the

quantity of gas used. In addition to the cost of special refractories

in the burner, this quantity of gas is one of the main items of

the process costs, and it is easily possible that with increasing
burner effect the gas consumption increases so much that the

final result is a decrease of economy.
These few remarks may be sufficient to indicate the limiting

factors or variables which are related to each other in a rather

complex way ;
and it was the purpose of this investigation to

determine numerically the mutual relations of these factors to

such an extent that the method and the time of a special welding

process could be determined with sufficient accuracy. It is not

intended to give details of this investigation here, but rather to

discuss the main features and to give the results.

The Programme of the Investigation

As already mentioned, only pipes of 16 to 24 in. internal

diameter and of 5 to 16 mm. thickness have been investigated,
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and the dimensions of the tested pipes have been taken so that

conclusions could be easily drawn for any dimension between
them. The investigations have been made with the usual burner

of 10 in. length, and two burners of 13 to 15 in., respectively.
Two men of an average capacity carried out the actual work for

the experiments and the observations are always made on each

man separately under the same working conditions, in order to

be, as far as possible, independent of the human factor. About
10 pipes of each class and for each burner have been investigated
and average figures formed from the reliable results. One
machine of each of the three groups has been used for the tests.

The course of the work and the individual times were investigated

by time studies carried out in the usual manner, but as carefully
as possible ;

the quantity of gas has been measured by the orifice

method. Tensile tests of the original plates as well as of the

welding seam have been taken of each investigated pipe, in order

to exclude mistakes arising from bad material
;

also chemical

analyses of each melt i.e., for every 10 to 15 pipes belonging to

one melt, have been carried out. The finished pipes have been

carefully inspected, and all welding defects accurately recorded.

Finally, the pipes were subjected to the usual tests under

hydraulic pressure.

Evaluation of the Results of the Investigation

The strong connection between the method of welding and the

welding defects could be demonstrated clearly by the use of

recording instruments which assisted, to a large extent, the usual

time studies. An example is given in Fig. 28, the left parts of

which show the production diagrams of two pipes of exactly the

same kind, but the upper one with various defects in the welding

seam, and the lower sound throughout. The reason for the defects

can be taken directly from the diagram : either the heating was
too long and the material burned, shown at 1, or the feed was too

high, and caused open spots in the welding seam, shown at 2, or

the feed was too low and the material burned by repeated heating
which broke when hammered, as shown at 3.

The right parts of this illustration are graphs for finding the

heating time per metre from the feed and the heating time per
heat

;
and it is clear that the heating time per metre is practically

constant as long as the welder uses feeds within reasonable limits
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a fact which is confirmed throughout all these investigations.
This

"
regulating sphere

"
is different for different burners and

different thicknesses of the pipes, and had to be determined for all

important cases in practice.
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Based on the experience obtained by these investigations the

correct feeds, heating times and hammering times, as well as their

connections with each other could be arranged in corresponding

graphs, whereby the experimental results for the hammering time

were verified by a comparison with the results of a theory
of the hammering process published by an independent

investigator.
In a similar manner supplementary and lost times have been

determined, and the influence of the length of the burner on these

times was especially investigated. Whilst such an influence could

to some extent be stated on supplementary times, the lost times

were practically independent and could be taken as an addition

of 17% to the basis time for pipes of 16 to 24 in. internal diameter

and 5 to 10 mm. thickness, and of 15% for the same pipes, but of

11 to 16 mm. thickness. This includes an addition for recreation

of 5% which was found necessary in view of the special difficulties

under which the men had to work, as, for instance, heat, noise,

continuous attention.

As was to be expected, it was found that the consumption of

gas per unit of time increased proportionately with the length of

the burner, but this was lessened to some extent for thicknesses

under about 12 mm. by the smaller degree of efficiency of the

longer burners. It was, therefore, necessary to carry out a

separate investigation in this direction.

Determination of the Economical Length of the Burner for
each Pipe Class

The wages and the costs of the gas consumed form the most

important items of the proportional part of the total costs. The
other items are either fixed costs or variable to such a small

extent that they can be neglected for the comparison in question.

By using the results of the tests and graphic methods ofextra- and

interpolation, for burners of lengths of 8 to 15 in. and pipes of

5 to 16 mm. thickness, the heating times per metre, the supple-

mentary times per pipe, the feed per heat, and the hammering
time per metre could be determined, and by combining these

graphs and taking the working conditions of the burner of a

length of 10 in. as basis, a diagram, Fig. 29, could be developed
which shows the changes of costs when using burners of various

lengths for pipes of different thickness.
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As a result of this subsidiary investigation it was decided to

use three different burners :

For thickness 5 to 6 mm. a burner of 225 mm. (about 9 in.) long.
7 to 9 250 ( 10 )

10 to 16 375 ( 15
)

40

30

20

10

20

30-

40

Burner

Th/ckness> in

J2 13 75

Fio. 29. Changes in costs, when using burners of various lengths for pipes
of different thickness in relation to the cost when using the 10-in. burner.

The diagram seems to indicate that even a burner of a greater

length than 15 in. should be used, but if that were done, the

radiant heat would be too great for the workmen, and also other

production difficulties would arise to interfere with the quality
of welding.

Nomogram for Determining the Course of the Welding Process

and Fair Piece-work Wages

The relations between the limiting factors found by these

investigations can be further used in developing the nomogram
Fig. 30, which in each case enables one to determine the best

working conditions and the resulting working time. This can best

be shown by following up the drawn-in example : A pipe of 20 to
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24 in. internal diameter, 9 mm. thickness and 25 ft. in length is

to be welded. A burner of 250 mm. (about 10 in.) long is used,

...._ Hammer time per /netrt

^Welding time oer metre

FIG. 30. Nomogram for determining the course

welding process and fair piece-work

of the autogeneous
wages.

and a machine of group B employed. The feed will be chosen

between 195 and 235 mm. (about 7| and 9J in.), and the number
L 2
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of heats between 39 and 32. This will result in the following
times :

Heating time per metre = 4-1 min. i.e., per pipe = 30-7 min.

Average hammer time per metre = 1-85 min. i.e., per pipe = 13*85

min.

Average welding time per metre = 5*95 min. i.e., per pipe = 44*55

min.

Supplementary time = 16 min.
Total working time, excluding lost time =60*55
Welding time, including lost time =62*2
Supplementary time, including lost time = 18*7

Total working time, including lost time ... ... ... = 70*9 ,,

It may be of interest to see how these investigations have

resulted in a system of production control, and what improve-
ments could be obtained.

The Production Control

When the working times for various classes of pipe have been

stipulated, a comparison can be made between the work actually
done and what ought to be done i.e., output can be controlled.

But that alone is not sufficient
;

it is necessary to find measures

for the quality of the welding of the pipes and as the welding

depends to a great extent on the ability and care of the man
doing the job, this demand is identical with the application of a

control system which permits the continuous supervision of the

work of each single welder. For this purpose an elaborate

control-plan has been developed which seems to be rather

complicated and would probably have been uneconomical, had
not the Hollerith system used for other purposes in the works in

question proved a great help. The whole work of punching,

sorting and tabulating the cards, as a basis of the statistics

described below, took only about half an hour's work of one set

of Hollerith machines per week.

To obtain the necessary figures of output, rejects, reasons of

defects, etc., care was taken that no new forms were introduced

into the shop, but the usual vouchers for wages, day work as well

as piece-work, were so formed that they contained all fundamental

figures if completed properly.
The welding work was done under the supervision of a foreman

who induced the men to repair defective pipes without special

payment as soon as he found out that defects had slipped in
;
he
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was also responsible for the correctness of the corresponding
records. A second control was effected by a gang of men who
were especially concerned with surface defects, and a detailed

record was made for which the foreman of this gang was respon-
sible. The finished pipes were tested under hydraulic pressure,
and a third record resulted. Pipes found defective during the

second and the third control were repaired and patched up by a

separate gang of men in order to avoid transport reversals, which
would disturb the flow of the sound pipes. A special record was

prepared concerning this repair work. All these records were

used to build up separate reports of the output for day and night
shifts with the number of rejected pipes separated according to

the various kinds of defects, etc., and all reports provided the

various data for each class of pipes separately. But as the number
of metres welded in one class cannot be compared with those

welded in another class a
"
unit metre "

has been taken

as standard i.e., the metre of a pipe of 500 mm. (about
20 in,) internal diameter, 8 mm. thickness, and 7,500 mm.
(about 25 ft.) length, and the results of all other classes

were converted into
"
unit metres

"
by means of equivalent

figures.

In order to find out the reasons for high or low output, good or

poor quality of welding, etc., in one shift against another, similar

data were prepared for each welder, and then shown in graphs
and Fig. 31 gives an example. It shows the work diagram of a

young welder over a period of nearly 1| years i.e., from the

day of starting work with comparatively small output and a high
number of defective pipes, especially when a change of the class

of pipes takes place ; through a period beginning after about

5 months on similar work when the output is nearly as high as

it ought to be, but a change of classes of greater thickness

immediately results in a decrease of output and quality ; up
to equalised work and good welding of all classes with few

defects at the end of the eighth month. This man, therefore,

became a good welder in the comparatively short time of

9 months.

The work diagram of all welders combined, as shown on Pig. 32,

gives simultaneously the total result of this whole investigation.

It should be self-explanatory, and each addition would perhaps

only diminish the impression that the research work accomplished
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in this case has not been in vain, since the output has been

increased from 5-5 to 7-5 unit metres per hour i.e., 36*5% ; the

patching hours went down from 40% to 6%, the number of pipes
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with fractures from 50% to 8%, and the number of pipes failing

in the hydraulic test reduced from 35% to 5%.
Finally, it may be of interest that, in addition to the piece-work
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system as recompense for increased output, these results have
been obtained by applying a premium system as a reward for

improved quality. The actual patching times as percentages of

the stipulated total working times have been used as measures of

quality, and Fig. 32, but particularly the production diagrams of

individual welders, who have been connected with this kind of

work longer than the man referred to in Fig. 31, show the

favourable influence of this measure.



CHAPTER X

THE COSTING SYSTEM

AFTER what has been said about " works accounts " and their

splitting up into direct and indirect or individual and general
costs on the one hand, and the real and calculated indirect costs

on the other, a cost collection form, Fig. 33, will be understood

without further explanation, but it must be emphasised that this

figure gives neither an exhaustive list of types of costs nor of cost

positions, applicable in a practical case without further considera-

tion
;

it is merely a scheme illustrating the connection between
the various items discussed earlier, and it has to be changed and
formed according to the demands of the individual case.

When the allocation of the types of costs to the individual cost

positions has been finished, it is necessary to go through each

cost position so that the costs of the output of each position
become clear. As already mentioned this

"
output

"
will not

always consist of saleable goods ;
it can also comprise work done

by one cost position or workshop for another, as in the case of the

auxiliary departments ;
but from the point of view of such a

department the work done in it has to be considered as its
"
output/' even if it cannot be called so from the point of view

of the whole works.

A. VARIOUS FORMS OF CALCULATION OF COSTS

There are different forms of cost calculations and the choice of

the form depends on the nature of the work carried out in the

cost position or workshop in question, and also on the purpose of

the calculation.

Where only one single product or operation is produced in units

equal to each other, the calculation is very simple : the total costs

in a certain period, e.g., a month, are divided by the number of

the produced units
;

therefore this method is termed "
division

costing/'
More difficulties result if the products or operations of a shop

158
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are different and therefore the costs of the shop must be sub-

divided and allocated to these different bearers of cost. In this

case some costs can be distributed directly as individual costs

to the individual bearers of costs, in others the indirect or general
costs must be covered by additions, mostly in the form of a

percentage of some of the direct costs. This method is termed
"
addition costing."

This second form can again be divided into two different kinds

of calculation according to the degree of difference between the

individual bearers of costs. If this difference is very frequent
and is such that one operation or bearer of costs is usually different

from the others, each has to be dealt with as a single item to

which costs must be allocated
;

in this case an order must be

given indicating exactly the nature and the amount of the

individual item, and this order is the basis for cost allocation.

That is the reason why this kind of calculation is termed
"
order

costing."

If on the other hand there is only a limited number of products

being produced repeatedly from time to time, the basis will no

longer be an order strictly indicating the nature and amount of

the product, but the order will give only the approximate amount
and determine merely the time during which this special class of

product should be produced, leaving it to the workshop how much
can really be finished in that time. We may call this

"
class

costing."

Obviously
"
order costing

" and "
class costing

"
are both

"
addition costing," but the cost bearers or works orders are

marked off differently. In the first case the quantity of the

products, and in the second the working time is given as the

limit. As "
class costing

"
is simpler than "

order costing," an

endeavour should be made to substitute the latter by the former

wherever possible, for example at rolling mills, when jobbing
work is not the only kind of work, but stock orders are possible at

least to some extent. In other cases, however, that is scarcely

practicable, as for instance in the maintenance department.
A further simplification of the class costing system can be

obtained by introducing
"
equivalent figures." They correlate

the different costs per unit of the various classes to the costs of

one of them, which is selected as the basic class
; it is possible

with the help of these equivalent figures to reduce the total output
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of a department, say for a week, composed of several classes, to

an equivalent output of the basic class, and as soon as this is

obtained the problem of costing is obviously the same as in the

case of division costing, i.e., as simple as is generally possible.

Of course there must be taken into account the work necessary
for determining the equivalent figures, and in the selection of the

method consideration must be given as to which case entails the

minimum of work. It should not be overlooked that in normal
times the variation of equivalent figures will be only small, so

that these figures need be verified only at long intervals.

It must be left in each individual case to the discretion of the

responsible person, how far the subdivision into classes shall go,
or whether it is not possible to include similar classes in one

common group as a single class. It should always be remembered
that costing cannot be more than an approximate calculation and
that exaggerated subdivision will increase the clerical work unduly.
On the other hand, the grouping together of different classes

always gives an average value, which depends not only on the

individual values, but also on the ratio of participation of the

various classes
;

and that the second influence can be very

important is shown by the following example :

A group may be composed of two classes a and 6 :

1st month ; 40 a at 5 Os. Od. . . 200

60 b at 4 Os. Od. . . 240

Average 100 at 4 8s. Od. . . 440

2nd month : 80 a at 4 15s. Od. . . 380

20 b at 3 18s. Od. . . 78

Average 100 at 4 11s. 7d. . . 458

Although both classes have become cheaper, the average has

increased, solely because the ratio of quantities has changed.
It will now be necessary to consider in more detail how these

general rules are applied to the individual departments of an iron

and steel works. As already pointed out, the technical depart-
ments can be divided into main, supplementary and auxiliary

departments, and as the operations in one of these latter depart-
ments may again be costs in the main, supplementary or other
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auxiliary departments, the cost of these auxiliary departments
are discussed first.

B. THE COSTING SYSTEM IN THE AUXILIARY
DEPARTMENTS

From the point of view of costing, those cost positions which

are called
"
factory administration

"
in Fig. 33 must also be

considered as auxiliary departments. Distinction must therefore

be made between the proper auxiliary departments, i.e., plants
for production of steam, electricity and compressed air, for the

supply of water, the maintenance shops, the traffic department,
the test house, and the general works service and that part of

the administration which is concerned with the affairs of manu-
facture as against those of trade or commerce.

The general works service may consist of the work of the porter
at the works gates, the watchmen in the works premises, and in

the shops, the fire station and fire brigade, sanitary and ambulance

stations, air raid precautions, etc. The part of the administration

dealing with manufacture may include the technical management,
the purchasing department, cashier's office, accountancy and

costing, consignment, invoice, control and statistical departments,

wages and labour office, etc.

1. The Operations of the Auxiliary Departments and Their

Measurement. Sometimes the measurement of the operations of

the auxiliary departments is very simple, e.g., the power plant,

the water supply, etc., where the measures are 1 kwh., 1 ton

steam, 1 ton water, etc. As these units are uniform for all shops
where they are consumed, the simple system of division costing
can be used.

The measurement of the work done by the maintenance

departments is more difficult, as their work is so different and
varied. Sometimes the working hours or the wages paid are used

as the measure, but they both have defects for this purpose, as

the value of one working hour may not be equal to that of another

and this difference may be even increased in regard to the wages

paid per unit of work done. It must be decided in the individual

case, whether this defect can be tolerated or should at least

partly be overcome by dividing the maintenance departments
into various cost positions. It is usual to form at least three such

positions : (a) work outside the shops, (6) work in the shops on
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the machines, and (c) hand work in the shops, and then to sub-

divide (a) and (c) according to the various handicrafts, as fitters,

erectors, electricians, plumbers, bricklayers, etc., and (6) according
to the kind of machines used, as lathes, drilling machines, shears,

etc. Each of these cost positions uses as measurements the

working hour or the direct or
"
production wages," taking as such

wages those being used for maintenance work for other shops.
Indirect wages are in this case the wages of the foreman and the

wages of the auxiliary workmen in the cost position, which cannot

be attributed directly to the operation. In other words : in this

case the meaning of the two terms "
direct

" and "indirect
"

must be understood from the workshop point of view and not

from that of the concern. Maintenance work for the maintenance

department itself can be dealt with in two different ways (a) and

(6) as illustrated by the example below.

(a) (6)
s. d. s. d.

Direct wages for other workshops . . . . 50 60
Direct wages for own shop .. .. .. .. 600

Total .. .. 66 60
General costs or overheads 60 60

(a) Direct wages for maintenance work for

own shop 600
110 per cent, overheads 6 10

Total . . . . 10 10 10 10

(b) Own maintenance indirect wages .. .. .. 600
Sum of general costs 60 10 66

General costs as percentage of direct wages : 60 10s. X 100 66 X 100

66 60

110% 110%

Charged to other shops : wages 60 60

110% 66 66

Total 106 106

As may be seen from this example the result is the same in both

cases but the second method is simpler.

Maintenance materials can also be allotted to the shops by
various methods : they are either charged first to the maintenance

shop, which has to do the work of maintenance, and then trans-

ferred together with wages and overheads to the shop for which

this work is carried out, or they are charged directly to the latter

shop avoiding the maintenance shop completely. Although the
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second method is, of course, simpler from the point of view of

book-keeping, the first one should be preferred, as experience has

shown that mistakes can be more easily avoided.

Order costing should be applied in the case of maintenance work
which is important enough for the costs to be known as a whole,
and the receiving shop should then be charged with this sum.

Sometimes maintenance work is completely dealt with in this last

and certainly very correct manner, even for less important work.

This procedure involves the danger of an unduly increased clerical

apparatus.
The "

internal traffic
"

department comprises all transport
from shop to shop within the works, but not in the shops
themselves. It is not easy to find the correct measure of the

performance of this department. Each kind of transport, e.g.,

by locomotives, by steam cranes, by motor cars, etc., has to be

treated as a separate cost position. The weight of the transported
material is often used as a measure within such a cost position. It

is obvious that that is not correct, as the length of the transport
route must be of some influence. Therefore the

"
ton-mile

"
has

been used in works of great area
;
but it is questionable whether

the improvement is great enough to counterbalance the work
connected with the refinement of the method

;
for as simple

considerations about loading and unloading show, the
"
ton-

mile
" measure is also not correct. A third method is to develop

a regular transport tariff based on special investigations as work
and time studies, and to verify the correctness of this tariff by
comparing the total amounts thus calculated with the total

transport costs. This way is undoubtedly the best one, but also

causes the most work
;

it would pay only under fairly stable

working conditions so that no frequent additional investigations
and changes of the tariff were necessary.

2. The Allocation of the Costs of the Auxiliary Departments.
The measures of the outputs of the various auxiliary departments
should be used for allocating the costs of these departments to

the main and supplementary departments ; frequently, however,

auxiliary departments work for each other, and in this case the

bill between them must be settled first. That may sometimes be

difficult, as the mutual charges cannot be calculated correctly
before the costing result of both is known for the period in

question. Although it is possible to find a mathematically correct
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solution for this problem, this is usually omitted as being too

complicated and a method used which may contain an error, but

one of no significance in the final result. This method is best

illustrated by an example.

Electricity is necessary for steam production and steam for the

production of electricity. Both are produced in their own power
station. Before the mutual charging of one cost position to the

other, the following figures could be obtained :

Steam Electricity

Total production . . . 10,000 tons 500,000 kWh.
Various costs.... 1,750 150

Supplied to electricity . . 5,000 tons

Supplied to steam . . . 40,000 kWh.
i.e., of total production . .50% 8%

The further calculation now reads as follows :

Approximate price per ton steam :

1,750

10^66
= 3 '5 Sh

;

assumed to be 3-7 sh.

5,000 tons X 3-7

cost of electricity supplied to

steam 925

1,075

8% of 1,075 . . . . 86

1,836

3-672 sh/ton

Costs per unit about . . 3sh. 8d./ton 0-516d,/kWh.

The difference between the assumed and the calculated unit

price of steam/ton is negligible.

The allocation of the electricity and steam costs now seems to

be very simple, and that is really the case, if the consumption of

these energies in units is known separately for the receiving shops
or cost positions. Unfortunately that is not always the case

because the insertion of meters is regarded as too expensive. If

this is sometimes the case for steam consumption, it cannot be

accepted as justified for electricity, where reliable and non-

complicated measuring instruments are on the market. It will
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be found that the sum of the consumed units is always somewhat
smaller than the produced units and the author remembers a case

where the installation of meters before the various cost positions,
allowed only after a long struggle with the financial management,
quickly brought about the discovery of conduction losses so great
that the prime cosfe of the meters could be saved in a very short

time.

After these considerations it can be left to the reader to find

out the best key in each case, when allocating the costs of the

auxiliary departments to the main and supplementary depart-
ments. It may only be mentioned that for the general works
service and the administration costs, generally no other key can

be used but the sums of wages, paid in the individual shops or cost

positions. It should not be overlooked, however, that this key
does not take into account the degree of mechanisation and
therefore puts too high charges on the shops with a preponderance
of hand work, a new indication of the repeatedly mentioned

character of costing as an approximate calculation.

C. THE COSTING SYSTEM IN THE MAIN AND
SUPPLEMENTARY DEPARTMENTS

When the allocation of the costs of the auxiliary departments
to the main and supplementary departments has been finished,

or in other words the whole costs are collected in the final depart-
ments where saleable goods are produced, in such a manner that

each of these final departments has a full survey of the costs for

which it is directly or indirectly responsible, it then remains to

find a way to connect these costs with the goods produced or the

performances carried out in the corresponding departments. In

principle this is done by relating the indirect costs in some way
to the direct costs of the same cost position or to other items as

closely connected with the individual products as the direct costs,

e.g., quality, weight, size of the products, hours actually worked

on the product, etc. It has been pointed out already that these

products or performances, also called bearers of costs, are

generally characterised by works orders, which may either be

limited as to quantity or to working time. In the latter case they
are best calculated by means of the class costing system, which is

especially applicable for the main products of the iron and steel

industry As the costs attributed to a certain class of product
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can often be divided into
"
individual class costs

" and "
general

class costs," these considerations lead to the conclusion that from

the point of view of a single main or supplementary department,

relating the costs to the products or performances involves :

(1) Determining the cost positions within the department ;

(2) Determining and delimiting the bearers of costs, main

products as well as by-products ;

(3) Determining the individual and general class costs and

allocating the latter, and

(4) Calculating the by-products.

What is actually involved in the above may best be explained

by quoting examples from the German source mentioned in the

preface of this book.

1. Blast Furnace Department. Bearers of costs are the various

classes of pig iron : open-hearth pig iron, basic pig iron, foundry

pig iron, haematite pig iron, spiegel, ferro-manganese, ferro-

silicon. There may also be various classes according to the

different contents of manganese, silicon, etc. It is also important
to know whether the iron is molten or in pigs, when leaving the

blast furnace department. By-products are blast furnace gas
and slag.

In many cases a blast furnace department will produce only
one class of material. In that case a sub-division into cost

positions would not be necessary from a purely costing aspect,
but it is generally thought advisable for production control.

The following are recommended as final cost positions :

Preparing and charging the burden.

Blast furnaces.

Hot blast stoves.

Casting house.

Removal of solid pig iron.

Removal of molten iron.

Removal of slag.

An auxiliary cost position common departmental costs

should be arranged and if necessary subdivided, where these costs

are first collected and then distributed to the final cost positions

according to a key.
"
Standard wages

"
are usually taken as

such a key, i.e., the wages estimated for normal operation. This

is accurate enough and even better than distribution according
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to the wages actually paid which involve all the contingencies of

actual practice, as explained later in detail.

Individual class costs, i.e., costs which are separately charged
to the various classes, are costs of the burden, of the coke, of the

hot air, and the credit for blast furnace gas and slag. Burden and
coke are determined by daily records made in the department ;

hot air and gas can be taken as proportional to the consumption
of coke. The blast furnace gas used in the blast stoves is a part
of the blast stoves cost position ;

but it is expedient to consider

it as a part of individual class costs in order to obtain the total

fuel costs in one sum, i.e., costs of (coke + blast stove gas blast

furnace gas).

The following keys have been recommended for the allocation

of the general costs to the classes :

Preparing and charging the Weight of the burden + charged
burden. coke.

Blast Furnaces . . . Working time of the furnace.

Hot blast stoves . . . Consumption of coke.

Casting house . . . Production wages or production
hours.

Removal of solid pig iron . Wages or working hours.

Removal of molten iron . Weight of molten iron.

Removal of slag . . . Weight of slag.

The key, wages or hours, is given for the removal of solid pig
iron instead of the weight, for the reason that different costs may
arise for the various classes according as transport by magnet
crane is possible or not, or whether the pigs must be broken by
hand, etc.

Questions concerning by-products will be dealt with later.

In the case of a basic Bessemer plant the mixer plant between

the blast furnace and the steel melting shops is best treated as a

separate main cost position. The product can be calculated by
division costing.

2. Basic Bessemer Plant. For the grouping of classes the

following can be chosen : quality of the steel (carbon steel, alloy

steel, rail steel, etc.), kind of casting (in groups, single, etc.), shape
of the ingots (ingots, slabs), weight of ingots (up to 20 cwts.,

20 to 40 cwts., etc.), whether the steel is delivered solid or molten

(duplex-process). This enumeration shows that a great many
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variations are possible, and it is often desirable to look for

simplifications. As one of these, it is recommended that the

calculation of the costs of the molten steel and of the ingots be

separated. The former can then be used for all ingots which only
differ as regards shape. It should be noted also that variations

in the saleable goods produced from the steel have an influence

on the decision how far to go in the subdivision into classes.

By-products are casting scrap, used partly in the Bessemer

Department as cooling scrap, partly in the open-hearth melting

shop ;
and phosphatic slag.

Cost positions of the basic Bessemer plant are lime-bins,

converters, ladles, casting pits, moulds, removal of slag, spiegel

furnace, manganese furnace.

Common departmental costs are dealt with in the manner
described for the blast furnace department. Individual class

costs are all positions of material, such as the charge for the

converter, the amount of scrap, lime, other additions, the credit

for slag, etc., the production wages in the casting pit, refractories

of special shape and mould costs. The mould costs can either be

used directly for costing purposes, if only a few classes in large

quantities arfc produced and it can therefore be considered as

sufficiently accurate to put the consumption equal to the supply ;

or in the case of many different classes in small quantities an

estimation must be made for each and the correctness of these

estimations verified by means of a suspense account.

As keys for the allocation of the general costs these have been

recommended :

Lime bins.... Quantity of lime consumed.

Converters . . . Through-put (perhaps taking into

account the different blowing

times).

Ladles .... Quantity of molten steel.

Casting pit . . . Quantity of solid steel, or more

accurately : production wages
for labour costs and general

costs, and weight of the solid

steel for the remainder.

Moulds .... Costs of moulds consumed.

Removal of slag . . Quantity of slag.
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Spiegel furnaces . , Quantity of molten spiegel.

Manganese furnaces . . Quantity of molten ferro-

manganese.

3. Open-hearth Melting Shop. The ingots are grouped into

classes in a manner similar to that for the Bessemer plant, but the

number of classes will generally be higher as the number of

qualities is greater. Sometimes various methods of steel produc-
tion are used, scrap-process, duplex-process, etc.

;
then a sub-

division according to these processes is necessary. The separation
of the calculations for the molten steel and of the ingots produced

may again be advantageous.

By-products are casting scrap and slag.

Cost positions are : scrap-yard, furnaces, ladles, casting pit,

moulds, heating of ingot heads, Harmet press, ingot-chipping,
removal of slag, removal and storage of the cold ingots ;

and as

an auxiliary cost position : general costs.

Individual class costs are : costs of the various materials, wages
in the casting pit, costs of special refractories, costs of moulds,
and chipping wages. Concerning costs of moulds the reader is

referred to what is said above for the Bessemer plant.

The following are used as keys for the allocation of general
costs :

Scrapyard . . . Weight of the solid charge.
Furnaces .... Working time per heat. 1

Ladles .... Through-put quantity.

Casting pit . . . See Bessemer plant.

Moulds .... Cost of moulds.

Harmet-press . . . Weight of production.

Ingot chipping . . . Production wages.
Removal of slag . . . Weight of slag.

Removal and storage of in-

gots .... Through-put weight.

The working time per heat is not an expedient key, if the

melting shop has furnaces differing greatly in size, as a large

1 This expression means the total time of a heat from the beginning of the

charging to the end of tapping or the
"
tap to tap time." It is different from the

"
melting time "

proper, which means only the time for melting down the charge.
The "

working time per heat " can be divided into fettling time, charging time,

melting time, refining time and tapping time.
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furnace has a bigger output per hour than a small one and the

costs per hour are correspondingly different. For an accurate

calculation each furnace size should be considered as a separate
cost position, but a simplification could be obtained by the use

of equivalent figures. For example : there may be furnaces of

100 tons and of 50 tons in a melting shop. The 100-ton furnace

has an output of 12 tons /hour, the 50-ton furnace of 8 tons /hour.
The second may be taken as the basis. Then each hour of the

working time of the 100-ton furnace is equal to 1-5 equivalent

hours, and when allocating the working times per heat to the

various classes, the actual times of the 100-ton furnaces have to

be multiplied by 1-5 in order to obtain a fairly correct distribution

of the costs.

4. Cogging Mill. The grouping into classes may take place

according to the quality of the steel, the form of the products

(blooms or slabs), the size of the products (weight per yard or

section) and to the kind of further working up of the material, i.e.,

hot or cold working in the works itself, or direct sale to an outsider

for subsequent working up.

By-products are scrap, slag and "
shorts." While the method

of dealing with slag and scrap will be explained when the costing

problem of by-products is investigated as a whole, a few words

may be added about the
"
shorts." They are rolled in the finishing

mill in exactly the same manner as the other material and their

value is in principle the same, but they decrease the output of

the finishing mill and the possibility of using the finished products
made from shorts is limited to a certain extent. These facts are of

influence when estimating the value of the shorts, which has to

be credited to the cogging mill and debited to the finishing mill.

Methods other than estimation of this value will rarely be avail-

able
;

but this has to be done carefully, having regard to the

particular working conditions, since undervaluation of the

shorts brings about too high costs for the good blooms and vice

versd.

The following cost positions and corresponding keys of alloca-

tion have been proposed for cogging mills :

Soaking pits . . . Through-put of ingots.

Supply of ingots to the mill . Weight of ingots supplied.

Cogging mill . . . Number of passes.
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Shears .... Weight of products. This key
often used cannot be considered

appropriate. Production wages
would be better, or rather

number of shear cuts.

Chipping of ingots . . Production wages.
Removal and storage of in-

gots .... Weight of ingots removed.

Loading .... Weight of the loaded material.

Auxiliary cost position :

General costs Standard wages as key for alloca-

tion to the final costs positions.

Individual class costs are the production wages of the cost

position : chipping of ingots.

5. Finishing Mill. The kind of products is the obvious stand-

point from which to group these products into classes, i.e., blooms,

billets, sheet bars, heavy or light rails, heavy or light sleepers,

structural steel, steel bars, wide strip steel, etc.

These products can be subdivided according to the quality of the

steel, the shape and size of section, the kind of further working

up, e.g., in short or long lengths, whether for the same works or

for outsiders, etc.

By combining the above such a number of classes results that it

is impossible in practice or at least not economical, especially
with mills having an extensive production programme, to calculate

the costs of each class separately. It is suggested that a middle

course should be adopted, i.e., to make the daily records in the

shops as detailed as possible and to investigate in the costing

department how far they can be combined for the calculation

of a limited number of classes without endangering too much
the correctness of the result for ordinary purposes. The

daily records must, however, always be kept at hand in order

to be able to make any special, more accurate investigation if

necessary.
This middle course here proposed should also be adopted in

many similar cases, where at present either the daily records are

kept superficially because it would be too cumbersome to work

through accurate ones or where these records carefully prepared
and filled in in detail in the shops seem to cause the office more
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work than is really necessary for the usual survey of the economic

situation. The opinion is often expressed that the work involved

in keeping these records so carefully is wasted if the costing

department does not draw from them all possible conclusions.

The fact is overlooked that the records have yet another no less

important purpose of securing effective production control.

Furthermore, problems may arise in the course of the production
where a special investigation based on these detailed records of

the past can alone bring about a solution.

Cost positions are furnaces, mill, finishing bank, and storage
and despatch.

Individual class costs are the production wages of the mill, of

the finishing bank and of the storage and despatch, roll deprecia-

tion, and the production wages of the roll turning and grinding

shop. Standard rates of roll depreciation are fixed for each class

according to experience ; they are booked to a suspense account,

to which the prime costs of the rolls are charged and the proceeds
of broken rolls are credited. In special cases the economical

rather than the technical life of the rolls may be the basis of the

depreciation rates, e.g., if the rolls can be used only for a special

section the repetition of which cannot be expected.
If the production wages of the mill per working hour are fairly

constant, it may be possible to treat them as general costs and to

allocate them in the same manner as the other types of costs, i.e.,

according to working hours.

