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'LITRODUCTION
To plan a logging 6peration in an efficient manner, it

is necessary to have information régarding the area to be
operated and the equiment which will be used on the operation,
In a great meny ceses, information regarding the area and
equipment is very sketchy and experience is ?elied on to take
the place of the information that is lacking. In the days when
a large margin existed between the sale value of the product
and the cost of production, it was not necessary to carry out
comprehensive estimates since there was always a lgrge factor
of safety as a cushion against unanticipated costs. The day

is fast apnroaching, however, when stunpage orices will leave

2 profit margin which will not Wit@stand any but ﬁinor under=-
estimations of ¢bsts of production. In preparation for this
dayland as a means of increasing present »profits through cor-
rect plamning, the wise operator will commence assembling as
much data, on costs and production times, as circumstances
permit. |

The important elements in.the accomplishment of work in

any industry are time and cost, Actually these are one and the
same thlng, since time through the medlum of the machlne rate
leads directly to cost. In the logging 1ndustry, the @#lement of

3

time, although considered important in p}pnnlng the operation
as a whole, is often neglected in the sp?lelC instances in
‘Which‘it_haé the greatest effect on cost. Great care may be
ekerciéed, f@r example, to ensure that sufficient trucks are
evailable to complete a trucking operation by a certain date,
while the fact that each truck épgnds a2 half hoqr a trip cover-

ing a mile of illvprepated tap road, is ignored..That;half hour
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per trip lost, due to an insufficient expenditure in fixed costsy
may be Faising the cost of trucking, vper sale unit, by twenty
percent, Whereas, the cost ol extension of the trucking period,
prorated over the entire wvolune moved! would cause an insig-
nificent rise in the cost of trucking. The cost per day of
running the operation is a well developed figgre and increasing
the period of operations is a recognized cost. On the other_
hand, the delays which really cost money ére often neglected,

It is with the hone of developing some practical means of
collecting time and.cost of production figures, that this paper
has been undertaken, ?hg orincinsles of "Cost Control in the
Logging Industry" by‘D.y;Hatthews aré the bapes for the examples
of the use of cost dat§. The suggegted forms have been deviged
with the aim of producing, with a minimum of effort, the data
required to apply the techniques of the above mentioned text,

To be of use on other operations, costs from current :
operations must be expressed as "unit costs"™ or "unit times."
Unit times in this case being distinguished from operation
times by the fact ?hat unit times refer to the components of
the operation time, Skidding, for instance, is one of thé major
operations'in logginé: and the average time per sale unit for
skidding, for ?he'whole operation may be considered as an
operation time, In skidding with a tractor, however; part of
this average operation time will be spent in hookingvon'to,the
logs ana part in moving with the logs.through the woods. The
hook on ?ﬁne and the travel time are the unit times\referred
to above., An operation time does not lend itself readily to use

in planning future operations, where ground and stand conditions
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will almost surely e quite different from conditions on the
area on which the operation time was observed., Unit times on
the other hand can be collected more easily and can be readily
used in planning future bperations as well as in determining
the efficiency of current operations,

Current accpunting methods will usually give accurate
information on costs of production but these figures are avail-
able only after the operation has been completed and it is then
usuaily too late to make the alterations iq planning that the
recorded costs would indicate as desirable. 3By the use of unit
times and machine rates, costs of current operations are always
available and hence current p}anning’may be done in the 1ight of
what is happening at the time. The estimate of cost using unit
costs will not have the accurzcy of the detailed accounts. This
gacrifice of accuracy, however, is more than offset by the ad-
vantage of having thg information available when operating plans

are being formulated,

A Classification of Logging Costse.

- There ig a Wide.nariety 6f coéts involved in the produc-
tion of logs. These eosts, nowever, may be segregated into
groups, éll'the costs of a group having the same general char-
adﬁeristics. A broad outline of these cﬁaracteristics is as
follows: .

' Class "A" Costs. Direct labor end machine costs which
vary with the size of the tree, 1Included in this group are:
felling and bucking,‘skidding, loading and hauling. ]

Class "B" Costs. Costs which are constant per sale unit.
Such items as gupervision, assdciation dues!;workman's com-
.pensation,~etc., are included in this class. Piece rates for felling

and bucking, although often considered to be in this class, should
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rightly be included in the Class A costs since analysis shows
that the felling and bucking cost should vary inversely with
the size of the timber.

Class "C" Costs., Fixed and Overhead Costs. In this category
fall such costs as improvements, office saleries and cruising.

Folldwing are two general statements concerning the above
costs, which, if considered carefully by managers, would cause
many of them to remodel their operations.

1, Class C costs should be incurred with only one aim, namely
that of reducing Class A and B costs by an amount equal to,
or greater than, the expenditure in the Class C category. The
converse of this statement is probably the most significant in
the practice of cost ®ontrol, an insufficient expenditure in
the cless C category almost surely results in excessive Class
A and B costs.

2. In calculating an economic diameter cutting limit it
is the sum of the Class A and B costs which should be compared
with the valﬁe of the logs. dvery sale unit that is moved, is
charged directly with the A and B costs and its wvalue must cover

these costs or it is being logged at a loss.

Relative Value of Direct and Indirect Time 3tudies.
(1) Direct Timing. |
T@e usual procedure in meking a time study consists of
taking stop watch observations of all of the principal time
elements of the logging operation and of measurting the amount
of work performed in terms of volume produced and distance

transported. This direct measurement has three major disadvant-

ages:
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a. The presence of a timer on a job tends to introduce
2bnormal working conditions which will almost surely affect .
the rate at which the work prbgresses.

b. The tendency in stop watch timing is to be content
withh too smell a2 semple.

Ce Direct.measurement of this kind is costly and will
usuelly be discontinued as soon as figures, deemed reasonably
accurate, have been obtained,

(2) Indirect Tinming.

This method involves observation of total time and total
production from which average times per sale unit may be
easily ca}culated. These average times are the "operation
times" referred to on page 2 and in this form , are not readily
applicable to other situations. However, from previously
established trends of costs or unit costs these averages may
be used to estimate future costs or check the accuracy of unit
costs in current use. These averages are much more eagily and
cheaply acquired than by the detailed direct timing method,
and once.standardized, the studies can be set up to operate
indefinitely without special supervision. This method, however,
is limited in useful application and has the following
disadvantages: |

a. It must occasionally be supplemented by stop watch
timing as it cannot be applied to the collection of data in
all elements of the logging operation.

b. It is apt to be somewhat slower because, conclusive
results can only be obtained on camﬁletion of the element of

operation under consideration.
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| SECTION 1
kachine Rates.

3ince frecuent reference to machine rates will be made in‘
the ensuing discussion, consideration will be given here to
the nature of machine rates, and some methods of obtaining
then.

The machine rate of a given piece of equigment méy~be
described as the cost of owning and operating that equipment
for a unit of time, usually expressed onca per hour or per
minute basis. The ownership costs may be considered fixed
costs independent of the amount of operating time., Operating
cost as the néme implies, includes the costs incurred as a
result of operation. |

The machine rate is one of the most important factors 
in the planning of almost any element of the logging operation
ags it is the basis of all cost control formlas. Accordingly
care should be taken to obtain as éccurate machine r§tes as
possible. Fixed charges are the easiest to collect, since
some record can usually be found of such expenditures as,
iniﬁial cost, insurance charges, license cost, etc., for
individuel pieces of equipment. The~operating charges, however,
are almost never recorded separately for different pieces of
equipment. Therefore, estimates by those men associated with
the operation of the équipment, may have to be accepted, until
accurate informationccan be assembled. ..n. oI The

All of the costs involved in getting a piece of eqdipment
into operation and keepiqg it in operation, should be included
in the machine rate. For instance, in the discussion on'road

construction costs on pages 82 and 86, standard construction

times using various pieces of equiment are set up. In estimating
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the total cost of road building using these standard times,
machine rates must be set to cover every expense involved. The
macnine rate for labor must carry not only wages but also cost}
of food (if not covered by board charges), depreciation on
small tools etc. Also,when ~Hhk#' a temporary camp is used and
frequent noves are made, tihe machine rate must include the cost
of moving.

uxemples of comprehensive machine rate development for
e. team and D-2 tractor are given on pages 8,9 and 10,

In order to provide some method oi collection of opefating
costs Form 1 has been devised. As presented,the form lends
itself more readily to use with a tractor than with any other
type of equipment. By changing the headings, however, the same
type of form could be used for horses or trucks. Bach quarter,
the totals for the three months in that quarter are posted
from Form 1 to Form 2 and on this form the quarterly machin§
rates are calculated. (Forms 1 and 2 are presented on pages

11 and 12)

Explanation of Forms.l and 2

Bntries in Form 1 should be made by the camp clefk %ram
information provided by the tractor operator. This information
may be cohveyed by means of supply slips on which the maéhine
operator denotes the quantity of supplies taken and the
machine for which they were used. Theioperating time is recopded
for use in Form 2. The operating charges of the quarter are
prorated over the hours worked by dividing by the total
operating time for the quarter. By récording:maintenance time,

it is possible to attribute,to the equipment making most use
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ACHING RATS FOR T3Al.
1. Labor | | Per 8 hr. day

A, Teamster @ 60 cents per hour Hlus 22% for
Jorkman's. Compensation, Social Security, etc. § 5.86

B. Barn Boss, $75 per month plus Workman's Com-
pensation and Social Security, »prorated over
10 teams and on 230 work days per year. 0.48

C. Blacksmith, $130 per month plus Vorkman's
Compensa.tlon and ooclal Security. 230 work
days per year, 30% charged to teams. : 0.25
Total Labor Charge $ 6.59

