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PART 1.

COST KEEPING IN GENERAL.
THE FUNDAMENTALS OF COST EEEPING.

Definition.—Cost keeping in a aystem for recording the cost of
each unit of product or division of work in order to facilitate com-
parison of such costs with cost of other similar unite or divisions
_under like conditions. Cost keeping analyzes each unit of product or
work to determine the reasonableness or unreasonableness of the
cost, and also o secure an intelligent basis for pmdlctmg the cost
of producing similar units in future.

Lack of cost records.~—Tha Office of Public Roads and Rural Engi--
neering, jn an extensive investigation of highway management, both
by the State highway departments and by s large number of indi-
vidusl counties and townships, brought out, among other condi-
tions, the very general absence of cost keeping. Few examples of
practical and efficient cost keeping were found in operation, and
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these werér mnﬁneci fa.rgely t.o the State highway departments.
Only in rare instances were cost-kseeping systems found in counties
or townships. This condition is due largely to the notable scarcity
of information aveilable on the subject of highway cost keeping, s
practically all textbooks on cost keeping have been prepared from
the viewpoint of factory mansgement and are not readily adaptable
to highway work. Furthermors, the usefulness of highway cost
data has not yet been generally appreciated by public officials.

Purpose of the builetin.—The purpose of this publication is to pre-
sent, first, in an elementary way the principles which govern cost
keeping; second, a practicable application of those principles to
highway work.

Development of cost systems.—Cost keeping waz developed in the
menufacturing industries. To Charles Babbage has been conceded
the honor of having first called the attention of the manufecturing
world to ite desivability, in 1832, in hia publication entitled “The
Economy of Manufacture.,” Half a contury elapsed, however,
before factory managers, forced by relentless competition to elimi-
nate waste and incompetency from their factories, began to intro-
duce systems of cost keeping.

Since 1000 the use of cost keeping in manufactunn.g industriea
bas developed steadily, During this period of development prin-
ciples regarded as basic have been established. While cost keeping
for highway work is of comparatively mecent origin, it is based upon
factory cost keeping, and the seme principles govern.

COST ELEMENTS.

The term *“cost,” as generally interpreted and as used in this bul-
letin, i the summation of expenditures expressed in terms of money
involved to acquire or produce & utility or to perform a service.

The coat of avery unit of product, whether it be & aquare yard of
road surface maintsined, or a cubic yard of concrete which is a part
of & bridge or culvert, is composed of four basic elements of expense,
namely:

(1) The eost of labor.

(2) The cost of materials.

(3) The cost of service of plant and equipment.
(4) The cost of general expense or overhead.

LABOR.

The costs of labor are divided into two classes; first, direct
labor cost; and, second, indirect labor cosi. ATl labor chargeable
against the product which can be designated as directly expended
on it is called direct labor. All labor chargesble sgeinst production
and not directly expended on the product is called indirect labor.
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For example, the cost of men using picks and shovels on exeavation

who are directly expending their efforts on that piece of work is a
direct labor charge.. A superintendent in charge of a road job is not
directly expending labor on excavation, but is engaged in directing
the prosecution of all kinds of work and his expense is an indirect
labor charge, chargeable pro rats ageinst the production of all the
work units he may be supervising, Other examples of indirect labor
are the services of watchmen, timekeepers, and weter boys.

MATERIALA,

Materials also are divided into two similar classes-—direct and indi-
rect. All materials entering the product as an integral part of its com-
position are called direct materials, All materials chargeable against
the production but which do not enter directly into the product

.8 an integral part of it are ealled indirect or expense materials or

sometimea supplies, The ecemens, stone, and sand that are mixed
together to form the concrete of which & concrete road is constructed
are all direct materials, but the il used for lubricating and the gaso-
line for operating the mixer in which these materials are prepared
for use are indirect materials or supplies. It is easy to charge
direct material cost, but often it is very difficult to charge to each
product ita correct share of indirect material cost.

Small, or hand, tools not used 88 a part of some plant unit &nd
which have such & short period of usefulness that' they are seldom

used on more than one job, usually are considered supplies and

therefors are part of the indirect materials charged to the work.

PLANT AND EQUIFMENT.