The furnace costs are generally distributed according to the

charged weight, although that may be incorrect, because the

influence of the steel quality on the heating is not taken into

account
;
but to find a better key might be difficult, and, this

point should therefore only be taken into consideration in special

cases, e.g., where an extremely long heating time is essential, and
then perhaps the use of equivalent figures based on the normal

heating time will be helpful.

This enumeration of examples will be sufficient to show how
each of the final departments has to be considered and how the

figures obtained have to be grouped, in order to find a basis for

calculating the costs of goods or performances produced in these

departments. It may perhaps seem that too many examples
have been given and that a shorter list would have drawn the

Attention of the reader more strongly to the important parts of
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the discussion without troubling him by details perhaps interesting
but too easily leading away from the main theme.

When these considerations are disregarded, the reason is that

it may interest the expert to see how far the German publication
recommends a refinement ofthe costing system in the departments
in question. It will always be doubtful whether it is right to

adopt all these suggestions, where simplifications can be made
without hesitation and where a degree of accuracy beyond that

represented in these examples seems to be necessary. Decisions

in individual cases can only be made from the full knowledge of

the special working conditions and of the purpose of the investiga-
tion in question. If a general remark is permissible, it is that

often too much importance is attached to the refinement of the

general costing system, whereas not enough use is made of the

detailed investigations of special problems arising from the work
in the shops or offices, or from the general business situation. The
result is then that the clerical machinery is set up almost entirely
for the first part of the work, and there is not enough time nor a

sufficiently trained staff for the second task, which is frequently
considered at least at the time, when the results of such a special

investigation are eagerly awaited as the more important one.

In such cases the whole costing system may be regarded with

unjustified contempt unjustified because the system itself is

sound but was not organised to deal with the work expected of it.

We will come back to these general remarks later in another

connection.

D. THE COSTING SYSTEM IN THE SALES AND
DISTRIBUTION DEPARTMENTS

Having dealt with the manufacturing side, the trade or com-

mercial side can now be treated. Many analogies can be pointed
out. The selling and distributing costs correspond to the production
costs. There are a number of types of costs and of cost positions;

there are direct or individual, and indirect or general, costs.

The latter have to be allocated to the cost positions according to

the same principles as have been explained for the production
side. Strangely enough this part of the costing problem has been

comparatively seldom dealt with in literature, and even in

practice the author has found that it is often neglected, or at least

not considered sufficiently important for the necessary care to
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be devoted to it. In these circumstances it is very fortunate

that such an important body as the Institute of Cost and Works
Accountants l has published a booklet,

" The Problem of

Selling and Distribution Cost Accounting/' the main aspects of

which can be used for the following discussion, as nothing is said

in it which is opposed to the views of the present author. To be

sure small compromises ha\e to be made here and there; but

readers know already that costing and accountancy should not

be considered as a solid rock and the centre of strategy for

leading industrial works, but as the flexible tool of an expert

applied in the manner most expedient for the case in hand. This

way of viewing things shows, as already mentioned, the limits of

standardisation as drawn up for matters of costing and account-

ancy ;
on the other hand, it allows of an adaptability which

facilitates the fixing of generally acceptable principles. There is

no question that insufficient use is made of such a possibility.

Hence, when a publication such as that of the Institute of Cost

and Works Accountants appears it must be more than welcome,
and it is to be hoped that the industry will draw the utmost

possible advantage from it.

Here a few sentences may be quoted which should remove some

doubts as to the boundary between production costs and selling

and distribution costs, doubts which one finds sometimes in iron and
steel works and which cause some uncertainty in the organisation.

"
Production costs are the cost of making an article and of

primary packing. Primary packing is intended for shop display,

protection during the stocking period, and convenient handling

by the consumer."
" The cost of packing for transport which may be detormined

by the nature of the transport or to facilitate bulk transport is a

cost of distribution.
" The costs of distribution are incurred after the article is in a

saleable condition and are the costs incurred in placing the article

in the possession of the customer. They also include the costs of

moving the article to and from prospective customers as in the

case of goods on a sale or return basis. The cost of transporting
articles to central or local storage in anticipation of sales or to

facilitate sales is a cost of distribution."
" The cost of storage for finished goods is a cost of distribution.

1
Registered office: 23, Queen Square, London, W.C.I.
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Storage for finished goods comprises works storage, also interme-

diate and final storage depots for large towns or large customers/'
" The cost of selling is the cost of endeavouring to obtain and

retain the customer."

Attention may be drawn to the fact that there is no contradic-

tion to the author's own definition of indirect material costs in

these sentences, as the former is concerned with raw materials

and semi-finished products, whilst the distribution costs apply to

finished goods only. As may be seen, the stores for finished goods
are considered as being outside the works proper. This may
cause difficulties in cases where one and the name article is some-

times an intermediate product and sometimes a finished article,

e.g., ingots which can either be used for rolling in the works' mill,

or sold directly to customers. In such a case a compromise must
be made, perhaps by considering the ingot stores as a part of the

production line if the majority of ingots are used as an inter-

mediate product in the works itself, and as a part of the distribu-

tion if they are mostly sold to outside firms.

In any case, if the above definitions of the Institute of Cost

and Works Accountants really represent the policy of other

industrial works, there is no reason why the iron and steel

industry should not conform, even if some initial change of view-

point becomes necessary.

In order to show how similar the ideas contained in the booklet

are to those developed in this book for production costs, a part of

the
"
Control ('hart suggesting Forms of Analysis for Selling and

Distribution Costs," may be given (Fig. 34). It enumerates the

suggested types of costs (nature of expenses), positions of costs

(functions) and bearers of costs (location). It is not intended in

reproducing this chart to induce any iron and steel works to sub-

divide their selling and distribution costs exactly according to this

scheme ;
on the contrary it should be remembered that this

scheme is developed for general purposes and that it is not con-

sidered exhaustive. Therefore some items may be omitted and

others added according to the special requirements of a particular

case, but it offers a good survey of the possibilities of subdivision

and explains to what extent this subdivision is considered

necessary for costing as well as control purposes.

Before leaving this interesting publication a comment may be

permitted. In the introduction it is said that certain groups of
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FIG. 34. Extract of a control chart suggesting forms of analysis for

selling and distributing costs.

the Institute of Costs and Works Accountants, when asked for

contributions to the booklet,
" have displayed some diffidence in

being associated, as Cost Accountants, with Market Research and
the measurement of the results of sales and advertising campaigns
because they are of the opinion that these are exclusively within

the function of Sales Management." The Sub-Committee

responsible for the publication of the booklet strongly rejects

that point of view and the present author wholly agrees. This is

a complete parallel to the relation between the production man
and the accountant as described in the introduction of this book.

The fact that any doubt can arise, even in accountancy circles,

about the position which the accountant should hold in matters

of selling and distribution cost accounting, shows how deeply
rooted are the divergencies of opinion among those employed in

the same industrial concern. We know what disastrous effects

this fact can have on the prosperity of the concern, and nothing
should be omitted that may bring about an improvement in this

respect. The logical demarcation of the functions of each depart-
ment is one of the best means of stopping disagreement between

them ;
it is obvious that cost accounting comprehends the whole

concern, and it would be a bad mistake to deal with one part

separately, perhaps in a different manner from that applied to

the other parts, provided always, of course, that the costing

department keeps to the position it should have continuously in

mind : to be of service to the
"

final
"
departments of production

and sales.



CHAPTER XI

BY-PRODUCTS

As the term "
by-product

"
is mentioned repeatedly it seems

expedient to interrupt the course of consideration somewhat in

order to make clear how by-products should be treated from the

costing aspect, even if thereby some matters which will be

explained in detail later on, when dealing with job accounts, must
be anticipated.
The term "

by-products
" must first be defined, for it is not

always obvious in practice which of the two or more products of

any given process should be considered as the main product, and
which as by-products. One such case has already been mentioned:

i.e., the small iron and steel \vorks which could only be worked

during a time of economic depression because the profit of the

cement of slag-stone factory counterbalanced the loss on the iron

and steel works proper. Thus it is not impossible that in an
individual case a blast furnace would be temporarily stopped if it

were not that the blast furnace gas was needed for other processes
in the works. But even in such a case, that product is termed a
"
by-product

" whose production is carried out unintentionally

alongside the product which was the original reason for construct-

ing the plant. Hence it may be said, that by-products are those

which arise when two or more products originate from one and the

same source of production in quantities, the ratio of which cannot

be influenced considerably, and of which one, the main product,
can be considered as the result proper ofthe plant, while the others

the by-products, are produced, so to speak, incidentally.

A. WHY MUST COSTS OF BY-PRODUCTS BE
FIXED ?

There was a time not so long ago, perhaps at the beginning of

this century when it was concluded from considerations of this

kind that the costs of by-products should be taken as nil, especially

as, for example, in the case of blast furnace gas, the habit of

173
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letting it burn away to waste had only just ceased. This fact is

mentioned, not as a model, but to show the radical change of

view which has taken place, for nowadays no serious costing

expert would make such a suggestion, which calls to mind the

famous saying of a so-called production engineer in respect of his

factory's own power station: "The electric current does not

cost us anything because we produce it ourselves." It is quite
certain that the by-products cost something, the question is : how
much ? This is very difficult to answer, because it depends to a

great extent on the circumstances of the particular case. It may
be that even in the same case there are different answers according
to the different purposes for which the cost figures may be used.

Perhaps it is not superfluous to remind especially the technically

trained reader that economics is not an exact science like mathe-

matics, which has nearly always only one correct answer to a

certain question.

The costs of simultaneous production of main- and by-products
are determined as usual and as explained on previous pages, but

how can and how should they be distributed over the various

products ? As already mentioned, the answer may be different

according to the purposes of the cost distribution.

It may be called to mind that generally the costs of a product
are needed as a basis

;

(1) For determining an adequate selling price.

(2) For obtaining a short term production statement.

(3) For critical examination, whether a certain product can

still be considered payable or not.

(4) For estimating the profitableness of new plants.

(5) For production control.

The last of these five purposes is of minor importance in the

problem under discussion since the ratio of main product and

by-products is generally constant. It is therefore sufficient to

observe the development of the costs of the total course of

production, without subdivision into the costs of the individual

products.
Such a subdivision can also be omitted in case 2 as long as the

quantity produced and the quantity sold or consumed is equal
for the individual products in the same month. But as soon as

one or more of the products have to be stored in order to overcome

the differences between production and consumption, stock prices
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must be developed, especially if these differences cause large
fluctuations in the quantities to be stored.

For the other three purposes under (1), (3) and (4), however,
the separation of the costs of the main product and of the by-

products is essential, especially for the first.

Further, it is not right to say that this first purpose would

cover the same ground as the second and the third : the first deals

with an individual business or order, the second with the total

results of the works or department during a certain period, and the

third with the various classes of products, again during this period.

Without discussing in greater detail the other purposes men-
tioned under (3) and (4) some general remarks may be added on

the problem under (1), i.e., of using costs as a basis for the selling

price. When the question arises whether a special order should be

accepted for production the following four questions should first

be answered : (1) What will be the costs of the works if the order

is carried out ? (2) What will be the costs of the works if the

order is not carried out ? (3) What will therefore be the additional

costs caused by this order, i.e., answer to (1) minus answer to (2) ?

And (4) What increase in the returns can be expected from this

order ? It is obvious that these questions cannot be answered

sufficiently correctly in the case of the simultaneous production
of a main product and of by-products, without using prices for

the by-products based on their costs. Thus the difficulties of

finding these costs must be overcome by some means.

Attention may be drawn here to the term "
additional costs," a

concept which plays an important role in problems of price policy

and will be dealt with later in more detail.

Summarising these considerations it can be said that a way
must be found to fix the prices of by-products and that the most

important factor in the determination of these prices is the

question of profitableness of the individual orders which must be

answered before accepting these orders.
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B. THE FORM OF CALCULATION
There are two methods used in practice to distribute the total

costs over the various products of the same process. In the first

the one product is charged at a certain unit price which may be

termed "
charge price," the costs of this product being calculated

by multiplying the number of units by the charge price. The
result is subtracted from the total costs of the common course of

production, and the remainder is the costs of the other product.
This is known as the remainder method. In the other the total

costs are allocated to the various products according to some key.
Both methods have various forms. With the remainder calcula-

tion it is of importance how the charge price is chosen. Sometimes
this is put equal to the selling price. That means that the total

profit of the common course of production is given to the other

product. When the charge price is lower than the selling price
the profit is distributed between the two products correspondingly.
When using the key method the choice of the key becomes

difficult. One could use technical or economical characteristics.

Of the former type there have been recommended, for example,
the calorific value of coke, coke oven gas, etc.

;
but every

engineer knows that there can be no logical connection between

the costs of production and the resulting calorific power
and that the various methods of disposal of the products
influence to a large extent the economical value of the final

product.
An example taken from the early practice of the author may

illustrate this, even if it leads away somewhat from the problems
under discussion. As an employee in a factory making large

internal combustion engines, he had to make up a tender for such

machines driven by blast furnace gas, and was happy to find that

based on the figures of calorific value the comparison between

(1) blast furnace gas directly used in gas engines, (2) burned under

boilers and (3) coal at hand in the works in question and fired

under boilers, gave a favourable balance to the first alternative.

When he changed his position a year later, being employed by a

company constructing central condensation plants, he proved
in a similar tender that the first steam plant i.e., the proposition
under (2) was superior in economy. There is no doubt that both

calculations were correct, as far as they went, but as in all these
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cases much depends on the skilful choice and arrangement of the

basic figures.

The longer one considers these problems, the more one must
conclude that the allocation of costs according to technical

figures representing the internal value of the products, cannot be

founded on reasonable arguments ;
but the case is nearly the same

when taking commercial characteristics, e.g., the market prices
of the products as a basis. There is unfortunately also no logical

connection between costs and market prices, and if one uses this

key, it does not allow anything else but calculating the same

percentage profit for both products. This result however can be

obtained much more readily by comparing the joint costs with

the sum of the proceeds.
It is obvious that there are as many objections as there are

propositions and that it is almost impossible to give a general
answer to the question. If the discussion is not to remain purely
theoretical and therefore unsatisfactory for the practical man
no other way seems to be open but to consider examples as they
occur daily in iron and steel works, and to use them as guides in

similar cases, or to draw general conclusions from them as far as

that is possible.

C. EXAMPLES
1. Rolled Products and Scrap. Nobody makes scrap intention-

ally. On the contrary this by-product is considered a loss and

everything possible is done to decrease the quantity ; nobody
would think for a moment of distributing the production costs in

this case to main product and by-product ; they are entirely
allocated to the former. The scrap is evaluated either at the

market price if there is one, or according to the saving which can

be obtained by using it in another department. It is obvious that

in this case only the remainder calculation can be applied and it

seems clear that all the supplementary costs connected with the

conversion of scrap into a saleable form, or with the transport of

the scrap to outside customers or another department of the

works, should be charged to the rolling mill or subtracted from the

credit note the rolling mill receives for the scrap. Even in such

an apparently simple case, however, there may be difficulties as

the next example shows.

2. Open-hearth Steel and Slag. The slag is a by-product whose
value usually depends mainly on its iron content. It can be used
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where the open-hearth melting shop is situated quite near the blast

furnace. Lengthy carriage would offset this value and it would
be more advantageous to dump the slag. As the slag must be

removed from the melting shop, whether it can be used or not, it

may be disputed whether the costs of removal should be added
to the costs of the steel or subtracted from the value of the slag.

The decision is of no importance to the costs of the main product
as the remainder is in both cases the same. Nevertheless it is more
correct to add the removal costs to the costs of the main product,
at least in so far as they would arise even if the by-product slag

cannot be used. Take, for example, the value of the slag at the

blast furnace for its metal content. The prices of the ore and the

melting costs are say 2s. per ton
;
the removal of the slag to the

dump may cost 2s. 6d. and to the blast furnace 3s. If the slag

were charged with these last costs, its value would be at least 3s.

even though the metal value of the slag were nil, i.e., the slag
would be too expensive for use in the blast furnace. Really,

however, it is very profitable to use the slag in the furnace, as

the costs of 2s. 6d. per ton arise in all circumstances
;
the addi-

tional removal costs, if the slag is used in the blast furnace are

only 3s. less- 2s. 6d. or 6d. per ton, and its value at the blast

furnace can be calculated as 2s. less 6d. or Is. 6d.

3. Basic Bessemer Steel and Phosphoric Slag. The phosphoric

slag resulting as a by-product from the basic Bessemer process
can either be used in pulverised form as artificial manure or

charged into the blast furnace because of its phosphorus contents.

The market price of the pulverised slag and of ores of correspond-

ing phosphorus contents decide which use is the more economical.

The value of the phosphoric slag by-product is in the first case

the market price of the pulverised slag minus costs of pulverising

plus selling and distributing, and in the second case the market

price of the corresponding iron ore. The higher of these values

has to be taken when calculating the costs of the main product
steel to find out the most economical use, but when calculating
the costs of pulverising, selling and distributing, only those

additional costs should be taken into account, which arise directly
from the production of this artificial manure. These additional

costs are that part of the total costs which is proportional to the

output, while the fixed part of the costs, such as depreciation,

salaries, etc., must be paid nevertheless, whether less or more slag
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is ground. There is no reason to subtract these fixed costs from
the market price of the pulverised slag ; they are there as soon
as the pulverisation plant is erected, and are therefore fixed costs

of the steel production. An example may show this more clearly.
The figures are all per ton.

Charge costs of the basic Bessemer steel . 50s.

Proportional production costs in the melting

shop ....... 5s.

Total .... 55s.

Value of the slag :

Proceeds of the slag .... 30s.

Proportional costs of pulverising and

packing . . . . . .8s.

Value per ton of slag .... 22s.

4 cwt. slag are produced per 1 ton steel . .4s. 5d.

Proportional costs of the basic Bessemer steel . 50s. 7d.

Fixed costs of the basic Bessemer steel . .5s. Od.

Fixed costs of pulverising, distributing and

selling the slag . . . . .Is. 5d.

Production costs of the basic Bessemer steel . 57s. Od.

This kind of calculation makes it impossible to decrease the

value of the slag and therefore to use it in the blast furnace, if

the melting shop is operating at less than normal rate and thus

produces less slag ;
the fixed costs of pulverising the slag then

increase per ton. If, however, the result of such a calculation is

that it would be more economical to use the slag in the blast

furnace, and the slag is nevertheless pulverised, the calculation

of the production of the pulverised slag will show a loss and will

draw attention to the uneconomical use of the slag.

4. Pig Iron and Blast Furnace Gas. The object of the cost

calculation is the main product pig iron
;

the value of the

by-product, blast furnace gas, is expressed by a charge price from

which the costs of the gas produced are determined and subtracted

N 2
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from the total costs in order to obtain the costs of the pig iron.

Again the remainder-calculation alone can be used
;

for keying
the costs is senseless, as the blast furnace gas must be produced,
whether it can be used or not. The question is what price can

be chosen as a charge price ? This is best done as with scrap

according to the market price. Now blast furnace gas has no

market price ;
hence nothing can be done but to use the market

price of other fuel which could replace the blast furnace gas if the

technical plant were at hand for its use. As may be understood

from this last remark, this is not always a simple substitution of

one medium by another with the use of proportional figures of

calorific power and prices per unit, but needs sometimes the

planning or at least a sketchy design of a parallel plant suitable

for the other fuel, and a comparison of the profitableness in both

cases. The danger of miscalculation in such circumstances has

already been mentioned and great care must be taken if this

method cannot be avoided.

Again some figures may make clearer the use that can be made
in practice of these general explanations. The works may have

a coke oven plant with superfluous coke oven gas which is sold

at Id. per 100 cubic ft. 400 cubic ft. of blast furnace gas may be

equal to 100 cubic ft. of coke oven gas ;
therefore the blast

furnace gas has a value of Jd. per 100 cubic ft. On the other hand,
if there is no superfluous coke oven gas, but the works have to

buy gas for l*2d. per 100 cubic ft., the price of the blast furnace

gas should be taken as 0-3d. per 100 cubic feet. Here it is assumed
that the two different kinds of gases can be used in the same plant
without any technical change and that their value as fuel is

almost proportional to their calorific value, i.e., 1 : 4. Neither of

these assumptions is always correct. If they are not, conversions

may be necessary which change the above simple calculation into

a fairly complicated one. Further the price of |d. and 0-3d.

respectively are for the blast furnace gas, ready for use, i.e.,

cleaned. The cleaning costs have to be subtracted in order to

arrive at the charge price of the uncleaned gas. The cleaning
costs must be divided again into proportional and fixed costs, as

only the former should be subtracted in this case of additional

production. Finally, ratios such as that assumed in the above

example : coke oven gas to blast furnace gas equals 4:1, are not

fixed. They change not only from works to works, but may
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change in the same works at various times
;

it is even possible
that for two different complexes of questions in the same works
and at the same time, different figures must be taken in order to

do justice as far as possible to the different circumstances.

Therefore the advice can only be given that decisions of this

nature in costing questions should not be taken without constant

consultation with the fuel engineer of the works, who would

probably be the sole person having full knowledge of all the

questions concerned and their connections with each other.

5. Coke and Coke Oven Gas. In this case the answer to the

question, what is the main product, what is the by-product ?

is more difficult. One has only to realise that what is practically
the same plant is called

"
coke ovens

"
if situated in an iron and

steel works, and "
gas works "

if a part of a municipal or public

utility plant. In the first case the coke is usually considered the

main product and the gas as a by-product ;
in the second case

the gas is the main product. But how many coke oven managers
have already had the experience of the roles being suddenly

changed ;
the demand for coke decreasing, but the other depart-

ments of the same works arranged to a large extent to use coke

oven gas, asking for an unchanged or even larger supply and the

coke, no longer a saleable product, beginning to pile up in the

stores. It is unfortunate indeed, but unalterable, that the

technical necessities and economical demands do not always run

parallel to each other.

The result of these considerations on the question of costing is

that the point of view from which the calculation of costs is under-

taken should also be altered
;

since the other alternative, that of

using the keying method and thus putting main and by-product
on the same footing from the costing point of view is not recom-

mendable, for the reasons already given. One is therefore forced

to the decision that as long as the coke is the main product and
the gas a by-product a state of affairs which is probably con-

sidered as normal in iron and steel works a charge price is given
to the gas and the coke price calculated

;
but if the situation is

reversed, and the coke has to be stored because of insufficient

demand, a charge price will be used for the coke and the gas price

calculated. How the charge price of gas should be determined

in the first place, has already been explained in the previous

example. The charge price of coke in the second case is difficult
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to find : it is the price that expresses the value of the coke to the

works at the moment, when it is produced to some extent

against the desires of the management who are forced to do so by
the demand for gas or in the future, as soon as the economic

situation has changed again and the stored coke has become
saleable. From this last estimated price interest and storage
costs should perhaps be subtracted to obtain the charge price.

Of course there is some uncertainty contained in this price, but

that is only natural with a storage price. The whole calculation

of costs and results, however, now reveals a much more accurate

picture of the situation, than would have been possible had the

original viewpoint been adhered to regardless of the reversal of

the relation between main and by-product. The gas costs will

probably increase over those of the proceeds obtained, and losses

will now be found on the gas production. If the gas is consumed
within the works, the true costs of the gas and of the products
made by the use of the gas, on whose account the coke ovens

have been actually kept working, can now be found.

There is no question that the conversion of the roles of coke

and gas as suggested above, will seem at first to be rather awk-

ward to the production man ;
but if he thinks a little more about

it he will agree that it is the correct method and perhaps the only
one to give figures as near to the truth as possible. In any case,

no better method could be found for a fairly complicated plant
with which the author had to deal about twenty years ago and

which was at that time the object of somewhat heated discussions

among all the people concerned. It was by no means a model

plant built up according to a uniform plan, but as one meets so

often in practice, it had grown up, been changed and modernised

according to the improving knowledge and experience of a

progressive management.
A central power station of a combined colliery and iron and

steel works was originally equipped with a coal fired boiler-plant

and steam engines. When it was learned that blast furnace gas
could be used as fuel, large gas engines were installed and the

boiler fires changed to gas, the steam engines being kept as a

reserve. Subsequently the consumption of power increased

considerably as the works had to deliver electricity to neigh-

bouring towns and an enlargement of the power plant took place,

using waste steam from the winding gear, pumps, etc., in an
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accumulator and waste-steam turbines. When this equipment
was working, it so happened that large fluctuations in the con-

sumption of coal, iron and steel occurred : sometimes there was
not enough gas and waste-steam for outsiders, and the municipal

power stations had to provide electricity to the neighbouring

towns, and even to some parts of the works.

As the costing system was based on the principle that each

department should be considered as far as possible as a separate
unit with its own monthly statement of production results, and

as some departmental managers even had contracts including

payment by results to some extent according to this statement, it

will be clear that the mutual charge prices were a subject not only
of great interest, but also of extreme difficulty for the accountant

responsible. Unfortunately the files have been destroyed and
the actual figures are no longer available, but it is certain that

fair results would not have been obtained had the conversion

principle not been used when necessary.

D. DIRECT AND INDIRECT MAIN AND BY-PRODUCTS :

COMPLEMENTARY PRODUCTS
These last examples, however, lead to still more important

considerations. Hitherto only one main product and one or

more by-products arising in the same course of production have

been discussed. There are, sometimes, however, connections

between two or more different production processes, mostly

produced by one of the by-products, which can have the greatest

influence on the economy of the whole works. Perhaps the most

important example is the open-hearth process on the one hand
and the coke oven and/or the blast furnace process on the other.

One product, steel, creates the demand for another product, gas,

which is the by-product either of the coke oven or of the blast

furnace. The costs of the steel as well as of the coke and of the

pig iron respectively can be correctly determined only if the gas
is calculated at the right value, i.e., at a price corresponding to

the use which can be made of it for the time being. The less

demand for coke and steel exists, the more expensive the product
will be

;
it is therefore important to increase this demand, but it

is doubtful whether a decrease in the price is always the best way
to do it. If for example, 10,000 tons of coke could be sold at

12s. per ton, the total proceeds would be 6,000 ;
but if 2,000
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tons more were placed on the market, the price might go down
to 10s. per ton and the total proceeds would again be 6,000. In

other words, the additional 2,000 tons will have been given away.
There is, however, another way of utilising by-products which

cannot be sold, i.e., consuming them in other departments of the

works for the production of other goods. If in the above example
the additional 2,000 tons could be utilised outside the works only

by giving them away and a change in this situation could not be

expected in the near future, other goods could perhaps be pro-
duced at saleable prices by means of this 2,000 tons provided
that this 2,000 tons was put into the costs calculation with the

value nil : this procedure would be quite justifiable in the given
circumstances.

Another way of balancing the unequal demand for the main
and the by-product of a certain production process is to

find a substitute for the main product and thus limit its

consumption.

Generally speaking, it is possible to distinguish between direct

and indirect main and by-products, the former being that dealt

with almost exclusively in the foregoing, i.e., products arising
from the same process ;

the latter the result of two different

processes but connected by another product of one of these two

processes. Thus, for example, the open hearth-steel the main

product of the first process, produces a strong demand for gas,

originally the by-product of the second process, the main product
of which is the coke. This high demand for gas converts it to the

direct main product and the coke to the direct by-product of the

same process. The relation between the steel and the coke,

however, is that of the indirect main product, steel, to the

indirect by-product, coke, of two different processes. This new
kind of connection leads to a new term, i.e., that of

"
comple-

mentary products." These are products not produced in a

common course of production, but connected with each other

through the mutual possibilities of utilisation of their indirect

by-products.
These considerations can be of the utmost importance to the

economical success of the whole works, which can be obtained

only if an almost complete utilisation of all products is guaranteed.

Working to 100% capacity is of no use to the works if a part of

the products cannot be sold at all, or only at such a low price
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that the profitableness of the whole production is doubtful. The
correct calculation has to show just how much the costs of the

main products increase in such a case owing to the small value

of the by-products ; very often the result will be a loss instead

of the expected profit, a loss which effectively stops the intended

expansion of the business.

In an iron and steel works, it is often Bessemer steel and open-
hearth steel, which are the complementary products. It has

already been shown how the demand for gas for the production
of open-hearth steel can lead to over production of coke. This

coke, however, can be used, if a higher demand for Bessemer

steel can be obtained. Simultaneously, the increased output of

the blast furnaces will increase the production of blast furnace

gas and this will diminish the demand for coke oven gas : i.e.,

Bessemer steel by consuming its indirect by-product coke, is a

complementary product of open-hearth steel, diminishing at the

same time the demand for the main product, coke oven gas, by
producing blast furnace gas as a substitute. The question is : how
can such a case be calculated ? The cardinal point is the value

of the superfluous coke : if the coke can be sold at 10s. per ton

on the spot without disturbing the market, the value of the coke

oven gas can be calculated as follows :

1 ton coal for coke production may cost 12s. Od.

Proportional production costs minus pro-

ceeds for by-products with the exception
of coke ... ... ... ... ... Is. Od.

Total ... 13s. Od.

Credit for | ton coke (10s. ton) 7s. 6d.

About 150,000 B.Th.U gas cost 5s. 6d.

The coke could be used at a price of 10s. per ton in the blast

furnace. It is here assumed that the blast furnace gas can be

substituted for coke oven gas without technical difficulties, and

that in consequence 150,000 B.Th.U. of the former can be priced

also at 5s. 6d. The costs of the pig iron could then be calculated

thus :
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s. d. s. d.

Burden 1 15

18 cwts. coke at 10s./ton ... 90
Production costs ... ... ... 10

Total 2 14 2 14

1 50,000 B Th U. blast furnace gas 5 6

Minus costs of gas cleaning ... 3*6

Difference 5 2-4

450,000 B.Th.U. blast furnace

gas uncleaned ... ... ... 15 7-2

Costs of pig iron per ton ... 1 18 4-8

The usual calculation with a much higher value for the coke as

main product and consequently a considerably less value of the

blast furnace gas as by-product would have given a higher price
for the pig iron, say 2 16s. Od., and then perhaps the situation

would have been considered uneconomical and corresponding
conclusions ^ould have been drawn.

Obviously the coke can be priced at the low value of 10s. per
ton only in so far as it is on hand at this price. The calculation

cannot be used for determining the average monthly price, as

the whole of the coke produced cannot be utilised under the

working conditions as explained. Generally the situation is as

follows : provided that a units of gas were produced giving 6

units of coke, which can be used in the usual way, the profit would

be the total proceeds of (a units of gas plus 6 units of coke) minus

total costs. Now, assume that 100 tons more open-hearth steel

are produced per month
;

for that x additional units of gas are

necessary, which means of course an additional production of

coke of say y units. Then the following questions must be

answered : (1) What is the value ofthe y units of coke ? (2) What
are the costs of the x units of gas, and therefore of the additional

100 tons of open-hearth steel ? (3) What are the costs and

proceeds of the quantity of Bessemer steel, which can be pro-
duced by means of y units of coke ? (4) What is the result of the

comparison between the extra costs and extra proceeds as

obtained from the replies to (2) and (3) ?
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The answer to (4) decides whether the business in question is

profitable, indifferent or involves a loss, but this answer could

not be obtained by comparing the total quantities of (a + x) gas,
of (6 + y) coke, of the whole make of open-hearth steel and the

whole Bessemer steel production ;
the actual circumstances

would not be reflected in these average figures. The calculations

discussed can be applied only in the case of additional production
and only proportional costs should therefore be taken into

account.

It should, however, not be forgotten, that this kind of calcu-

lation does not give a clear answer about the profitableness of a

single product, but only of the two complementary products

together : if the proceeds of both together are higher than the

total costs, the order in question should be accepted, notwith-

standing whether a loss for one of the products results or not.

There is also another method of calculation : if the price of

Bessemer steel is known, it can be taken as a basis. Then the

value of the coke can be determined by subtracting all other

costs from the proceeds of the Bessemer steel. This coke value

is higher than 10s. per ton, if according to question (3), the

proceeds of the Bessemer steel exceeds the costs. By using this

value for the calculation of the gas price the costs of the gas and
of the Bessemer steel would be lower. The whole profit is now
credited to the open-hearth steel while costs and returns are

equal for the Bessemer steel. This is a complete parallel to the

calculation of the direct main and by-products ; i.e., with the

complementary products likewise the costs of the one product

only are determined, the returns of the other product being
credited to the total costs. The two methods of calculation bring
about different costs and results for the individual products, but

of course the same total result. In other words : with the

complementary products as well as the direct main and by-pro -

products it is not possible to determine precisely the costs of the

single products.
As important as the knowledge of these connections is for the

daily decisions which the management may have to make when
confronted with incoming orders, it should not be overlooked

that these should only be calculations, carried out from case to

case by somebody who is well aware of all these connections and

possesses a full survey of the market as well as the working
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conditions in the works. The form of the routine work in the

costing department, the current monthly survey, etc., should

not be influenced by these considerations, as it would be dangerous
to change the methods of work too often and too suddenly in a

fairly complicated organisation composed mainly of subordinate

persons accustomed to work according to rules fixed once and for

all. But the knowledge of the connections between the direct

main and by-products and complementary products respectively
as explained above can be reflected and utilised when fixing the

charge prices of by-products, which could be continuously
controlled and changed monthly, if necessary, without disturbing
the routine work of the costing department organisation.

With this the discussion of the by-product problem may be

brought to an end, although there is no doubt that it is not

treated exhaustively and that perhaps some readers may put it

aside with the impression that it leaves them to depend in

practice on their own consideration and decision. That, however,
is nothing which should in any way surprise the practical man.
Life generally and economical life in particular has so many facets

that it will never be possible to catalogue all the possibilities.