2. Operating Cost

20 1lbs. oats @ 3 cents & 0460
50 1lbs. hay @ 2 cents - 2.00
5 1.60

Cost per day assuming 230 ooeratlng days per

year. xl,eosgc 385 $ 2.55

3. Depreciation, Liaintenance etc..

A. .Initié.l cost, team and harness % 566
Trade in value in 5 years 100
Amount to be depreciated & 266
B. Average annual depreciation 2 466‘ = $93.20
5 year life _

C. Interest on average investment, @ 6%
Average investment %ﬁ+m.2Dé2.

=$566+2100 + ggsz,,zo
=£379,60 x 0.06 = $22.70

D. Allowance for Taxes and Insurance or )
other provision for risk.4% of $379.60 $15,18

E. Average annual repairs to harness & teem $20.00
F. Average Annmual Depreciation and Interest
on Barns and Stables ‘ g 9.40
Total annual depreciation etc. $160,

G. Average daily charge for depreciation etc;$.3;%%3_4_8..°'70

Average cost per day - EQ;BE
Hourly HMachine Rate 23'—8—43 - $1.23
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MACHIILS RATE FOR D=2 TRACTOR

1. ZLabor Per 8 hr. day

A. Operator @ 75 cents per hour, plus

229 for Social Security etc. $ 7.32
B. Hooker @ 60 cents per hour, plus 22%

for Social Security etc. & 5.85
C. lMechanic and Blacksmith time prorated to

one tractor. $ 1.50

. Total $14.67

- 2. Supplies .
A, Diesel fuel, 8.7 gal. @ 10.5 cents $ 0.92

B. Gasoline 0,7 gal. per day @ 16.9 cents = .12
C. Iubricating oil, 0.47 gal. @ 71 cents e 33 .
D. Grease, 3.22 lbs. @ 17 cents «55 $ 1.92

3. Depreciation and miscellaneous recurrent expenses

A. Annual depreciation,

Initial cost of tractor $2,154,00
Hyster Winch 500.00
Ceble, 100 ' of 5/3" - 18.60
Tong rack 18.60
2 Skidding tongs and chains 20.00
Total initial investment $2,711.20
Total Initial Investment $2,711.20
Trade-in value after 3 years 800.00
Amount to be depreciated $1,911,20
Average annual depreciation
$1,911, 20 = $ 637.07
.3 yrs .

B. Interest on average inveahment @ 6%
Average investment «

$2,711.20 + $800 . $637.07
P — 2

= ¥2,074,14 x 0.06 - $ 124.45
C. Average annual personal property
tax 2% $2,074.14 x 0,02 $ 41.48
D. Average annual insurance 2%
$2,074.14 x 0.02 $& 41.48
E. Average annual repair charges $_500.00

Total Annual Fixed Charges$l, 344.48
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Average fixed charges ver dzy based on 230.

work days per year.

230
Total average cost per day.

Labor

Supplies

Depreciation ete.

Average éost per day

-r . - 5 22 44 ~—
i it P o=

$1,344.48 _

$2.80

514,67
1.92

5,84

$22.44

$ 5.84
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of it , the cost of maintaining a mechanic or garage.staff.
In the example of machine rate for D-2 tractor, the kechanic
and Blacizsmith time were prorated, assuming that each tractor
had the same charge ageainst it. This practice fails to bring
to light those pieces of equipment, which, through high
maintenance cost are no longer economical to operate and
should be replaced.

The fixed charges recorded in Form 2 are normally
identical for each year, hence the fixed portion of the
machine rate is constant and may be recorded as a total. The
form may be expanééd to include any nimber of years of
useful life,and for the sake of easy dqmparison of machine
rates at different ages, it is recommended that the entire
life be recordéd on one page.

If calculated by the method describved, the machine rate
wiil vary for each quarter and each year depending on the
length of time worked and the expenées incurred. This does
not mean that, for equipmeﬁt of different ages and in different
gseagsons of the year, different machine rates should be uéed
in the planning of operations. The system is suggested as a
means of collecting the data reQuired to build up a reliable
average machine rate for each type of equipment and at the
seme time provide a reliable check on the efficiency of the
current operation of the equijpment.

The use of this form in determining the advisability of
retaihing a machine for an additional &ear, as compared with
replacing it now with a new machine, is illustrated as follows:
Assuning thet, from records of a certain tractor over two

years of operation and from records of previous tractors over
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longer periods, the following data heas been assembled.‘

Present age,2 years

Initial cost $3,000,00

Present trade in value $1,000.00

Annual cost of insurance and_taies $ 120.00

Trade in value one.year'hence $500.00

Operating charges lst year $500.00

el 2nd year 1,000.00

3rd year 1,500.00

Interest on the investment to be calculated at 6%
In view of the rapidly mounting.operatihg'costs due to high
meintenance charges the wisdom of retaining the tractor for
the third year, is questioned. The following comparative
anmual cost ealculations illustrate a method of deciding thé'
question in the light of the costs involved. \

If acquiring a new tractor'wogld be more economical at
this time it would also‘be more economical to replace the
tractor every £W0'years. Accordingly, for the new tractor the
depreciation is calculated on the basis of a two year useful
life. o

Comparative annual cost of acquiring a new tractor.

Capital Recovery: & ‘
Deprecistion ¥2 °°°2 yrg 000 $1,000.00

Interest on average investment,

(5 2000 £ $1,000 ) + $1,000 ooo .06 = 150,00

Insurance and Taxes . | 120.00

Average annual operating costs $:2.756,00

Total Annual Cost - $2, 820.00
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Comparative annual cost of retaining old tractor another year.

Capital Recovery:

Depreciation; $1,000 =~ $500 = $ 500,00
Interest on average investment, .

$1,000 x 0.06 = 60,00

Insurance and taxes R 120.00

Operating costs 1,500,00

Total Annual Cost $2,180.00

From the above calaulations it is evident that replacement
at the end of two years of operation would be slightly more
economical} Since the margin in this cése is not great, the
machine would probably be retained for the additional year., If
the operating costs increased in the fourth year to the amount
indicated by the trend, it would certainly be more economical
to replace the tractor afteriikhree years of operation. Withoﬁt
records of operating costs including maintenance, the replace-
ment of the tractor would rely on hunch and the possibility of
saving money.by replacement in the second or third years might

well be overlooked.

Truck lachine Rates.

The example of a truck machine rate on page 16 illustrates
the main differences between truck machine rates and tractor
or tewm : machine rates.

The distinction ﬁetween fixed and opgrating costs in
truck.méchine rates is of more significance than in tractors
or teaﬁs. While under pay, tractors, teams and stationary
equipment like loaders are presumed to be actually operating.
For trucks, however, the situation is different in that

during loading and unloading time, alﬁhough drivers wages,
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LAXE STATES REGION

JIACEITE RATE FOR (CE and OUE-HALR TOIT TRUCK
(Based on 2000 Hour Year and 3 Year Llfe)

Xed Cogt per Hour
License and Insurance {Llichigan data)

Registration $55,00

Public liability:

$50,000,/100,000 plus $25,000 ,
Properu¥ Demage 52420

Collision ($50 Deductlble) 40.00
Fire and Theft 32400
$179420 ¢ 2000 hours = $0.090
eciatio
Original cost $1,800.00
Less tires 300200
*
: 1§500.00
Less wrecking wvalue '200!00 . .
To be depreciated $19300,00 ¢ 6000 hours = 0.216
Lebor (liichigan data) '
Drivers! wages (plus 10% overtlme) 0.880
Helpers! wages " : 0,770
Social security, workmen's e
compensation, etc., at 217 . 0,347
i ' Total Fixed Cost per Hour $2.303
hua&a_s,gea_.n_:.ﬁana , | ,
| 0il at $0,30 per gts - 10°gts. every 50 hours 0.06
f Repairs - average of $400.00 per year 0.20
Greasing and general maintenance 0.04
Fuel (average) - 0440
Tires - $300,00 ,cl,oo hours , 0930
Total Operating Cost per Hour | 1,00

Hauling Cost per Hour R - $3.30
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depreciation, etc., are going on, the truck engine is not
running and no oﬁerating charges are being incurred. The
charge against a truck while it is being loaded or unloaded,
then, is the fixed charge only. While the truck is hauling and
the engine is actually rumning the fixed qost and operating
cost are summed up into the hauling cost.

The cost of tires, which require replacement at frequent
intervals, should be deducted from the initial investment
before depreciation is estimated. Depreciation on tires is
more truly an operating charge than a straight fixed deprecia~
tion charge. Accordingly, the cost of tires when removed from
the initial cost is »placed in the operating charge category.

The roads over which the trucks operate will have a great
effect on the length of life of the tires. In »ractice, it
will rarely be possible to keep an accurate record of the
mileage that a tire sustains on various road standards. If
and when the opportunity oresents itself, however, it would
be a definite advantage to acquire such information, thereby

increasing the accuracy of the machine rate.
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SLCTION 2
FulLING AND BUCIING

e ———————

' Generél.

Felling and bucking is the work involved in the conver-
sion of standing trees into logs or pulpwood. This conversion
process can be analyzed into a large mumber of distinct steps,
and cost estimates made of each, Delay time in walking between
trees, undercut time, felling time, limbing time and bucking
time are components of the total time required to convert the
gtanding timber into logs or pulpwood. Time studies have been
made of each of these actions separately and such studies used
in developing new methods and new equipment for the conversion
process. The use of these times in estimating.the cost of
future operations has not been widely practiced, however, due
to the variations in labor efficiency and stand conditions
which meske impossible the application of actual times.

The cost of felling and bucking does not have any effect
- on planning a logging operatiqn. Naturally, it is important in
calculating the total cost of the logs, but the selection of‘
equipment, spacing of spur roads, standards of all roads, efc.

will not be modified by the cost of felling and bucking.

Felling and Bucking Logs.