"Plant” mecludes such physical property used on the work as
land, structures, machinery, live stock, and teols of a more perma-
nent charscter than those referred to as supplies, * Equipment”
is & less mclusive term and is intorpreted generally to mean the
smaller and especially the movable plant unita. The cost of the
service of “‘plant” can be charged most readily in the form of a
daily rental against the work upon which it is used; This rental

‘should be charged whether the equipment be owned by the operat-
'mg organization or lea.sed,ﬁmn other owners. It consists of *‘operat-

ing charges,” which are—

(#) The expense of operatlon,

{8) The average cost of repma,

{¢} Charges for the time spent in 1d.lenew,
and ‘‘fixed charges,” which are—

{d) Charges for depreciation,

{¢) Intareat,

(f) Taxes,

{g) Insurance,
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The expense of operation.—This includes the wages of operators
and helpers and the cost of supplies during the pericds of operation.
Usually these are charged directly against the work done and not
included in the plent rental. It is only necessary that they be
charged in one place or the other, and it is important to specify
what is included in rental when leasing equipment.

The average cost of repairs,—There is a difference of opinion among
cost acoountants as to how repairs and renewals to plant should
be charged. One view is that remewals may be of such a nature
that the useful Life of the machine has been increased and therefore
the expemse of such renewals should be looked upon as an offset to
depreciation. Another view is that there is no difference between
repairs and renewals, except in degree, and that they all should be
considered in the same light; i. e, independemt of depreciation
charges. It appedrs that the latter consideration permiis simpler
accounting and does not rely so much upon individual judgment as
to whether the expenditure is for repairs or for renewals,

After 'a machine has been rebuilt or repaired extensively with the
intention of ncreasing its serviceable life, it should be considered
as 8 piece of new equipment vatued at its depreciated value, plus the
cost of renewals. This necessitates the computing of a new rate
of depreciation on the basts of the new valve and assumed new
useful Jife, . :

The approximate average cost of repairs, including extracrdinary
repairs, often can be arrived at by cssting up old sccounts and
findmg what a similar piece of machinery used on similar work has
cost for repairs over a torm of years,

Charges for time gpent in idlensss.—To arrive at a fair and equitable
daily charge for rentsl some sllowanee must be made for time spent
in idleness, because on these days the fixed charges still are con-
tinuing and certain supplies ara necessary even though the machine
be not in operation. The usual way of arriving at the charge for
lost time through idlensss js to bring together all of the charges
for a year and divide thera by the number of days the machine
actually was in use. By dividing the sum total of expense by the
number of days the machine was available for use even though ne
work existed on which it could be'used, the result would be a daily
rental with no allowance for lost time. The difference between
these two rentals will show what & considerable factor in the fixed
chargea this item of lost éime may become, In all contracts or agroe-
menta on rental of equipment care should be taken to specifly whether
the rental is “‘per day” or *‘per day of service,”

Charges for depreciation.—Equipment is consumed in production
just as truly as material. This loss is called natursl depreciation.
Depreciation may be either natural or functional. “All equipment
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progresses steadily toward the scrap pile, starting the date it is pur-
chased, and while ita progress may be delayed it can not be prevented
by repairs.”” ' It is as much an expense on & steam roller as the
cost of fuel burned in the fira box. In the case of fuel the expense
is immediate ; in the case of depreciation the expense is extended over
a period of time. Functional depreciation is loss due to the obsoles-
cence or inadequacy of equipment.

There is no doubt in the minds of cost accountants that deprecia-
tion of plent and equipment ghould be included as & charge sgainst
operation, but there is considerable difference of opinion as to how
depreciation should be computed.

Three {actors determine in all cases what the depreciation should be:
First, the original cost; second, the length of useful life; and third,
the scrap value of the machine when it no longer ean be used for the
purpose for which it was purchased, or the salvage value, if it is to be
considered as a “second-hand’’ piece of equipment. XKnowing these
factors, the problem resolves itself into how to divide the difference
between the original cost and the scrap or salvage value (called total
depreciation or wearing value) over the length of the useful life of the
-machine. A number of formulas have been devised for computing
decrease in value or depreciation. Fish, in his textbook on * Engi-
- neering Economics,"” explaing five such formulas, Three of the more
commonly used are the siraight line, the declining balance, and the
sinking fund.