For centuries
1

past all cases of law have been registered and so

form a guide in jurisdiction, but every judge knows that he will

never find a case so like a former one that he could simply copy
the decision.



PART III

JOB ACCOUNTS

189



REFERRING to Fig. 1, it will be remembered that
"
account-

ancy
" and " works accounts "

are based on time while
"
job

accounts
"
deal with the output expressed in quantity.

Disregarding for the moment that an order may be started

shortly before the end of a month, so that it is worked partly in

the previous month, partly in that under consideration, and that

this may be repeated similarly at the end of the month, it can be

said that the total result of the month can either be determined

by accountancy in the manner previously explained, or by adding
the results of all orders carried out during this month and

expressed by job accounts. The overlap at the beginning and

end of the month can be taken into consideration by certain

corrections which will be of the more importance the more time

the completion of an order takes on the average. As in an iron

and steel works the majority of the orders is of a short term

nature this correction will be comparatively unimportant. Be
that as it may : the connection between accountancy and job

accounts is obvious. The result of the summation of job accounts

during a month can be considered as correct only if it is equal to

that obtained by accountancy for the same month. This equality
does not need to be correct to a penny ;

it is sufficient if the

difference between the two results does not exceed, say, 1% of the

total amount. This last remark is not superfluous because it is

obvious. The author well remembers an ardent and certainly

conscientious cost accountant in a works with about 3,500

workmen who worked for days to bring about this exact agree-

ment till it was explained that the difference of methods in the

two branches of industrial accounts made it nearly impossible to

obtain precisely equal figures.

The connecting link between accountancy and job accounts

consists of what we have termed :

"
works accounts

" which are

based, like accountancy, on time, and apply a method similar to

that used when calculating job accounts. It is possible, therefore,

to develop certain equations for determining costs in industrial

concerns based on the figures of works accounts and applicable
to time as well as output : but we have to keep in mind the

possibility that the different purposes may require different

procedures and even different figures, in which case care must
be taken to balance the differences before a comparison is possible.
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CHAPTEB XII

GENERAL EQUATIONS OF COSTS IN IRON AND STEEL
WORKS

GENERAL equations for determining costs in industrial concerns

may read as follows :

Direct material costs, i.e., costs ofthe raw material contained

in the finished products minus any credit for scrap recovered.

+ Indirect material costs arising from storage and trans-

port in stores, between stores and workshops and within the

area of the works generally.

= Total material costs.

+ Direct labour costs, i.e., direct wages paid in the final

cost positions concerned.

+ Indirect labour costs, i.e., expenses incurred by the

workshops and the works administration, and allocated to

the final cost positions concerned.

= Total labour costs.

+ Special direct costs, i.e., costs arising for the particular
order which can be anticipated with sufficient accuracy.

(Although these special direct costs are composed of the same

types of costs as the usual costs it is considered expedient to deal

with them separately in order to facilitate comparison with other

orders. They are calculated as supplementary orders and then

inserted into the main order.)

Then :

Total material costs + total labour costs + special direct

costs = total production costs.

To these total production costs must be added the costs of

selling and distribution, which again may be divided into direct

and indirect selling and distribution costs, the latter occurring
191
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through the purchase of materials, accessories, etc., and in that

part of the administration which concerns the trade or com-

mercial side of the concern.

Finally :

The production costs + the selling and distribution costs

give the complete total costs.

How far can these general equations of costs be used in iron

and steel works and, if necessary, be adapted to the particular
conditions ? It has already been explained, that in these works

class costing and order costing are the main forms of costing and
careful consideration shows that the general equations can be

used almost unchanged in both cases. It only remains to deter-

mine what relation the indirect or general costs should bear to

the corresponding direct or composed costs, to enable the correct

share of the indirect costs for any particular job to be calculated.

It is usual to relate the indirect material costs to the direct

material by using the weight of the latter as a denominator.

This cannot be considered as completely correct
;
but it is usually

considered as sufficiently accurate although it must of course be

granted that- it is and remains an approximation. This fact is

used sometimes as a reason for putting the indirect material and
the indirect labour costs together into one sum and relating the

result to the direct labour costs, but this kind of calculation

cannot be recommended
;

the simplification is only slight and

that the error which is contained in it should not be neglected,
will be apparent as soon as some job has to be calculated where

direct labour costs are nil as, for example, when delivering raw
material from stores to customers without any further production

processes. In this case the share of the indirect costs, according
to the simplified calculations would be equal to nil, whereas it is

obvious that storage and transport costs, etc., have arisen.

Generally one can say that the fact that a special kind of calcula-

tion is only an approximation, does not justify choosing a much

rougher approximation unless there are great advantages of

another kind, e.g., simplification, etc., counterbalancing the loss

of accuracy.
Indirect labour costs are related to direct labour costs, and

attention has already been drawn to the fact that either the direct

costs themselves may be used as denominator thus arriving at
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a percentage addition as an equivalent for the share of indirect

costs, or the working hours of the men may be used, thus

obtaining a figure of costs per working hour.

The indirect selling and distribution costs can be related either

to the direct selling and distribution costs or what is so usual

that one may even say it is the rule can be expressed as a per-

centage of the production costs.

These general explanations may be illustrated by a numerical

example :

This example contains a column to which particular attention

must be drawn, i.e., the price per unit. The question of valuation

which is answered by this column is again one which shows with

B.C.
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special clearness, the character of cost accounting relative to the

purpose for which the calculation has been devised.

One could say with slight exaggeration that different costs

could, and should, be developed for each individual purpose. As

examples may be mentioned : that the
" book value

"
is the

correct basis for all figures of accountancy, production statements,

etc., that
" market prices

"
should be taken when endeavouring

to find an adequate sales price or the profit accruing from a given
sales price, and that "standard prices," excluding as far as

possible all outside influences and internal contingencies, would be

preferred for production control, planning, etc. This, of course, is

not allowable in practice : the clerical work would be so enormous,
that the final result would no longer be considered economical ;

but it is nevertheless good to clear one's mind before deciding on

the necessary compromise. Generally, this problem of different

valuations for different purposes mainly concerns raw materials.

Wages, salaries and many other expenses do not in most cases,

need any conversion from one
"
price

"
to the other, as the

differences are too small
;
consumable stores are mostly of no

importance ; perhaps only fuel and energy the latter, if obtained

from outside should be taken into consideration besides the raw
material. It is usual to choose as a basis the

" book value/'
which has to be taken for accountancy purposes in any case and
can be used in many other cases, and to convert the figures

obtained where necessary in the sense indicated above.

Perhaps it is not superfluous to add that these considerations

hold good only for comparatively quiet times with the usual

small fluctuations of market prices. As soon, however, as periods
of real inflation or deflation set in, different measures must be

taken to follow the course of events as far as that is actually

possible, but dealing with these problems is considered outside

of the scope of this book.

Attention may further be drawn to the fact that some deviation

from the ideas of devaluation pointed out in this section will be

developed in the course of this book, but it was considered that

understanding would be helped if the methods at present usual

in industrial works were explained before more modern views

were discussed.

How do the above general reflections influence evaluation

procedure in practice ? It is useful to consider separately con-
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sumed material and stocked material on the one hand, and in the

case of the consumed material the various sources where deliveries

and services originate on the other hand. Thus distinction should

be made between deliveries and services from preceding depart-
ments of the same works, from other works of the same combine

and from outsiders.

o 2



CHAPTER XIII

EVALUATION OP MATERIAL

A. EVALUATION OF MATERIAL CONSUMED

1. Deliveries and Services from Preceding Departments of the

same Works. It is usual in iron and steel works to use the

production costs for the evaluation of deliveries and services

from one department to another in the same works. Our English

authority, the
"
Uniform Cost System

"
of the British Iron and

Steel Federation states categorically under the heading Internal

Transfers,
1 " The value at which productive and semi-finished

materials are to be transferred from one process to another shall

be based on manufacturing cost, and shall not include selling or

administrative expenses or profit margins." The corresponding
German source does not go quite so far : it includes in this

transfer price administrative costs in so far as they are considered

as part of the production costs, but strongly recommends for the

iron and steel works proper, i.e., the production from pig iron to

rolled products, the
"
pure costs

"
without any profit margins.

It explains that the determination of the individual results of a

department with charge prices based on production costs and

including a profit, is impossible ; only fixed charge prices or

market prices could be used for this purpose. This procedure

would, however, have the disadvantage that the total profit on

finished goods could be found only by a special calculation, i.e.,

addition of the individual profits in the various departments
concerned, and, where market prices were used, the actual result

would be veiled by their fluctuations in consequence of outside

influences. There would also be some intermediate products for

which no market prices existed and a fictitious price would have
to be chosen.

But it is significant of the uncertainty which the authors of this

1
i.e., p. 13.
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German source must have felt that they followed immediately
with two important exceptions, wherein they recommend exactly
the opposite, i.e., what they have just condemned. This may be

justified to a certain extent in considering the problem of main

and by-products which has been sufficiently dealt with already
and is mentioned here only for reasons of completeness. For the

coupled main and by-products are, as we have seen, really

products of a type differing from the usual products of iron and
steel works, through the close connection between the main and

the by-product. But is there also such an excuse for the products
of the departments working up the steel to finished goods such

as pressings made from plate, forgings, sleepers, springs, wire,

etc. ? This is how this exception is justified.
" Even within the

individual works there are some products where it seems to be

unsuitable to use the production costs of the preliminary depart-
ment as a transfer price. The limit for this procedure is given
when the positive and organic course of production in the works

has been finished. Then a refinement of the products begins,

which is not generally usual at similar works. These departments
are frequently in competition with free undertakings which do

not produce the raw material themselves, but have to buy it

at its market price. Therefore it seems to be expedient in

principle to supply such departments at market prices, even if

they are connected financially and locally with the supplying
works. Thus they cannot become competitors of the free under-

takings on an unequal basis." As these deductions are logical by
themselves, it is not easy to see why they should not be applied to

the departments of the iron and steel works proper, where it

sometimes happens that the intermediate products such as pig

iron, ingots or billets, are sold partly as finished goods to outside

customers. The fact that
"
the positive and organic course of

production
"
has not been finished is no reason for sticking to a

method of costing if there are reasonable motives for changing it.

This is a practical matter and the method which seems to be most
suitable should be used

; trying afterwards to find a logical

connection between this decision and the course of the techno-

logical process seems to be unnecessary and perplexing.
The question is only, is the almost universal custom in iron and

steel works of transferring material from one department to

another at prices based on production costs without any profit
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margin, the only suitable one and does it fulfil all requirements
for which one may reasonably ask ? The author has known one

of the big electricity combines fairly well and has himself worked

for years for a large concern in the metal working industry where

another system has been applied with great success, i.e., fixed

charge prices based on standard calculations of production costs

and including a fair profit margin, as long as the standard working
conditions on which the calculations were based were maintained,
the general manager having the right of correcting these prices as

often as he thought necessary. The author does not wish to be

misunderstood : This system is not recommended for every case,

but it has worked very well in the two cases mentioned above

and as there seems no fundamental difference between these two
concerns and iron and steel works, it is not evident why only the

system now in general use should be recommended, especially as it

sometimes has disadvantages which outweigh what is rightly

regarded as its great advantages simplicity and clearness. The
main disadvantage is that it shows a profit only in the last, the
"
'final

"
department through which the finished product has to go

when manufactured. Thus to all appearances the production of

steel bars gives no profit to the blast furnace, the open-hearth

melting shop and the billet mill
;
this profit appears only in the

production statement of the bar mill. Of course everyone in

the management and in the works knows that this is wrong if

he meditates on it, but unfortunately he very often does not do it

and the psychological result is often distressing. There are many
who will not concede that this is a reason for a change in costing
methods. They may keep to the system they are accustomed

to, but experience as an employee in industry has taught the

author to attach more and more importance to these
"
impon-

derabilia
" and he is inclined to-day to render the work of the

costing department more difficult by asking for some conversions,

etc., if this is a means of giving greater satisfaction to the more
ambitious people in the works. It is true that a second difficulty

arises if the method of charge prices with a profit margin is

adopted, as the amount of this margin rests more or less with the

general manager, but this disadvantage can be converted into an
asset since the decision on the charge prices gives him an oppor-

tunity to show his understanding and impartiality and thus

increases his authority among his staff.
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2. Deliveries from other Works in the same Combine. The best

method of valuation for deliveries from other works of the same
combine is certainly the use of the same prices which would be

charged to outsiders of similar importance, i.e., of market prices.

Of course, the profits included in the prices of the delivering works

are not real profits from the point of view of the combine as a

whole as they are counter-balanced by the higher expenses of the

receiving works. This should be taken into account when

valuing the stocks in the receiving works.

There may, however, be reasons arising from the business

conditions in the delivering works which seem to warrant a

deviation from the use of market prices. Perhaps the delivering
works are so much in need of work that they are willing to

undertake the job in question at a greatly reduced price, without

profit or even at a loss, as the order may cover at least a part of

the fixed general costs. But even in this case the use of the market

price for the internal settlement between the two works would be

justified, for there is no reason why the receiving works should

benefit from the other's difficulties. On the other hand it may
be that these conditions should be taken into account when there

are several works which could deliver the goods required to

another works in the same combine, and the question arises

which of them should be chosen.

Discussion of the use of other prices, for example, production
costs without profit margin, or fixed charge prices, is omitted,

although both methods are in use in some cases. The reader who
has followed the earlier considerations about deliveries between

departments of the same works, will understand without

further explanation why the writer is not in favour of such

methods.

3. Deliveries from Outside Sources. For deliveries from outside

sources three different prices have also been recommended
;
fixed

charge prices, market prices and, what are sometimes termed,

cost prices, i.e., the prices which have been paid for the supply
of the materials to the works. A fourth price, based on the

estimation of the costs which would arise when the material in

question has to be bought anew after consumption is of no

importance in normal times and cannot be recommended as it is

always subject to the uncertainty connected with estimation,

but it plays a big role in times of inflation. Fixed charge prices
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have the advantage that fluctuations in market prices are

eliminated from the material accounts. If the finished products
of the works are also calculated to fixed charge prices, the limits

of the production are standardised and any changes in the

production costs can be justly attributed to production changes
alone. In spite of this undeniable advantage, fixed charge prices

are not found very often in practice, probably because they may
easily diverge too far from the actual prices.

The usual practice is to use the cost price which is almost

identical with the
" book value." There is no objection against

this method as long as the cost prices and market prices do not

differ too greatly. When, however, that is the case, it is good

practice to take account of the differences at least for the

materials where they are of special importance such as scrap,

zinc, tin, copper, etc. with the help of special accounts of value

corrections, in which losses and profits produced by the fluctua-

tions of the market can be booked against the quantity consumed
and the balance will show the necessary correction of the result

obtained by use of the cost prices.

For the rest it may be sufficient to say that the evaluation at

cost price or 'book value will not cause any difficulties if the

rules which have been laid down previously in regard to stock

accounts and result accounts are observed.

B. EVALUATION OF MATERIAL STOCKED

It should not really be necessary to discuss separately the

valuation of stocks, for stocks arise if deliveries have not been

consumed completely, and it should be obvious that if deliveries

to and issues from a stock account have always been made at cost

price or book value, the balance, i.e., the stocks, will remain on
the account at cost price or book value likewise. Unfortunately
this simple relation is sometimes upset by measures arising from
the prudence of those responsible for the economic control and
success of an industrial concern. Stocks which are in the works
at the time of the yearly stocktaking should not be valued at a

price higher than the cost price in the case of material bought
from outside, or the production costs, in the case of semi-finished

or finished goods produced in the works itself. If there is a market

price and this is lower at the time of the stocktaking than the cost
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price or the production price respectively, this lower price should

be taken for valuing the stocks. This is the upper limit, but if it

is considered suitable to choose an even lower price, it depends

entirely on the opinion of the person responsible to do so, and use

of this possibility is very often made in practice. Even in the

course of the business year it may be desired to devalue the stocks

in the same manner.

The best and least disturbing measure to adopt in such cases is

to calculate the amount of devaluation necessary on a special

account and debit it to the account as a whole, although the rule

that a loss should not be shown on a stock account, but only on a

result account, is violated by such a procedure. Of course, care

must be taken that the price of the materials on the account is

simultaneously changed and the new price used for issues from the

account in future.

That may be sufficient to give an idea of the importance of the

valuation problem, although many details have not been discussed

rendering the carrying out of these measures in practice more

difficult than may be apparent from the short description here

given.

Here only one supplementary remark need be added. It is

recommended that uniform stock prices should be fixed for all

products which are stocked at several works of the combine

simultaneously. Thus a uniform valuation of the stocks is

obtained, double work is avoided, comparison of the stocks of

the various works is easier and the drawing up of the total

balance of the combine is facilitated. The disadvantage is that

differences appear between the production costs or fixed charge

prices of the individual works whatever may be used as stock

prices and the uniform stock prices. This may necessitate stock

revaluations of the semi-finished and finished products. This

difficulty is not of importance for materials and goods delivered

from outside, as they are mostly supplied according to an agree-

ment settled by the common purchasing department of the

combine, and the price differences are not large even with

individual purchasing.
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C. CONNECTION BETWEEN THE EVALUATION OF
CONSUMED AND STOCKED MATERIALS AND GOODS

As should be clear from the previous explanations, there are

differences in the valuation of consumed and stocked material

and goods which must, of course, be eliminated before the

comparison ofthe accountancy results and job accounts is possible.

It has already been said that this is best carried out by means of

a revaluation account
;
but it seems to be worth while to discuss

the question somewhat more in detail, especially as it has been

recommended that stock prices should be used not only at the end

of the business year, but also during the year for the monthly
statements of results. Whether to follow this advice or not may
be left to the individual. The advantages and disadvantages of

both methods are fairly balanced.

These revaluations refer mainly to deliveries from other works of

the same combine and to semi-finished and finished goods of the

works production. They are almost out of the question for

supplies from outside sources because here there is no reason for

a different valuation of consumed and stocked materials
;
diminu-

tion in the value of the latter, however, by inclusion of reserves

should be omitted in the interest of clarity and truth in the

balance sheet.

How this revaluation of an account of semi-finished or finished

products can be carried out is illustrated by the following

example :
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CHAPTER XIV

STATEMENTS OF PRODUCTION AND SALES RESULTS

A. PRELIMINARY REMARKS

ACCOUNTANCY through the balance sheet and the profit and loss

account provides the final results of the production and sales of

any possible period, and if not otherwise stated it is usually
taken for granted that the financial year of the concern in question
is the basis of the figures. There can, however, be no doubt that

an accountancy built up according to the principles laid down in

this book will allow of closing figures for shorter periods a

month or even a week being obtained. It rests completely with

the responsible accountant how far he will go into detail in these

short-term statements or what simplification he wants to use

compared with the yearly balance sheet and profit and loss

account. The once much discussed problem of these short-term

statements can be considered solved in principle by these few

sentences, although it is well understood that difficulties may arise

to make the work much more complicated than it would appear
from the above remarks

That, however, is not the object of the present considerations
;

attention should rather be drawn to the fact that the usual

balance sheet and profit and loss account gives the final results of

production and sale either only summarily or analysed from one

point of view only, i.e., that of the accounts or types of costs.

The management, however, is greatly interested also in the other

viewpoints, i.e., of departments and cost positions or of bearers of

costs as expressed by orders from customers or other sources,

these orders being perhaps collected into groups according to their

financial importance, their nationality or the districts of the

various agents or representatives of the delivering concern, etc.

These analyses are shown by special statistics, which may be

called "statements of production and sale results" or more

shortly
"
production and sale statements."

204
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AB may be understood from these explanations, there is a close

connection between these statements and the profit and loss

account, and care must be taken that no discrepancies arise

between them or that, if that should be the case, these are cleared

up or removed. But it may again be pointed out that under the

term "
discrepancies

"
only considerable differences are meant

since small differences can scarcely be avoided in comparing

figures compiled by different methods . The figures of accountancy
can usually be considered as correct as they, collected by book-

keeping by double entry, are already very strictly controlled

arithmetically.

Further, it is obvious that there may be many schedules for

building up such production and sale statements and that the

management has to decide which way would best suit the concern

in question. In such cases it is nearly always impossible to

develop general rules apart from common phrases which are of no
use to the practical man. It is better to show him how other

people in the same industry have answered this question and let

him form his own opinion on this before deciding. Such an

example may again be taken from the German source thus giving
the English specialist the possibility of simultaneous comparison.
When considering this example, the reader should bear in mind

that the transfer of material and goods from one department to

another in the course of production has been done at production
costs without any profit margin ;

for otherwise the procedure
would certainly be different to some extent.

The production and sale statement given in the example is a

comparison of the individual proceeds obtained for the goods

dispatched in the month in question and of the production costs

of these goods. The difference is termed the
"
dispatch result/'

The form in which this comparison is made is mostly that of an

account with the proceeds on the one side, the production costs

011 the other, and with the dispatch result as balance. The
arithmetical sum of the dispatch results of the individual items

is the net result of the departments ;
it is, exactly as the dispatch

results were, still divided into the individual items, but to this

some items must be added which are kept on the books as one sum
for the whole works, e.g., the selling costs, amounts of revaluation

of raw material stocks, and expenses and returns of a neutral

character. Only then does the net result of the departments
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develop into the net result of the works which appears in the profit
and loss account given by accountancy.

B. THE PROCEEDS SIDE

The amount of the invoice to the customer is the gross proceeds
of the order in question. The sum of all such invoices against
deliveries and services which make up the purpose proper of the

concern is the gross turnover. The sale of parts of the plant itself,

Stock Exchange business, income from rents and leases, etc., are

therefore not included in the gross turnover. The gross proceeds
have to be diminished in most cases by some corrections unless

these have already been taken into account when calculating the

production costs, e.g., purchase tax
; freight (if carriage paid

delivery is agreed upon) ; transport insurance
; packaging costs

;

customs dues; agent's commission ;
differences in price or weight;

goods to be taken back (as far as they cannot be considered as

rejects which will have been taken into account in the costs), etc.

When these corrections are deducted from the gross proceeds the

net proceeds result. The corrections can either be charged

directly to
ijhe

result accounts of the products or they can be

collected on preliminary accounts and then be transferred as one

posting to the corresponding result account. It is more or less a

matter of taste which way is chosen, but the first is preferable in

that it is similar to that used in estimating (for fixing or controlling
the selling price), where most of these corrections are considered

as a part of the costs.

It is usual to divide the proceeds into groups within the

individual products according to the various kinds of orders and

thus facilitate the analysis of the proceeds and results. How far

such division should go can be decided in each case only according
to the type and extent of the works. The following scheme has

been recommended for iron and steel works with their many
departments working partly parallel to each other, partly in

series :

Inland.

Export.

Consumption within the combine.

Further working up within the combine.

Consumption within the works.

Further working up within the works.
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Inland orders are for concerns within Great Britain, for outside

firms as well as allied trading companies. Orders are also included

from undertakings in which the parent company is interested,

with the exception of those which are completely in the possession
of the head company, and which are therefore best considered as

a part of the concern.

Under export are considered orders from companies outside

Great Britain, including deliveries to the firm's trading companies
abroad, and to companies in which the parent company is

interested but does not control.

As examples of consumption within the combine may be

mentioned :

Deliveries to maintenance shops and rebuilding depart-
ments.

Moulds for melting shops.
Rolls for rolling mills.

Delivery of energy (electricity, steam, water, compressed

air).

Delivery of fuel (coal, coke, gas).

Delivery of refractory bricks, tar, benzol.

As examples of deliveries for further working up within the

combine may be considered :

Ore, pig iron, steel ingots, semi-finished products, scrap
from rolling or casting.

Rails for points.

Wheels for railway waggons.

Slag sand for cement plants.

Coking coal for coke ovens.

The terms
"
consumption

" and "
further working up within

the works "
may be understood analogously without further

explanation, but it may be mentioned that deliveries for further

working up within the works are not part of the work's turnover

and for further working up within the combine, are not the

turnover of the combine.

C. THE COSTING SIDE

As already mentioned, the costing side of the production and
sale statement, consists of the costs of the products, whose
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proceeds have been booked on the other side. These costs can be

either the actual production costs as already explained or
"
standard costs,

" a term which will be defined later in detail.

Here it may be sufficient to say that standard costs are those

which would appear under normal conditions in the works, i.e.,

standard costs will generally be lower than those given above as

actual production costs.

Furthermore a different procedure will be necessary according
as the costs have been determined by order, class, or division-

costing. In the first case the costs of the individual products are

directly given by the costing system ; in the second and third

cases only the costs per unit may be given by the costing

system and these have to be multiplied by the number of

units of the individual products delivered during the month in

question.
If now actual production costs are applied, they can be used

directly for all products which are delivered and produced during
the month under consideration and which have been booked to

and from the stock account of the product concerned. If,

however, products are sold originating from stock produced in

former months at different actual production costs, an analogous

procedure is, of course, easily applicable to products calculated

by order costing, where the actual costs of the product in question
can be credited to the stock account and debited to the result

account
;

but with class and division costing it will be

simpler to use for delivery from stock the costs of the month
under consideration. The differences against the costs originally

charged to the stock account in former months remain in the

stock account and must be eliminated at the end of the

month by a special booking, that brings about the balance

between the stock account and the result account of the product
concerned.

If standard production costs are applied they can be used

equally for products produced during the months under considera-

tion and for deliveries from stock accumulated in former months.

The difference between proceeds and costs termed "
dispatch

results
"

in the former case however, will usually be greater in

this second case, where it may be termed "
business result

"
;
for

it contains that part of the fixed costs not covered by percentage
additions corresponding to the normal turnover. (The opposite
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case, where the business result is larger than the dispatch result,

i.e., where the actual fixed costs are over-covered, is possible, but

very seldom happens ;
it is here mentioned only for reason of

completeness.) These differences are found when determining
the costs of the individual cost positions. They may therefore be

termed "
revaluation of cost positions."

This revaluation is independent of the nature of the goods

produced and could therefore be booked directly to the profit and
loss account

;
but if one wants a production result to show

standard costs also, which is to a certain extent comparable to the

dispatch result of the products calculated to actual costs, a

supplementary allocation of these costs to the individual groups
of products in the production and sale statement is necessary.
This allocation may be carried out according to the key used when

attributing the other general costs of the cost positions to the

works orders or bearers of costs.

D. COMPARISON OF BOTH SIDES

To the production result must be added the differences which,

originating from the individual stock accounts, result from the

different prices per unit for stock and for consumption. They
may be credit or debit positions according as additions to or

deliveries from the stores take place.

Subsequent changes of bookings concerning deliveries during

previous months have to be taken into account, e.g., changes of

turnover by price reductions, discounts imposed by customers

over the set terms, etc., or changes of costs due to retroactive

changes of market prices or freights, etc. They can also be caused

by some procedure within the company itself, when, for example,

subsequent changes of expenses are considered necessary for

depreciation, reserves for taxes, etc. The production result, thus

amended and summarised, of all products of a department during
the months in question, develops into the net departmental result,

which can and should be verified by comparison with the result

of the balance sheet and profit and loss account for the same

period.
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E. CONNECTION BETWEEN PRODUCTION AND SALE

STATEMENT ON THE ONE SIDE AND BALANCE
SHEET AND PROFIT AND LOSS ACCOUNT

ON THE OTHER SIDE

In order to make the production and sale statement agree with

the balance sheet and profit and loss account, the net departmental
results must be reduced by subtracting everything that has not

been included either in the costs or the proceeds. Furthermore,
the credits must be added for returns which have not been taken

into account when determining the costs of the department.
This entails the following debits and credits :

Selling Costs. The reader will remember that they have not

been included in the actual production costs.

Stand-still Costs. Expenses for a department which has been

brought to a standstill can be passed on to those departments
which have taken over its production ; if, however, this produc-
tion has been abandoned completely, they must be charged to the

profit and loss account.

Depreciation and Interest. If there is a difference between the

depreciation and interest as used for building up the costs on the

one hand and as booked in accountancy on the other, the former

must be either monthly or yearly (at the end of the financial year
of the concern) considered as an income and the latter accordingly

charged to the profit and loss accounts.

Revaluations of Material. As explained these are amounts
which originate from the material stock accounts as the result of

the difference between market or consumption price and stock

price.

Neutral Returns and Expenses. These items also have been

explained ; they refer to transactions which are not connected

with the production proper of the concern, e.g., revenue from

leased lands, profit from Stock Exchange business, welfare

foundations, etc.

Fig. 35 gives a summary of these considerations and Fig. 36 a

numerical example of a production and sale statement for an
individual product, i.e., plates.
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Gross proceeds
corrections

net proceeds

Divided into :

Inland

Export
Consumption within the combine.
Further working up within the combine

I Consumption within the works.

L Further working up within the works.
Minus

I I

Standard costs
= Business result

-|- Revaluation of cost position

t

Actual costs
= Dispatch result

I I
PRODUCTION Result

j : Revaluations of stocks.

t ChangevS of turnover and of costs of cost positions.

=- NET DEPARTMENTAL RESULT

Selling costs.

Stand-still costs.

-_[: Differences of depreciation and interests in accountancy
and costing.

{- Revaluations of material.

Neutral returns and expenses.

--= NET WORKS RESULTS (practically equal to the result of
the profit and loss account).

FIG. 35. Development of the production and sale department.

STOCK

Continued on next page.

1 L. = loss (in the original documents written in red ink).

P 2
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SALE AND CONSUMPTION

PRODUCTION RESULT

DEPARTMENTS RESULT

FIG. 36. Production and sale statement for plates month July.

1 In consequence of the regulations of the Employers* Federation.
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F. SOME CRITICAL REMARKS

When considering the example of a production and sale state-

ment as illustrated by Figs. 35 and 36 it may be doubted whether

an arrangement has not been developed here which is out of

proportion to the final result and whether the work which has

to be done is really paid for by the advantage drawn from the

figures obtained. This, however, will be the object of later

considerations when some important features of modern cost

accounting which up till now could only be mentioned have been

discussed more in detail, such as the influence of the degree of

activity in the shops on the production costs, the idea and
use of standard costs, etc.

The question may be asked, however, whether this example
can really be considered a complete model as it is certainly

intended to be. There is no doubt that anybody working strictly

on the lines of this example, will finally come to a correct result,

which may be helpful when confronted with new decisions whether

this or that product should be more favoured in a future advertise-

ment campaign, put more into the background, or even abandoned

completely ;
but the longer the whole scheme is pondered over

the more it becomes probable that there is a more simple way to

arrive at the same or nearly the same and sufficiently accurate

result. This impression is undoubtedly produced by the repeated

positive or negative corrections necessary to bring about an

agreement between the figures of accountancy and costing.

Thinking about these corrections, however, the reader will soon

find out that they could be avoided, at least the majority of them,
if the simple rules that have been given in the course of our

explanations had been carefully observed. For instance, if the

balance sheet and profit and loss account were developed with

the primary object of finding
"
the truth, the whole truth and

nothing but the truth
"
of the economic position of the concern

in question, the figures for depreciation in accountancy would not

differ from those used in costing ;
a correction of this item would

be out of the question.
Revaluations of material, when necessary in exceptional cases,

should be transferred immediately into the figures of accountancy
in such a manner that a discrepancy between the branches of

industrial accounts should be impossible from the start.
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Differences between the prices of stock and of present consump-
tion disappear almost completely, if the material accounts,

divided into stock accounts and result accounts, are kept strictly

by the rules previously developed. How revaluations of cost

positions can be avoided or at least reduced to insignificance has

been explained in detail when discussing the
"
work-in-production

"

account.

Above all, however, that impression of extreme complication
which seems to be a fault of the example illustrated by Figs. 35

and 36 would disappear, at least to a large extent, if two

things were taken into account, which have nothing to do

with the essence of the subject, but only with the nature of the

description.

First, one should not try to develop the production and sale

statement independently from the balance sheet and profit and
loss account. If it is sometimes believed that a new control of

accuracy is thus obtained, this idea must be considered as absurd :

for there is only one set of figures which are arranged in a different

manner, and if then the same final result is obtained that is

certainly no proof of correctness ;
whereas the figures of account-

ancy have been booked by the double entry method, which is in

itself a sufficient guarantee. It should rather be preferable to use

the short-term balance sheet and profit and loss account as a

basis, remove from them all figures, which obviously have nothing
to do with the purpose proper of the concern in question for

example,
"
stand-still costs

" and "
neutral returns and expenses,"

which should be collected from the beginning on special accounts

so as to be easily separated and build up the remaining figures,

analysed in balance sheet and profit and loss account according
to types of costs, according to another principle, i.e., the bearers

of costs or orders. Even then some corrections will remain, e.g.,

changes of turnover and of costs of cost positions ;
but they will

be rare and of little importance.

Secondly, one has to consider that the illustration of the

example by Fig. 35 contains all possible corrections, additions and

deductions, because it is intended to be a complete picture of

everything that might possibly happen ;
but it is very improbable

that all these possibilities will actually accumulate in one case in

practice.

A further, and according to the experience of the author,
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considerable simplification could be obtained if fixed charge prices

were introduced for transferring materials and semi-finished

products from one department to the other
;
but a discussion of

this problem may be omitted as further considerations in the next

sections will reveal more and more the problematic nature of the

production and sale statement of the usual form.