For ﬁse in estimating the cost of felling and buckiné'in
proposed operations, a comprehensive-study'should be made of
felling and bucking times Dby d;ameter classes. Times should be
classified by species and locality, since considerable varia-
tion will exist between species, especiélly between the haré

and soft woods. Labor efficiency and methods may vary in
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different locelities, accdrdingly, classification by locality
is necessary.

This comprenensive study should be conducted on a wide
range of conditions and over a great many d&ifferent operations.
afficient crews should be used as the basis fof the studies.
Jhen completed the data will serve to establish, not actual
times, but a trend of times, for use in future operations.

The data réquired to establish trends are the actual time of
felling, limbing and bucking; for all diameter classes that
are likely to be encountered.

. This comprehensive study may be quite expensive to make,
since a fairly large quantity of sampling may have to be done
to establish figures of desiraple accuracy. However, once
this work has been completed it can be used until a major
change in felling_and bucking methods makés the data obsolete.
Time collection may be combined with the collection of data
for volume tables, in which case a form similar to that

represented on page 20 might be useful.

Use of Form 3.

| The headings listed are required for the following
reasons:
.Species and D.B.H.~- The bases of classification for both
volume tables and time studies are species and d.b.h.
Total Length- This entry is added for use in volume table
construction. |
Log Diameters - The diameters of the logs producéd from the
tree will be necessary in calculating the board feet of

lumber in the tree, for use in both the volume table and
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form -3 '/'-:-//inj ond Bechking ime /?;eoraf '
' Log FPocdvction.
Dote .... ... ... Recorder..... . ...
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timing study.
Felling Time - All times in this study should be taken with
a stop watch. The felling time would be a measure of the time
actually spent in felling, no delay or idle time being included.
The seme principle applies to limbing and bucking time., Where
there is any possibility that logging may be done in tree
lengths, the limbing and bucking time should be recorded
éeparately. The trend for felling and limbing may be siightly
different than where bucking is included.
Topograéhy and TeXXain - Under topography and terrain should
be recorded the slope, if any, upon which the tree is growing
and the brush, windfalls or other interferences which might
influense the production time.
The remarks column should cover exception to normal conditions
such as condition of tools, which might affect the efficiency

of the felling Crev.

Presentation of the Data.

The following schedule illustrates the results of some
religble time studies taken in Souih Cerolina on the felling
and bucking of southern pine. The trend shown here may or may
not be applicable to different spécies in different localities.
At any rate, before,theée or similar datae are applied to other

'stands, they should be carefully checked.
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Felling and Bucking Time Per M bd. ft.

Southern Pine in South Carolinsa

D.B.H. Men Hours
inches. per M bd. ft,
10 5,12
12 4,45
14 3465
16 3.15
18 2.70
20 2437
P 2.17
24 2410
26 2.18
28 . 2.36

Use of the Data in Determining Cost of Félling and Bucking
in Other Stands.

The opportunity of management to exclude from the cut,
those diameter classes which would be logged.at a lossé
represents the only justification for spending money on the
collection of felling and bucking cost data of this kind.
Having set up the basic times as indicated above, the next
" step in applying that data to the proposed cut, is to provide
a relisble stand table of the area to be cut, with volume
distribution by diameter classes. A small area of about 10
acres, which represents cdnditions on the.entire cutting
area, should be cut. From this samplg cut, total volume and
total cutting time only, need be recorded. These data can be
obtained from scale and time sheets and collection in this |
cage is exceptionally cheap and easy, & good example of
indirect timing. From total time and totai cut the average
time per M hd.ft. is obtained, with this average fime, the
table of stand composition by d.b.h., classes, machine rate
pér hour of the cutters and the trend of times previously sét

up, the cost of felling'and bucking by d.b.h. classes can be
established. The following exsmple illustrates the method,.
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Illustration of the Method of Adapting Basic Produc’clon Data
to a Specifiec Productlon Situation.

1 2 3 4 5 6 ‘ Vi 8

Vol. % Vol. Bagic Data Relative % of time Time to

DBH per in Produc- Time  time for contributed produce

acre each tion in % prod. of by each 11 bd.
ft. d.b.hh. time of timber class ft. of
b.m. class  per time in each (entr:.es timber

M bd.ft for class col.6 ¢ of each
hrs., 10" (Col.3 x sum col 6) size
class Col.5) class

(6.24 nr,

% ¢0l,5)
10 248 .0486 5.12 1.00 0486 .076 624
12 831 «1162 4,45 87 +1010 158 5.43
.14 1694 2366 3.65 o713 « 1690 «263 4,45
16 1800 «2514 3e15 «615 .1548 a241 3.84
18 1032 o 1441 2.70 D28 0761 «119 3430
20 742 «1037 2437 463 0480 075 2.89
22 712 «0994 242D «440 «0438 .068 2.75

lotal 7159 1.00 6413 1.00

\

From observations made én e smell sample cut the ‘a.verage
felling and bucking time for this stand has been determined
as 4 hours per M bd.ft. when cutting all timber 10% d.b.h. and
up.
To calculate time for 10" class alone:

64.13% of the time to produce 10" timber is 4 hrs

.6413
= 6.24 hrs.

100%,or,the time t6 produce 10" timber is ———----Z----——f—--4 hrs, x 1,00

Alternative calculations
_4.86% of the total volume or 48.6 bd.ft. of each ¥ cut in
the stand requires 7.6% of the average time of 4 hrs. therefore

1,000 bd.ft. in the 10" class would require '076028?11’,5_-.

X . - 6.24 hrS.
The felling and bucking times from Column 8 can be easily

converted into cobt per M by multiplying by the machine rate
of labor. To the felling and bucking cost by d.b.h. classes
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should be added the cost of skidding, loading and hauling
calculated by cost control methods. This makes the totél of
the Class "A" costs. The Class "B" costs must be added %o this
to give the tqtal anount that the operator is obliged to pay
on every i bd.ft. removed. By compaﬁing’this total to the
selling price of the logs the gross profit or loss by d.b.h.
classes is obtained. The diameter classes which are being
logged at a loss are immediately apparent and plans should be
made to eliminate these classes from‘the.cut. The emount of
the Class "C" costs has no effect on the d.b.h, limit and
should be applied after the economic limit has been set by
the above method.

The pequliar method of weighting used in:the illustration
on page 23, is necessary because fel}ipg'and bucking times,
although they vary‘inyerse;ey'with d.b.h. are not directly
correlated with d.b.h. In other words the average time, with
an average d.b.h. from one stand, may be quite different frqm~
the average time of another stand with the same average d.b.h.
but of different stand composition. | |

Trends, in felling and bucking, are reliable because
methods are fairly well standardized in this class of work.
The saﬁe method of calculeting skidding, loading and hauling.
costs can be used. Trends, however, in these categories are
not so reliable, due to the wide range of methods and variations
in roads (spacing and standard) and equipment. For this reason
é calculation of skidding, loading and hauling costs patterned
on the principles laid down in "Cost Control in the Logging

Industry® is recommended.
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SECTION 3

SKIDDING

It is in the skidding operation that some of the greatest
savings can be made through proper planning. The allocation of
§quigment to skidding distances at which it is most efficient
énd the spacing of roads, where opportunity permits; at their
most economic distance in the light of skldalng cost, are the
main po1nts to De con51dered.

“The "™unit times" ofla skidding operation are the hook-on
-%ime and the travel time, The hook-on or fixed time is constant
per bed. ft. for any glven log size and is quite independent of
the length of skide. The travel or variable time is constant per
M bd: ft. per unit of distance and veries with the lehgth‘of the
Skid, #ith these unit times known for any machine plus average
load and machine raté,bthe_econqmic spacing of rogds,and the
Skidding cost per il bd., ft. are easily calculatéd. | |

CASE PROBLENL

Probvably the best way to demonstrate the advantages of
breaking out fixed and variable time costs and to suggest |
?ethods of improwing cost collection technique, is to 6onsider
‘ﬂﬁ example where no attempt was made to distinguish between.
fixed and variabie time costs.

In a paper presented at the annual méeting of the "Wood-
land Sectibn of the CanadiantPulp and Paper Association,®
Jamary 27-29, 1937, on the subject "Skidding Pulpwood with
Trgctor.and Skidding Pan" the following costs and production

data were presented:



(26)

Expenéés and Operating Data over a Period of Zleven Weeks.

FPunning time
Number of trips to river
‘ A#erage number of trips per week
Maximum skidding distance
Kinimum skidding distance
Average skidding distance
Humber qf'logs delivered to the river
Total f.b.m.

| Labor costs including board

Costs of fuel,lubricating oil,repairs -

Depreciation at $1.00 per hour

Total.cost

629.5 hours
2586 \
244

52 chains

8 cheins

23 chains
37,520
724,231
$850,23
$l54,34

$629,50

§1,634.07

Cost per M bd.ft. exclusive of depreciation §1.39

Cost per M bd.ft. including depreciation $2.25

Lost time
Bad weather
Trouble starting tractor
Tractor laid up for repairs’
Miscellaneous causes

Skidding crew

22 hours

-3 hours

30.5 hours

8 hours

Two men making up loads and fixing chokers

One tractor driver

One helper for tractor driver

Two men for unloading emnd rolling in at dump

Wages
Laborers $40.00 per month plus board

Tractor driver $75.00 per month ?Ius_board

Tractor helper $60.00 per month plus board.
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Timber o
Ninety-year-old Jack pine yielding approxima#ely 4 M bd.ft.
per acre with 3 M bd.ft: ver 7 inches d.b.h.'Logs are
cut in 12 ft. and 16 ft. lengths, with about 80 Z in the
longer length class;'

Equipment . ‘

RD-4 Diesel Ceterpillar tractor and 8 ft. pans,

Operating conditions
The country is slightly rolling with shallow gullies
parellel to the river bank. Grades are short but\rather
steep. The soil is sandy and dry with very little wind-
fall or underbrush. : ‘ 4

cénclusions regarding tractor skidding vs. horse skiddiné
Costs to date indicate that tractors can compete
successfully with horses from distances of 10 to 20
chains and will prOve~cheaper than horse:skidding and .

hauling for distances of from 20 to 50 chains.