The first is recommended sa the simplest and perhaps best mathod
for rond work. By this method the taotal depreciation is divided by
the number of years of useful life and the quotient charged off as a
yoarly depreciation. This is called the straight-line method, sad its
greateat advantage is its extreme simplicity.

The second method, a modification of the straight-line method,
is called the declining balance method. It is based on the theory that
during the earlier years of the life of any machine the repairs are
smallest, and therefore to arrive at a constant charge for repairs and
depreciation, the depreciation must be heaviest in the earlier years of
the life of the machine and lightest in the last. The plan, therefore,
is to charge off a fixed percentage annually from the net value of the
machine. This gives a diminishing annual charge for depreciation. In
the comparative tsbla {p. 6)this annusl rate is about 30 per cent. This

is determined by the formula r=1 —{/‘T' in which r is the percentage

of diminishing value, » the life of the eguipment in years, v, the
original value, and v, the scrap value.

1 Modwn Ascoanting, by H. R. Eatdokd.
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The third method is called the sinking-fund method. It is based
on the sssumption that the depreciation on a structure at any time
is equal to the accumulations of a sinking fund esteblished for renewal
at the end of its useful life. The depreciated value plus this sinking
fund (actual or imaginary} at any period equals the original cost.

COMPARISON OF DEPRECIATION FORMULAS

DEPREGIATION

HALUE OF INVESTMENT

B USEFUL LIFE IN YEARS
a1,

It should be observed that none of these formulas takes into con-
gideration interest on investment, ovtput, cost of operation, or main-
tenance charges, Figure 1 gives a graphic comparison of the ahove
formulss. ' .

The following table is & comparison of the annual depreciation on
a $600 machine that has an assumed useful life of five years. It also
ig assumed that at the end of this period it will have & scrap value of
$100. The annual depreciation is computed by the three formulas
described: '

Comparison of three medhods of computing deprecialion.

B|EEesk
EZREA

B
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The theory of natural depreciation, epitomized, is that all equipment,
even if kept in the best of repsir, in time will reach a state where re-
peirs no longer are sufficient to keep it in econcmical working condi-
tion and the entire machine must be renewad. The fund created by
the depreciation charges is intended to supply the money to purchase
a new machine to take the place of the one expended, or to retire
the original investment in case the machine no longer is nesded.

Any of the depreciation formulas is satisfactory in determining
rental charges, provided the asswmed lifs of ihe machine be approxi-
mately correct. As the assumption of the wseful life of the machine
may ba the source of considerabls error, there seams o be little argn-
ment for the finer calculaticns ns to methods of distributing the
depreciation.

It will be found convenient in computing depreciaticn to group
slements of the plant having approximately the same serviceabls life.
This will have the advantages of requiring fewer sccounts and tending
to equalize high and low assumed machine life.

Ropairs and renewals are charges due to breakage or the wearing
out of expendable parts of equipment. It is cbviously incorrect to
charge to repairs or renewals any improvemants or betterments addad
to any piace of equipment. . When such improvements have been
made the cost should be added to the present wvalus of the
machins and a new depreciation computed upon thie new value.
An exaraple of such & case would be the addition of 8 conveyor to an
old stone crusher for the purpose of doing away with shovelars. The
The improvement is not & repsir of any broken parts or & renewsl of
any part worn out by the continual use of the machine; it is & new
feature which adds to the value of the crusher. A rebuilt second-
hand maching may ba considerad in the same light.

Interest, tazes, and insurance.—Interest should be charged on the
investment at the rate paid or the prevailing rats, whera thers is no
indebtednesa,

Taxes, aa paid, should ba chargad in the rentel rate,

Insurance should be charged either na paid or at the prevailing rates
if the organization carries ils own risk,

Fixed charges are discussed further on page 9. A table of plant
rental is included in the Appendix.

GENERAL BEXPENSES.

Ths fourth element of cost is general expensa, Tt often is callsd
“overhead" or “burden,” terms derived from factery cost keapmg,
the usa of which in h:ghwa.mt keaping is not recommended.

General expensa includes 21l chatges that can not be connected
directly with the cost of labor, material, and plant. For convenience
in accounting and for the purposa of securing & desirable division of
road cost, general expense will be-considerad as divided into two