PART IV

STANDARD COSTS





CHAPTER XV

THE INFLUENCE OF THE ACTIVITY FACTOR ON COSTS

THE general equations of costs as developed in Part III of this

book are very often reduced to the form,

Total costs = costs of material + wages + overheads,

where overheads are expressed as a percentage of wages. The
terms "

material
" and "

wages
"

are, of course, to be understood

as abbreviation of the direct parts of these items. From this

equation together with the fact that, when in a shop the direct

costs of material and wages decrease, the degree of activity

diminishes, but the overheads do not decrease proportionally it

, X1 ^ ., , ,, overheads
is clear that the percentage expressing the ratio

,
must

wages

increase. This explains why the costs of any product rise if the

output diminishes. On the other hand, this decrease in activity

very often indicates an economic depression, i.e., the demand
on the market is less than the supply, and the result is a fall in the

prices. If, however, at the same time the costs of a product
increase and its price drops, there is a danger that the margin
between both the profit will diminish substantially or even

become a loss.

These brief remarks have been made prior to the following,
more detailed discussion of the problem in question, in order to

illustrate its importance. As a matter of fact the more intimate

study of the connections indicated in the heading of this section

has completely changed the outlook of cost accountancy during
the last 15 or 20 years, and has led to quite new developments
and to a considerable simplification when applying these ideas

in practice. It is true that these consequences have not yet been

everywhere appreciated in their entirety, and it is the authors'

hope that his explanations may give here or there an impetus in

this direction.

219
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A. HOW CAN ACTIVITY BE MEASURED AND WHY ?

In order to characterise the activity in a shop or in a works,
either an absolute figure can be used, e.g., the melting shop has

during May produced 2,800 tons, or a relative figure, the degree
of activity, i.e., the ratio of production expressed as an absolute

figure to a certain standard production, which must be defined in

each individual case. This ratio can be expressed either as a

decimal fraction or, more usually, as a percentage. In both cases,

i.e., when using an absolute figure or a ratio, the measure used

must be accurately stated and so must the moment or period
to which the figures are related : without that they are of no use

for economic purposes. Although this is so obvious these

necessary additions are frequently forgotten. Each measurement

of the degree of activity therefore always presumes the determina-

tion of an absolute figure of production capacity for the length of

time in question, as will be discussed in detail later on.

The measurement of activity is necessary :

(1) For production control, when, for example, the

expenditure of shops in the same or different periods is to

be compared with the rate of production ;
when the profit-

ableness of various procedures of various plants or of various

departments is to be compared ;
when planning and estimat-

ing (budgeting) the consumption of material, labour, plants,

overheads, etc., while taking into consideration the various

degrees of activity.

(2) For cost-calculation and price-fixing, when production
costs or total costs must be determined for different degrees
of activity according to their use in book-keeping, for

valuation of semi-finished or finished goods, or for tender

purposes.

(3) For internal or external statistics when the activity
of a department is to be compared at different moments or

for different periods ;
when the activity of similar depart-

ments of the same works is to be compared at the same
moment or for the same period ;

when investigations of a

politico-economic character are necessary, as, for instance,

capacity and utilisation of existing plants for the production
of war material.
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As may be seen from this exhaustive enumeration there are

many and very different purposes where the idea,
"
activity

factor/' i.e., the figure representing the degree of activity, may
be used and it is not astonishing in these circumstances that its

special determination can change from case to case.

B. THE ACTIVITY FACTOR IN AN INDUSTRIAL
WORKS

It can be considered exceptional when the activity factor can

be given for a works as a whole
; generally speaking, its shops or

departments have different factors at the same time. For

example, it has already been pointed out that production and sales

k f, Calendar litre

Fio. 37. Production and consumption of gas.

and distribution are independent of each other to a large extent.

It is therefore not surprising that the curves in Fig. 37 showing
(a) the consumption of the products of a gas works and (6) the

rate of the production, differ considerably at the same moment.

Only taken over a period of a day between / and ^ are they

nearly equal, the fluctuations balanced by means of the gasometer.

Similarly, at a rolling mill differences may occur between produced
and dispatched material, even if more irregularly, and the

fluctuations are equalised in this case by means of the stocked

material. The curves a and b in Fig. 37 show, therefore, only the
"
activities

"
of the production and consumption respectively. It

will be the rule in iron and steel works that they are equal only
when the average is taken over a more or less extended period.

Exceptions are the electric power station, the maintenance and
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the traffic departments. Sometimes even a department cannot be

considered sufficiently uniform to give one rate of activity, and it

may be necessary to go into the working conditions of the

individual cost positions. It must be left to the decision of the

responsible man, how far to go in an individual case
;

it is quite

impossible to give more than these general hints. There is also

another point of view which should be kept in mind when deter-

mining the activity factor. This figure can be greatly influenced

by
"
internal orders," for maintenance, for stock, and generally

speaking by measures taken by the management for their own

reasons, but which must be excluded, together with their con-

sequences, if the activity resulting from the condition of the

market is the vital factor in the decision.

Of the external orders only those which have already been taken

into production are of influence when determining the degree of

activity of production. One finds sometimes that the orders on

the books are considered as a correct expression of the momentary
situation

;
it will be understood that that is not quite correct.

The difference may not be considerable in iron and steel works,
where orders will usually be executed a few days after receipt ;

but enough cases are known where that was impossible, especially
in times of emergency. Neglect of this consideration may then

lead to very unpleasant mistakes.

Finally, attention may be drawn to the fact that the activity
of one and the same shop or department at different times, even

when applying the same measure of activity, cannot always be

compared ;
a further supposition is that no important change of

the procedure of work, of the plant, or of the organisation has

taken place in the meantime. If, for instance, the measure is hi

both cases the number of
"
productive

"
working hours and the

plant has been mechanised in the meantime to a larger extent, it

may easily happen that the calculated activity factor has dropped
to 60%, while the activity measured by the output figure has

even been increased, or at least kept at the old level.

C. THE MEASURES OF ACTIVITY

There are innumerable measures which could be used for

measuring the activity of a department or works, but in the long
run they are nearly always based on or connected in some way
with the quantity of work consumed or produced in a certain
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period. This quantity, however, is always the product of the

intensity of utilisation of the individual workplaces or machines

or plants and of the time of this utilisation, i.e., it is equal to the

area in Fig. 37 bounded by one of the curves, the abscissa and the

two ordinates indicating the period concerned.

The time of utilisation may be the full calendar time, as, for

instance, in the case of the engines at a public electricity works ;

it may be one, two or three shifts of 8 hours, during 25 days per
month, i.e., apart from the pauses for rest, a shift time of 600,

400 or 200 hours per month, etc. In any case, it is easy in each

individual case to determine the time of utilisation accurately

enough for practical purposes. That, however, is unfortunately
not so with the intensity of utilisation. It is very exceptional
when the course of this intensity can be represented by a curve

like those in Fig. 37 as for instance, the load of an electricity

works in kW. Usually, measures must be used which show the

intensity of utilisation only approximately and under certain

assumptions, which may be but are not always right : as, for

example, if it is stated that 200 men were occupied in this depart-
ment at the beginning of the month, but this number went down

gradually during the course of the month to 150, and the number
of men is then taken as the measure of the intensity of utilisation

of the department. Here, it is supposed that the quality of

working of the men is and remains equal, but there is no produc-
tion engineer who does not know that that is incorrect. Other

approximate measures are quantities of production per unit of

time, as cubic ft./min. for gas or tons/hour for rolled steel, etc., or

the same items but expressed in money, either as expenses or as

proceeds. The weak spots in these measures are obvious, and
the change-over to the money measure makes the situation still

more doubtful.

The measuring of the activity by the quantities produced can

lead to wrong results, if the semi-finished products within the

department are not the same, either in quantity or with regard
to the state of production, at the beginning and at the end of the

period taken into consideration
;

similar difficulties arise when

using the output as a measure of the activity of the whole works.

Men-hours or machine-hours (e.g., rolling hours in a rolling mill)

are often used as the measure of activity for production depart-
ments. They are simple and contain comparatively few sources of
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error. Besides, they are a product of both measures ; time of

work and intensity of work. For example, 5,000 men-hours can

mean that 25 men have worked 200 hours shift time
;
but here also

a tacit supposition has been made, i.e., that the load on the

individual machines or the intensity of work of the individual

men is the same, and that will always be the case only

approximately.
Thus it must be stated generally that apart from very simple

cases of mass-production all measures of activity should be

considered with reserve and conclusions based on them should

always be taken as only relatively correct. It may, therefore, be

recommended to use two or three of these measures, one beside

the other, in cases where it is of special importance to obtain a

safe basis of judgment. Thus, one finds, for example, in general
business reports or in prospectuses when applying for the admission

of shares as marketable stocks, the production activity given

simultaneously as an average of that of the individual depart-
ments and the total output and the total customers' orders

received, these last two items expressed in quantities as well as in

money, etc.

D. RATE OF LOAD AND RATE OF TIME UTILISATION

If a colliery produces 80,000 tons per month, it is possible that

this result is obtained perhaps
in 25 days of 3,200 tons per day,
in 22 days of 3,635 tons per day or

in 20 days of 4,000 tons per day.

In such cases it is not sufficient to know the one figure of activity ;

there also should be stated the load and the time of the load, the

activity being the product of both, in the example, for instance,

80,000 tons = 25 X 3,200 tons. Just as a rate of activity has

been developed from the figure of the activity the terms "
rate of

load
" and "

rate of time utilisation
" can be applied, the relations

between these items being :

,. ., ~ , actual activity
activity factor =

standard activity

rate of load x rate of time-utilisation =
actual load actual time

x
standard load standard time
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The term "
standard

"
is used in this connection in order to

indicate what may be considered as the basis of comparison.
How should these bases of comparison be selected ? The upper

limit of time-utilisation is given by the calendar time. As the

length of years (leap year) and months is not constant, sometimes
this upper limit is fixed uniformly at 365 x 24 = 8,760 hours per

year and 8,760/12 = 730 hours per month, for example, in public

electricity works, and this can be recommended also for industrial

undertakings. This time may be termed the
" maximum load

time."

All other standard times depend on regulations made either by
the works management or contained in agreements with the trade

unions or ordered by the Government. Based on these regulations
a "

planned load time " can be calculated during which the works
should work as a rule and according to their whole layout and

plant.

Usual planned load times are :

(1) The calendar time, if the works or departments in question
are working continuously and a reserve plant in working order is

at hand.

(2) The calendar time minus periods for overhaul, in special
cases of continuous working of a single part of a plant which

needs more or less regularly stoppages for maintenance, etc., e.g.,

day- and night-work of a low temperature carbonisation retort

the lining of which must be replaced from time to time owing to

the effect of heat.

(3) The calendar time minus legal holidays, all workdays being

planned as three shifts of 8 hours each. In this case an average
calculation is often used of

300 days x 24 hours = 7,200 hours per year, or

25 days x 24 hours = 600 hours per month.

(4) As under (3), but each day with one shift of 8 hours,

i.e., average calculation, 2,400 hours per year or 200 hours per
month.

When fixing the basis of comparison for the load the following
circumstances should be taken into account :

(a) Each part of a plant and each working place has a nominal

or continuous output or production ;
that is the load which can

be put on the plant at least for the duration of the planned load

I.C. Q



226 ECONOMIC CONTKOL OF IRON AND STEEL WOEKS

time without interruption. (It should not be overlooked that the

maximum load is different from this nominal or continuous load,

not only in quantity but also in character as the quantity of the

maximum load depends largely on the duration ofthe overloading,
whilst the nominal or contnuous load is a fixed item for each part
of the plant.)

(6) It is possible in a department to harmonise all parts of the

plant and the working places in such a manner that they are

working up to the limit of their nominal load when producing a

certain quantity and type of products. In such a case it is,

however, probable that for another type and quantity of produc-
tion only some parts of the plant are working with nominal load,

but the others less
;

for the complete harmonisation of the plant
for all possible kinds of production could not be attained for

technical or economic reasons. This is, for example, nearly

always the case in a rolling mill plant with a largely varying

rolling programme, where the question of
"
bottlenecks

"
can be

considered as the bete noire of the production man.
Thus one may distinguish :

(a) The harmonised or absolute full load : all parts of the

plant are -working simultaneously and continuously at full

load.

(6) The planned (not harmonised) full load
;
the output of a

department for which its plant is built
; only some parts of the

plant are working at full load (bottle necks) and change
this position with other parts, when the kind of product is

changed.

(c) The practical full load or normal load, kept generally
somewhat lower than (6). Some means of reserve are not utilised

to enable the department to adapt itself more easily to sudden

fluctuations of load (changes of delivery dates, insertion of urgent

orders, etc.).

It may be pointed out, by the way, that the planned full load (b)

is not the same as the "
stipulated load

" used for example as the

basis of a budget for a future period. This has to be fixed accord-

ing to a quite different point of view and is usually considerably
lower than (6). Whether the normal load (c) can also be con-

sidered as stipulated load depends on the circumstances of the

case.

In order to determine the basis of comparison for the
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activity the corresponding figures of load and time must be

multiplied.
Standard activity = standard load x standard time.

While the standard time is clearly defined for use in industrial

plants as the time which has previously been termed "
planned

load time," the load itself is either the
"
planned full load

"
or the

"
practical full load or normal load "

according to the different

purposes for which these considerations may be used in practice.
There are, therefore, two different bases of comparison for the

activity.

(1) The "
planned full activity

"
or

"
capacity," i.e., the

activity of a works or of a department, which can be maintained

continuously during the planned load time according to the lay-

out, the plant, the means of transport, the working places, the

organisation and the programme of production, without being
overloaded.

(2) The "
practical full activity

"
or

" normal activity," which
is generally lower than the

"
capacity," say 90% or 85% of it

in order to give the works or the department some play for being
able to follow sudden changes of the production programme.
How, in special cases, the ideas and terms discussed can be used

for controlling the production of a department, may be illustrated

by an example.
Three furnaces, each of 30 tons planned output in a Siemens

melting shop have worked during a period of 4 weeks under the

following conditions : production of ingots of the same size and
of the same " normal "

quality ; weight of the melts on the

average 28 tons 16 cwts. = 28-8 tons
; equal duration of the

melts of about 8 hours
;

all three furnaces working.
The planned full load is, when utilising completely the volume

of the three furnaces, and working during 8 hours per melt,
30 tons

i.e.,
= 3 X =

= 3 X 3-75 = 11-25 tons. The bases of
8 hours

comparison are either (a) the theoretical maximum of load as well

as time, i.e., continuous working of all three furnaces at highest

output during the calendar time, or (6) figures attainable in

practice with regard to stoppages unavoidable because necessary
for relining the furnaces (planned load and time). This results in

the table (Fig. 38) of the activity factor of the open-hearth

melting shop during the period in question,
Q2
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FIG. 38. The activity factor in an open-hearth melting shop.

E. THE COSTS DEPENDENT ON THE ACTIVITY
FACTOR

It is necessary when discussing the dependence of costs on the

activity factor always to keep in mind the distinction between
the costs of a works, a department or a cost position, i.e., the total

costs, and the costs of a special product, either semi-finished or

finished, i.e., the costs per unit. The former are especially

important for production control, the latter more for price fixing
and price control, but the problem of the dependence of costs

on the degree of activity seems to have quite a different aspect
when considered from the point of view of the total costs or the

costs per unit.
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Not all types of costs as already mentioned change in

proportion to the degree of activity. This, however, is mainly
the case with the costs of direct material and direct wages ; they
decrease and increase in proportion to the output, thus they
remain the same per unit, i.e., they are so to speak fixed from the

point of view of the costs per unit. However, it may be pointed
out that all these statements are not strictly correct in the

mathematical sense of the word
; they have to be understood

with the reservation already familiar to the reader that mathe-

matical laws cannot be applied to economic problems with the

same precision as in pure science. Thus direct wages per unit are

generally lower the larger the number of units ordered in one

batch
;

the price of material is lower if more material can be

bought all at once. But if we leave these deviations from the

rules aside and they are not large enough to change the whole

character of the trend of costs the statements already made
and now to be made, are correct, and they are certainly very
useful for the understanding of how costs are dependent on the

rate of activity.

Decree of Activity
-

FIG. 39. Total costs dependent on degree of activities.

a = Proportional costs,

b = Regressive costs.

c =

d =

Progressive costs.

Fixed costs.

What is said about direct material and direct wages is approxi-

mately correct also for some other types of costs : e.g., use of
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tools, lubricating oil, wages for transport, maintenance. These
"
proportional

"
costs are represented in Fig. 39 by the straight

line a, through zero point ascending in the same proportion as the

activity factor increases, and in Fig. 40 by the parallel to the

abscissa.

Other types of costs increase more slowly than the activity

factor, when the problem is considered from the point of view

of the total costs, and vice versd from the point of view of the

Degree of Activity
*

FIG. 40. Cost per unit dependent on degree of activities.

costs per unit . They are termed ' '

regressive costs .

"
As examples

may be given : the majority of the salaries, costs of energy

produced in the works, auxiliary wages (curves 6 of Figs. 39

and 40).

There are, however, also types of costs, which increase quicker
than the activity factor, considered from the point of view of the

total costs. They are termed "
progressive

"
costs and are

especially of importance in the case of over-activity, i.e., if the

works or the department have for some time more work to do

than they are planned for. In some circumstances any type of

costs can become progressive costs, e.g., wages may increase

quicker than the output in consequence of additional payment
of overtime and diminished working capability. It may be

necessary to depreciate the plant and machines at a higher rate

owing to overloading and changing personnel when working two



THE INFLUENCE OF THE ACTIVITY FACTOR ON COSTS 231

or three shifts, and the resulting greater wear and tear (curve c

of Fig. 39).

Finally, some types of costs are not dependent on the degree of

activity, at least not if the change in activity remains within

certain limits, e.g., some taxes, some salaries, insurance costs, etc.

They are termed "
fixed costs

"
because they are constant

considered from the point of view of total costs (line d of Fig. 39).

But when costs per unit are taken into account, these fixed costs

are the higher the smaller the output is and they are represented
therefore in Fig. 40 by a hyperbola.

It has already been mentioned but is here repeated because

it is considered important enough to be strongly emphasised
that this discussion of the different behaviour of types of costs

with changing activity is correct only to a certain degree. Hence,
it is justifiable for some purposes to neglect the distinction into

regressive and progressive costs of proportional and fixed costs

completely and to divide the total costs and the costs per unit

respectively into proportional and fixed costs only, particularly
as long as the fluctuations of the activity factor are not too large.

But this consideration should not lead as it sometimes does in

practice to the suggestion that the actual behaviour of the

different types of costs, when the degree of activity is changing,
should not be watched closely. On the contrary very valuable

information may be obtained, especially for production control

where it is sometimes one of the main objects of the production
man to find out whether some costs, up till now considered as

fixed, could be converted to some extent into proportional or at

least regressive ones. It is also wrong to be superficial by
separating the proportional and fixed costs, perhaps putting the

former on a par with the individual and the latter with the general
costs. There are large parts of the general costs which must be

considered as proportional costs.

Furthermore, it must be taken into account that such a

distinction cannot be made once and for all
;
some costs may

change their character in the course of time, and only continuous

observation can find that out
;
what is correct in one works, may

be wrong in another, as illustrated by Fig. 41. Finally, it is not

a matter of indifference as regards costs whether a certain degree
of activity is obtained by decrease from a higher or by increase

from a lower level. The costs are higher in the first case than in
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the second, because some types of costs, as salaries, auxiliary

wages, costs of motor cars, etc., cannot be easily accommodated

to the change in activity. By analogy with mechanical and electro-

40 *0 80 100

Degree of A^r^ity

FIG. 41. Comparison between two associated works engaged
in the same branch of industry.

A = Auxiliary material. B = Auxiliary wages.
C = Energy costs.

magnetic phenomena this behaviour has been termed the
"
inertia

of the costs
"
or the " remanence of the costs.

"

F. THE CHANGE OF COSTS ACCORDING TO
THE ACTIVITY FACTOR

After these theoretical discussions, some practical conclusions

may be drawn from the knowledge obtained.

In Fig. 42 the costs of a works are given for three degrees of

activity, 100%, 90% and 50%, and in each case they are divided

into proportional costs and fixed costs, as this seemed fairly

correct in the case of these works. As the absolute figures could

not be given for obvious reasons, the total costs at 100% rate of

occupation are put as 100, and the other figures are derived from

this assumption taking the fixed costs as completely fixed and the

proportional costs as completely proportional. Although this

may be correct enough for 90% activity it is certainly wrong for

50%, but the necessary corrections will be discussed later on.

When it is added that the turnover is calculated supposing that

the selling prices equal to the total costs plus 10% and that it is

supposed that this selling price does not change when the activity
decreases to 90% or even to 50%, the table in Fig. 42 will be

self-explanatory .

What is shown in this table in figures, is now illustrated by the

graph (a) in Fig. 43 which will again be clear without detailed
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FIG. 42. The change of costs according to the activity factor.

explanation. The vertically shaded space between the lines of

the total costs and of the turnover characterises the loss, and the

horizontally shaded space the profit. It is obvious that the

situation of the point C where these two lines cut each other, is

of the utmost importance ;
for the more this point C, known as

the
"

critical point," moves to the left, i.e., to the zero-point, the

less sensitive are the works to a decrease of the degree of activity.

What are now the conditions on which the situation of the

critical point depends ? This can be found by comparing graph
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(a) and graph (6) of Fig. 43. The total costs and the turnover of

a works represented by graph (b) is for 100% activity the same
as those of a works represented by graph (a), and so are the costs

of direct materials and of direct wages, but the relation of

proportional to fixed general costs is different. While in case (a)

it is 1 : 2, it is 3 : 1 in case (b). This has the effect that the critical

point moves from the ordinate 75% activity to 50%, i.e., the

higher the fixed general costs are in proportion to the proportional

general costs the more sensitive is the works or the department
to the fluctuations of the activity.

It has sometimes been stated that it is of decisive influence

on the situation of the critical point, whether the costs of the

wages or of the materials form a preponderant part of the costs ;

but this is only indirectly the case. A high share of the cost of

materials results in a low share of the general costs, and as the

fixed general costs are only a part of the total general costs, their

influence is, of course, smaller than when a small share of the

costs of material leaves more opportunity to the general costs as a

whole and to the fixed general costs in particular to influence the

situation of the critical point.

(b)

Fixed General

Costs (1)

\ Proportional General

f Costs (2)

1 Direct Wages
I (3)

*

Direct
Material

(4-)

50 75 90 100

Degree of Activity

(2)

(3)

(4)

50 100

FIG. 43 a, 6. Connection between activity, costs and profit or loss.

One may analyse the graphs (a) and (6) of Fig. 43 however one

likes, the fact remains that the proportion of the fixed and of the

proportional costs is the decisive factor for the situation of the

critical point.
This fact is of great importance for iron and steel works, where
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comparatively high fixed general costs cannot be avoided, they
result generally from large and extensive plants, the source of

high depreciation, from large stocks of raw material, semi-finished

and finished products, which need the investment of large

capital ;
from high salaries for specially trained experts ;

from
the large and expensive organisation and clerical apparatus

invariably connected with large works and combines, as iron and
steel works nearly always are, etc.

All this certainly means that small works, in consequence of

greater simplicity and clearness of the working conditions, are

superior to the modern gigantic combines, because these are more

endangered by the fluctuations of the market than the former.

The latter have to counterbalance this inferiority by cheaper

production methods based on their up-to-date plants and

machinery and by any possible effort to give the necessary

flexibility to their organisation in spite of its extent. What the

best solution of this problem is, i.e., which is the most economic

size of an industrial undertaking, is frequently discussed, but

never exhaustively answered
;
and it is probable that no general

reply can be given. Probably as in most economic matters

such an answer is possible only in an individual case and is valid

for this case only. But there is no question that this problem rises

in almost every industrial concern, during the course of its

development. That the solution which has been found is not

always the correct one is shown very clearly by the history of

industry during the last decades, with foundations and liquida-

tions, centralisation and decentralisation by turns, over-

organisation and reorganisation, etc. It is not the place here to go
more into the details of this problem ;

but it has been mentioned

in order to show for what important decisions the figures developed

according to the above lines may be used.

Finally, it may be worth mentioning before the discussion of

the factors influencing the situation of the critical point is finished,

that the different development of the prices in the costs (material,

wages, salaries, etc.) as well as in the turnover can be of import-
ance. If the selling prices decrease earlier or to a greater extent

than the prices contained in the costs, the critical point moves

to a higher activity factor. In the reverse case, as, for example,
at times of inflation, the critical point gives way in the direction

of the zero point.
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Now it must be reiterated that Figs. 42 and 43 (a) and (6) give

only an illustration of the trend of development in principle ;

it is attempted in practice to prevent as far as possible the

disadvantages which may arise from the rules explained, i.e., the

management does what it can do by arbitrary means to take

away from the fixed and proportional costs their characteristics,

or, in other words, to change the
"
fixed

"
costs into not really

fixed ones, and the
"
proportional

"
costs into not really propor-

tional ones. As a matter of fact it will nearly always be possible
to decrease the fixed costs when the activity goes down for some
not too short period. If this rate is perhaps only two-thirds of

the planned full activity, a set of engines in the power station

can be stopped or some employees can be dismissed, etc. If the

rate is still only one-third, other or similar measures are used to

lower the fixed costs still more : the line of the total costs formed

in Fig. 43 (a) and (6) by one inclined straight line is now converted

into several such lines connected by vertical interruptions (see

Fig. 43 (c) )
and there are several points at which these part lines

are cut by the line of the turnover, c
1?

c
2 ,

c
3 , i.e., the critical

point C of Fig. 43 (a) and (6) is replaced by a series of critical

points. Perhaps there is now at 50% rate of activity no longer
a loss of 10% as according to Fig. 42 but a small profit instead

;

it is even possible that at a rate of 66% a higher profit can be

obtained than at 85%, etc. Of course, Fig. 43 (c) is only a
" made

25 33 46

Oejrer of Activity

FIG. 43 c. Connection between activity, costs and profit or loss.

up
"
illustration of what may actually happen : the straight cost

lines and turnover lines will actually be irregular curves, as the

lowering of the costs may be possible only in small and gradual
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steps and the selling prices per unit decrease when the market

deteriorates, a fact which mostly coincides with or is even the

cause of a falling activity. But the character ofthe whole develop-
ment can well be recognised from Fig. 43 (c), which is a warning
to use the utmost care when drawing conclusions of the develop-
ment of costs from their state at a certain level of activity.

All the speculations made so often in the literature and used in

practice as a basis for the anticipation of costs under changed
conditions of activity must be considered, at least to a certain

extent, as misleading. For example, the attempt has been made
from the knowledge of the total costs and of their composition
at 100% and of the costs at 0%, which have been considered as

the
"
fixed costs

"
according to Fig. 43 (a) and (6) to build

up the course of costs for all intermediate degrees of activity.

Even Fig. 43 (c) although itself still to a large extent a purely
theoretical illustration shows how incorrect, if not impossible, the

results of this procedure may be. Figs. 43 (a), (6), and (c) should

be used only to give clarity to the theoretical connections and
there they are very useful. If, however, actual figures are

necessary, they can only be obtained by continuous observation

of the movement of the costs in the works or departments and by
drawing conclusions from this experience. In doing that it is

again incorrect to take over from the past without any meditation

the figures obtained for a certain activity ;
it should rather,

based on that experience, be considered and anticipated how the

working conditions and therefore the costs may differ from those

in the past and presumably in future, when the same activity

factor occurs again.
That this is no short or easy task which can be done without

careful preparation may be illustrated by some examples taken

from actual practice. The general way of arriving at a basis for

considerations of the future is shown by the Fig. 44 (a) and (6),

the first giving the overheads and direct wages of some depart-
ment in absolute figures for the 12 months of a year, the second

the overheads plotted against the degree of activity, in this case

expressed by the amount of direct wages.
In this manner the following three examples of curves have been

developed :

(1) Fig. 45. Costs in the central power station of a factory.

There were three steam engines which could provide for
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FIG. 44. Conversion of the monthly curves of overheads and wages
into a curve of overheads dependent on the degree of activity.

Ove
M /5f ^2nd^ 3rd^
>Mach. Mach Mach ^Over/oad

Water.
Material for

Cleaning and
Lubricating

"Electromotor

FIG. 45. Costs in a central power station of a factory.

3Qo/o + 20% + 20% = 70% of the power needed at a degree of

activity of 100%, with a probable overload of 10% during short

periods giving 80% altogether. In addition, an electromotor
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could be fed by electricity provided by the municipal electricity

works and deliver the remaining 20%. When working day and

night the three steam engines were sufficient with fair safety
for a degree of activity of 140%. The most important types of

costs and the total costs for the various eventualities can be

taken from the curves, which are the result of statistics of long

years.

(2) Fig. 46 (a) and (6) (page 240). Production costs of a rolling

mill, producing nearly always the same classes of goods in the

same proportion to each other.

The two figures refer to two different periods, the first from

January, 1927, to March, 1930, the second from October, 1930, to

September, 1934. This separation into two parts was necessary
because economic conditions changed considerably in the mean-

time, as is obvious from the curves. The upper parts of the

figures show how the average curves have been developed from

the single points obtained directly by the statistics. These

average curves have then been repeated in the lower parts of the

figures and have been divided into
"
fixed

" and "
proportional

"

costs, the latter shown separately as
"
average proportional

costs/' remaining nearly equal, and as
"
graduated proportional

costs," which show how far it has been possible to adapt these

costs to the changing degree of activity. Besides, a curve
"
additional costs

"
has been developed illustrating that these are

lowest in point A and that the most favourable situation from a

costing point of view is characterised by point C where this curve

of the additional costs crosses the total costs curve, while B, the

crossing point with the average proportional costs, is important
as the lower price limit

;
it indicates that, at a production beyond

this point, the selling at the average proportional costs cannot be

considered as expedient (see later).

In order to facilitate the understanding attention may be

drawn to the fact that this Fig. 46 refers throughout to the costs

of unit of production while the first example is concerned with

the total costs of the power station in question.

(3) Fig. 47 (page 241). Total men-hours per ton of production
of a big tube works.

In this case not costs but men-hours per ton are plotted against
the degree of activity represented by total equivalent tons of

production ;
but this cannot be considered as a principal
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difference as has been explained already in another connection.

It may only be mentioned that the hours include all hours worked

throughout the whole works, direct as well as indirect, i.e.,

especially those in the auxiliary departments. These statistics

refer to the years 1929 to 1932 and the figures for each month
have been inserted separately connecting them by straight lines,

and thus forming a limited area signified for each year by a special

Hours/ton

Tons Imonth

FiQ. 47. Total men-hours per ton of production of a big tube works.

kind of shading. They give an obvious picture of the actual

conditions in the works and allow by comparison with a curve

of
" standard values

"
developed by a special method of

"
budget-

ing the working hours
" a just criticism of how far the number

of the actual hours has deviated from what should be obtained

for the degree of activity in question. As in such considerations

some tolerances should always be allowed with regard to the

uncertainties of the method applied, two curves parallel to that

of the
" standard values

"
indicate the upper and the lower limit

of the deviations from the standard. To be sure the actual

deviations from the standard are sometimes very high (see

August, 1930 and 1931), but they have been caught very quickly

by the management and the actual working time is reduced to a

figure near the standard.
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The author is well aware that the result of the last considera-

tions that the relationship between costs and the degree of

activity cannot be exactly defined but can only be discovered

from statistics and experience in individual cases is not satisfac-

tory to some people. It may be, of course, that their original

considerations and conclusions have been the same. Then,

however, they have said to themselves : We know that Pigs. 43

(a) and (6) or even 43 (c) do not show the truth, but they give at

least an approach to the truth and perhaps the best approach
we know

;
what other way can we use but this to come as near to

the truth as possible ? So far, so good ; but now they have used

this method so often, that they have quite forgotten that it is

only an approach, and they proclaim the quite contestable result

as the
"
truth absolute

" and develop even a
"
system of calculat-

ing costs at various degrees of activity
"
based on this truth. It

may be left to the reader whether he will accept such easier but

unreliable methods. The author can only recommend the other

way which is more difficult, gives no results one can pick out of a

prepared table, but procures as a by-product an intimate know-

ledge of the reaction of the works or the department in question
to the measur.es taken by the management for keeping the costs

within reasonable limits.



CHAPTER XVI

THE CALCULATION OF THE SELLING PRICE
AND THE PRICE POLICY WITH REGARD TO

THE DEGREE OF ACTIVITY

A. THE RELATIVITY OF COSTS TO PURPOSE

WHAT was said in the preceding section concerning the influence

of the degree of activity on costs is certainly not new : it may
indeed be said that ever since costing systems have been used in

industrial works it has been felt instinctively that that influence

was very important. But the logical consequences of this know-

ledge have not been followed up. It has already been mentioned

that costs have always been considered, at least to some extent,

as something really fixed, as figures comparable to those based

on facts of physics, chemistry and the like. Perhaps the expert,
the accountant, did not make this mistake

;
he was well aware of

"
the relativity of the costing idea/' but all the same he was

afraid to stress this fact too much for fear of lowering the import-
ance of his work in the eyes of the laymen, and especially his

colleagues in the technical and commercial departments. This

view should not be taken by any one who wholeheartedly agrees
that co-operation for the best interests of the undertaking should

be incumbent on all concerned, from the point of view of works

economics and national prosperity. Let us be quite sincere :

there is nothing absolute about costs. They differ for one and

the same object according to the purpose for which they are to

be used but this does not diminish the importance of the costing

system itself or of the services that the costing department could

and should deliver to the undertaking as a whole. Admittedly
this

"
relativity to purpose

"
connected with the costing idea

seems at first glance to increase the difficulties in understanding
the subject, but on the other hand it enhances the importance
of the accountant's work, and if rightly comprehended and

followed up to its final consequences, it results in simplification
243 B li
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and reduction of the clerical routine work to the benefit of all.

It is the object of the following discussion to explain this more in

detail.

The upper and lower limits of the selling price of any goods
can be considered the obtainable and the acceptable prices

respectively. Both are closely related to the degree of activity.