This, in summary, is the data presented in the paper.
No doubt the experiment was undertaken in the first place to
- gain some knowledge of the physical difficulties likely to 53
enqountered i@ this type of work as well as its econonic
possibilities. However the statement of costs provides very
~little infqrmation whiéh could be used in pianning future
ope:ations. The fact that skidding Jégk Pine logs of average
d.b.h, of over seven inches, a distahce'of 23 chains using
D-4 tréctor and pan, will cost sbout $2.25_periu bd.ft. is the
6n1y infozmétion useful in future ylahning. There is no

mention of the gpacing of ‘the tractor trails or of their_cost
of comnstruction. Horses were.used for bunching but no mention
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is nzde of average bunching distances. o attempt has been
mede to exosress skidding cost in its component factors of
fixed and variable costs. The fixed time in this case is the
time recuired to winch the load on to the pan, hook-on to it
plus any time svent at the river bank in unhooking the loaded
pan and honking on to the empty pan for return to the woods.
The variable time, for reasonable accuracyswould be the
difference between the total roupd trip time and the fixed tinme
divided by the skidding distance. In this type of experimental
work, a comprehensive breakdown of total skidding time per
turn, as outlined on page 44, could be underiaken to adventage,
not only to obtain an accurate breakdown of total time, but
also as a means of deteéting inefficiencies in the set-up and
thereby determining possibilities of reducing the time cosgts
of the operation without a correspohding increase in expendi-
ture.

The first item to be calculated in this case is a machine
rate for the tractor. The nature of the operation indicates that
on the minimum skidding distaice the crew of two men making up

" loads and fixing chokers would not be capable of keeping zhead
of the practor, or, if such were possible on such short skidd-
ing distances as eight chains, then on the maximum skidding
distance of fifty-two chains there would be a great deal of
idle time for both the loading and unloading crews. The wages
of the entire crew of six men should be considered as part of
the ﬁachine rate of the tractor because, as shown above, the
ground labor expense per unit is no@ constant but varies
directly with the skidding distance.

The machine rate including ground labor, as indicated by
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the information contained in the paper is as follows:
Tractor llachine Rate.

Fixed Charges Per Hou

1 ontloove
Depreciation/ ' $1.00
Operating Charges . .
ts 850400 " . 1.35
Labor costs TS0 hrs. - - .

$154234 = .246

Supnnlies and repairs
. 62940 hrs,

Cost of pan.

lfaterial $60.00
Labor : 20400
Total Cost _ $80,00 per pan

Depreciation on 3 pans per hour

3280 2 382
629 4D m
Machine rate per hour $2.98

lfachine rate per minute %%ﬁ = 4.96¢

A more detailed machine rate could be drawn up if
AQcurate 1:ecords showing the various items of expense, were
&vailable. In organizing work of this nature care should be
taken ‘f;o keep explicit records of all items oi_‘ expense
Connected with the operation of the equipment. It is probable
thet only a portion oi.‘ the cost of the pans would be depi'ecia-

%ed on this operation. If so, the machine rate would be slight-

1y reduced.
The Machine Rate _Exc;luding Ground Labor.
Calculation of the portion of the machine rate chargeable

4 The depreciation charge is rather high indicating fhat
interest, insurance and taxes are probebly included.



(30)

3

as ground labor,

Ground lzbor 4 men @ $40.00 . $160.00
_ . Operator @ $'75.00 :

'r * o :

Nechine lebor: poioer @ $560.00 135,00
Total labor charge per month $295.00
Ground labor charge -~ $160400

Total labor charge = 295,00

Let uwxXw equal.ground labor charge for the entire operation

. . £160500
E50.25 - %295.00

M—— -
X 295 @462.00 . .

Ground labor cost per minute ¥462400 __~ = 7, 7
P 62045 Tma.x 60 | 1°°¥

ifachine rate including ground labor 4.95¢ ver min.

Ground labor 1,232 " "

lischine rate excluding ground labor 3,72¢ " "
Calculation of Fixed and Variable Time Costse

Since the data, as presented, allow no positive calcula-
%ion of the fixed and variable time per 1 bd. ft., some assump-
tions are necessary. It should be pointed out that a simple
timing of the tractor from the woods to the lending, over a
few days 6f operation, would make possible féirly reliable:
OAJ@u}ations and obviate the necessity of making any assump-
tions. |
. Distances expressed in hundreds of feet rather then
°hains are more readily applicable to use in cost control
fﬁtmﬁlas.4 The skidding distance will, therefore, be expressed
in tnig form.

" The averagé roading distanég for thig operation_is 23

Qhﬁins’or expressed in gstations of 100 ft. equals 15.2 stationa.-
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he average uotal ...:Lme per ura.p, is

. -

-

6”9 5 hrs. = 60 ..
- 5. 560 trips = 14.6 min.

- .
. ——— o]

Assunming that tie tractor is roading " at the raf,e of “one

round trio statioh of 100 féet in 0.%5 nin. 'he fixed trip

.-
-t

time is ecaloulatéd as follows:

" Total round trip time for average trip 14,6 min.,

Va.rleble tme on averuge ’crlp 0.75 x 15' 2 - 11 4 min,

Pixed time per trlp : 3 2 mln.

If this assumeo. roading speed J.s correct, the low fixed

LY
s

time 1nd1cates ee.t efflclenoy in vunohlng the 1oad on to the

l

pan and in uoorc:.ng and ‘unhooX 1ng tne pa.ns. '”‘he fact the:t the

-

lobs are buncaed by horses contrl‘outes grea.’clj in reauolng the

-

fiked time. Oh tuhls ooeratlon the logs were bunched on the

D

tre.c‘tor trails by horses, 1nto bunches of th:.rty to f:.fty loé's.

The sigm.flcanoe of pre-‘bunch:.ng be:.ng ’cha’c, under these
oonaiulons horse s 1o.d1ng cost can 'be oons:.d.ered as a consta.nt

cost per N bca.ft and shoulu not be considered as part of the

.~

machine ra.te of the tra.ctor. it ’ however, the bunch:.nv he.d been

.‘ *4&.

done a5 the sl ida i' progressed, Wlth the o.coonoenymg

. . r

1nefflcn.ent use of the horges on the ’]‘..o‘:{g“{r"actor roadn'r& ot

dlsta.nces, then the mo,chine rate of the horse bunchlng would

- -.....-.a.

have %o be inciude'd in uhe me.chlne rate of the ‘roading ftractor.
Undér thesé c’ondi%ions," tne cost Tor 'bimchihg woixId"Be a

'
- . . -~ . Ve % e e an

. -

-,

function of the roading d'"sta.nce."

3 ‘ ra
“ can LW

“Calcuia.tfon of 'fixeo and. ve.rle.‘ole oost Jer I bo.ft. incIud-

.

Y

ng ground la‘bor cost in the mec 1 e rate-

-

foad per trlpzsg—z—‘-]‘_%s .55 1 ba. Tt. .

Fixed time bér trip 3.2 min.

Fixed time per I ba.ft.~ “-"6?-’—2%- - TT3i4 min:
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Fixed cost per K bd.ft. 11.4 min., @ 4 95 ¢ 57.0¢
Variable time per ‘trlpipelf 100 ft. 0,75 min,
Variable time per M ‘bd,f’c. per 100 ft. 9;‘%35' 2468 nin -
Varisble cost per if bd.ft. per 100 f£t. 2.68 x 4.95 = : 1325,
Fixed and variable costs per I bd.ft. excluding ground

labor from the machine rate of the tractor would be:

Fixed cost per I bd.ft. 1l.4 min. @ 3.75¢ = 42.5 ¢

.

Variable cost per 1 bd.ft. per 100 ft. 2.68 min.@ 3.73¢m 10. 0¢

Calculation of the Actual Total Skidding Cost per L bd.ft.

From the operating data presented it is.noted that the
average skidding distance is 23 chains or 15,2 stations of 100
ft. Since no record is available as to the length of time
:r:equlred, by the two man loading crew, to make up loads in ‘bhe
woods, the most reasonable assumption is that this crew was
’yd\esigned to give maximum skidding efficiency at the average
#kidding distance of 15.2 stations. The length of time |
‘_requ:.red by th:.s crew to load a X ‘bd ft. of logs then would be-

Fixed ‘time per M 'bd ft. ' . . l:4 mip:
" Roading time on 15.2 sta. hauls lﬁa%-;lz‘gi’-ﬂ-é_- o g_g_,_z min,

Total time requlred to make up load of M bd ft. 52.1 min.

If the foregozng assumption is correct, 1 e. that skldding
'cime a.nd loading time are in balance at a Sklddlng distance of
15 2 sta.tions, then at any skidding distance up to 15.2 stations
»;the loading time will be the limiting factor and r.ega.rdless of
the skidding distance the cost will be:

~ Ground Labor 52.1 min. @ 1.23 ¢ = . 64.0¢

Tractor 52.1 min. @ 3.727 = 194,0

Total . o | $2.58
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Reference to Fig. 1 page 33 shgws the actugl total skidding
cost as & horizontal line at $2.58 up to 15.2 stations skidd~-
ing distance. At distances greater than 15.2 stations, the
' traoior roading time is the limiting facfor and ground labor
' becqmesvmore'and more in excess as the’skidding distance in-
creages., At a sizridding distance of 30 stations,for instance,

| skidding time and time cost would be as follows:

o Time Cost
Fixed time per M bd.ft. : 11.4 min. 42,5¢
Roading time per i bd.ft. 2LE L1 = 50,5 min,209,5¢
Total Tractor Time per I bd.ft. 91.7 min,342,0¢
Loading time : o §§+; min,»64:0
idle ground. labor time pér M bd.ft. 39.6 min. 48,6
Total Skidding cost ‘ $4.55

From the above calculations it is obvious that grqunq~

- labor cannot be considered as a comstant cost per I bd.ft,
Unlegs it is so manipulated that no excess labor cost is

- charged to the skidding operation, such perfect balance
'eould almost never be obtdined. It is, therefore, advisable
: to consider ground labor cost of this kind as a function of
‘the skidding machine end include the ground lsbor cost in

- the tractor machine rate. Considering ground labor cost as a
‘Dart of the machine rate, total skidding cost for 30 station

- skidding distance is easily calculated as follows:

Fixed cost per M bd.ft. o . B¢z
Variable cost.per ¥ ba.ft. 30 X 13.25 m 398¢
Total skidding cost $4.55 -

The calculations for the cost of skidding, given above,

- &re for specific loads skidded that distance. Whereas, when
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the cost per I bd.ft. for skidding is to be calculated for
'»‘kahe area logged, the cdst nmust be gi,vé'n for the average |
distance that the total of all the meterial is to be skidded.
‘In order to estimate the average tractor skidding distance for
?amr trail or any aep’cn of timber, the distance of direct horse

'Bk':.dd.lng must be known.

::Galculation of the Zconomic Direct Horse Skidding Dista.nce:

“ For the case under discussion the first 8 chains or 5.3
8tations were skidded by horse, directly to the river bank.
‘The reason for selecting this as the maxi:z;um direct skidding
distance, is not given nor is there given sufficient data to
"enable a comparison to be made of the cost of dirgct horse
‘;Bk-idd.ing with horse bunching and tractor skidding. To show the
fﬂh?thod by which this distance could be reliably estimated,
;.f"bthe produc‘ciqn and cost figures for horse skidding will have
'#0 be assumed. |

) Horse 35kidding.

Fixed time per trip ' 5 min.
Variable time per trip per 100 ft. 1.5 min,
Load per trip o | . 100 bd.ft.

+ Fixed time per I bd.ft. 'i'cg)b‘ - 58 min. .

~ Variable time per If bd.ft. per 100 ft. —=52- m 15 min.
Using an assumed machine rate for team of 1.5¢ per min.
the fixed and variable costs per I bd.ft. would be:

 Fixed time cost per M bd.ft. 50 x 1.5 = 757

e e e

Variable time cost per M bd.ft. 15 x 1.5 = 22.5,@'-
; The limit of economic direct horse skidding will be the
iistance at which the cost of direct horse skidding equals the
?"0‘8‘3: of the combination of horse bunching and tractor skidding.
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Since the spacing of the tractor trails has not been given it -

.

will be assumed that they have been built about 4 stations apart.

¢ Cost of direct horse skidding for any distance "DU";
Fixed cost per I bd.ft. . 75¢
Variable cost per il bd.ft. 22,5 D

Total cost 75+ (22.5 x D)
Cost of horse bunching and tractor skidding for the
-distance upn.
Fixed cost of horse bunching per i bd.ft.  75¢
Variable cost of horse bunching per i bd.ft.
22:5 x % where S is the spacing of traiis
22,5 x % = . . R=.5¢
Fixed cost of tractor skidding per i bd.ft, 42.5¢
Variable cost of tractor skidding per M bd.ft. 10 D .
Total cost : 140+10 x D)
',:’Solving for the economic direct skidding distance "D"
| 75+(22.5 x D) = 140+(10 x D)
22,5D - 10D = 140 - 75
12.5D = 6§
D = 5.2 Stations or about 8 chains
This calculation would be correct if ground labor was B
f_"being provided' in sush a manner that the tractor was not delay-
_:\Bd. either at the landings or in the woods and that no waste
labor expense‘ was being charged to the opération. By reference
 "0 F:Lg.l it will be found that actual tractor skldd:.ng cost at
’5 2 statlons, exclusive of the bunching charge, is $2.58. Under
.\b'kheae conditions, the economic dir.ect sk:.ddlng‘ distance would
be calculated as follows:
| 22,5 D+ 75 = 258

22.59 ‘!‘ 258 - 75



(37)

= 183
D 22.5

It is evident then that direct skidding should be carried

= 8.1 stations or 12 chains

Qut up to distances of 8 stations, above this distance the

Sombination of bunching and tractor skidding should be used.

Calculation of Skidding Costs for Tractor Trails of Verious Lengths.
All trails 8 stations or less in length should be horse
Skidded directly to the river and the cost would be F & C 2

2
~ where F = Fixed cost of horse skidding

C = Variable cost of horse skidding

and D = Depth of the skidding area from the rivers

All trails over 8 stations in length should be skidded by
airect horse skidding up to 8 stations and horse bunching with
Sfactgr skidding for distances of over 8 gtations from the
Tiver, Skidding costs for varigus lengths of trail have been
ﬁabulated‘in Table 1 (page 38b). The tabulated figures have
%ﬁen arrived at as follows: Colurnn 3 has been calculated by
?he use of the formula given above, up to a maximum of 8
;iations. Coluﬁn 4 is the average cost gf the fractor skidding
for the amount of timber tractor skidded., Column 5 is the
QQighted sum of Columns 3 and 4.

%;lustrgtion of liethod of Calculating The Costs Presented in
gable‘l. |
o For a depth of timber of 30 stations aleng a stream the
ﬁimber is to be skiddeé by teams and tractor with.pan to
~ the stream, What will be the average skidding cos??
Length of trail or Depth of timber 30 Sta.

Average skidding diétance:

Horse skidding .% = 4 Sta.
Tractor skidding 252 48 = 19 sta.
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Average. Weighted.

Cos‘b of Horse Sl;lddlng .+ C g

~

75 4 22,5 8 1,65

.

Weighted: ﬁarfsgasaa.f;.s x 165 = L 1,320
Cost of Tractor skidding. ] ]

 Skidding cost at 30 sta, %4.52 (See Fig. 1)
ﬁ.skidding cost at 15 sta, 2,58 * v m
'%LAverage cost at 22.5 sta. ﬁZ&&Q = $3355 )
. Weighted for 15 sta. (from 1% to 30 sta.) 3.55 x 15 = 5,320

' Skidding cost from 8 to 15 sta. (constant) $2.58

Weighted for 7 sta., (from 8 to 15 sta.)

7" x 2,58 = 1,805 7.1§§
* 7’\ 5 S,

A £ tre 344 75125 = ¢
verage cost of tractor skidding e $3.24
Average cost of combination skidding §%%é§ = $2.81

The table given for average'ékidding costs per il bd. ft. will
8pply regardless of the spacing of trails that is used, bemause
the bunching cost is considered senarate fram the skidding cost
8nd does not enter the above calculations. It should be noted
Vhowever{ that bunching cost will apply to that portion of the
timber only, which lies beyond 8 stations from the river bank
(the horse skldded timber will not be bunched), In the case
a"bove, 1f trails are spaced at 4 station intervals, the

Bunching cost would be F + C £=754 22.5x 4= 97.5¢ per U

B4, £t, applied to Q%%Q = 73.5% of the total volume skidded,

It is desirable, in the final analysis, to express skid-
ang ’a.x_zd. ‘bunch::mg cost ‘as so much per M bd, ft. for every M
ba, i, logged. Accordingly, the bunching cost of 97.5¢

}fbﬁlied to 73.5% of the volume is not a convenient way of
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i%ressing_‘the bunching cost. A more desir?.ble method is to
'P?‘orate‘ the bunching cost, applicable to 73.57 of the volume,
Q?er the entire voiume. In this case'the 'buncl:ling cost appli-
'Qablg to.the entire volume would be 0.735 x 9¥,5¢ = 71.6¢ per
th ft. As the "length of trail" is decreased the bunching
4“‘h‘a‘i’-‘@e of 97.5¢ will apply to a smaller proportion of the
t““‘al volume and accordingly, a smaller cherge per Il bd. ft.,
‘\j?ilied 'g.o tl_le total, will be required, The bunching cost
482 i va. ft. which cen be apdlied to the total volume is
gékresented Ain Fig. 2 page 39 for vs.a,rious spacing of tractor
tx'ﬂlls and various lengths of trail,

‘a In any particular operation where one arrangement of

‘gki_idding ig adhered to and where machine rates have been
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BIg 1
Skidding Cost for Various Depths of Timber
(1) BRSNS (2] (5)
Depth Average Cost of Cost of Total
of Skidding Horse Tractor Average
Timber Distance Skidding Skidding Skidding
Sta. Horse.Tractor. Cost
-2 1l - - 97.5¢ - 97.5 &
4 2 - 120 - 120
6 3 - 142 - 142
8 4 - 165 - 165
10 4 9 165 258 ¢ 183
12 4 10 165 258 196
14 4 11 165 258 205
16 4 12 165 259 212
18 4 13 165 : 265 220
20 4 14 165 271 228
22 4 15 165 230 237
24 4 16 165 290 248
26 4 17 165 301 259
28 4 18 165 312 270
30 4 19 165" 324 281
32 4 20 165 335 202
34 4 21 165 347 305
36 4 22 165 359 317
38 4 23 165 372 328
40 4 24 165 385 340

NOTE: The average skiddiﬁg cost, for the average ékidding
distance of 15.2 stations as given in the original data on
Page , is $2.25 while that read from the table above is
32.82. This rather marked: discrepancy may be attributed to
the necessity of assuming, (1) roading speed of the tractor
(2) a1 production figures for horse skidding, and (3)
1°ading time required by the loading‘crew.