B. THE OBTAINABLE PRICE (UPPER PRICE LIMIT)

Every student of national economics learns and daily life

confirms the fact that the price that can be obtained in the

market does not depend only on the costs incurred in producing,

selling, and distributing the goods in question. As it is well

known, the laws of supply and demand play an important role.

In the long run, however, the costs will mainly determine the

price or at least its lower limit, as no producer can sell his products
for any length of time at a. price lower than his costs without

becoming a bankrupt. If free competition is possible, the price

will depend on the cost in those works which can produce at the

lowest costs and can therefore offer the goods at the lowest price

without making a loss. The others have to follow them at least

for some time, if they do not want to lose the market
;

those

which cannot lower their own costs sufficiently will be eliminated

in due course. The result will be that on the whole just enough

goods will be produced to meet the demand at a price which

leaves a profit to the producer and supplier large enough to be

an incentive to bear the risks always connected with industrial

activity. The reader will understand that these explanations are

purely theoretical
;

in practice, many possible deviations from

this development may occur
;

nevertheless the connections

explained are logical consequences and the course of events

behind all deviations in practice must be as indicated. Thus, in

the end, the costs really determine the price, not perhaps directly
as one is inclined to believe without taking into account the laws

of supply and demand, but ultimately by indirectly influencing

competition on the market.

[Incidentally, this also answers the often asked question
whether it is of any interest to calculate the costs in the case of a
61

manipulated
"

market, i.e., if free competition is partially or

completely eliminated by a ring or syndicate. Even in that case

the prices must finally be based on costs because experience has
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shown that no private syndicate is strong enough to neglect in

the long run the laws which govern national or international

economics. Whether it may be possible to evade these laws by
governmental action is still undecided

;
we are in the midst of

this struggle and it would be presumptuous to anticipate the

result.]

The costs per unit of production differ not only because the

various competitors have to pay different prime costs of material,

and different wages and salaries or because they use more or less

economical methods of production and have good or bad organisa-

tions, but primarily because they are mostly working at different

degrees of activity. It has been explained that the higher the

degree of activity in a works is, up to the limit of full capacity,
the lower are the costs per unit of production, i.e., the lower the

prices which can be offered to the customers. From what has

been said about free competition, the obtainable price will

therefore show the trend to be based on the costs in a concern

working at full capacity. That is clear also from the definition

of
"
planned full capacity

"
in a works, as given above. This

state of affairs exists at a load which, according to the plan of the

plant, the area of the works, the number and kind of the work-

places, the means of transport, the production programme and
the organisation, can be borne continuously during a planned

working time without over-exertion. It would be a contradiction

of the principle of working economically, not to attempt to do

this work with the least possible expense and therefore to plan it

with that end in view. It may be that in practice this result

cannot be obtained completely, because it is difficult to plan a

plant and production without compromises due to practical

difficulties
;
but the deviations from the original plan are not so

large that they would endanger the final result to a decisive

extent. Thus the conclusion can be drawn that the costs per unit

of production are least when the plant is working at full capacity.

The consequence is that these costs form an important basis

for calculating the obtainable price, so far as that price can be

determined by calculation. Some of the reasons why this is

possible only to a restricted extent e.g., the law of supply and

demand have been already mentioned
;

but there are other

considerations which should not be overlooked. Continuous

working at full capacity is not so favourable in practice as might
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at first be imagined. Where this state of affairs prevails the

production lacks the necessary flexibility. Sudden changes in

orders, in the disposition of labour, in dates of delivery, and

stoppages due to breakdowns, etc., which are unavoidable in

industrial works, cause more trouble in production departments

working at full capacity than in those where the activity is

somewhat reduced.

It is therefore common practice to plan the works for a some-

what larger capacity than it is intended to use continuously.
Thus the planned full activity, which can certainly be maintained

by the plant, but is not desirable for any length of time, must be

distinguished from the full activity in practice which can be

considered as the
"
goal

"
of the works manager, and to which

the term standard activity may be applied. As all works in the

same branch of industry endeavour to attain this standard

activity representing simultaneously the lowest costs per unit of

production obtainable in the various works, it can be understood

that the obtainable price should be based on these costs which

may best be termed standard costs.

Considering market fluctuations due to the march of events or

seasonal influences, it is clear that in times of depression the

activity in the works will be lower than the standard activity and
the costs may be so much higher that no profit can be obtained or

even a loss results. If the works is to be strong enough to over-

come such difficulties it must build up a reserve in times of good
business, i.e., to make the margin between standard costs and

prices correspondingly high ;
on the other hand it would be

unwise to put the price too high as this would certainly diminish

the demand and bring on the danger of decreasing activity in the

works. For generally the purchasing power of the customers

allows only for a certain maximum price, and as soon as the price

surpasses this limit decreased demand will be the inevitable

consequence.
Time and time again attempts have been made by agreements

between competitors, to adapt the price in times of depression
to the actual increased costs, i.e., in comparison to the standard

costs
;
but where success has been obtained, it has always been

of short duration. High prices artificially maintained are an

incentive to undercutting ;
and when the depression lasts some

time there are always competitors who do not resist this tempta-
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tion so as to attain higher activity in their works, and thus to

lower their actual costs and assimilate them to the standard

costs. In other words, the result of this undercutting is that the

price tends to be based on the standard costs. These costs are,

so to speak, the
"
water-gauge

"
of the obtainable price : times

of high activity caused by seasons of favourable economic

circumstances, and price agreements between competitors allow

the price to increase above the level indicated by this
"
gauge

"
;

on the other hand, works with insufficient orders on their books

lower it under the gauge level by undercutting.
In any case standard costs are the best basis for calculating

the obtainable price, not only for the reasons given above, but

also because each undertaking is able to work up its own standard

costs either from the costs as determined during a period of

operation at almost full capacity, or, if such a time has not yet

occurred, by estimation based on the costs during the period of

operation at the highest capacity already attained.

It need scarcely be mentioned, but may be added for complete-

ness, that this discussion is of no importance in the case of a

monopoly, i.e., based on patents, scarcity of raw material, etc.

Then the price is almost independent of costs and would be

estimated according to the utility of the goods and the capacity
of the market.

In order to show the effect of these considerations on the

obtainable price, an example may be useful. A colliery needs a

hauling plant and asks various factories for tenders. One of them

is working only at 40% of its standard capacity, while it is known
that its competitors are in a somewhat better position. If the

price is calculated according to present circumstances that

factory would determine the total costs as follows :

Raw material 1,000

Wages 500

Overhead costs 500% of the wages . . . 2,500

Total costs 4,000

It is clear that it would be futile to ask a price based on this

figure ;
but how can the obtainable price be calculated even

approximately ? There is no market price for such a plant and

the firm does not know the method of calculation of its com-
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petitors, particularly their percentage addition for covering the

overheads. On some other occasion, however, a short time

previously orders could be obtained at satisfactory prices when
the factory was operating nearly at full capacity. At that time

the percentage addition was about 300% and the total costs of

the plant would have been 1,000 + 500 + 1,500 = 3,000. This

figure has to be used as basis for price calculation if the firm wants

to compete successfully for the order.

C. THE DETERMINATION OF STANDARD COSTS

The standard costs are known without further calculation when
there has been a period during which the works have been

operating at standard capacity and all costs have been carefully

recorded during this period. It must, of course, be assumed that

this period has not been too short
;
for otherwise figures might be

used which should be regarded as mere chance figures. The

period must be long enough to be divided into two parts at least,

the results of which could be checked by each other. Moreover,
these previous figures can be used as a basis only if the circum-

stances of production, e.g., production machines and methods or

the composition of the product, have not been altered in the

meantime. If this is the case, corresponding corrections are

necessary, which must often be based on special investigations in

the production departments such as work and time studies.

These should be carried out by experts with sufficient technical

knowledge and experience ;
for frequently such changes at one

place in a department produce other changes at other places and
hence changes in costs which less experienced and trained

specialists could easily overlook.

If the highest degree of activity ever reached in the works falls

far short of the standard activity, the standard costs must be

calculated and estimated throughout. Everything that has been

explained previously about the influence of the degree of activity
on the development of costs must be kept in mind and carefully
taken into consideration. Thus it may be necessary to convert

even the proportional costs, as perhaps the raw material could be

bought more cheaply in larger quantities when the works are

operating at standard activity than when at only partial activity ;

piece-work prices for 5 to 10 pieces are perhaps 5% to 10% lower

than for one piece, and may be 25% lower for larger batches.
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It is obvious, however, that first of all it will be necessary to

correct the fixed costs One type of costs after the other must be

investigated, to find out howthey may be changed by the transition

from the highest activity up to date to the standard activity.

For example, the salary account should be considered person by
person. It may be that the sum of the salaries of the draughtsmen
should not be increased as new drawings are not exceptionally

necessary, the increase of activity being brought about merely by
increasing the number of the individual batches, not by the intro-

duction ofnew products. The sum of the salaries ofthe employees
in the production departments, however, needs an increase, as more
foremen and more clerks in the wages office or in the planning
section are necessary, but this increase will probably be less than

that of the degree of activity. On the other hand, the wages of

toolrnakers and transport workers may increase proportionally
to the degree of activity, etc. These remarks may be sufficient

to indicate how this conversion can be carried out, and simul-

taneously to show that this is not an easy job, but a very

responsible one and one completely outside routine work.

Intimate knowledge of the technical processes, of their connection

with each other, of the organisation of the departments, of the

conditions of labour and, of course, of the whole costing system,
is absolutely necessary if this work is to be carried out in such a

manner that the management can, without apprehension, make
the important decisions which may be based on the knowledge
of the standard costs. Moreover, the development of standard

costs is no single event. When standard costs have been worked
out and are in use in a works, continuous observation is necessary
in case something may happen that might produce a change in

the figures obtained. These changes must be carried out quickly
and brought to the knowledge of all concerned so that no wrong
conclusions may be drawn from the old and now obsolete figures.

Where necessary, objections must be cleared up by explaining
how the new figures are arrived at

;
for these standard costs are

a sign-post for everyone ;
it is not sufficient to show a man the

figure ;
he must also be convinced that this figure has been

obtained fairly and properly.
The average costs often used in practice as the basis of price

calculation instead of standard costs must give wrong results if

they are not obtained during a period of standard or at least
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nearly standard activity. These average costs are obtained as

the average of some months, a quarter, a year or even some

years, and it has been claimed that the use of the average method
removes to a certain extent all fortuitous figures, so that the

result is more accurate than that obtained by the calculation of

standard costs. It is further said that if, for example, the average
costs of the last two years are used, the fact that the works could

exist for two years without becoming bankrupt would be sufficient

proof that the selling prices did cover the costs sufficiently,

because otherwise a loss would have been shown by the balance

sheet. There is certainly some truth in the first of these state-

ments, as any averaging method more or less eliminates the

influence of contingencies, just because these contingencies are

single happenings whose influence disappears in the mass of other

figures used for building up the average. But this elimination

of chance figures can be effected as well or even better by develop-

ing standard costs in the manner described above. Where such

figures really appear in the original cost data, the careful observer,

watching the costs continuously, will soon find out which costs

are the result of the usual work and which must be attributed to

such contingencies and therefore eliminated when developing
standard costs. It can even be expected that the result will be

more exact than with the average method, where the influence

of such incidents is only decreased but not entirely eliminated.

The second reason, however, can only be considered as self-

deception. Even supposing that in the last two years the costs

have been sufficiently covered by the selling prices, that gives no

surety that the same will happen in the future. Those who know
what enormous changes occur in the course of two years even in

works managed most conservatively, will agree that statistical

figures, even if only partly based on such a long time ago can

never have the value of those estimated by an intelligent observer

of the development during the last few months. Further, when
the average method is only based on the last few months, it loses

the only good quality it has, i.e., that of being built up from a

large number of figures, which give a certain guarantee of accuracy

if they are comparable enough to be used in the same set of

statistics.

The graph Fig. 43 (c) can be developed into a
"
standard cost

diagram
"
by connecting the zero point with a point representing
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the total costs at a degree of activity of 100% (see Fig. 48). This

line shows for each degree of activity the total costs which would
ensue if it were possible to adapt the costs completely to the

changes of activity. It has been explained that this is not possible
in practice and the actual costs are therefore not illustrated by
this line, but perhaps by the graduated line

;
the difference

Fixed
General
Costs

Proportional
General Costs

Direct Wages

Direct
Material

25 33 46 66 75

Degree of Activity

FIG. 48. Connection between activity costs and profit and loss.

between them shows how far the actual costs for each degree
of activity deviate from the standard costs which can be con-

sidered as
"
ideal." Thus the management should always

endeavour to reduce the differences between the actual and the

standard costs as far as possible knowing that it will not succeed

in completely eliminating them and therefore not blaming anyone
as long as the differences do not exceed an amount that can be

considered as permissible.

However, since the standard costs have been based not on the

planned full capacity of the works, but on a smaller one in order

to give flexibility in case of sudden changes of the production

programme, it is quite possible that the actual costs may approxi-
mate very closely to the standard costs

;
cases have indeed been

known where standard costs have not only been attained but

undercut. Therefore the denotation of standard costs as
"
ideal

"

should be somewhat modified
;

it may perhaps be correct to

speak of them as a "
practical ideal," i.e., an end that can be
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reached in practice in exceptionally favourable circumstances,

but will remain unattainable in the majority of cases. These

explanations may perhaps be considered as sophistry, as a mere
"
playing with words "

;
but anyone well acquainted with

conditions in practice knows how important it is to define carefully

new ideas when introducing them and to make clear to all

concerned their meaning and application ;
otherwise they will

only too often become the object of heated discussions and the

cause of controversies to avoid which is perhaps just the reason

of their introduction.

D. THE ACCEPTABLE PRICE (LOWER
PRICE LIMIT).

Very often the question has to be answered in practice whether

an order should be accepted at a low price if no higher one can

be obtained by competition. It has already been explained that

C2

P L*{ IP

D 0,^^=^ \D

40%
Degree ofActivity -

FIG. 49. The acceptable price.

407*
A2
507

costs are lowest if the works are operating at full capacity. As

long as this degree of activity is not reached, the works should

attempt to obtain it by accepting new orders. But if these can

be obtained only by depressing prices, it must first be found out

whether the higher activity will really increase the profit, or if a

loss has already occurred owing to the low degree of activity
whether this loss can at least be diminished by new orders. The
conditions to be considered in this case may be illustrated by
Figs. 49 (a) and (6). The line C 1C a may represent how the costs
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change when the degree of activity increases from Ax to A2*> e-?->

from 40% to 50% of the full capacity of the plant. A lO l may
represent the output at an activity A, while the costs are A^,
i 6,, higher than the output. The question is : how much must
the output be increased if the degree of activity is increased from

A! to A 2 and the present lossO^ is not to be enlarged, but as far

as possible diminished ? The loss would not be changed if the

output were increased in the same proportion as the costs, i.e., if

the increase of the output could be represented by the line OjP
parallel to C 1C 2 . Any output smaller than A2P would increase

the loss (see Fig. 49 (b) )
and any output larger than A 2P would

reduce the loss (sec Fig. 49 (a) ). If the output at the degree of

activity A 2 is larger than the costs A 2C 2 ,
a profit would result.

A line parallel to the axis of the degree of activity through O l

cuts the ordinate A 2C 2 in D and the distance DP shows how much
the output must be increased in proportion to the costs, if the

profit is not to be diminished or the loss increased.

Considering now, not the total output, but an individual order

enlarging the output, the price of this order must similarly cover

at least the new or additional costs resulting from the carrying out

of this order
;
otherwise the profit would be smaller or the loss

larger than before. This price is the lower price limit and can be

termed the acceptable price ;
but it should be added forthwith

that this price can be accepted only, if need be, in individual

cases, and even then only on the assumption that for other orders,

especially when business has improved, prices can be obtained

which include not only the costs but such a large profit that the

smaller profit or loss of the former order can be counterbalanced.

It is obvious how dangerous this method of quoting would be

if it were applied too often or even generally during a time of

depression. (One would soon be in the position of the retailer

who bought herrings at 3d. each, sold them for a penny less,

and when asked by his friends how he thought to obtain the

necessary profit, answered : That is only possible by selling large

quantities.)

Furthermore, it is obvious that the calculation is correct only
if the line of costs C 1C 2 between the two degrees of activity A 1

and A 2 is a straight line, and former considerations have shown
that that is very often not the case. Still it can be assumed with

sufficient accuracy if the distance between the two degrees of
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activity is not too great and if no special changes in the structure

or organisation of the works would result from the increase in

activity, such as an increase in the number of employees, arrange-
ments for overtime against additional payment, etc. These

sudden changes of costs cannot be dealt with generally. They
must be taken into account individually and are not included in

the following considerations.

The price calculation as indicated by Fig. 49 is sometimes not

applied as the work is regarded as too complicated and difficult.

It is considered as sufficiently accurate to take the whole general
costs as fixed costs and only direct material and wages as addi-

tional costs. But this is definitely a mistake, and it may easily

lead to too great reduction of the price and increase the loss

instead of diminishing it. A part of the general costs is in any
case changing proportionally to the degree of activity, and it is

very important to know at least approximately how large this

proportional part is in order to be able to take it into consideration

when fixing the price. Moreover, detailed consideration shows

that the more accurate calculation indicated above can be

carried out in a comparatively simple manner, either by graphical
or arithmetical methods.

In the first of these two cases one has only to follow the develop-
ment of Figs. 49 (a) and (6). Provided that the trend of the costs

dependent on the degree of activity between two activity factors

A! and A 2 , i.e., the course C^Cg, is known, the original output,

represented by the line A lO l may be increased to A 2 2 by an

order the acceptable price of which has to be found. This price
is equal to the line DP, the two points D and P being determined

by drawing parallels to the abscissa and the cost line Cft^

respectively. If P is situated below 2 (Fig. 49 (a) ) the new
order can be accepted. If, however, P cuts the ordinate A2C 2

above 2 (Fig. 49 (6) ) acceptance of the new order cannot be

recommended from the aspect of profitableness of this individual

order alone, but if other reasons are important enough to over-

come this consideration, it is valuable to know that not only are

the fixed costs which the order should normally bear not covered,

but also a part of the proportional costs as represented by the line

2P.

Familiar as such graphical methods may be to the technical

members of the staff, the costing department will usually prefer
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arithmetical methods ; not that the accountant would fail to

understand the simple graphs explained, but that he has to take

into account the majority of his staff, who often have difficulties

in understanding graphical methods. The arithmetical calcula-

tions may therefore be explained more in detail.

For the present purpose the costs of direct material and direct

wages can be taken as proportional to the degree of activity if no

special conditions such as those mentioned above enforce a

deviation which must be taken into account separately. When
estimating or anticipating the general costs the ratio of the

proportional to the fixed general costs is of importance. This

ratio is usually known from the routine cost control. If not, it can

be determined by a method similar to that given in Fig. 42. Of

course, this has to be done for the activity factor in question ;

for the fixed general costs are as explained not actually fixed, but

depend to some extent on the activity factor and consequently
the share of the proportional costs on the total general costs

changes (see Fig. 43 (c) ). For example, in this figure the fixed

costs at 75% activity factor are different from those at 66%, and

at 33% different from those at 45%. The ratio of the propor-
tional costs to the fixed costs changes correspondingly. This

ratio is the basis for the addition to be made to the direct wages
in order to cover the proportional general costs. If, for instance,

this ratio is 2 : 3 and the total general costs are 225% of the direct

wages a figure usually known from the routine cost control the

2
proportional costs are x 225 = 90% of the direct wages

L + 3

and the additional costs arising from a new order are : costs of

direct material -(- 1-9 X direct wages. It may, however, be

emphasised again that this figure 1-9 depends generally on the

original activity factor and will probably change if another

activity factor has to be taken as starting-point.
This addition representing the proportional general costs can

be determined for the whole works as well as for each cost position

separately. The latter method is necessary if the costs at the

various cost positions change in differing proportions when

carrying out the new order in question. That may be explained

by an example :

The acceptance of an order, the economic importance of which
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is at least questionable, may increase the individual costs of

production as follows :

Costs of direct material m . . . . . . 100

Direct wages for handwork wh . . . . 30

Direct wages for machine work wm . . . . 20

The percentage addition for proportional general costs may be :

at the cost positions (handwork) 60% = 0*60 x wh ;
at the cost

positions (machine work) 40% = 0*40 x wm . The total propor-
tional costs are then : 100 + 30 + 20 + 0-6 x 30 + 040 x 20=
176. If the increase in costs takes place not only in the main

shops, but also in auxiliary cost positions, e.g., if special design
work or change of patterns, etc., is necessary for the new order,

these costs must be taken into account separately. Of course,

this kind of calculation, which one meets frequently in practice,

can be applied only in so far as it can be assumed with sufficient

accuracy that the activity factor changes proportionally to the

direct wages.

Generally the costs of a new order can be calculated as

follows :

Let :

C = the total cost of the concern

M = the direct material costs

W the direct wages
G = the total general costs

p = the share of the proportional costs and

/ = the share of the fixed costs on the general costs, these

general costs being put equal to 1, i.e., p + / = 1

b = the change in the activity factor, expressed not in per

cent., but in fractions of 1.

Then the change in the general costs is 6 x p X G. For

example, the activity factor may increase 10% (6
= 0-1) and

the proportional part of the general costs may be 30% (p = 0-3) ;

in consequence the increase in the general costs will be 3%
(b x p X G = 0-1 x 0-3 x G 0-03 G) ;

in other words, an

increase of the activity factor of 10% raises the general costs 3%
under the given working conditions.

The importance of these considerations may be emphasised by
a second example using actual figures. The costs of production
in a concern at the present activity factor are : direct material
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2,000 ;
direct wages 1,000 ; general costs 2,000, of which 50%

can be considered as proportional costs. There is a new order

that can be obtained at the price of 210. The question is whether
it should be accepted or left to the competitors. The estimated

costs of direct material and direct wages for this order are 100

and 50 respectively ;
thus the output may be increased 5% by

this order. Based on these figures the calculation of the additional

general costs results in 0-05 x 0-5 x 2,000 = 50 and the total

costs of the new order amount to 100 + 50 + 50 = 200, while

they would, if all general costs were proportional, amount
to 100 + 50 + 100 = 250.

As the actual obtainable price, 210, is in between the costs

calculated in the usual manner (i.e., with the present percentage
of direct wages for covering overheads) and the additional costs,

which cover only the proportional part of the general costs, the

order can be accepted as long as this kind of business is considered

as an exception and does not degenerate into a habit.

The same or similar considerations apply if the question has

to be answered as is frequently the case whether some object,
a tool, a jig, a gauge, etc., should be manufactured in the work-

shop itself or bought from an outside supplier. First of all it is

necessary to know the activity factor in the workshop. Very
often the calculation is carried out without due regard to this

factor and the result may be absolutely wrong. For example,

suppose the workshop has a low activity ;
nevertheless the general

costs are taken as 300% of the direct wages and the costs of some
tool are calculated as : material 3, direct wages 1 10s., general
costs 4 10s., therefore total costs 9, while a supplier, known as

a good manufacturer, gives a tender of 7 10s. for exactly the same

object. It is however obvious that the manager of the shop
concerned needs work to keep his trained and skilled men, who may
be lost if working time has to be reduced too much owing to lack of

work. It is permissible in this case to use the following calcula-

tions : material 3
;

direct wages 1 10s.
; proportional general

costs = 100% of the direct wages, i.e., additional costs, arising

from the order in question 6
; fixed general costs = 200% of the

direct wages = 3
;
total costs 9 as before. Now, however, the

additional costs of 6 can be compared with the price of the

outside supplier, i.e., 7 10s., and the calculation allows of

carrying out the job in the firm's own shop.
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The decision may, however, be very different when the shop is

working at normal load, or even at full capacity, so that a new
order would perhaps mean overtime or the engagement of new

men, etc., and the costs would increase
"
progressively." Such a

calculation in fact is valid only
" under present working condi-

tions
" and has to be repeated as soon as they have changed

considerably. The result should further be regarded only as one

of the various factors which must be taken into account before

making a decision. Other factors influencing the decision may be

the special experience of the outside supplier, the necessary date

of delivery, the secrecy of the drawings necessary for the produc-
tion of the object in question, etc., i.e., mostly matters the value

of which cannot be easily expressed in s. d.
;
but it will always

be useful to know from the calculation the financial effect of the

decision as it will be contained in the final statement of profit or

loss in the shop concerned.

Useful as it is to comprehend exactly what is meant by the

term "
acceptable price

" and to apply this knowledge in suitable

cases, the above discussion should have made clear how dangerous
it is to exaggerate this application. Another point of view, which

is often neglected but is nevertheless of great importance even

for the individual works, is that of the industry as a whole, or at

least of the branch of industry concerned
;

for everything
detrimental to the whole will eventually develop into a dis-

advantage for each of the individual works. If there is one firm

undercutting the prices, the other firms in the same branch of

industry must follow in due course
;

if one competitor abuses the

idea of the
"
acceptable price

'

by exaggeration, the others are

soon forced to do the same. Thus very often the whole branch

of industry is brought down to the lower price limit or to a still

lower level. As a rule, in such cases the purpose of the under-

cutting, i.e., a higher activity factor, is not even attained, at

least not in the long run and not generally. The individual

concern which starts the undercutting can perhaps temporarily

improve its degree of activity, but as the total turnover of a

branch of industry is limited by the purchasing power of the

population, and in times of depression this power cannot be

increased above a certain level even by very low prices, the final

result of undercutting is only that the obtainable business is done
at a lower price level. This diminishes the general profit or even
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changes it into a general loss. Experience has shown only too

often that these considerations are of eminently practical

importance. It may therefore be repeated that the use of the

lower price limit for the sales policy of an undertaking should be

restricted to cases of real emergency, when the existence of the

concern is at stake.

E. STANDARD COSTS v. ACTUAL COSTS

It has been explained that the best basis for the calculation

and fixing of selling prices are the standard costs
;

it is, however,

very seldom that the actual costs, as they arise when an order is

really carried out, are the same as the standard costs. They will

be either higher in the majority of cases or lower, if the works
have operated even more economically than had been expected
for working at the standard activity factor, i.e., a degree of

activity only to a small extent less than the planned full

capacity of the works would allow. (It may be recalled that

this margin between standard activity and planned full activity
of the plant was chosen in order to allow for some flexibility

in the plant in case of unforeseen changes in the production

programmes.)
The difference between anticipated standard costs for any

products, and the actual costs of the same products when pro-
duced in the shops at the time of any activity factor different

from that valid for the standard costs, can be either a loss (in

the majority of cases) or sometimes a profit. The question has

to be answered how this difference can be dealt with in order to

maintain the necessary connection between the costing system
and the accountancy, to ensure that the costing figures are

correct as far as desirable in practice. The profit or loss for each

product on each special order can be shown separately by using
the actual costs as given in the shop vouchers which form the

basis of the accountancy figures, and by putting together these

figures in a form of
"
post-calculation

"
;
in this, the general costs

are calculated by means of an actual ratio ofgeneral costs to direct

wages, as they can be taken from the cost figures during the time

of the actual production. It is, however, also possible to credit

the profits or to charge the losses as a whole during a certain

period, say a week or a month, to the production departments
8 2
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where they have arisen. The first of these two methods was

formerly the usual one and can still be found in many works,

where this
"
complete calculation of the actual costs of all

products of the works immediately after their production
"

is an object of pride on the part of the manager of the

cost department. There is, however, the question whether the

huge work connected with this
"
post-calculation

"
gives such

valuable results that its continuance year in year out is

justifiable.

It is the author's opinion that nobody who has looked at the

use that has been made in most of these works of the figures

finally compiled by this
"
post-calculation

"
can answer this

question by a definite yes ;
and this opinion must be considered

as the more justified the more the production in a works has been

developed from single to batch or even mass production. This

means that this kind of
"
post-calculation

"
must disappear

from iron and steel works, perhaps with the exception of

rare cases where a close investigation of actual costs for

a limited time may be considered as necessary for a special

purpose.
It is, however, not only the utility aspect that should be

considered when it has to be decided, whether this former kind of
"
post-calculation

"
of actual costs should be continued or

abandoned in favour of the second method of using standard

costs. Are these actual costs really
"
actual

"
in the sense that

they have arisen in the production of the goods concerned and in

that production only ? Apart from the repeatedly mentioned

uncertainty always connected with cost figures, it is only necessary
to investigate the differences in the actual costs of one and the

same product produced at different time in the same works.

These differences are perhaps caused by different activity factors

in the shops concerned. Can the product in question be made

responsible for this fact ? Certainly not
;
the work to be done in

producing the article was most probably the same at the time of

the low activity factor as it was when the factor was high, and the

difference in costs is only caused by this fact of various activity
factors during the various times of production. That, however,
has to do with the department concerned, not the products manu-
factured in the department. It is therefore only logical to dis-

regard the product completely when dealing with the difference
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between standard and actual costs and to charge the profit or loss

to the department or shops.
One could express this result by stating that the costs really

caused by the production of certain goods are the same at each

activity factor, and that all other costs are
"
costs of readiness,"

of being prepared to do the actual work in the shops, costs arising
from the fact that the whole production plant of the works, of a

department, or a workshop must be available, even if all of it is

not necessary under the momentary working conditions. It is

therefore senseless, although one hears it again and again, to

ask for the
"
correct costs

" an expression regarded as identical

with the
"
actual costs

"
as they can be developed from the

vouchers and books of accountancy. It can be stated of these

actual costs only that they have been
"
correct

"
in one special

case in the past ;
it cannot be taken for granted that exactly the

same costs will arise again in future even under the same working
conditions. The false conclusion that is generally made with

regard to the correctness of the actual costs based on accountancy

figures, is made especially clear in those branches of industry
where the making of a product, e.g., a ship, a locomotive, a lorry,

etc., takes a longer working time than is contained in a week or

a month. The various percentage additions for the general costs

are mostly built up as an average and therefore do not change

during the working period, but change from week to week or

month to month. As these cases of production occur seldom if

at all in iron and steel works, they need not, however, be discussed

in detail.

The result of these considerations, a result of the utmost

importance for the whole development of cost accountancy, is

that :

The actual costs based on the figures of accountancy
should be determined periodically (weekly, monthly), but

only for the works as a whole, or for a department or a work-

shop ;
the use of actual costs when calculating the costs of

an individual product is misleading and should be omitted

entirely.

Only standard costs should be used as the costs of an

individual product since the latter are to be developed for

the usual calculation of the price of the product without
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any regard to the activity factor at the time of the produc-

tion, or to whether the final fixing of the price is really based

on these standard costs or cannot be so based because of

market depression or other reasons.

F. CONNECTION BETWEEN COSTING AND
ACCOUNTANCY WHEN USING STANDARD COSTS

Assuming
" the work in production account " used in the

accountancy ledgers has been built up in the forms as formerly
described in detail,

1
i.e., divided into four accounts :

Material in production,

Wages in production,
Overheads in production, and

Percentages of wages in production,

it is possible to show clearly and continuously the difference

between the actual general costs and the standard general costs

on one account, i.e.,
"
the overheads in production account/' It

is only necessary to discharge this account by amounts corres-

ponding to * standard percentages instead of those calculated

according to former working conditions, as shown in the example

quoted. In this it was estimated on the basis of previous

experience that the percentage would be 150%, while the actual

percentage turned out later on to be 145%. If instead of this

specially calculated figure of 150%, the percentage used for

calculating the standard costs had been taken, say 125%, the

balance in the
"
overheads in production account " would

represent the difference between the general costs as found from

the figures of accountancy on the one side and according to the

standard costs calculation on the other side. Similarly accounts

can be inserted behind the material-in-production account and
behind the wages-in-production account transitional accounts

for converting the object of these two accounts from actual cost

figures into standard cost figures. Thus, for example, the

consumption of 5 tons of material at a stock price of 5 per ton

would result in the charging of 25 to the transitional material-in-

production conversion account and in the crediting of the same
amount of material, but calculated at a standard price of, say,

1 See pp. 9 to 12.
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4 10s. per ton, i.e., 22 10s. in all, before charging the finished

goods account with this sum of 22 10s. Thus a balance of

2 10s. would remain in the conversion account showing the

difference between the actual and standard costs in this particular
case. The conversion of the wages-in-production account would
be used in a similar manner if differences arise between the

direct wages actually paid and the standard wages. The addition

of the three balances of the three conversion accounts : overheads-

in-production, material-in-production, and wages-in-production

(these balances being taken as positive if indicating a loss and

negative if indicating a profit), results in the actual costs exceeding
the standard costs in the case of a loss, and the standard costs

exceeding the actual costs in the case of a profit. The first of

these two cases will be the rule, while the second will occur only

exceptionally, for the standard costs have been defined in such a

manner that they can be considered as a "
practical ideal," i.e.,

they can be reached or even undercut in practice, but only seldom

and in particularly favourable circumstances.

When considering this discussion the reader may feel that the

procedure recommended seems to be rather complicated and
unsuitable for application in practice ;

it may even be thought
that the splitting of the work-in-producton account into six

separate accounts, three main and three transitional, means an

overdoing of an idea which may be correct theoretically but

involves too much clerical work to be economically justified.

Experience has shown that this is incorrect : regard must be

had to the fact that it is not a matter of splitting figures into three

parts, but of booking of available figures in three different

accounts instead of adding three of these figures and booking the

sum on one account. Further, the calculation of standard

material costs and standard wages causes only slight additional

work, if the material requisition forms and the wages tickets are

suitably printed, i.e., contain spaces in which the standard unit

figures of material and wages as well as the total standard costs

of material and wages respectively can be inserted. Any increase

in clerical work is more than counterbalanced by the clearness of

the result. It is then known how great the difference between

actual and standard costs is for the department concerned, and
this difference is split up into the three factors : material, wages
and overheads. The continuous observation of these figures, and
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of their fluctuations as perhaps illustrated by graphs with the

time as abscissa, or if plotted against the corresponding activity

factors, is a great help in production control.