With accurate and complete data collection no
88timates or assumptions would be necessary and the calcul-
8ted cost would agree more closely with the actual cost
Obtained by dividing total cost at the end of the operation
by total production,
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established with reasonsble acocuracy, the operating manager
may find it convenient to draw up schedules similar to Table
1 which will enabls raepid and acocurate caleculation of total

gkidding costs.

‘Lo‘cation of ﬁh“e Iractor Irails.

Bxperience may be relied on to & great extent in the
location of tractor trails but even men very experienced in
such work, end surely those who have had but little experiencs,
will welcome a method of calculating the spacing of roads or
trails which is quite independent of training., The following
formule allows such & caloulation, provided certain information
regarding coets and volumes.are available,

§=V isc
where S8 = Spaoing of roads in stations of 100 ft, _
R = Cost of road constmetiqn per mile, oents,
V = Volume per eore in M bd.ft, or other unit,
C = Cost per M bd.ft, or'other tg.nit, of skidding
8 distance of 100 ft.,cents,

This formle, originally designed for skidding to a truck
Or haul road, is applicable to & case of this kind if "R"
Tepresents the oost of trail construction and "C" the cost, per
¥ bd,ft., of horse skidding a distance of 100 ft, Since data
Songerning cost of trail construction are not presented they
Muat be assumed, In sandy rolling country of the type chosen
for this experiment, tractor irails can be built for es little
% {50.00 psr mile, and this rate will de assumed for this
®xemple. The following values for the unknowns in the above

formils have been assumed or measured ==
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R = $50,00 per mile
Veadi Im bd.ft,. per ecre
C = 22.5¢ per L bd,ft. per 100 f’c
The aspacing of .trails as caloulated by the fomm.la would bes
%?g_x—-;ﬂ@ﬂ m =VI8,36 = 4.2 sta.

The indicated spacing of 420 ft, will serve as a guide in
locating tractor trails, naturally it is not intended that
this spacing shall be rigorously observed. Careful sorutiny of
the specing formula will reveal some pertinent fects which are
%00 often overlooked.

(1) Inorease in trail construction costs will
increase the economic specing of trails.
(£) Decrease in the volume of timber removed per
®ore will increase the econamic spacing of trails.
| (3) Increasing efficiency of the bunching machine
¥ith a corresponding decrease in the variable} skidding cost

will increase the economic spacing of traeils.

S8imple Application of the Spacing Formula snd Cost Table,
On & driveable stream in the area under consideration
the average depth of timber, to ‘be logged by horse bunching
fnad tractor skidding, is 35 sta. The stend per acre BVerages
7 X bd.ft. and trail constiuction ‘will cost §70.00 per mile.
Maghine rates as determined above,
Specing of trails = |/ W = 14,65 = 3.8 ste.
Skidding cost per M bd.ft. (Tab].e 1) ,$3._110-
Bunching cost per M bd.ft. (Fig.l) 708
Total skidding cost per M bd.ft. $3.815
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Collection of Skidding Times and Costs.

The application of the formula and the use of the cost
8raph andttable.are very simple, as illustrated abdve, the
8ccuracy of the results, however, is 9nly as good as the accur;
&y and completeness of the data used. In the calculations
given zbove many assumptions wefe made which would have been
Aﬁnnecessary, if complete records had been prepared.

‘ Preliminary to a study of collection techniques it is
 %dvigsble to list the facts that will be required in the final
- 8nalysis, }
(1) Required. Comprehensive breakdown of total skidding time
~ per turn for all types of equipment used.
Uses. (&) To pick out inefficiencies in the operation.’
(b) To obtain accurate date on fixed end variable
| time. |
‘5(2) Required. Simple method of determining fixed and variable
o ~ time. ‘
Uses. (&) To ckeck computations under (1).
| (b) To keep time costs up to date.
‘K3) Requ;red. Comprehensive study of ground labor requirementst
| Uses. (a) To prevent waste of tractor or ground labor time.
(4) Requ@red. Machine rates on all equipment used. )
Uses. (a) For accurate computation of time costs.
(b) For a comparison of the relative efficiency of
machines of the same type.
(¢) To determine the most efficient distribution of
:?; different types of machines.
f‘5) Required. Determination of the cost of construction of
g . tracfor trails of various standards. |

s - Uses. (a) To determine the most economic spacing of tractor
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(b) To increase tractor Foading efficiency.
(6) Required. Accurate determination of the volume of timber
per acre, to be removed.
Uses. (a) To determine the spacing of tractor trgils.
(W) To determine the economic standard of the
tractor trails.

liany of these requirements may be collected at the same
time and forms should be constructed with this in mind.

Items 1 and 3 above will ordinarily be carried out where
lew equipment is being introduced or where standard eéuipment
is being used in a new or different capacity. The case problem
here described may be considered to lie in the 1atfer classif-
’iéation, since the use of tractor and pan skidding, on operat-
lons of this type,‘was not cormon in Quebec at the time of
:these observations.

Item 2 is essentially the same as Item 1 except that it
8hould be designed to operate without direct observation or
¥iming by other than the men normally on the job. The infor-
‘Mation obtained by this method will not be as accurate or as
Somprehensive as by Item 1 but the volume of measurméns
Obtained will outweigh these disadvantages.

ifachine rates can be accurately obtained only by record-
‘ing separately, for each piece of equipment, all of the costs
'th&t_are involved in the owning and opérating of thét equip- .
ent,

Road and trail construction costs are simple time costs
Of the men and equignent used in their construction plus a X
in?Oportion of the overhead costs chargeable to the operation;
| The use of cruise data in the determination of éhe volume

QFP be removed (for use in the spacing formula) is satisfactory
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provided the:e is no wide variation of volume per;acre within
a small area, If types and volumes change frequently it will
be necessary to make a preliminary estimation of volume on the

area prior to the layout of roads.

Techniques of Data Collection.

The following quotation/” will serve to introduce the
type @f classification necessary in the collection of *unit
times?

Breakdown of Skidding Time Per Turn

Classification Description of Time and Summarization
- of Controlling xactors

Fixed Time--Woods Total from time tractor arrives at loading
point until it ié fully loaded and start-
ed toward road or landing.

a.Turn-around time Time taken to maneuver into position to
pick up 1oad.of logs that has been yarded
or bunched by another machine., Controlled
by topdgraphy, ground conditions, brush,
and efficiency of ground crew.‘

b.Yarding or bunch- Time taken by tractor to assemble its own

ing time
load, Controlled prlnc;pally by volume per .
acre and size of logs /- decreasing as stand
per acre and average log size increases,
Also affected by topography, ground condit-
ions,_and efficiency of ground crew, &as
‘ above.

o.Hook time . Time taken actually hooking load onto

drawbar or esssembling load on pan or

under arch and hooking tractor thereto.

% i D.M.Mdatthews, "Cost Control in the Logging Industry." p.89
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Controlled principally by, and roughly
proportional to, number of logs maXking
up load.

d.Delay time Time lost by machine between arrival at load-
ing 20int and departure therefrom that
cannot be attributed to mechanical failure.
Principally due to difficult ground condit-
ions and/or inadequaté ground érew, This
condition may be unavéidable when the
skidding distance is short and when g?ound
conditions are particularly difficult. It
should then be included with fixed time
and reasons given., If avoidable, it should
be so reported and excluded from fixed
timé and reported as idle time.

Fixed Time--Land- Total from time tractor arrives at point

ing or ilocad ‘ ‘

where it drops its load until it is started

on the return trip to the woods.

&.Unhook time Time taken placing load at unloading point,
unhooking load, and moving off landing or
away from point where load is dropved. No
delay time should be chargeable, since
landings should be large enough to permit‘
prompt dispateh of tractor on}return trip.

Va‘I‘ie,‘ble time Total of elapsed'timé between woods and
landing, exclusive;of fixed time at landing

- or unhooking point.
‘& Delay time Time lost by machine while towing load‘or
‘returning to woods ?ecause of hang-ups,

slipped chokers etc. Such delays should be
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included with variable time to the eitent
that they are noma.l‘recurrent delays on
the chance,

Idle."i‘ime Time lost ‘By the machine that cannot be
attributed to it or to the crew. For
example, waiting to be unhooked at\ landing;
waiting to pass a.nother.machine that is
stalled and blocké the way; waiting for
load to be assembled by yerding team or
tractor, etc. Delays such ag these should
be avoidable under proper planning and
should not be ingluded with either fixed
or variable time, _

Lost Time Time lost bj the machine that can be d@regtf-

| ly attributed to mechanical br‘eakdown. Such
lost time may or may not be avoidable, but
it should not be included in performance

date on which plans of operation are based.

The character of such breakdowns should be

recorded in order that. appropriate a.ctior}

may be taken to prevent their recurrence.

The principles of the above quotation, initiated primarily
"for the recording of tractor skidding time, are applicable,
;:Vf‘ithin limits, to reqording the breakdown of gkiglding time for
any skidding machine., .

Ur;der the conditions of the case problem, since the logs
;_Fre bunched with horses, & coddiéédiion of the horse i)unehj.ng

or horse skidding time is the first consideration. Form 3 ]
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Which follows closely the outline presented by:matthews/%‘for
tractor time record, ispresented as a possible means of collect;
ing the required information. |

In horse skidding small sized material (10 to 12 inch)
horses are frequently used singly and in almost all cases the -
horse will go right to the log, obviating the necessity of
yarding. The main time consuming elenent of'the fixed time,
therefore, will be dogzing or choke setting in the woods and
Unhooking at the lending or tractor trail., If long ékidding'fg’
distances are resorted to in horse skidding or where slight'ﬂ
&dverge grades occur, there is apt to be considerable festigg
time for the horse which is actually a function.of distance,
Such delays should be included in variable time.

Since time studies of this kind will have to be car?ied
out by personnel not ordinarily included in the skidding crew
there should be ample oppof?unity to make a2ll of the measure-
ments indicatedAin the form. A continuous record of observed
Clock time tends'to more accurate results and is generally
’easier to record. A stop watch may be used, however, in which
Case computed times would be recorded directly. )

" The example on Form 4 is purely hybothetical. It has been
Made to agree with. the assumed data on page 35. By recording
Qiameters of logs and average D.B.E., of the stand it would be
Dossible‘to investigate the.effect of diemeter on the fixed
and variéble gkidding costs. The relaﬁionship of diameter %o

cest of production is becoming more important as the mergin

between gelling price and cost of production is decreased.

1 D.M.Matthews, "Cost Control in the Logging Industry." p.92
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Horse Shkidding T ime Recars

LocoFron Dare \QQQQ\.Q\Q.\ ........... Ave. A b.h oFf stamo ......
Aovived o Lood H ook Time Lef# 7otol/ Time Brived| 4ef¥ |
. Woods . . .
Woods Loy pin.| Computed Time > | ~o- | Lanct| tomet| Distonce
‘O | Length| Scale | Start| Soc-| Detay | Ldta | Lost | Tta/
sma/s/ isA | Turn yy, S /, - ing ing :
ook womp | Deloy ,
- end. N\&&wv Around Yrve (o0 % #)
720 2" 12" L5 7304 32 fo 20 z.o To24 | 4o - - - A | 737 |7 ze .w .
VAR S ~1 37 VA /75 735+ 42 o5 20 - 7. 42 | 2.5 - - - ,‘N\ 5 74l | 7225 =z S/
7. s0. 6 . ,
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iLxample of the Use of Form &

drom the records taken on Form & page 48, fixed time per
trip is_the total under "Total Time" plus time spent at the
landing. Variable time can be found by subtracting from the
difference between the "Left Woods" time and the next "Arrived
at Woods" time, the time spent at the landing.

For the example given on Form &:

First Trip -
Fixed time - Total in woods time 4 min.

Time at landing 1 min.

Second Trip -

Fixed time - _Tota.l in woods time. , 25 min,
Time at landing 2,_5 mj.nt
Total time for 2 trivs . 10.0 min.

Average time per trip 10.0/2 = l5 min.
First Trip - . ) ] .
Variable time(0739.5 ~ 0734.0)~1 = 4.5 min.
Second trip - _ _ ) ]
Variable time(0750.5 = 0742,0)-2.5 = .6_,_(2 min:
Total variable time for 2 trips 10.5 mir;.
Total one way distance for the 2 trips 4 3 = '7 sta.._.
Average round trip time per station 10.5/7 = 1.5 min.
Load per trip: First trip 85 Vbdfftt
Second trip - 115 bd.ft.
Volume skidded in 2 trips 200 bd.ft.
Average load per trip 200/2 = 100 bd.ft.
Fixed time per ¥ bd.ft. §/.1oo'= 50 min.

Variable time per X bd.ft. per 100 ft. 1.5/.100 = 15 min.
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Tractor Time Records

The tractor time reco®d shown in i'«‘oi’m 4a page 51 has bee;a
cofpied almost unchanged from iﬁiatthews Cost Control in the
Logging Industry" page 92 and illustrates a practical method
of obtaining a comprehens:}ve breakdown of tractor time on a
direct skidding opera.tioh. Detailed explanation of the use of
this form can be found in the text from which it was taken.

- In the case under discussion the tractor picked up loads
that had already been made up on established tractor trails
and Form 4a would not be applicable., From the foregoing
discussion of ground labor it is a»nparent that a careful
GOngideration of ground labor is necessary in operation pllann'-"
ing. Accordingly, Form 5 page 52, Ground Labor and Tractor Time
Récord, hé.s been devised as a possible..means of obtaining the
- required data on tractor and ground labor time in their most

- useful form.

Degeription of the Headings of Form 5

Following is a description of the headings which are not
self ex;_)ia.natory:
Iractor Number:- ¥or the purpose of time studies and machine
rate recoz“ds each tractor should be alloted a number for easy
reference.
Load I bd.ft.:~- Where opportunity permits, the load should be
‘ recorded in greater de’cai]_. - number of logs, average diameter
end length being included.
Time:- The observed clock time is recorded.undé:_' "Clock" for
entries such as "Arrived Woods" or "Left'_Woods"'. The computed
time is the breakdoi-vn, in minutes, of the eq.apsed- time between

sucessive entries in the"Clock Time® column.
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Form-5 (52) )
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Ground Labor Time:- where one itractor only is skidding, the
"Total" under “Groqnd Labor Time" is the difference between
Successive "Lefit Joods" entries of the tractor. In the example
on Form 5, the total ground labor time of 65.6 minutes is the
difference betveen "Left Wooda" time on Trip 4 and "Left Woods"
time on Trip 5. The breakdowm of the 65.6 minutes is self
explanatory since it merely records the occupation of the
ground crew during the absence of the tractor. Vhere more than
one tractor is S’ladln from the same ground crew the total
ground labor time will be the diffgrence between the "Left
Woods® time of successive tractors.

Delay time is omitted from the headings of ground labor
computed time becau§e, 2ll ground labor time which is not
Productive, is idle., It is a problem of planging and super-
vising to reduce this idle time to a miniﬁnm. If idle time
can be completely eliminated from the grounad labér time, and '
tractor delay time, due to loading, eliminated from tractor ..
tﬁne, t@en ground labor may be considered as a fixed cost per
1 bd.ft.'Such efficiency may be approached by keeping a largé
loading crew on short skids and using a2 small loading crew in
conjunction with tﬁe pre-bunéhing and tractor trail construc-
tion crews on the long skids. In that case only the load and
~hook time of the ground labor time would be charged to the
tractor operation and it would be almost constant.

Iractor Fixed Woods Time:~ The»difference between "Arrived
Woods" time and "Left Woods™ time is the total under “Iractor
‘Fixed Woods Time", the breakdown of that time into it's
varlous components is sel; explanatory.

Roadlng Time:- Space is left for double entrles under "Roading

4im£“ to cover the trips into and out of the WOOdS. The total

A
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Yout" time under this heading, is the 4if ference oetween the
"Left Woods" time and the "Arrived Landing" time. The total
"In® time is the difference betveen the "Left Landing" time
and the "Arrived Woods" time. The total variable time is the
sum of the total "In" and "Out" +times.
Tractor Eixed Landaing Time:- The difference between M"Arrived
Landing" time and "Left Landing" time is the total fixed
landing time. ‘

Total Fixed Time:- The total of "Tractor Fixed Woods 1me"

and "”ractor Fixed Lending Time®™ is the "lotal Fixed Time",

Distance ileasure

Care should be taken in measuring distance to assure
that the direct distance from the load to the landing, is
recorded. If the tractor trail is crooked so that the
distance travelled is more than the direct distance, then,
by recordigg he distance travelled, an error would be
introduced. The total varieble tlme would be considered as
a, measure of the tinme recuired to move the load & direct
distance equal toithe length of the trail, whereas, iﬁ ma.p
distance it would 5e moved only a fraction of this total.
The effect of this type of misinformation would be to give
an underestimation of the variable time per trip, with the
resulting underestination of skidding cost in future planning.
Bxanple: If distance, iq the example of Form 5 had been trail
distance at 30 stations(average) instead of actual distance
at 22.6 stations(average) then the variable time per 100 feet
'per trip would have been 16. 9/30 =0.56 min. instead of
16.9/22.6 pA 0.75 min, which is the correct wvalue.
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Summary of Comprehensive Time Collection

The hypothetical examdples shown in Form 5 will serve
to emphasize the large amougé of idle ground labor time on
long skidding distances where the loading crew is not adjusted.
On very sinort ruhs & large emount of tractor delay time will
be evident if the same crew is meintained. Reference to Fig.i
page 33, will illustrate the effect of these delays on the
totel skidding cost, and emphasizes the necessity'for accurate
informatien on »rodauction time in,planning an efficient
operation,

Although an inmportant use of data collected in this form
is as a means of determining inefficiencies in the o»eration,
the main purpose is a comprehensive breakdown of total time into
fixed and variable time.

From the average figures presented in the example, fixed

and varieble times per ¥ bd.ft. can be easily determined as

follows: o
Fixed time per I bd.ft. = S2E2L i;’égdbz;merig tri

Variable time per 1i bd.,ft. per 100 ft.

= Total variable time per tri
Load X Ave. §Elaaing dlSE,

L 12.016,9
28"5:“22 5 = 260 ?“1n°

These fixed and variable times per L bd.ft. will lead
directly to an accurate computation of fixed and variable cost
as soon as the machine rate for the tractor and average skidd-

ind distance have been established.
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Simple Fixed gnd Variable Time Collection

The rather compliea‘ced time collection methods, which
have been described above, do not lend themselves readily to
any but the more intensive tyoes ef production studies; When
f:.‘ced and varlable times have been esta.bllshed w:.thln fairly
narrow limits by the above mentioned methods, a less complicat-
ed system may be adopted which will serve as a check on the
figures in use but will not involve an increased nunber of
personriel on the job.