Similar conditions prevail in the sales department ;
standard

costs can be also developed there and compared with the actual

costs
;
the difference, loss or profit, can be shown in a conversion

account, and in both cases for production as well as sales, these

differences will finally disappear from the books of accountancy
into the profit and loss account. After what has been discussed

Fig. 50 needs no further explanation. It remains only to repeat
that this procedure, at first so often attacked as too complicated,
too artificial, etc., has found more and more friends in industrial

works and can sincerely be recommended in the opinion of the

author who had the opportunity of observing its application in

practice on various occasions.



CHAPTER XVII

THE APPLICATION OF STANDARD COSTS

ALTHOUGH it has already been explained in principle where to

use standard costs instead of actual costs and figures based on the

vouchers coming from the workshops and stores, it may be useful

to dwell a little longer on the question of the application of

standard costs as this leads to problems of organisation closely

connected with costing and largely considered as vital charac-

teristics of modern management. It will be necessary to explain
these modern methods of organisation in industrial works and to

point out how far they may affect the economic situation of iron

and steel works.

Referring once again to Fig. 1 on the classification of industrial

accounts, and considering this figure now from the point of view

of the application of standard costs, it can be stated that the

domain of standard costs is budgeting and estimating. Budgeting
can refer either to the undertaking as a whole and its various

functions of investment, production, sale or finance, or to the

various workshops and their working time, their output and their

costs. Estimating may either deal with the profitableness of a

production method, or with the economic situation of a workshop
or department, or with the business policy of a whole undertaking
or a combine, and may proceed in all these cases to some form

of cost comparison, or it may be carried out for tender purposes.

A. BUDGETING AND PLANNING
1. Preliminary Remarks and Definitions. Budgeting an under-

taking and its functions is naturally based on the budgeting of the

various workshops and departments ;
as a matter of fact the same

figures are used in both cases
; they are only grouped in a different

manner. As the workshops and departments are parts of the

whole it is obvious that their figures can be obtained and then

combined to figures of the whole more easily than vice versd.

Now, budgeting is really nothing else but planning in terms of

266
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money ;
thus the whole work of budgeting rests ultimately on

planning the workshops and departments, and as soon as it is

clearly understood what planning means as a part of modern

organisation, the transition to budgeting is more or less a matter

of common sense dependent in its details to such an extent on
the peculiarities of the individual case that it is difficult but also

scarcely necessary to develop general rules. It may therefore

be sufficient to deal in detail with planning only and, it may be

added in order to obey the present usage of language, with

progressing ;
for one finds the combination

"
planning and

progressing
"
used so often that the one term is mearly unthink-

able without the other.

This kind of work is often considered as one of the main, if not

the most significant, features of modern management, in contrast

with what was meant by management, say, 30 years ago. And
to a certain extent that is true. On the other hand, one may say
that this matter of planning and progressing actually arises from

the fact that the manager has become more aware of his duty
not to adopt a casual attitude to business events, or to leave

improperly trained subordinates to make decisions, but to make
his own forecast of business trends and prepare to meet any

anticipated difficulties. There is also the feeling and the author

thinks rightly that executive ability and planning ability are

so different, that only rarely is the power to do both in the best

possible manner combined in one individual and that allocation

of these functions to two different persons would therefore be

advantageous.
This is one of the problems connected with the question of the

division of labour in this case not of manual but ofmental labour
;

and the difficulties mostly connected with this problem also occur

in this case. Organisation may be defined as
" the art of using the

advantages of division of labour necessary in industry, and of

simultaneously avoiding the disadvantages connected with it, as

far as possible in the given circumstances
" l

; here, in particular,

the organiser has a difficult task in harmonising the many interests

concerned. Special attention, however, is necessary, if it is not

a new works where planning and progressing must be introduced

from the start, but an established undertaking, perhaps grown

up from small beginning to a considerable size with hundreds or

i " The New Management." 1938. P. 25.
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even thousands ofemployees, where quasi
"
hereditary

"
privileges

must be abolished, new positions as mediators between old ones

created, and only too often new persons from outside must be

drawn in, who, apparently, take from the old staff some of their

work, and therewith a part of their influence.

In these circumstances, because planning and progressing is

such a difficult part of works organisation, it will be understood

that it is the object of numerous suggestions : modern literature

is full of detailed descriptions of
"
systems," introduced here or

there with great success, and recommended for other cases. Long
experience in industrial life has made the author very cautious in

accepting such reports as completely true. He has seen more of

these
"
systems

" broken down, partly or completely, than

working satisfactorily, even if a "
recognised authority

" had

created and introduced them. For devising such a system, and
even introducing it on the one hand, and bringing it to life in the

works and keeping it operative on the other are two completely
different things. Nobody who is responsible for introducing a

system of planning and progressing should overlook this fact. If

he is not perfectly convinced of the final advantage, if he is not

prepared to have sacrifices in the beginning and apparently

continuously, if he is not determined to overcome all initial

difficulties with quietness but firmness, and if he has not the

authority to maintain his policy fully, he had better leave this

matter alone
;

for nothing is more depressing for him and
detrimental to his reputation, nothing incites the mockery of his

employees more than those corpses of tables of allocation, boards

of dates of delivery, etc., which one may see in so many factories,

not as a guidance to the shop, but only as a useless picture
of what has happened, maintained in more or less good order

mostly in a less one because the
"
boss

"
has introduced them,

without having afterwards the necessary interest or time, and
without installing the right assistant to look after the

"
system

"

and analyse all the results which would be helpful to a real works

manager.
One remark may be added to these introductory words before

the actual discussion of planning and progressing should begin,
a remark which is necessary because so many people are not fully

aware of what they are doing when introducing this measure.

When moving a function from executive to administrative people
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they must, of course, increase the number of the latter, sometimes

without diminishing the number of the former, because these can

now fulfil their executive duties better than before, and the

improved quality ofgoods produced brings about a greater demand
and output ;

but even if the latter is not the case, and the ratio

of the administration personnel to the executive increases, what
does this often-complained

"
augmentation of the clerical staff

"

as it is commonly expressed matter if the total costs of the

produced goods decrease, and the service to the customer is

improved by quicker or more accurate delivery dates ?

Besides this economic point of view another may be mentioned

perhaps not considered, or even acknowledged by all readers :

is not this development something at which we should aim with

all means, increasingly transferring human labour from the

manual to the mental sphere ? That is the trend of modern

engineering. The central power station has already been men-
tioned as an advanced example, where men are only switching
over this or that lever and are almost completely released from

heavy manual work. Of course, in factories generally we are far

from that stage ;
but the attentive observer can see this trend

anywhere. What a hopeful outlook it is, bringing to the mind
of the follower of industry the much-too-much-talked-of nonsense

of the immanent evil of industrial development.
But let us go back from this philosophical digression to our

actual topic.

It is necessary to explain what is meant by the expressions

"planning" and "progressing," for these words are variously

applied by different people, resulting in dispute and misunder-

standing. The following definition may not be accepted by all,

but may be considered as a suitable compromise. In any case

it explains what is meant by these words in the following
discussion.

Planning means establishing a plan based on systematic studies

of the existing plant and the work in hand
; how and in which

sequence this work should be carried out by the departments,

taking into careful consideration the capacity of these parts of

the plant. Progressing means forecasting the times for carrying
out this plan. In both cases a comparison should be made, as far

as necessary, between what actually has happened and what is

planned and forecast.
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Special attention may be drawn to the words "
as far as

necessary
"

in the last sentence. This comparison is meant only
as a control, how far the original planning and progressing could

actually be realised, why it was, in some cases, not possible to

maintain the original purpose, and to draw from that experience
conclusions for the future. The mere foliowing-up of what has

actually happened an activity sometimes called progressing is

useless, not worth the money it costs.

It may now be clear that planning and progressing can be done

successfully only when the capacity of all parts of the plant is

known, which processes the work on hand has to undergo in each

case, and what time each of these processes requires.

Only two ways of ascertaining these figures are known
statistics based on former production and time studies. A third

way, sometimes recommended, can only be used in rare cases and

with extreme caution i.e., using the figures of capacity given by
the producer of the plant. These figures are too often based on

experiments in the test-house of the producer of the plant,
and may not be realised in the different circumstances in

practice.

The statistics can only be based on the first booking of material

and wages in the shops, and are reliable only if this booking
has been done with the necessary accuracy, as formerly explained.
It may be that some figures, as, for example, numbers or other

characteristics of the machine used, are needed which are not

necessary for wages or costs purposes. Such additions should not

be forgotten. Time studies are certainly the most reliable way
to find out all the basic figures, but they are often too lengthy for

procedure to be based on them alone. It must be left to the man
in charge of this work to combine the possible ways in the case

in question in the best possible manner.

2. Carrying out Planning and Progressing. To deal with the

actual operation of planning and progressing it is obvious that
"
planning

"
is a work inserted between design and production

i.e., between the development of the form and the quality of the

goods to be produced by work in the laboratory or on the drawing-
board on the one hand and the actual manufacturing of these

goods on the other hand. Simultaneously, however, this planning
work forms a link with the commercial side of the undertaking,
for it can be divided into four parts :
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(a) Analysing customers' orders.

(6) Developing works orders.

(c) Work and time studies.

(d) Progressing.

It will be necessary to explain more in detail what these

headings really mean, for in doing so the actual carrying out of

planning and progressing will be described.

(a) ANALYSIS OF CUSTOMER ORDERS. The " raw material "

which has to be treated by the planning department is represented

by customers' orders as received by the commercial side. It is

usual to enter them in an order book in sequence of receipt, and to

characterise them by an order number which accompanies the

order through all phases of their processing. There are many
various kinds in which this

"
order book

" and this
"
system of

order numbers "
can be organised, but that should be adapted to

the conditions of the individual case.

Another very important question, however, arises straightaway

i.e., can the production mainly be a delivery to stock and the

goods then be despatched from stock to the customers, or is it

necessary according to the nature of the customers' orders chiefly

to produce these orders independently, and to despatch these

separately produced goods to the customers without using a

warehouse for finished goods ? The first method will always be

given preference in metallurgical works, as a great simplification

of production results
;
but the question will always arise whether

a warehouse will require such an investment of capital that the

costs exceed the savings due to simpler organisation and easier

production. It needs a very careful analysis of the received

orders to find the correct answer
;
an analysis which has to take

into account all variables contained in these orders, and their

frequency. Observation of the orders over a fairly long time, and
a statistical collection in various groups according to these

variables, will be necessary in order to find out whether sufficient

orders of equal or at least similar kind can be expected, so that a

stock production can be recommended. In iron and steel works

these variables will be, inter alia, quality and quantity of the raw

material
; quality, quantity and size of the finished goods ;

the

type of finish and the tolerances required by different customers,

etc. Very often we may even say much too often we will find
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a multitude of varieties which alone seems to make a stock

production impossible. Standardisation has not been sufficiently

understood in the circle of the customers, and the supplier is

afraid of the work connected with the education, or afraid of

losing a customer, if he does not agree without argument to the

demands of the customer, etc. This is not the place to discuss

this question in more detail
;
but the unbiased observer must

state, with regret, how large sums are lost by the lack of under-

standing between customer and supplier, so far as the question
of standardisation is concerned, and that in spite of the deserving
work of the British Standards Institution.

The solution mostly adopted is that of a mixed system : for

some kinds of customers' orders a conversion into stock orders

is made, i.e., for all those for which that is possible without

increasing inadmissibly the disadvantages of the warehouse, and
the other part of the customers' orders are treated as they are,

i.e., the customer's order is used unchanged as a works order.

This decision complicates the organisation considerably, but that

must be permitted if the final result is a decrease of costs, which can

only be decided in specific cases.

Summarising the analysis of orders, this part of planning can

be defined as the systematic conversion of customers' orders

into works orders, as best suited to the capacity of the plant
under present working conditions, without neglecting the

demands of customers as to quality, quantity and date of

delivery of the finished goods.

(6) DEVELOPING WORKS ORDERS. When the number of works

orders on hand are thus known, and for each of these orders

are also known all details as to quantity, quality, size, kind

of finish, approximate date of delivery demanded, etc., then the

sequence of these orders has to be determined, and for each

order a detailed working plan, showing which processes the

material has to pass through, by which operations each of

these processes is composed, which part of the plant has to be

prepared for each process or operation, what labour is requisite,

which tools, special jigs or gauges are necessary, etc. : in a

word, the planning man has to envisage the total procedure
of production in all details and to take care that the material,

the plant and all necessary auxiliaries are at hand at each stage.

This should be put down in writing, and such a specification,
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once established, can be used again when the same works order

turns up. Gradually a collection of master-specifications will

accumulate which will more and more facilitate the planning

work, especially for repeat orders, most identical with those

stock orders mentioned above. In the case of these repeat

orders, it will be of great importance to investigate maybe by
special work and time studies whether the most economical

method of production has actually been chosen, where improve-
ments are necessary, and how they are adopted, and with what
results.

(c) TIME AND WORK STUDIES. We touch here the next part of

planning work, i.e., work and time studies, about which nothing
more may be added to what has been explained formerly. But
it leads to the next and last part,

"
progressing," which is partly

based on work and time studies.

(d) PROGRESSING. As may be remembered, progressing is

defined as forecasting the times for carrying out the plan for the

work. When saying that time studies should be used, it may
expressly be added that sometimes, especially in starting a

planning system, it may not be necessary, or even not advisable,

to carry out these studies in the elaborate manner necessary for

production control purposes, or when aiming for an improvement
of a special production process. In this case the work to be done

is so great that it may be sufficiently accurate to use a more

superficial method, because it would otherwise take too much
time before any results could be obtained. That may be allowed

in some cases, but it must be remembered that a more superficial

method contains a certain danger, as wrong time figures can

discredit the whole procedure. In any case, it needs a person
well experienced in time study work, as well as in the special kind

of production, to avoid such mistakes. Sometimes the time study
method may even be replaced by statistics taken from past

production, if one can be satisfied that the basic figures of such

statistics, the first establishment of figures of time in the shops
for wages and cost purposes, are accurate enough and that a fairly

stable state of production has been obtained.

3. Additional Remarks. That may be sufficient to explain

generally how
"
planning and progressing

"
should be carried out.

Only two remarks may be added, although the second partly

repeats in other words what has been said already ;
but
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it is important enough to be strongly emphasised by this

repetition.

When planning is divided as above into four parts, and these

are dealt with one after another, that does not mean that this

procedure should be followed up also in practice. This division is

made mainly for the purpose of easier explanation. Really the

four parts are so closely connected with each other, at least the

last three, that they have to be considered, and often dealt with,

simultaneously.

Further, planning needs, first of all, patience. It takes months,
sometimes years, from the day when it is decided to introduce

planning to the date when the first practical results can be

obtained, at least if the workshops in question are concerned with

a fairly complicated production of considerable output occupying
a lot of workmen, and only in such cases should planning be

considered at all. The staff must be increased to do the prepara-

tory work and will remain greater than before, even when the

planning procedure has been introduced. Even then it depends
to a large extent on the perhaps unchangeable spirit of the staff

and the workmen whether planning will be desirable and a final

success
;
a fine psychological understanding is necessary for the

correct anticipation. Therefore the warning may be justified :

Only the man who, after considering all these circumstances, is sure

that planning will be a definite advantage in his case, who has the energy,

persistence and patience to carry out this job to the very end against all

difficulties which may arise, and probably will arise, in works grown up
without using this modem method, should really undertake it. It is much
better to leave it alone than to stop halfway, and so to

"
lose face

"
some-

what before his workpeople.

4. An Example of Successful Planning in practice at a Rod and

Bar Mill. It may be that this general discussion of planning and

progressing produces a too academic impression on the reader
;

he may say :

" That sounds all very well on paper, but are there

really such planning systems working reliably and with obvious

success ?
"

Therefore it seems worth while to give at least one

example in detail which confirms the general explanations. Of
the abundant material one example is selected : a rolling mill

for steel rods and bars. It is perhaps superfluous, but it may be

expressly pointed out that it is given here only as an example
of how such planning can be carried out without recommending a

perfect imitation even for a similar case. The system has already
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been working for some years, but that does not imply that it

should be accepted as typical in all details. Let us repeat that

such a detail can be justified or criticised only with the full

knowledge of the technical, economical and psychological condi-

tions of the individual undertaking ;
of its development, its

tradition, its geographical situation
;
and that everybody who

disregards this fact should be considered as unfit for organising
work.

TECHNICAL DEPARTMENTS
\

COMMERCIAL DEPARTMENTS

^ /%, ofMaterial. B Finished Goods. ^^^ Control ofProgress
^Control by Works _..^ Operation ofControl

Oraan/sation

FIG. 51. Position of the planning and progressing
department in the organisation of the works.

The position of the planning department in the organisation
of the iron and steel works in question is illustrated by Fig. 51,

which needs only few explanatory remarks.

The planning department in this case is only concerned with

the production of the rolling mills B, and with the delivery of

semi-finished goods (raw material) for the mills B from the mills A,
not with the material delivered from it as finished goods to the

customers vid warehouse A. The mill manager is the direct

superintendent of the planning department, which delivers to

him all basic figures necessary for his managerial function, but

depends in its work on relevant information from the commercial

departments.
There are various influences on the planning work between

T 2
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which a compromise must be sought in order to find the best

solution. They can be divided into three groups :

(1) Connected with customers' orders.

(2) Connected with production.

(3) Connected with the delivery of semi-finished products

forming the raw material of the mills B.

Only the main problems may be mentioned under these three

headings : (1) Quick delivery to the customer is important.
This is best achieved by a sufficiently large stock

;
but the nature

and composition of the customers' orders did not allow this to

any considerable extent. Experience had shown that the same
size could be rolled, as a rule, only at three weeks' intervals. It

was, therefore, necessary to roll similar dimensions of such orders

which arrived just before setting the suitable rolls, or during the

rolling itself. The planning system must therefore be flexible, and
sudden changes and interpositions must be possible without
trouble. Thus, the rolling programme could be set up accurately

only from day to day.

(2) For the changing of the rolls, the lower limit is the need to

meet customers' requirements, the upper limit being the wear of

the rolls. It has been found that the best sequence of the sections,

FINISHING

SECTION ROLLS COGGING ROLLS6543

(0-472^ 0-670")DM.

HEXAGONAL ROD

X

X
XXX
XD<D><

X Means the same rol/s

Fia. 52. Connection between the sections and rolls of a bar and rod mill.

and then the change of the rolls could be fixed, as shown in Fig. 52,
for the rod and bar mill. Further factors which had to be taken
into account were the manning of the mills and the consumption
of gas and power ;

but even after fixing the rolling programme
according to all these conditions, the mill manager was given the

right and responsibility of changing the programme if he thought
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it would be more economical in a special case. Usually, however,
the programme as given by the planning department was binding.

(3) In order to have at hand the necessary semi-finished

products at the right moment, and in the right quantity, investiga-

tions had been made to find the increase of the quantity of

material during the previous steps of production (e.g., Fig. 53),

I

BARS READY FOR DESPATCH, tOOTONS

I CHARGE OF

|

BILLETS INTO BAR MlLL

j

CHARGE OF

[

INGOTS INTO BILLET MJLL

j

CHARGE OF

\ RAW MATERIAL INTO MELTIMG SHOP

FIG. 53. Increase in the quantity of material during the

previous steps when producing bar.

and the best production times in the melting shops have been

determined as follows :

(a) Ordinary steel produced by the Bessemer melting shops :

Hours.

Blowing of the melt. . . . . . . . \

Casting and stripping (5 ingots) . . . . \

Heating in the soaking pit . . . . . . 1

Rolling billets . . . . . . . . \

Transport to mills B . . . . f

Total 2f

(6) Special steel produced by the Siemens melting shop :

Hours.

Preparing the charge . . . . . . 3

In the furnace . . . . . . . . 8

Casting and stripping (16 ingots) .. ..1
Heating in soaking pit . . . . . . 2

Rolling billets 1

Testing and inspecting . . . . 2

Transport to mills B . . , . \

Total 17J
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These figures have been used to find again the right compromise
between times too short for the supply of semi-finished goods,

endangering the continuous working of mills B, and unduly long
times with the disadvantages of an unnecessarily big stock.

The course of the organisation is illustrated by Fig. 54, to which

only such remarks may be added which are not self-evident.

The customer's order sheet (see Fig. 55) changes the various

forms of the customer's orders into a unit form, with all instruc-

tions necessary for production, delivery and control of the order.

Under "
special instructions

"
are given tolerances, details of

bundling, signification by colour, tests wanted, etc.

This customer's order sheet is written on an Elliot-Fisher

typewriter, where the paper lies on a plain metal plate, over which

the typewriter is moved along. The rolling control sheet (see

later) the most important link of the organisation, is laid above

the customer's order sheet during the writing, therefore making a

copy. Thus it is possible to replace quickly the rolling control

sheets, of which each takes only one position i.e., one line of the

customer's order sheet.

The customer's order sheet is written in two copies. One goes
to the warehouse. This sheet has a division on the lower right

part for entering the finished production as reported by the

rolling control sheet. If a dimension has to be treated in the

finishing bank, a twofold report is necessary, the first showing
the rolled quantity, and the second the quantity without defects

and ready for despatch. In this case the first report is entered

under
"
finishing bank," the second under

"
warehouse," which

otherwise takes the rolling report direct.

The customer's order sheet, by daily entry, shows accurately
the state of the order and the progress of the work. Attention

is drawn to overdue parts by omissions of entry, and these are

collected weekly for the new rolling plan. The other copy of the

customer's order sheet is retained in the planning department
for reference purposes, and only dealt with again in case of

changes.
The rolling control sheet (see Fig. 56) is prepared in two copies,

together with the customer's order sheet, the printed form being
the same as that of the lower left part of the customer's order

sheet. As already mentioned, it takes always only one stage of

the order. The steel quality is marked by the colour of the
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rolling order sheet : Bessemer steel = white
; Siemens steel =

green ; special steel = red.

The date of delivery is on the upper edge, thereby it is easier
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to determine the volume of orders for the present and the following
month.

The rolling control sheets are first put into a box allocated

according to the various sections. Thus it is possible to have

together in one batch all orders of one section or for one roll, if

more than one profile is cut into the same roll, and to make up
the one after the other in the same sequence as the rolling shall

take place. The whole order stock is taken on Wednesday of

each week for each section separately. The result is entered on a

sheet which contains already the shift output i.e., capacity of

the mill for the section in question thu.s making it possible to

calculate the loading of the mill in shifts.

For the preparation of the rolling programme a printed form is

used, divided into six parallel columns, representing the six mills

of the rod and bar mill
;
each is again sub-divided into columns

for the individual sections, for Bessemer- and Siemens-steel

separately. On the right edge of the form a further column is

provided for summing-up the output of all mills together, again

separated into Bessemer and Siemens steel. Thus an analysis of

the rolling plan of the mills is obtained. The form is further

divided, from top to bottom into the days of the week, and each

day into three shifts. The back of the sheet shows in similar

form the preliminary rolling programme of the next week.

The managers of the warehouses, of the planning department,
of the rolling mills and of the melting shops have a programme

meeting each Thursday, using as basis the stock of rolling orders

and the list of overdue parts in progress. The warehouse can

then give accurate dates of delivery, the mills B can determine

the manning and the rolls to be used, and the previous shops can

harmonise their production to the demands of the mills B. The

rolling programme is duplicated and distributed to all places

concerned (see Fig. 54 D.16 ;
H.16

;
M.16

;
R.16

; S.16).

Frequently, necessary changes even if small ones of the rolling

programme are agreed upon by the mills B and the warehouse

together, daily at 9.30 a.m. for the next five shifts, starting with

the afternoon shift of the same day. This final daily programme
is passed on as instructions to the individual mills.

The rolling order sheet shows on the upper edge the section, the

mill and the date, the number of the order and the number of

the sheet
;

the left part has the same form as the customer's
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order sheet and rolling control sheet, but enlarged by columns

for the cast number, the number of the rolling control sheet, and

the weight ofthe section per metre ;
this is used for the calculation

of the charge. The numbers of the control sheet begin for each

rolling order sheet with 1 and continue in sequence. This number
and the number of the rolling order sheet are transferred to the

rolling control sheet, thus filing both forms close to each other.

The numbers of the charges begin likewise with 1 and continue

in sequence, one number of the charges sometimes containing
several numbers of the rolling control sheets.

The calculated charge for one or several processes is entered

on the right lower part of the roll order sheet, where a division is

provided for all necessary figures as number of melt, quality,

section and length of billet, weight of piece and total weight,

storage place.

If it is clear from the rolling programme that a certain section

shall be rolled, the corresponding control sheets are taken from

the card index and transferred to the rolling order sheet in the

sequence of rolling (Fig. 54, M.16). Thus it is made impossible
for a shift to pick out the most favourable components in order to

get a high production in weight, but perhaps neglecting more

urgent work in progress.
The sequence is : strips from wide to narrow, bars from small

to large dimensions, as far as the same rolls can be used. Special
steels are inserted always at the end of a piece or group of the

same dimension.

The rolling order sheet is made as an original and five copies ;

one copy being retained at the planning department (H.I 9). On
this copy the rolled quantities are entered as soon as the control

sheet has been returned with the correct weight from the mill,

showing that the rolling has been carried out (H.25). The other

copies are sent to the mills
;
one to the ingot-weighman, who

prepares the charge, the second to the charger at the furnace

(0.19). On these two copies only the right part, concerning the

charge, is filled. The third copy is received by the mill foreman,
the fourth by the shearman, as instruction of the length to be cut,

and the fifth and last copy is delivered to the storekeeper (Q.I 9).

He weighs the various items of the finished products and stacks

them, so that all items, even if arising from different orders of

the same customer and being finished at different times, are
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collected at one and the same place.
All rolling control sheets, together
with the rolling order sheet, are

delivered to this storekeeper, who
enters the finished weight and sends

them as a rolling report via storage
card index of the customer (F.22) to the

warehouse (E.23) and the planning
and progressing department (H.25).
The order sheet for semi-finished

products (Fig. 57) is used for Bessemer
steel which is not in stock at the

mills A. The right part of this sheet

is varied according to where the copy
must be sent. Copies remaining in

the planning department, or to be

issued to the billet store, have columns

for the three shifts of one day, and
deliveries which could not be carried

out as planned are transported to the

order sheet of the next day. The other

copies are used for planning and

accounting purposes of the mills A and
of the melting shops. As the orders of

Siemens steel must be given at an

earlier date, they are mostly
"
orders

awaiting call." As soon as it is certain

which casts will be necessary for the

next time, an order is made up in

five copies, one remaining at the

planning department, the others to

be issued to the mills A. There they
are used as information of the planning

department ;
the first by the Siemens

melting shop for the analysis ;
the

second by the billet mill for the heating
time of the ingots in the soaking pits

and the quantity, section and lengths of

the billets
;
the third by the shearman

for the quantity of the cut material

i
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t
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I
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and the number of the waggon transporting the material to

the mills B
;
and the fourth by an inspector for the result of his

inspection.

The clerical work connected with the despatch is based on the

rolling control sheet. Fig. 54 shows that two copies of this

control sheet arrive finally at the customer's card index in the

warehouse, giving a report of the finishing of the order (F.22).

For each customer there is one card where the details of all

finished orders are entered, i.e., not only quantity, size, etc., but

also bay and rack of storage. Thus a survey is obtained whether

there is sufficient quantity at hand from all orders of the same
customer to allow for the despatch of a full load. The two copies
of the rolling control sheet are now separated, one is used for

completing the customer's order sheet (E.23), the other for

recording on the rolling order sheet (H.25) ;
so that the one

shows how far the individual order is finished, the other whether

the work is properly carried out by the mills.

In case the rolled material has to be treated at the finishing

bank, the route of the rolling control sheets is somewhat different.

The stock-keeper sends them to the finishing bank, where they
are separated: The one sheet remains at the finishing bank during
the whole time of treatment, the other goes via planning depart-
ment to the warehouse, informing both that the order is rolled

but not yet finished for despatch. A supplementary control sheet,

made up in two copies at the finishing bank, informs the warehouse

that the work is completed, and at the same time enables the

planning department to issue an order for replacing rejects if

necessary. It is now possible to make up the despatch instruction

(E.24), the advice note (E.24 and A.28) and the invoice (B.29),

but the weight given by the railway company and by the control

sheets must first be compared and a difference, if in the limits of

the weighing errors, be distributed in percentage to the individual

stages of the order, taking the figure of the railway company as

authoritative.

Even a superficial reading of this description of a successful

planning and progressing system will show that this problem of

organisation cannot easily be solved. Taking into account that

it is a comparatively simple example, concerned with a production

involving only few processes in sequence, and using only generally

applied auxiliaries, such as the Elliot-Fisher typewriter, card
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indexes, etc., the warning given above, not to engage in planning
without being convinced of the final success in spite of all

difficulties, may be fully justified.

On the other hand, there is no doubt at all but that great
economic advantages can be obtained by introducing and applying
this modern method in the right manner. Besides these advant-

ages, which can be expressed in money, the psychological effect

on the responsible manager should not be forgotten ;
a man who

has his works well in hand can feel well prepared against any
future vicissitudes. He who has had this experience once will

always tend to repeat it, if he should obtain a new position in

another works, and should certainly not be deterred by the

objection that this method would not suit the new kind of

production. In answer to this remark, the author can say that

he has never met in his long experience any kind of production
where this objection has not been made in the beginning ;

but it

has always been proved wrong in the end.

Finally, it may be added in order to prevent any wrong
impression that it is not always necessary to go so far in planning
details as in the example given above. That depends completely
on the circumstances of the individual case, i.e., the working
conditions and especially the nature of the workmen concerned

a point of view sometimes overlooked, especially by outside

organisers who are not familiar enough with the tradition of the

firm. It is perhaps possible to work successfully and economically
with a skeleton planning system ,

if the workmen are well trained

and settled, while a more elaborate planning, such as shown in

our example, is required when dealing with frequent changes
in the manning. One thing however is certain

;
some kind

of planning must and does always exist, even if the manage-
ment denies it, as one finds sometimes in old-fashioned works :

in this case one can be sure that it is done, perhaps in a very

primitive manner, by the foreman concerned, and it is probable
that he does it with the best intention and according to his best

ability, but certainly less efficiently than a man who is specially

trained and can devote his whole working time to this job, which

must be always a sideline for the foreman concerned.

5. Carrying out Budgeting. When looking back over what has

been explained about planning as a whole and considering that

the budgeting of a workshop or department is nothing else but
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expressing the probable consumption of material, working time

and other expenditures of the department in money figures, it

will be obvious that this budgeting is simple when based on the

figures given by planning. From these the degree of activity
can be calculated (provided, of course, that the capacity of the

department and of its plant, machines, work places, etc., is

known), and it is then possible to stipulate beforehand the amount
of expenditure allowed for the individual types of costs, taking
the standard cost figures as basis and deriving the figures for the

degree of activity in the manner described earlier in this book.

Thus the budgets of the departments can be developed in all

details, and works are known which have arranged for delivering
such budgets to each department for a future period, a week or a

month, and are in the habit ofproving later whether and where the

actual figures of the past period differ from these budgets and

why. There is no question that this is a very strong control

of expenditure and that it tends toward economical working

throughout the works. But the necessary supposition is that the

budget figures are correct, i.e., adapted to the actual conditions

of work, and that they are used in the right manner : they can

never be considered as prescriptions or even commands
; they

can and should be only
"
signposts

"
showing an approximate

amount. No blame attaches to anybody who exceeds or undercuts

these figures unless mistakes or omissions are shown by special

investigation .

In these circumstances the question arises whether the system
of budgeting as characterised above and sometimes praised as

the highest development of cost-accountancy must not be

considered as an exaggeration of an idea sound in itself. The
author remembers various cases where the considerable clerical

work connected with this arrangement was partly wasted by the

fact that the comparison of the actual and stipulated costs was

carried out either not at all or too late, or that the correct

conclusions have not been drawn from the differences discovered,

or that the executives in the shops tried by all means, even on

the cost of economy, to obtain a coincidence of the two figures,

etc. These words should not be taken as a warning against the

idea of budgeting, but only against the wrong application of it
;

it would often be better to keep back these figures from the shops
and to use them only for office purposes, i.e., for developing the
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production-, sales-, or finance-budget instead of using them in the

works' departments. That at least is the author's experience.
But as already mentioned, these figures are indispensable for

developing the budget of the whole undertaking and of its

functions, at least if one likes to have some surety that these

budgets correspond sufficiently to reality. If the departmental

budgets are at hand, it is only a matter of changed grouping of

the figures roughly speaking from cost positions to types of

costs to obtain the budgets of the individual functions
;
and

their correct composition leads to the budget of the whole works.

This is done monthly or quarterly and the result is an important
basis for the business policy of the management during the next

month or quarter of a year. Obviously correctness of the figures is

desirable
;
but here is again the place where a warning is necessary

against too high accuracy. Budgeting is a kind of prophecy, and
as nobody can anticipate correctly what the future will bring it is

bound to contain uncertainty and surprises. It is therefore often

not worth while to carry out wide investigations for making sure

that this or that figure is correct
;

it is in many cases much better

to rely on the instinctive feeling which generally develops in a man
who has to build up these budgets period after period. That
shows again that this job is no routine, but needs a man of a clear

mind with a good survey of the whole undertaking and its working
conditions and with full knowledge of the costing system and of

the results of the work of the costing department.

B. ESTIMATING
It has already been mentioned that another branch of industrial

accounts where standard costs may be used advantageously is the

estimating of costs which may arise in future
;
either to find out

the profitableness of new methods of production, new plant,

machinery, etc., in which case the investigation comes out more
or less to a comparison of costs, or to establish a price for tender

purposes.
1. Comparison of Costs.1 This much-discussed topic has been

treated here rather concisely, as otherwise much would be

repeated that has been mentioned elsewhere, but it is necessary
to recall some general remarks to the readers as otherwise the

1 See The Machinist, vol. 84, p. 518s and p. 467E.

B.C. u



290 ECONOMIC CONTROL OF IRON AND STEEL WORKS

connection would have been interrupted and the understanding
rendered more difficult. Also some examples have been inserted

for introducing the reader more impressively into the spirit in

which this work should be done.

(a) VARIOUS TYPES OF COMPARISON OF COSTS. The object of

comparison may be (1) a process, (2) a workshop or department of

the works or the whole works (in other words, a uniform produc-

tion), and (3) a single undertaking or a combine composed of

different works, in each instance a financial whole being formed.

In all three cases comparison may be made either between the

same objects at different times, when one may perhaps speak of
16
internal" comparisons as only figures of one and the same

combine or works are used, or of different, but to some extent

similar and therefore comparable, objects in various works at the

same time, when the term " external" comparisons could be

applied. Thus six types of comparison would be possible in

theory, but there are so many similar or equal features that it

will not be necessary to consider each type separately with the

same accuracy.
The most important supposition for making possible a com-

parison is that the figures collected in the two cases to be compared
are built up on the same basis. That means a standardisation of

notions, which is comparably easy for internal comparisons, but

connected with many difficulties for external ones. Nevertheless,

such standardisation is absolutely necessary and should be carried

out before the collection of figures is started. It is sometimes

attempted to do that afterwards, i.e., to make the figures obtained

comparable by remodelling them according to common definitions.

This has mostly given results which could not be trusted as the

errors always connected with such transformations may be

greater than the differences between the figures to be com-

pared.

Furthermore, before a comparison is made, it has to be decided

which part of the cost figures must be taken into account, as

generally it is not necessary to regard a whole group of figures of

which a considerable part may remain unchanged. How far to

go in this direction depends entirely on the purpose of the

comparison. It cannot be decided in general terms, but when
thus separating the variable figures from the total in order to

facilitate the work of comparison, the final result must be related
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again to the total, especially if, as in most instances, the difference

is to be expressed as a percentage.
On the other hand, the demand for standardisation can be

pressed too far, e.g., when comparing works of the same size, or

at the same degree of activity, or in the same state of mechanisa-

tion, etc., should be made compulsory. There are often just these

differences, the influence of which should be found out by the

comparison.
These notes may seem perhaps so obvious as to be superfluous.

Experience has shown that that is unfortunately not the case.

They show, on the other hand, that the comparison of costs needs

a careful and experienced hand and that anything like a scheme

to work is impossible.

(6) COMPARISON OF PROCESSES. The term "
process

"
should

be understood in its largest sense. It may be that this procedure
is used in the production shops, main or auxiliary, but it may
also be that it is applied to the supply of material, to the admini-

stration or to the sales and distribution. For example, it is

questionable whether some material should be supplied from a

wholesaler or from a co-operative society. The prices per unit

are, we assume, the same in the two cases, but the easier supply
in the second case makes it possible to keep a smaller stock, the

interest is lower, and a dividend of the society can be considered as

a further decrease in purchasing costs. In one instance, calcula-

tion proved that the profit made without regard to the costs of

purchasing was 7%, decreased in the first case to 6-2 and
increased in the second to 10-1, thus confirming the old and
often repeated but not always sufficiently considered principle :

" What has been saved in the buying does not need to be earned

by production or selling."

The method of comparison should be applied more than is usual

in practice to the introduction of office machines. While produc-
tion machines are always bought only after careful consideration

of profit that can be obtained, that is rarely the case with office

appliances, which afterwards very often can be found idle,

because they are difficult to use or of no real advantage to the

case in question.
The important problem, already touched on when planning

was discussed generally, whether the sale shall be from a stock of

finished goods or directly from production against a special order

u 2
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or by mixing these two arrangements can be decided on calculation

of the costs in the different cases.

One of the most discussed questions in production is the size

of the batches in which a given workpiece or a quantity of special

material should be produced. A detailed and careful cost

comparison showed in a particular case that the production costs

went down as shown below, the first production of the workpiece
in question being taken as 100.

Single new production 100.0

Repeated single production . . . . . . 50-0

Usual batch production 3 pieces. . . . . . 38-7

10 29-8

,, ,, ,, 15 ,, . . . . . . 28*7

30 27-7

60 27-6

Alternative production on continuous belt . . 23-2

Steady production on continuous belt . . . . 21-5

All these comparisons, of course, give only one indication as to

the decision to be taken in the special case. It may well be that

the man finally responsible for the result of the business will

disregard the figures and decide contrary to them, owing to some
consideration which cannot be expressed in money figures ;

but

if he does, at least he knows what loss of money or what decrease

in profit is involved in his decision.

(c) COMPARISON OF PRODUCTIONS. When comparing the costs

of several productions it is necessary to distinguish clearly which

of the three points of view, types, positions or bearers of costs,

should be taken as basis, and the method of comparison will vary

correspondingly . First of all, however, it is necessary to remember
that the costs for any production are not an absolute figure, fixed

once and for all
; they may change for many reasons, even at the

same place for the same product and the same type. These

reasons may be a change in the design of the product, even if it is

not shown in the shape of the finished goods, a change in process
of production, a change in the composition of orders to be carried

out, a change in the organisation, and especially a change of the

degree of activity. These changes must be eliminated because

a just comparison can take place only by
"
comparing equal with

equal/' but this elimination should stop short of obscuring
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differences which take place independently of the changing

working conditions the discovery of which is just the object of the

comparison.
Thus it may perhaps be that the influence of the degree of

activity on costs is to be eliminated. Then it is best to base the

comparison on "
standard costs." In another case it may just

be the influence of the changing degree of activity which is to be

discovered. This problem has been dealt with sufficiently at a

previous opportunity, but an example may give a further

illustration.

An electric works driven by water turbines had a capacity of

10,000 kwh. and the total cost of the plant was 250,000. With

depreciation at 11,750 and salaries and wages at 1,750 per

annum, the fixed costs can be taken as 13,500, while the pro-

portional costs amount to 2,350, giving total costs at full activity

of 15,850. As 365 x 24 x 10,000 kwh. can be produced per

year,

Proportional costs per unit are 0-0648d/kwh.
Fixed 0-3700d/kwh.
Total 0-4348d/kwh.

If the degree of activity is only 75% the costs change into

13,500 + (2,350 x 0-75) = 15,310, and the production into

0-75 X 365 x 24 x 10,000 kwh.

Proportional costs per unit are 0-0648d/kwh.
Fixed 0-4930d/kwh.
Total 0-5578d/kwh.

i.e., 28-3% higher than before.

Some people prefer to calculate the proportional costs per unit

as explained, but to relate the fixed costs always to full capacity,

giving as reason that the production management cannot be made

responsible for the majority of the fixed costs. The author does

not agree with this view, which would mean that the total costs

per unit hardly change when the degree of activity is changing. In

order to satisfy the standpoint of the defenders of this method of

calculation it would be more reasonable to give the figures of the

fixed and proportional costs per unit separated as shown in the

example, and then to say that only the proportional costs should

be taken as a characteristic of the work of the production manage-
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ment. But even that cannot be considered very satisfactory,

because it is a wrong point of view to make a comparison of costs

in order to condemn or to acknowledge the work of a person
concerned. One wants rather to obtain a better knowledge of the

connections of the facts governing production in order to come
to improved results in future.

Another example comes back to the author's mind, a very

interesting investigation which he had to deal with a long time ago
as a matter of fact before the 1914-18 war. It was the very

case of a comparison ofproduction costs, all external circumstances

being as favourable as possible for such an investigation ; and yet
how difficult was the work and how small the final result, in spite

of the efforts of all concerned to obtain a real success.

Three works, working independently, but financially united in

a combine with pooled costs and profits, produced practically the

same goods, bought in the overwhelming majority by only one

customer, the railway company, which had nearly the monopoly
in the country. The products were almost completely standardised

by this customer. Detailed drawings with exact measures,

tolerances, etc., and instructions as to the quality of materials

to be used," were at hand and yet the costs of the products

originating from the three different works varied considerably
from one to another and what was more astonishing irregularly

with regard to their origin.

A careful investigation brought to light some of the reasons for

these differences which were based on the various localities,

structures and manning of the three works. The first was highly

mechanised, part of a combine where mass production was the

outspoken purpose of production ;
it was situated near a large

city and its industrial centre, and had consequently a compara-
tively high turnover of labour, the workmen mostly being well

trained in their jobs. The second works was near a town of

middle size, also fairly mechanised but with a plant not completely

up to date
;

the workmen, accustomed to their workplace and

mostly well skilled and willing, did not like to change their

situations, and could be considered steady and lasting collabora-

tors, although other industrial works were not too far away.

Finally, the third works was in more agricultural environment.

The men, accustomed to farming and gardening, were not too

eager to do their job. They sometimes even stayed at home when
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the work on the land or in the garden seemed to them more

important, and the management, knowing it to be difficult to find

substitutes quickly, was forced to overlook this irregularity.
When the investigation of the costs was started it was generally

taken for granted that the lowest costs should be obtained in the

first, and the highest in the third works, the second lying between
both. For at that time it was believed that the fact expressed

by the slogan :

"
Savings can be made only by increasing the

overheads " had such an overwhelming importance that all other

influences would disappear in comparison. This means in effect

that the highest mechanised must always be the most economical

works. Without denying the truth contained in this sentence,

it is well known to-day that this truth, like every other, can be

converted into the contrary by exaggeration.
When it was clear that the anticipated result could not be

obtained regularly, the reason was found first in some differences

of the costing system . Some wages were taken in one of the works

as direct costs which could be distributed directly to the orders,

or in one of the other works as part of the overheads, e.g., increased

payment of overtime. In one of the works the dissection of the

expenses was driven much further than in the other, although
the extreme case of a general all-round rate could not be stated

in one of the works, even at that time nearly 30 years ago.

(Considering that there were shops of hand work and machine

work of various nature, this all-round rate would certainly have

given wrong costs of products with different proportions of hand
and machine work.)

It became then clear in the course of this investigation that

some standardisation of the costing system was necessary to

eliminate discrepancies between the calculations which originated
from the different costing methods. But even when this work
was carried through and the comparison of costs was started

again, differences of absolutely irregular character remained and
it was impossible to explain their reasons. Soon afterwards the

war broke out and prevented continuation of the investigation.

The author is inclined to-day to blame the existing piecework

wages at least for the greater part of the inexplicable irregularities.

At that time the principles of fixing fair piecework wages were not

yet known sufficiently. It was more or less a bargaining between

foreman and workman with all the well-known imperfections of
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this method of stipulating a piecework price. If this example has

been discussed more in detail that has been done because it

offered such an opportunity to illustrate how many and various

aspects should be taken into account when comparing production
costs.

Similar considerations should apply nearly always, and
almost every case has its particular features which can and must
be taken into account. The difficulties are great but they are not

unsurmountable as long as
"
internal

"
comparisons are con-

sidered, i.e., those within the same works or at least within the

same combine. Whether it is possible to make fair
"
external

"

comparisons of production, as one finds so often in national

economics papers, is very doubtful so long as no extensive

preparatory work has been done by some institution of scientific

or economical character, as the Institute of Costs and Works

Accountants, the Institution of Production Engineers, employers'

federations, etc. In any case, all results of such considerations

should be used with the utmost caution as long as one cannot be

sure that the suppositions in the cases compared are sufficiently

equal.

(d) COMPARISON OF UNDERTAKINGS. The object of comparison

may be in this case (1) the profitableness, (2) the realisation of

the invested value, and (3) the balance. At a first glance it

seems to be obvious that the published balance sheets and profit

and loss accounts should be taken as bases of comparison, but

anyone who knows how these statements are usually developed
from the internal figures of accountancy will agree that it is very
doubtful whether a fair comparison is possible by this method.

At least the
"
internal

"
balance sheets and profit and loss

accounts should be used, i.e., those which are not yet
"
purified

"

and " shortened" for publication purposes, with concealed

reserves, accounts drawn together, etc. And who, wanting to

make external comparisons, will have at hand these internal

figures ? It is even difficult to collect them in a combine so that

a faithful picture of the facts can be obtained. Unfortunately,
that spirit is not yet quite dead which an old veteran of cost

accountancy characterised in a confidential conversation 30 years

ago by the complaint :

"
It is the tragedy of my life, that I

wanted to give them 100% of the truth, but they allowed me only

60%, and sometimes even only 40%," For the jest a hint may
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be sufficient of the discussion in Part I, Accountancy, under the

heading, Management ratios.

These considerations on comparisons of costs try to show the

difficulties implied in the problem and the mistakes too often

made, but if a reader should draw the conclusion that comparison
of costs should be abandoned completely as the result will always
be doubtful because of these difficulties and possible mistakes,

the author will have been misunderstood. It may therefore be

emphasised expressly that there is no question whatsoever about

the usefulness of such comparisons, if carried out correctly ;
but

the difficulties are mostly underestimated, many reasons for

errors and mistakes are only too often overlooked, and then

conclusions are drawn from the obtained figures which are

obviously wrong. The object of this discussion is to draw

attention to this fact, but not to deter anyone from doing the

work. Difficulties are there, it is well known, to be overcome,
not to repulse.

2. Estimating for Tender Purposes. Mention of estimating for

tender purposes as one of the applications of standard costs can

be brief partly because this work is not so important in iron and

steel works as in machine shops and factories concerned with

more finished goods where large staffs are commonly engaged on

nothing else but principally because the process of estimating
for tenders has already been explained although not expressly
mentioned. Supposing an inquiry is received from a customer

about goods the price of which is not fixed by an agreement
between the members of the employers' federation (a case which

will be comparatively rare) one has only to use the general

equations of cost calculation as developed in Chapter XII of this

book and apply standard costs to all figures of raw material,

wages and other expenditure necessary in the case in question.

As far as the margin is concerned between the total costs and the

selling price tho considerations with regard to the obtainable and

the acceptable price must be used as a guide. That is about all

that can be said generally, and it does not seem to be necessary
to give any examples as these can be taken from what has been

explained at former occasions.





PART V

THE ORGANISATION OF ECONOMIC CONTROL





CHAPTER XVIII

PRELIMINARY REMARKS

LOOKING back over the first four parts of this book and considering
in broad lines what they contain on the essence of economic

control, the reader will certainly ask how this widespread work,
this important service piercing through all departments of the

whole undertaking should best be organised.
Of course, if this problem is not discussed to some extent and

some guidance given, the book would remain a "
torso

" and its

practical value could be impaired. On the other hand, attention

has more than once been drawn to the character of organisation
as a science, or rather an art, designed to adapt the necessary
measures to the conditions of the special case. Someone has

expressed this fact by his answer when asked for the principles
of organisation :

"
There are none

;
a good organiser must be a

man without principles." That may be an exaggeration, but

there is some truth in it and this makes it difficult to write or

speak generally on organisation problems.
Thus when reading the following discourse it should be borne in

mind that besides being incomplete it may even give advice

which is inappropriate to a particular case. The sole aim of it is

how in the author's opinion the present frequently unsatisfactory

state of affairs can be efficiently improved.
We know that economic working in an industrial concern

means the achievement of the purposes of this concern, producing
and selling certain goods by the simplest and cheapest methods

just compatible with the quality of these goods as demanded by
the customer. And economic control is nothing else but proving
how far this end has been attained and where it has not, why not.

The obvious consequence of the knowledge thus acquired should

be an improved working in future, again proved by economic

control.

How can the simplest, cheapest and, nevertheless, appropriate
301
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methods of working be found out ? Best by an intensive research

work divided into three kinds of studies :

Organisation-studies,

Work- and time-studies, and

Costing-studies,

and these are therefore the three pillars on which economic

control can be developed.
The reader of this book no longer needs an explanation of the

close connection, the intimate links even between these three

kinds of studies. The whole contents of the first four parts show

that with sufficient clearness, and if one or other of these studies

has been discussed in isolation, that has been done for easier

understanding only, but not without the express reminder that

this separation is impossible or at least hindering in practical

cases.

How is the state of affairs with regard to this research work
at present in practice ? Generally costing-studies are carried out

by the costing department ;
where work- and time-studies are

made they are mostly the duty of a special department with the

unsuitable name : efficiency department, and real organisation

studies are very rare, but if they are undertaken it is usually also

by the efficiency department.
Whether this is the best manner to deal with this problem will

not be discussed for the moment
;

that will be done later after

the description of the typical present state of affairs has been

finished, i.e., the organisation of the costing department and of

the efficiency department have been considered as they are to-day
or at least as they should be as long as they are working parallel

to each other.



CHAPTER XIX

THE ORGANISATION OF THE COSTING DEPARTMENT

AN attempt here to describe the organisation of what is called

in the heading of this section according to the shop language,
"
costing department,'' but is actually the domain of

"
industrial

accounts
"

(see Fig, 1) is not to be taken as an exhaustive explana-
tion of a

"
special system

"
with all printed forms and their course

through the offices concerned. For this purpose the reader would

do better to rely on the special literature on accountancy and

costing. It is rather the drawing of conclusions from the discus-

sions in the former parts of this book and the developing of a

guide to the practice in principle of such an organisation. If

thereby some ideas are repeated which have already been

discussed in detail, the reader will understand that this has been

done in order to maintain the necessary connection.

A. CONNECTION OF THE COSTING DEPARTMENT
WITH OTHER OFFICES OF THE WORKS

Whilst the costing department is mostly a supplier with regard
to other offices, delivering useful services without which no proper
economic control would be possible, there are also some depart-
ments on whose help the costing department relies and cannot

work properly if this help is not given sufficiently, correctly and

at the right time. These are mainly the stores, the wages office

and the invoice department, the last denoting the two often

separated offices for controlling suppliers' invoices and for making
out customers' invoices. The vouchers coming from these depart-
ments as material requisitions, wages tickets, invoice copies, etc.,

are the basis on which the whole work of the costing department
is built up, and it cannot be too often emphasised that these

vouchers should not only be carefully developed as far as their

printed forms and the course through the interested departments
are concerned, but first of all correctly filled in and controlled as

to this correctness. Only one who has been responsible himself

303
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can perhaps imagine what a difficult and thankless job it often is,

how again and again correction is needed of the same mistakes let

slid by foremen and workers out of carelessness, but sometimes

also to avoid too accurate a control, and by junior clerks and office

girls through lack of understanding. The clearer and more
concise the forms, the more easily will these mistakes be elimi-

nated, and although a desire to limit the number of these printed
forms is understandable, such limitation should not be carried

to the point of endangering clarity in the instructions. The often

proposed remedy to get rid of the help of foremen and workers

completely by introducing special clerical staff for this job is

certainly excellent, but costly ;
and in iron and steel works with

some jobs ofthe men ofvery short duration not always practicable.

Still a method recommended in many cases is to distribute over

the whole works persons or even small offices composed of clerical

staff members (some ofwhom at least should understand technical

processes) to be responsible for this job ;
but one has to be careful

that by doing this and thus eliminating one difficulty (i.e., that

arising from incorrect wages tickets or material requisitions)

another difficulty should not be brought about by the somewhat

doubtful subordination of these
" works offices." This remark

touches a very delicate spot in the organisation of many works,
not only in the iron and steel industry, but in industry as a whole.

The author has found that in this problem also there is no

universal remedy. The answer depends too much on the size, the

layout, the tradition of the works, etc., and especially on the

individuality of the persons concerned. If the author is to give a

general advice from his own experience, he can only say : the

larger the size and the area of the works, the more the individual

production departments can work independently of each other,

and the more the departmental managers approach the modern

type which declines to be a pure producer, but is interested also

in matters of organisation and economic control, the more reasons

speak for a subordination of these works offices to the depart-
mental manager concerned. It should, however, not be forgotten
that this measure may bring forth the danger of splitting the

organisation of the works into as many independent parts as

there are departments and so losing the connection between them.

This must, of course, be prevented in any case, as experience shows

that this state of affairs only too often develops into working of
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the individual parts against each other. The best expedient is to

create the position of an organising superintendent whose duty it

is to care for the uniformity of organisation as far as this is

possible without hampering the work, and to adapt the individual

measures of organisation to the peculiarities of the special cases.

This superintendent, who is responsible directly to the general

manager or the managing director, is working solely as a con-

sultant
;
he has not the right to give orders himself, but can do it

through the departmental manager concerned throughout the

whole works, and if by virtue of his knowledge, experience and

especially his personality he is the right man, his influence can be

very beneficial.

With this problem as with all questionable matters of organisa-

tion, each solution has its drawbacks and its advantages and

organising skill is nothing else but tacking between both in order

to find the least restricted way.

B. THE WORK IN THE COSTING DEPARTMENT ITSELF

The work in the cost department itself falls into two parts of

which unfortunately only one is usually considered when planning
this work beforehand, i.e., the routine work, while the second part,

the drawing of conclusions from the figures obtained by the

routine work, and special investigations in order to answer

particular questions by the management, are usually considered as

casual jobs which can easily be done as additional work by forces

in reserve as they may be available wherever the planning of work
has been done with the necessary care. Now it is obviously
foolish to get in such a position ;

for the very results of the

routine work mostly say very little, if anything ;
it is the con-

clusions that can be drawn from them or built up on them that

matter
;
and it is therefore probable that the above standpoint

has not been chosen intentionally. There can, however, be no

doubt that the result in practice is often such a one as just

described. The manager of the costing department is then in

the difficult position of being unable to satisfy the demands

his
"
customers

"
are entitled to make, i.e., to render to the other

departments the services they rightly expect, because his staff is

too small or at the best lacking the trained people necessary for

this developing of results specially asked for by the management
of the works. The correct way of improving this untenable state
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of affairs is unfortunately taken comparatively rarely, i.e., to

explain the reason of the drawback openly to the management
and to ask for the engagement of more or specially trained

members of the departmental staff. Perhaps the man at the top
of the costing department fears that such a request would be

misunderstood as a reflection on his own ability ; perhaps he

himself has not succeeded in finding out the real reason of his

difficulties
;
in any case he does not go to the root of the trouble,

but in consequence of a single inquiry that caused a special

investigation for one department, he develops a method to find

out this or similar results for each period in a series of departments
similar to the first and includes the originating work into the

routine work of his department
"
in order to be always prepared

to answer similar questions." It may be insignificant if that

happens once only ;
but this happens repeatedly and finally the

department is swollen to an apparatus which can no longer be

tolerated
;
an investigation shows that an enormous number of

results have been continuously elaborated which no one has asked

for or made use of. The result is a crash, and one or more of the

next-concerned lose their positions.

This story, may be somewhat exaggerated, but it is certainly
not too far from some events in practice. It is only too easily

forgotten that the costing department is first of all a service to

the other departments and the management ;
that each result

it gives out may create a further inquiry which again requires

special work apart from normal routine jobs, and so on, and that

a certain part of the departmental staff must be reserved for the

quick delivery of these answers.

C. THE ROUTINE WORK OF THE COSTING
DEPARTMENT

The development of the list of accounts or types of costs and
of cost positions is an important part of the preparation of the

cost department routine work. As already mentioned, both lists

should be discussed in detail with the works and commercial

managers and the departmental managers concerned before they
are finally fixed. Care should be taken that organic changes
in the structure of the works inevitable in the course of time are

quickly reflected by alterations of these lists.

In accountancy the actual book-keeping according to the rules
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of the double-entry method forms the most important part of the

routine work resulting in the annual balance sheet and profit and
loss account. It may be called to mind that if accountancy is

carried out in the manner recommended the short-term (monthly)

closing of books and balancing can be done with sufficient

correctness and not much additional clerical work, thus showing
the result of the past month perhaps on the 10th or 12th of the

following month. The work can even be arranged so that the

annual balance sheet and profit and loss account can be finished

with little more work than the monthly ones.

The routine work of the section
" works accounts

"
consists

mainly in the distribution of the costs to the cost positions, the

determination of the percentage additions representing the
"
actual

"
overheads and the development of the corresponding

additions representing the
"
standard

"
overheads. Of course,

the latter will not change from month to month, but be kept

equal as long as possible ;
it is as well, however, to confirm them

once a month, as experience has shown that such figures are easily

kept too long unchanged and then no longer reflect the actual

development of the working conditions in the works.

As for job accounts only standard costs should be used, the
"
post-calculation," i.e., determination of costs of orders carried

out, is limited to one job only for each object of production as

long as the section
" works accounts

"
reports that the standard

costs have remained unchanged. The same applies, of course,

to the
"
pre-calculation

"
or estimation of costs for tender

purposes, where the routine work, if one can call it that, is

certainly also made easier by the use of standard costs, but the

reduction of the real work to be done is not so large as with the

determination of costs of orders already carried out.

Finally, a few remarks may be added about the necessary
statistics which are often considered as part of the routine work
of the costing department.

Before starting any statistics it should be carefully investigated
whether the figures that may result from this work are really

needed by the management for decisions that may come round
in the usual course of business. The manager of the costing

department will seldom have the scope to settle this matter alone.

A discussion in detail with the general, works and commercial

managers and the departmental managers will be necessary, and
X 2
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in these discussions references should be made to the essential

statistics only. For there can be observed in practice an inclina-

tion to ask for all kinds of figures which are then provided for

week after week and month after month without being used or

even looked at. Similarly the distribution of statistics should be

limited to those who by their work are actually interested in the

special figures contained in these statistics. The reason for this

demand is not any kind of secretiveness, but the wish to give to

everybody responsible for a certain part of work as easy a survey
as possible of his domain without disturbing him by an enormous

quantity of figures which have no connection with his own job.

The system of developing one general scheme for all the statistics

to be carried out weekly or monthly and sent to prominent
members of the management cannot be recommended. For

works of the size as iron and steel works this leads to the

formation of veritable booklets in which everybody has to

hunt for the figures which interest him.

And again, nearly all these figures are insignificant when
considered as absolute for an isolated week or month. They get a

measuring only by comparison with the figures of earlier periods,

and it is therefore usual to find in these reports not only the

figures of the last week or month, but also the figures of the last

but one and the average of the figures during the year in progress
as well as during the last finished year. That, however, renders

the reports still more bulky and difficult to survey. In order to

avoid all these disadvantages it seems to be better to develop for

each leading person entitled to the receipt of statistical figures

special forms, spacious enough for a year, or at least a quarter of a

year, into which the new figures can be entered week by week
or month by month. Of course, one has almost to renounce

thereby the use of all modern means of reproduction and to that

extent clerical work will increase. In return one has the satisfac-

tion that what is given to the leading persons is of direct use

to them and will therefore be much more appreciated than the

former reports which needed a special preparation before being
of real use to the receiver.

Whether one should collect these figures in the form of tables

or graphs is sometimes more or less a matter of taste, but some-

times one or other kind of representation is preferable. That

depends not only on the object of the figures but also on the
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personality ofthe manager to whose use the statistics are prepared.
Human beings are thank God not yet "standardised," and
while one understands graphs easily, another prefers tables. It

will depend on the skill of the cost department's manager to

satisfy as far as possible all personal wishes, whilst remembering
that some uniformity is in the interest of the undertaking as a

whole. Thus it has been found useful, for example, to collect the

statistical figures into three groups, which can be equal in nearly
all production departments, i.e., figures concerning (1) working
time expressed in hours or minutes, (2) output in quantities,

weight or number of pieces and (3) costs in money. The oppor-

tunity may again be taken to point out how important figures of

time and quantity are, and that they have in many cases the

great advantage over money figures of not introducing the

uncertainty and fluctuation of prices into a comparison of figures

which, for comparison purposes, should rather be measured by a

completely constant measure. It can well be understood that the

accountant in consequence of his training thinks first of all in

money ;
and at last when the economic result of the works has

to be determined and analysed, this kind of measure cannot be

avoided, as it serves as the common denominator of the value

of the various goods, which can be changed into comparable

figures only with the help of this evaluation
;
but the technician

is accustomed by his training to think first of all of time and

quantity, and as a great part of his customers are technicians

this should be an additional reason for the accountant to the use

of money as a measure as long as possible.

The exclusive use of standard costs in job accounts, as asked

for in the detailed discussion about the relation between actual

costs and standard costs renders unnecessary the production and

sales statement in the form explained in Chapter XIV ;
for the

percentage of profit on a certain product is known by comparing
its standard costs with its selling price, and by summarising the

invoices of a period according to the various goods sold, it is easy
to determine the share which each of these goods has on the total

profit.

D. SUMMARY

Thus the routine work of the department is mainly restricted

to:
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(1) Book-keeping in accountancy with the monthly closing of

books for short-term balance sheet and profit and loss account
;

(2) Statistics of working time, output and costs for each

production department or cost position and in the case of costs

showing actual costs in comparison with standard costs.

(3) Statistics of sold goods put in order of types of goods,
districts of selling agents or individual customers, etc., according
to which purpose these statistics are to be used in the special case.

Besides this routine work that is by no means a trifle in an

industrial works of the size and importance of an iron and steel

works, there are the special investigations arising from the various

inquiries from members of the management ;
and this part of the

work of the costing department can, of course, not be planned
beforehand. The nature of the matter involves large fluctuations

of the amount of work and it must be left to the skill of the

manager of the costing department to dispose of the work at hand
and possible suggestions which he himself may keep in reserve,

in such a way that a fairly equal activity even for this part of his

staff is achieved. If he succeeds in this direction and simul-

taneously is able to give the management the information he is

asked for, correctly enough and in time, he has nothing to fear

in regard to his position : his superiors will know how to estimate

him and his colleagues will be grateful for the valuable help they
receive from him.



CHAPTER XX

THE ORGANISATION OF THE EFFICIENCY
DEPARTMENT

A. THE PROBLEM

WHEN using for the moment the denotation
"
efficiency depart-

ment "
for the office the organisation of which will be the object of

the following discussion, the author is well aware that this name
is not only misleading, but what is worse wrong from a

psychological point of view. As every employee has the duty
to work as efficiently as possible and every departmental manager
to develop the efficiency of his own department as highly as the

working conditions allow, the denotation of a special department
as

"
efficiency department

"
seems to imply that this duty has

not been accomplished sufficiently and somebody has to be

appointed to look into this matter and put it right. It may be

that this impression disappears in the course of time, if the
"
efficiency department

"
is working in a correct and reasonable

manner, but its introduction into works where it does not yet
exist is at least made unnecessarily difficult and each newcomer

to the firm has first to overcome a mistrust which is created by
this wrong name. Actually what has been indicated before as the

supposed purpose of this department is exactly what it should

avoid in all circumstances. Where it is working satisfactorily it

considers itself
" a faithful servant

"
to all other departments

helping them to increase their efficiency by carrying out special

investigations for which these departments themselves have either

no time in the course of their daily routine work or no specially

trained persons for the investigations in question. Care should

be taken that such investigations are made only on the suggestion

of the works- or departmental-manager concerned, or if the

proposal originates with the efficiency department all details

affecting the running of the departments concerned must be

discussed with their chiefs and the results of the investigation
311
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first shown to them. In a word a faithful co-operation with the

people whose work is to be investigated is the predominant and

indispensable demand of a prosperous working of the
"
efficiency

department."
The organisation of the efficiency department is not easy as the

work at hand fluctuates so largely that planning beforehand is

almost impossible. The department is in the position of a factory

working solely on orders not into stock : if its customers, the other

departments, do not suggest new investigations, and propositions
made in this direction by the manager of the efficiency depart-
ment based on his intimate knowledge of the working conditions

of the firm are not accepted by the departments concerned, a

lack of work may arise which can ultimately force the dismissal

of trained staff members in the efficiency department, who are

perhaps urgently needed a few weeks later when some change in

design, production methods or organisation has brought about the

necessity of new investigations. Again, the usefulness of a close

co-operation with the other departments is obvious : if the

manager of the efficiency department possesses the confidence of

his colleagues and "
customers "

it will be easy to discuss with

them the need for work, to find objects of investigations, which

have perhaps been postponed as not so important during a time

of high activity, and thus to help the efficiency department tide

over a
" dead time." We can say the difficulty in the efficiency

department is almost opposite to that in the costing department :

in the latter the amount of routine work is such that investigations
of this or that problem can normally be inserted only with great
disturbances

;
in the former there is scarcely any routine work,

but nearly exclusively special investigations, the number and
extent of which depend largely on the goodwill of the other

departments.
Another difficulty is founded on the kind and purpose of the

investigations carried out by the efficiency department. As already

mentioned, these are mainly work- and time-studies, and some-

times also organisation-studies. In any case, these investigations
are carried out in order to find any improvement of the efficiency

of the department concerned, an increase of output, a shortening
of working times, a lowering of costs, etc. As long as they are

strictly limited to figures of quantities or times there is no doubt
that they are exclusively objects of the work of the efficiency
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department. But in questions of economic working there always
comes a moment when the transition to money-figures can no

longer be avoided
;
the actual comparison of costs begins and the

domain of the costing department is affected. The question
arises : who has to continue the investigation ? The man who
has started it and is familiar with the whole course of what has

been done already, but must be assisted now by the cost specialist?

Or the man who needs information from the original investigator
about the results to date but can then finish the work without

further help ? It seems to be irrelevant what answer is given
and if taken from a purely objective point of view that is certainly
the case

;
but in practice

"
departmental policy" plays its role

in the decision and unfortunately very often an important one.

It depends sometimes only on the question which of the two

partners is the stronger personality or has a greater influence on

the general manager or the managing director, so that his depart-
ment remains "

victor
"

in the struggle. That, of course, is a

very unsatisfactory solution of the problem, but still a better one

than an indefinite
"
muddling through," a decision from case to

case with all the discussions and little quarrels always connected

with such an uncertainty of competence, which must be considered

as a clear symptom of bad organisation.

That may have been the reason for the solution given in the

case of the organisation of an efficiency department in a South

African iron and steel works which was published some years ago.

As this description gives a very clear survey of the work which

should be entrusted to an efficiency department and of the

manner in which this work should be carried out, a summary of

this description of some length may here follow, especially as

such a description of a real case shows more vividly than

any theoretical discussion the actual working of such an

organisation.

However, before beginning this summary, let the name
"
efficiency department

"
be changed to something more apt.

Analogous to the generally accepted expression
"
national

economics
" we may call it the

" works-economics department
"

;

and just as a Ministry of Economics would supervise and control

the nation's economic life, so this department if developed in the

manner as characterised by the following example would fulfil

the same function for the works in question.
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B. AN EXAMPLE OF THE ORGANISATION OF
A WORKS-ECONOMICS DEPARTMENT

The iron and steel works in question, the South African Iron

and Steel Industrial Corporation, Ltd. (Iscor.), is built up on a

raw material basis in the possession of the company, and is

composed of ore and dolomite mines, a coal-washery plant, coke

ovens and a by-product plant, blast furnaces, a steel melting shop,
a lime and dolomite burning plant, a cogging and finishing mill,

a sheet mill, a foundry, and the necessary power station and

auxiliary shops.
1. The Duties of the Works-Economics Department. The

duties of the works-economics department had been fixed in

the beginning by a written programme, and this has proved,
in general, appropriate under the working conditions, so that it

can to some extent be taken as a description of its actual work.

The position of the department in the organisation is charac-

terised by the fact that it depends directly upon the man at the

top and that it forms a connecting link between the individual

shops mutually, and these shops and the management on the one

hand, and the technical side of the works and the costing depart-
ment on the other hand.

From this position the main duties result :

(1) The works-economics department has a decisive word

concerning the construction of the costing department, in

order to avoid, from the beginning, the usual discrepancies

which may arise from the different interests of the technical

and commercial side of the undertaking on the results of the

cost department. This construction has been built up in close

connection with the works accountancy department, and it

has been determined that future changes could be made only
in close co-operation of both.

The works-economics department has further to take care

of:

(2) Construction and future development of the general
works organisation.

(3) Time studies as assistance for production control,

rate-fixing or costing purposes.

(4) The planning system from the costing as well as from
the production point of view.
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(5) The economics of material of any kind.

(6) Cost and production statistics.

(7) Special investigations of any kind believed to be

desirable for the improvement of the economy of the

undertaking.
All these duties are carried out on behalf of the managing

director and general manager, and any demands of the individual

departments must first be sanctioned by the management. Fuel

department and test-house are separated sections, but work

together with the works-economics department where necessary.
2. The Organisation of the Works-Economics Department. The

staff of this department has intentionally been kept as low

as possible. During the first two years of production it com-

prised the manager of the department, three specially trained

engineers as assistants, and a secretary for administrative work
and correspondence. Help was given, if necessary, for extensive

investigations e.g., time studies on a plant composed of several

machines by persons borrowed from other departments, and by
apprentices training for the position of production engineer.

It may seem to be incredible that such a small staff should be

able to carry out the duties enumerated above
;
but it should not

be overlooked that it is not the job of the works-economics depart-
ment to do the routine work covered by the seven headings given,
but on behalf of the general manager, to determine how this work
should be done, and to smooth out and settle difficulties which

may arise.

Fundamental rules have been made to guide members of the

staff of the works-economics department in carrying out this

difficult and responsible job e.g., the manager of any department
concerned in an investigation should be informed in advance

about the kind and extent of this investigation, nothing should be

done in his department during the investigation without his

knowledge, and the final report should be discussed with him in

detail, before it is issued to the general manager, etc. but much
must be left to the discretion of the staff members of the works-

economics department, who should always bear in mind that,

although working on behalf of the general manager, they are by
no means superior to any member of the other departments, but

have to create an atmosphere of confidence, so that these other

departments work with them voluntarily and willingly.
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Of the many details of organisation only a few may be mentioned

which are of interest in this connection as they are either a

confirmation or an extension of former explanations.

3. Production Reports. The daily and monthly production

reports are built up to the various demands of production control

and costing ;
as far as it can possibly be arranged, the personal

desires of the departmental manager in question have been taken

into account, and uniformity is set aside, remembering that these

reports should be designed to assist this manager and therefore

are best adapted to his requirements. The reports are kept as

short as possible, less in order to avoid unnecessary writing than

to give an easier survey ;
but care is taken that no important

figures are omitted. These reports should give an analysis of

production as well as of time. The time analysis should show the

main, the supplementary, and the lost times, and must give the

reasons for the last ones. It is then possible to range the sources

of stoppages in the order of their importance and to try improve-
ments where they promise the greatest success. The analysis of

production is not only built up by absolute figures of tons, pieces,

length, etc., but special care is taken that fluctuations due to the

various qualities of material and products, and of dimensions, are

eliminated as far as possible by the use of equivalent figures, so

that fluctuations by different stoppages, varying intensity of

labour, etc., can more easily be recognised. The results are com-

pared with carefully elaborated standards, based mostly on time

studies, and it is considered that a satisfactory result is attained

only when the production measured by a suitable equivalent

figure and referred to the actual working time, fluctuates but little

against the standard production. A daily report of the number
of men in the service of the company, either working or absent

by illness or leave, and of their total working time distributed

over the various shifts, is closely connected with the production

report. Care is taken that working time on Sundays and holidays
and other overtime can be clearly distinguished, and that all

these figures are summarised weekly and monthly for statistical

purposes.
4. Organisation of the Internal Railway Traffic. As a special

and temporary task the organisation of the internal railway
traffic was subordinated for some months to the manager of

the works-economics department, as serious difficulties arose



THE ORGANISATION OF THE EFFICIENCY DEPARTMENT 317

soon after the starting of production ; obviously, not sufficient

precautions were taken to meet the demands not only of the

proper production but also of the building of new shops and

plants which continued during the initial period of production.
The time table for arriving goods trains had to be established,

the goods and materials distributed to the various destinations,

and empty wagons returned quickly ; additional rail tracks were

necessary, defective tracks had to be repaired and maintained,

wagons suitable for the various shops had to be bought and put
into regular use, and a maintenance shop for locomotives and

wagons laid out, built and started.

The works were divided into several sections and a representa-
tive of the traffic department had to take care in each section to

ensure smooth operation of the traffic according to the information

of arriving and outgoing consignments, given directly from stores

and receivers. This close connection between the traffic and

production proved very successful ; especially was this obvious

from the decline of demurrage for public locomotives and

wagons.
As the traffic costs were unusually high in these works because

of the terrassed estate, the costs control was carried out more

extensively than is usual : a budget was made showing the

standard of costs per locomotive hour, separated for steam and

non-combustion engines, and of the number of locomotive hours

of each section. As soon as the organisation was running

smoothly the management of the traffic department was handed

over to a special manager engaged in the meantime for this

position.

5. The Planning System. It may be possible when consider-

ing the planning system to distinguish between three purposes of

this arrangement, all these directed to the same aim, the raising

of economy i.e., lowering the costs, increasing the output, and

improving production methods.

The planning of costs had, of course, taken place before the

decision to build the works, but it was repeated more in detail

soon after starting production, and again a year later. The

resulting costs statistics show throughout the actual costs in

comparison with what they ought to be, not only for the whole

works, but also for the individual departments and sections ;

the comparison of the running month with the previous one is
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generally omitted as valueless because of the many contingencies
which creep in

;
the reports are prepared on printed forms more

or less in the arrangement of tables, and as much as possible are

illustrated by graphs, prepared and completed month by month

by the works-economics department. These papers, containing
few but all important and necessary data, form the basis for

monthly meetings, directed by the general manager. Care has

been taken that all important changes of the figures are explained
on these papers, and these explanations are prepared by the

works-economics department in conjunction with the responsible

production department, in order to avoid any reason of ill-feeling.

The monthly meetings take place between the 15th and 18th of the

following month, the period of 2 to 2| weeks giving time enough
for careful preparation of the meeting and providing a suitable

limitation of their duration, while presenting figures new enough
to enable discussions to have a practical value.

With the two other purposes of planning, increasing the output
and improving production methods, we approach the wide sphere,

where especially work and time studies are the expedients for

progress. These problems have been dealt with so extensively
that further additions are not necessary.

6. The Form of Statistics. The statistics of costs are, in

the works in question, concerned with (a) total costs, (6) charge

costs, (c) manufacturing costs, and (d) general overhead charges.
The most important of these groups for the workshops is the

third one, and this group is therefore mostly sub-divided. All

data are given in the form of tables and graphs, and the trend of

the figures is shown by recording the data for the months of the

running year, one beside the other. As far as possible, the actual

data are always compared with those assumed to be possible

under present working conditions. The diagrams, showing the

development of costs in graphical form, are not considered to be

secret documents, but are posted up in the shops in question for

continuous information and admonition of the departmental

manager, his assistants, foremen and workmen.
The production statistics are closely connected with the cost

statistics, but as they can be helpful for production only if they
are built up according to the demands of production, they are

often prepared in the offices of the shops, while the cost statistics

are considered the duty of the costing department. This separation
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leads to duplication of work and even to discrepancies of the

figures given from both sides. That is avoided in the works in

question by making the whole internal statistics one of the duties

of the works-economics department, which is familiar with this

kind of work, since it delivers a great part of the basic figures

from its investigations, time studies, etc. The production
statistics are divided into those of output and of times, and the

degree of efficiency is expressed in some coefficients, which

show how far it is possible to obtain the practical ideal or

standard.

7. The Wages and Bonus System. As the Iscor Works were

the first iron and steel works in South Africa, it was first necessary
to build up fair basic wages for all classes of workmen. In the

first year after starting production wages were paid on hourly

rates, but later a bonus system was introduced, according to some

principles which were the same for all departments and sections

throughout the works. Only two of these principles may be

mentioned
;

the bonus has been built up on equivalent figures

(equivalent tons, equivalent pieces, equivalent lengths, etc.), which

alone guarantee that the dangerous
"
good

" and " bad "
piece-

work rates do not arise
;
the introduction of the bonus, in spite of

the pressure from the productions departments, has always been

postponed until some steadiness of production has been obtained,

which made groat fluctuations of the earnings of the men impos-
sible. The careful and cautious introduction of the bonus system,
without any major troubles by the workmen, can be considered as

a great success of the works-economics department ;
it took

many months before this important job was finished, and it is

obvious that this problem needs continuous attention since any
change in the plants, in production methods, or any other working
conditions, may lead to a change of the basic figures of the bonus

system.
So much about the manner in which the duties of the works-

economics department were determined and carried out in the

works, which have here been selected as an example. It may be

repeated that it is only an example. It would be difficult, if not

impossible, to repeat the scheme to full extent in other works
;

personal questions especially, as well as former development and

tradition, may produce difficulties when introducing such an

organisation in existing works
;

difficulties which, of course, have
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been unknown in the case of a completely new undertaking. The

reader, who may have drawn comparisons with the conditions

under which he has to work, will have certainly found out these

differences and should be careful to avoid the mistake of severely

criticising something because it happens to be different, without

considering the reasons why differences should occur.



CHAPTER XXI

THE SOLUTION OF THE PROBLEM

THE question arises : is the foregoing example of the organisation
of a works-economics department a real solution to the problem of

how the work ofeconomic control in an iron and steel works should

be carried out ? In spite of the fact that at the time of the

publication of the report, more than two years after the starting

of actual production it was claimed to be a valuable success, it is

the author's considered opinion that this solution cannot be

recommended generally. There is contained in it a fundamental

mistake which will only too easily produce difficulties in practice
at least as soon as a change of persons occurs and a perhaps
otherwise valuable personality does not like to be pressed into this

scheme.

Economic control should be considered as a whole
;
as already

mentioned, three kinds of investigation are the pillars on which

it is based :

Organisation-studies,

Work- and time-studies, and

Costing-studies.

Nobody who has studied this book attentively can deny the

intimate connection and interweaving of these studies. Why
then give the care of these studies partly to one and partly to

another department, thus creating
"
planes of friction

" which

do not exist in the work itself ?

The author's solution is an amalgamation of the costing depart-
ment and the works-economics department into a unity, a

department of economic control.

It has been shown that difficulties arise as long as the two

.departments exist one besides the other : the solution given
in the South African example, the partial subordination of the

one department under the other, in this case of the cost-depart-

ment under the works-economics department smacks of
"
depart-

1.0. 821 Y
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mental policy
" and must therefore bear in itself at least the

germs of difficulty, even if these may be overcome for some time

by the influence of some strong personality. All that disappears
if the unity, economic control, is represented in the organisation

of the undertaking by a single department under uniform

direction.

There will be more than enough routine work to keep the bulk

ofthe employees busy for all the time, and as the special investiga-

tions which form an important part of the duty of the two

departments are now unlimited in all three directions it will be

easier to provide work for the specialists trained to carry out jobs

which need an independent and understanding mind. It is not

necessary to catalogue the jobs of work falling to the department
of economic control

;
to do so would be merely to repeat what has

been said about the separate duties of the two departments

composing it, without, of course, those items concerned with their

interrelation. Therefore it is sufficient for the reader to refer to

Chapter XIX, (d) "Summary/' and Chapter XX, (6) "An
Example of the Organisation of a Works-Economics Depart-
ment." There is only one point which should be repeated
because of its overwhelming importance : what has been said

about the relation of the two separated departments to other

parts of the works, production, sales, main, supplementary,

auxiliary or administrative departments, is and remains correct

also for the united offices : the department of economic control

can be of real use for the concern only if it considers itself as a

service and avoids even the appearance of aspiring to any leading

position in regard to other departments.
The author is well aware that this proposition will at first seem

new and strange to the practical man. There will be opposition
what new measure of organisation did not meet with it ? but it is

hoped that reflection will show this idea to be worthy of serious

consideration.

Of the possible objections the strongest and most certain to be

raised is the unfitness of the engineer from the works-economics

department and the accountant from the cost office to run the

new department, seeing that the engineer is inexperienced in

costing as the accountant is in technical matters. In other words,
the contrast between technical and administrative thought and

methods, mentioned in the introduction of this book, is raised as a
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bar against the logical and reasonable solution of the problem of

organising economic control.

The author's answer will not surprise anyone who has carefully

followed the argument of this book. It is that neither the pure
technician nor the pure accountant is the correct leader of a

department of economic control ;
rather it should be a man with

the common sense, method and vision necessary to handle the

technical, commercial, economic or psychological problems put
before him in a way that promotes the success of the works as a

whole. Whether this man comes from the technical, commercial

or administrative side is of no consequence, provided that, in the

words of that past master of scientific management, Fred W.

Taylor, he is
"
the right man in the right place."

If he comes from the technical side he must have acquired

during his practice a sufficient knowledge of the rules of accoun-

tancy and industrial administration
;

if he has been trained as an

accountant he must have used his opportunities to make himself

familiar enough with technical thinking ; in both cases he must
be a personality of such standing that he can easily afford to

confess his ignorance of trifling professional details outside his

own training without thereby losing a grain of his authority either

to his colleagues or to his subordinates. The answer that such

persons do not exist cannot be accepted ;
the history of industry

shows too clearly the reverse. And if some lack of such persons is

admitted it would be high time to create opportunities for

training them. Nothing, however, would be better suited for this

purpose than working in a department of economic control of

such a structure as described in these pages.
Thus the ring is closed : the solution of the problem discussed

in the introduction of this book has been found
;
the contrast in

thinking between persons of different professional training, the

most important hindrance of true co-operation within an indus-

trial works, can be removed or at least softened into insignificance

by the very medium which has to be considered as representative
of the idea of economic control in the works.

T 2
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" remanence '* of the, 232

selling, 171, 191, 205, 210
stand still, 210

standard, ix, 208, 217, 246, 261, 309
v. actual costs, 259

statistics, 309, 310, 317, 318

types of, 8, 35, 36, 44, 204, 229

per working hour, 193

Course of organisation of a rolling mill,

280
Critical point, 233, 236
Customer, invoice to the, 303

order sheet, 280

orders, 271, 272, 276

Cutting of piece-work prices, 53, 84, 87

DATES
of delivery, 283

Debts, long term and short term,
23

Decentralisation of the stores, 79

Defects, 148

Degree of activity, 219, 220, 229, 232,

243, 245, 248
of efficiency, 319

Delays, 135, 137, 138
Deliveries for further working up, 207
Demand on the market, 219, 244

Demurrage, 317

Departmental budget, 266, 289

manager, 304, 305
net policy, 313

result, 209

Departments, 45

administrative, 46

auxiliary, 46, 157
blast furnace, 162

commercial, 46

consignment, 157

constructional, 95

costing, 108, 110, 302, 303, 305, 306,
309, 318

of economic control, 321

efficiency, 302

inspection, 49

invoice, 157, 303

main, 45

maintenance, 110, 302, 318

planning, 76, 275

purchasing, 157
sales and distribution, 169, 263

statistical, 157

supplementary, 46

traffic, 167, 159
works economics, 313, 314

Depreciation, 15, 20, 26, 53, 168, 210,
230

Devaluation of stocks, 201

Diary of the workmen, 106
Direct by-products, 183, 184

costs, 48, 161

special, 191
labour costs, 191
main products, 183, 184

material, 66, 76, 191, 229

wages, 158, 229
"
Discrepancies,

1 * 205

Dispatch result, 205
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Distribution, costs of, 170, 191, 307
of statistics, 308

Division costing, 153, 208
of labour, 267

Drawings, costs of, 48
"
Drugs in the market," 68

EARNINGS,
109

Economic control, vii, xviii, 301,
321

organisation of, ix, 299

depression, 219
situation of a department, 266

Economically, thinking, xvi
Effect of new rolls on rolling, 132

of steel quality on rolling, 132

Efficiency, degree of, 319

department, 302

organisation of the, 311, 312

Electricity, production of, 157

Elongation, 132

Employers' drawings, 62

Energy, 194

Engineer, xv
Equations, general, of costs, 191

Equivalent figures, 155, 166, 168, 316,
319

ton, 91, 94

Estimating of costs, 266, 289, 297
of piece-work prices, 85, 127
for tender purposes, 297, 307

Evaluation of material, 196, 200, 202

Expenditure, 32

accounts, 7

Expenses, neutral, 205, 210

Export orders, 207
External cost comparison, 290

orders, 222

FACTORY
administration, 157

of iron barrels, 96, 112
Fictitious price, 196
Financial accountancy, 29

budget, 289

whole, cost comparison of a, 290
Finished goods, 9, 66, 171

Finishing bank, 280

piece-work prices at the, 98

mill, 167
Fire station and brigade, 157
First booking of wages, 106
Fixed assets, 23

costs, 178, 229, 231, 232, 249

general costs, 234

hourly rate, 82, 319

Floating assets, 23

Ford, Henry, 66

Foreman, 79, 105

Forms of calculation, 153, 176
of statistics, 318

Fuel, 194

engineer, 181
Full load, 226
Further working up, 207

f> ENERAL class costs, 162
VJl costs, 48

additional, 257

equations of costs, 191
works service, 157

Goethe, 3

Goods, saleable, 66

Government, 225

Graphical methods, 213, 254, 308
Gross balance, 20

turnover, 206

HAMMER welding machine, 139

Hammering time, 145
Harmonisation of a plant, 226
Harmonised full load, 226

Heating time, 145

Hildage, Marple, Meyenberg, The New
Management, 12, 97, 141

Hollerith punch card system, 112

Hourly rate, fixed, 82, 319

INCENTIVE wage systems, 88
1 Increase of quantity of material for

rolling process, 277
Indirect by-products, 183, 184

costs, 48, 50, 53, 62, 161

labour costs, 191
main products, 183, 184

material, 66, 76, 191

wages, 158
Individual class costs, 162, 163, 165,

167, 168

costs, 48
Industrial accounts, xix, 44, 266, 303

undertaking, purpose of, 64
Inertia of the costs, 232
Inland orders, 207

Inscriptions by painting or stamping,
100

Inspection department, 49
of returned goods, 75

Institute of Cost and Work Account-

ants, 170, 171, 172

Insurance, 109

Intensity of utilisation, 223
Interest, 59, 182, 210
Internal cost comparison, 290

orders, 222

traffic, 9, 49, 157, 159, 316

transfers, 196
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Introduction of office machines, 291

Inventories, turnover of, 26
Investment budget, 266

of new capital, 125
Invoice copies, 303

department, 157, 303
to the customer, 206, 303
of the supplier, 73, 303

Iron and Steel Institute, 91, 130
Research Council, 91, 130

j
OB accounts, viii, 44, 52, 189, 190, 307

Jobbing rolling mill, time studies

at a, 134

work, 137

KKleine,
H. Kreis, A. Muller,

' Leitfaden fur das Rechnungs-
wesen in der Eisenschaffenden
Industrie

"
(Guide for Industrial

Accounts in Iron and Steel Works),
viii, xv, 29, 53, 162, 196

Key, 50, 52, 163, 165, 166, 176, 181

TABOUR costs, 191

Li office, 157

Law of supply and demand, 244

Lay-out of the stores, 78

Liabilities, 23, 25

Limiting factors, 142

Liquidity, 23
List of accounts, 6, 306

of positions of costs, 306

Load, 224, 226, 227

time, 225, 227

Loss, 20, 219, 252
Lost time, 98, 136, 145

Lower price limit, 262, 253

MACHINE-HOURS,
223

The Machinist, 63, 289

Main departments, 45

costing system in, 61

products, 162, 173, 183, 184

time, 98
Maintenance accounts, 9

department, 52, 157

material, 158

work, 158

Management of the works, vii

Management ratios, 23

Manipulated market, 244

Manning of the mills, 276, 283

plan, 97

Market, demand on and supply to, 219

price, 37, 71, 177, 180, 194, 196, 199

research, 172
Marketable stocks, 224

Marking gang of workmen, 100
Mass production, 137
Master specification, 273
Material accounts, 64

consumed, 196, 202
as costing factor, 64

direct, 66, 76

costs, 191
evaluation of, 196, 202

finished, 66

indirect, 66, 76

costs, 191
issued from the stores, 75
in production account, 9, 262

quantity of, for rolling process, 277
received in the stores, 72

requisition form, 263, 303
reserved, 76
revaluation of, 205, 210

stocked, 200, 202
subdivision of, to be stored, 66

total, costs, 191
Measurement of activity, 220, 222

Melting shop, production times in a,
277

Men-hours, 223

Metallurgist, xv
Mill programme, 93
Minimum wage, 87
Mixer plant, 163

Monopoly, 247

Monthly meetings, 318
Muster roll of the workmen, 111

NET
balance, 20

departmental result, 209

loss, 20

proceeds, 206

profit, 20
Neutral expenses, 205, 210

property, 23

returns, 205, 210
Nomenclature of work and time

studies, standardisation of, 125
Normal load, 226
Number of workmen, report of, 316

OBSOLESCENCE, 58
\J Obtainable price, 244, 245, 297
Office machines, introduction of, 291

Open-hearth melting shop, 165, 227

steel, 177
Order book, 271

costing, 155, 159, 208
number, 271
sheet for semi-finished products, 285

rolling, 283

Orders, awaiting call, 285
customers', 252, 253, 271, 272, 276,

280
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Orders, export, 207

external, 222

inland, 207

internal, 222

overdue, 280, 283

repeat, 273

stock, 273
of rolling, 283

works, 36, 44, 48, 105, 155, 161, 204,
271 272

Organisation, 267, 272
'

course of the, of a rolling mill, 280
of economic control, ix, 299
of the efficiency department, 311,

312
of the internal railway traffic, 316
of an iron and steel works, 45

problems of, xx
of the stores, 69

studies, 302, 321

uniformity of, 305
of the wages office, 109, 110
of a works economics department,

314, 315

Organising superintendent, 305

Output, 148, 225, 309, 310

budget, 266
Overall performance, 131

Overheads, actual and standard, 307
in production, 9, 262

Overtime, 15, 109, 230, 254

PACKING
account, 8

primary, 170
for transport, 170

Painting, inscriptions by, 100

Passes, number of, when rolling, 132

Payment, 32

by result, 88, 89

Pay-roll, 110, 111

Percentage additions, 193, 307
of wages in production account, 9,

262

Phosphoric slag, 178
Piece-rate system, 83, 146, 295
Piece-work prices, change of, 108

cutting of, 53, 84, 87

wages at the finishing bank, 98

Pig iron, 162, 179
Planned full activity or capacity, 227,

245, 251, 259

load, 226
load time, 225

Planning, 266, 267, 270

ability, 267, 269

department, 76, 275
at a rod and bar mill, 274

system, 317

Plant, capacity of, 270

Porter at the works gates, 157
Positions of costs, 9, 34, 35, 35, 45, 46,

157, 162, 164, 165, 166, 168, 222
final, 62

Post-calculation, 259, 260, 307
Power consumption, 134
Practical full load, 226
"
Practical ideal,*' 138, 251, 262, 319

Precalculation, 307
Premium system, 88

Price, acceptable, 252, 253, 258, 297

charge, 176, 180, 181, 182, 188, 196,
198, 199

control, 228

cost, 199, 200

fictitious, 196

fixing, 220, 228
lower limit, 252, 253

market, 37, 177, 180, 194, 196, 199

obtainable, 244, 245, 297

per unit, 193

policy with regard to the degree of

activity, 243

selling, 174, 175, 176, 206

standard, 37, 194

stock, 174

transfer, 196

undercutting, 258

upper limit, 244
Prime costs, 15, 58
Printed form for work orders, 105

Proceeds, 205, 206

Processes, cost comparison of, 290, 291

Production, 265, 276

analysis, 316

budget, 266, 289

control, 32, 44, 50, 105, 148, 162,

168, 174, 220, 228, 231, 263
cost comparison of a uniform, 290,

292 294

costs, 'l5, 170, 191, 196, 205
of a rolling mill, 239

improvement, 125

output, 225

programme, 140

reports, 316

statement, 174, 204

statistics, 318
of steam, electricity and compressed

air, 157
time in a melting shop, 277
of a tube works in men hours, 239

wages, 158
Productive wages, 49, 158

Products, accounts of, 35

rolled, 177

Profit, 219, 252
and loss account, 18, 29, 45, 205,

296, 307

net, 20, 26
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Profitableness, 295
of new plants, 174

Programme meeting, 283

Progressing, 267, 269, 271, 273

Progressive costs, 229, 230, 231

Property, neutral, 23

turnover, 26

works, 23

Proportional costs, 229, 231, 232, 248

general costs, 234

Psychology, industrial, 128
Punch card system, 112

Purchasing department, 157

Purpose of storage, 64

RAILWAY
traffic, organisation of

the internal, 316

Rate-fixing, summary of, 100

Rate-fixer, 85, 108
Rate of load, 224

of time utilisation, 224
Raw material accounts, 49

Readiness, costs of, 261

Ready money, 104, 110
Real indirect costs, 53
Realisation of the invested value, 296
Reason of defects, 148

Receiving department, 71

Recreation time, 145

Regressive costs, 229, 230, 231

Rejects, 14, 148

Relativity of costs to purpose, 243
Remainder calculation, 176, 177, 180
" Remanence "

of the costs, 232

Repair shop, 106

Repeat order, 273

Reports, costing, xvii

on production, 316

Requisitions to the stores, 70, 303
Reserved material, 76

Reserves, 23, 26, 58
Result accounts, 7

Returned goods, inspection of, 75

Returns, neutral, 205, 210
to the stores, 70, 75

Revaluations, 34, 37
of cost positions, 209
of material, 205, 210

Risks, 62
Rod and bar mill, planning at a, 274
Rolled products, 177

Rolling control sheet, 280, 283, 286

mill, 130, 225
Mill Committee, 91, 130

mill, time studies at a jobbing, 134
order sheet, 283

programme, 276, 280, 283

temperature, 133, 134

Rolling time, 132

Rolls, changing of, 276
to be used, 283
wear and tear of, 276

Routine work of the costing depart-
ment, 188

CALEABLE goods, 66

kJSales, 172, 265

against special orders, 291

budget, 266, 289

department, 263
and distribution costs, comparison

of, 291

departments, cost system in, 169
from stock, 291
net profit on, 26

policy, 259

statement, 204

Sanitary station, 157

Scrap, 67, 177, 200

Selling costs, 171, 191, 205, 210
and distribution cost, control chart

of analysis of, 171

price, 174, 175, 176, 206, 243
Semi-finished products, 223, 276, 285

Sequence time, 132

Setting time, 98
Shift performance, 132

Shifts, 223
"
Shorts," 166

Size of batches in production, 292
of an industrial undertaking, 235

Slag, 177, 178

Soaking time, 132

treatment, 132

Special direct costs, 191

Specification, master, 273

Stamping, inscriptions by, 100
Stand still costs, 210

Standard, 127, 225, 316, 319

activity, 246

additions, 34

costs, ix, 208, 217, 246, 261, 262,

297, 309

application of, 265
determination of, 248

" Standard costs diagram," 250
Standard costs v. actual costs, 259

overheads, 307

pass specification, 133
of performance, 134

prices, 37, 71, 194
rates of roll depreciation, 168

rolling time, 132, 133, 135, 138

time, 225
ton, 94

wages, 162
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Standardisation, 63, 272, 290, 295
Statements of production and sales

results, 204, 309
Statistical department, 157

methods, 9, 37, 85

Statistics, 110, 220, 270, 307, 309, 310,

317, 318
distribution of, 308
form of, 318

Steam, production of, 157

Stipulated load, 226
Stock accounts, 7

devaluation, 201

evaluation, 15, 200

orders, 273

prices, 174

revaluation, 205
in the stores, 64, 69

available, 69, 75

real, 69, 75

Stocks, marketable, 224

Stocktaking, 12, 200

annual, 13

continuous, 13

procedure of, 13

purpose of, 12

Stockyard, open, 67

Stoppages, 135, 137, 138

Storage, costs of, 170, 182
of finished goods, 171
of material, 64

Stores, 64, 303
administration and control of, 67

arrangement of the, 67
card index of the, 77
centralisation and decentralisation

of the, 79

closed, 67

consumable, 49, 194

foremen, 79

layout of the, 78

organisation of the, 69

requisitions and returns to the, 70

Straightening, 98
Subdivision of material to be stored,

66

Substitute, 184

Supplementary departments, 46, 161

time, 141, 144

Supplier's invoice, 73, 303

Supply to the market, 219, 244
of material, cost comparison of,

291
of water, 167

Suspense accounts, 32

TABLES,
308

Taylor, Fred. W., 124, 323
Technical management, 157

Technician, xv, xvi

Tender, 266, 297, 307
Test house, 49, 157

Thinking economically, xvi

Time, analysis of, 316
calendar, 223, 225

hammering, 141, 144

heating, 141, 144

lost, 98, 136, 145

main, 98, 141
maximum load, 225

melting, 165

planned load, 225
of recreation, 145

setting, 98

studies, 85. 124, 127, 270, 271, 273,
302, 318, 321

examples of application of, 129,

134, 138
the importance of, for economic

control, 123

supplementary, 141, 144

tap to tap, 165
of utilisation, 223

welding, 141

working, 52, 91, 98, 106, 126, 138,

141, 266, 309, 310, 316

per heat, 166

Ton-mile, 159

Tonnage as measure, 89, 136

bonus, 89
Tool room, 52
Total costs, complete, 192

labour costs, 191

material costs, 191

production costs, 191
Trade unions, 226
Traffic costs, 317

department, 157, 159

internal, 49

account, 9

Training methods, 128

Transfer, price, 196

Transfers, internal, 196
Transitional accounts, 262

Transport, packing for, 170

tariff, 169
Turnover of capital, 26

gross, 206
of inventories, 26
of property, 26

Type of costs, 8, 35, 36, 44, 204, 229

T TNDERCUTTING, 258
\*J Uniform cost system, viii, 196

Upper price limit, 244
Utilisation, intensity of, 223

time of, 223, 224
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VALUE
of material, 71

of products or saleable goods, 127
Variation in the performance of
human beings, 128

Vouchers of work done, 105

WAGE system, 81, 88, 89, 126

Wage-booking, mechanisation of,

112

Wages account, 49, 81
and bonus system, 319
control of, 103

direct, 49, 53

figures, collection of, 111

separation of, 111

first booking of, 106
*

minimum, 87

office, 104, 157, 303

organisation of, 109, 110

purpose of, 109
in production account, 9, 262

productive, 49

standard, 162

ticket, 106, 263, 303

Warehouse, 67, 271
Watchmen in the works, 157

Water, supply of, 157
Wear and tear, 58, 276

Welding burner, economic length of a,

145

Welding process, 141, 146

time, 141

Wheldon, Cost Accounting and Costing
Methods, 114

Wholesaler, 291

Willingness to work, 128
Wire rod mill plant, 97
Work done, vouchers of, 105

in production account, 9, 262
and time studies, 85, 124, 123, 127,

129, 134, 138, 270, 271, 273, 302,

318, 321
"
Working accounts,*' 7, 12

Working hours, 193

plan, 272

time, 52, 91, 98, 106, 126, 138, 141,

165, 266, 309, 310, 316

Workman, individual account of each,
111

Works, 45

account, viii, 29, 43, 44, 45, 307

accountancy, 29, 35
economics department, 314, 315

management, 225

offices, 304

orders, 36, 44, 48, 105, 155, 161, 204,

271, 272

property, 23

service, general, 157

Workshops' budget, 266