With reference to Form 5'page §2, the‘sum of fixed and
.varia’ple time is seen to be 3.2+11.4 = 14.6 min. per trip
or 14.6/0.28 = 52.2 min. per I bd.ft. for a skidding distance
of 15.2 stations. For a distance of 30 stations the sum would
be 3.2+ 22.4 = 26.6 min. per trip or 25.6/0.28 = 91.4 min. per
I pd.ft. By plotting these total times per i bd. ft. on a total
time over skidding distance graph, as shown in Fig. 3 page 57
and by joining the points and projecting the line the fixed
time can 'be.read where the line intersects the total time axis
at 11.4 min, Since these .were hypothetical cases, the fixed
time‘read from the graph agrees e:éa.ctly with the a.c‘ﬁua.l fixecii‘. i
t:‘upe. in practice, a great many observations would be necessary
to establish the fixed time by this method, with any degree of
accuracy. However, the fact that total time per trlp, average '
skidding distance and load are the only flgures required, ma.kes
it p0331’ble to use t‘}ls,method without putting special
o'bservers' on the job. | | '

+In a situation where the trail is logged, over its entire
length, by the sane a.rrangement of equ:.pme*'lt and where no
delay time due to insufficient 1oad:.ng crew or similar loss

of tractor time, exists, the problem is comparatively simple,
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A measure of the”total cuaatity of timber skidded, average
skidding distance, number of {trins and total time, will give
a fairly accurate regult. For examdle, timber distributed
evenly over & 30 station trail is skidded entirely by tractor

ané pen. the following information beinz collected:

Volume slzidded 28 17 ba.ft.
Total time 2 days € & hrs. 24 hrs,
umber of trins ' 100

From the above data:

Time per tripn 760 = ’ _1%.4 min.

- e > ? — ‘ '—7~ﬂ
Volume per trip =%5 = 0.28 il pd.ft.
Average skidding distance 20/2 = 15 ste.
Dotal time per Il bd.ft. 14.4/0.28 = 51.5 min.

These figures are the average of a comperatively large inumber
of trips although heyr were not recorded individually, there-
fore the point determined by tbHtal time of 51.5 min. and
average okidding distance of 15 stations would be quite
reliable. Fron tractor irails of various lengths corresponding
times could be obivained which would make possible the construc-
tion,of & reliable graph.

In‘the case under discussion, two difficulties arise When
a collection systen of this kind is adopted (1) the first
eight statiohs of each trail are horse skiddod and (2) the
delay time due to loading increases»all times for distances
below 15 stations to the same level, _

The first difficulty may be eliminated by calculation of

the average skidding distance by the formula -

Average skidding distance = 2 - d +4q
where D = Total length of tractor trail

d = Portion of the trail skidded by horse
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The error due to delay time in loading may be greatly
reduced by a di;ect neassurnent of the maximun delay time
(delay on the shortest run) and the totzal number gf'trips
in which any deley was experienced due to loading. The
product of one helf the meximum delay time and the numbe:
of trips in which delay occured will give an approximgtion
of the total delay time due to loading for that trail.

Form 6,page 60,"Tractor Skidcing Record" is suggested
as & possible means of obtaining the‘information from which
to calculate total skidding per Ii bd.ft. for various lengths

of trail.

Eephod of Recording Information on Form 6.

"Total length of trail® is not the length for an& one
Gay but should be entered when the skidding on that trail is
completed and its totval length is known. Where the entire
operation is plaﬁned in detail before the work commences,
tais figure would bg known in advance and may be filled in
by the camp foreman. The length of trail to be hqrse skidded
should be well established at its economic limit.

The meximum loading delay must be actually timed by thé
skidding foreman; tractor driver or other available person.
As the trips are made they may be recorded directly on Form 6
or the tractor driver may use a separate pad and the final
only transferred to Form 6. If correction is to be made for
loading time it is necessary to keep a separate recom of the

trips 1n which delay due to loading occured,

The recopd of skidding times is for the purpose of obtaln-

~ ing total time from which total time per trip may be obtained.
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Volume of +timber skidded may be recorded by the method
most convenient to the scaler, a daily record of volume is
not necessary, only total volune is actually required. Where
more than one trail is being skidded to the same landing at
the seme time.it will be very difficult to keep the volume from
different trails separate unless the loads are scaled as they
arrive., Under these circumstances if the same type of equip-
ment is‘being used by all of the siiidding mechines it may be o
agsumed that each macliine on the average carries the same load.
The volume at the landing, therefore, would be proportioned to
the different machines on the basig of the number of trips
mede by each.

Where exce)tional delays due to breakdown or acciden?
occur the cause and duration of the delay should be noted,
The remarks space may be‘filled in by the camp foreman or
skidding foreman and should include the épproxhnate average
diameter and length of the logs as well aé @he general
conditions of weather, togography and trail.

From the data on Form 6 the following values may be
established for use in constructing a graph of total time

over average skidding distance:

Average skidding distance 2 5 é-fd
= .S_Q....é__§.+8
= 11+8
= 19 sta,
- Total time per trip
Total time 31,5 hrs. x 60 = 1831 min.
Total delay time(5.4/2)x 32 trips = _ 86 min,

Totel productive time N 1745 min.
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Total time per trip 1745/100 = 17.4 min.
Load per'trip.
Jotal volume skidded 28 II bd.ft.
Load per trip 28/100 = 0.26 i bd.ft.
Total time per il bd.ft. 17.4/0.23 = 62.3 min.
Wwith reférence to Figure 3ypage 57, it can be seen that this

figure agrees exactly with the actual total time ner M ba.ft.

Use of Data Collected On Form &

In the event that sufficient direct timing has been done
to establish a graph, of the type shown in Figure 3, with
acéuracy, then the use of the data collected on Form 6 would
be to check the direct timing calculations and establish the
operating efficiency of the tractor.

If the fixed and wvariable times of the tractor had not
been previously established the point on the "Average Skidding
Distange"--"Total Skidding Time" graph determined by 19 stations
and 62,5 minutes could be used with a few similar observations
for different average skidding distances, to construct a graph
as shown in Figure 3 and thereby establish the fixed and
variable times.

The fixed and variable times may be determined from the
graph as follows: the fixed time is the time on the total
skidding time line where average skidding‘disténce is zero. 
The variable time is best calculated by subtracting Irom the
total time, at some fairly high average skidding distance,
the fixed time calculated above apd dividing the difference
by that average skidding distance. For example, the total time
8% an average skidding distance 9f 30 gtations is 91.4 nmin,

Subtracting the fixed time of 11l.4 min. and dividing by 30
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we have 91‘435 1l.4 o 2,66 min. per round itrip station per

Il pG.ft. and average roading time per round trip station

equals 2.66 x 0,28 = 0,75 nmin.
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SECTION 4
LOADING AND HAULING

The case provlem, just discussed, illustrates some methods
of obtaining skidding cost data and the use that can be madev
of that data in improving skidding operations at present under
way or planning future oserations. In many cases the logs are
skxidded to landings at the road side in prepara@ion for haul-
ing by the use of sleighs, trucks or rail roads. Of these, the
most common and the one in which planning has the greatest
obportunity of affecting savings, is truck hauling.

Summer trucking in the north, and year aroﬁnd trucking
where there is not sufficient snow for snow or iced roads, is
well esteblished and increasing in imporitance. Accordingly,
some consiceration will be given at this point to a means of
collection of the costs involved.

R.R.Reyﬁolds prepared an article, "Pulpwood and Log
" Procuction Costs As Affected-By‘Type of Road", published in
the December, 1940 issue of the Journal of Forestry, which
presents trucking costs ih considerable detail. A duplication
of some of the tables and machine rates presented in the

article, follows.

Logs

Table 3 Time Recuired Per Load
Product : Load : Unload : Delay : Total : Basis
; _ : _ migﬁtes_ : ‘. :Nafioads
Pulpmood : 44.87 : 26.61 i 4,14 : 75,62 : 84
§41.30 13.70 9.20 64.20 P 184
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Table 4 !
Time Required Per Load Per liile Round Trip
Product : A Type of Road
s Joods H Grade irt ] Gravel or
: - : _ s lard §u;£§ge
Pulpwood s 22.7 : 7.9 : 4,7
Logs ¢ 2l.1 : 8.6 : 4,5

The times for various types of roads, as listed in Table 4
above, are converted into costs per I bd.ft. for various loads
of logs by the application of the machine rate. The results are

tabulated in Table 8.

Table 8

Hauling Cost Per 1l bd.ft. Per lownd Trip liile

Type of Road o
s Gravel or

__M_E____Jz%z__eraded t_:_Hard Surface
i - Dollars

o ——

Average : Average :

t,Dovie ibner

o

. 60 s 1060 s 423 : <205 : . 168
70 : 1110 s J404 : <196 s <160
80 3 1160 s .386 : .188 : <153
90 s 1215 s .369 : «179 : «146
100 : 1265 : 354 s <172 : +141
110 : 1320 :  .339 : «165 : «135
120 : 1370 s 2327 : 159 : -130
130 : 1420 s 315 : «153 s «125
140 s 1470 s 2305 : «148 : «121
150 : 1520 : 295 : «143 : «117
Derivation of Table 8.
Machine rate on woods roads: )
Fixed cost per hour 1 $0.585
Operating expenses per mile/” 0.121

1 o
/~ Glmssifilcation of operating costs on various road standards,
due to variations in fuel consumption and tire depreciation,
gives a more accurate machine rate., However, the additional
- work involved is not justified, normally, in view of the small
errors that would be incurred by considering operating cost on
a per hour basis.
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Time per round tri» mile on woods roads 2l.1 nin.(Teble

Fixed cost per mile of woods road 21l.1 x ,585 _

522 = g0, 206
Operating cost per round trip mile 2 x 0.121 = 0.242
Total cost per mile per load = $0.448

‘Total cost per M for a load of 1,265 bd.ft.
. 448 "
£a228 = vo.o54

dxpansion of Table 3 | A

Table 3, Time required per Load, is a_figed loading time
gchedule made for loads averaging 1,450 bd.ft. From Table 8,
a load_of.this gize would be made up of logs averaging about
135 bd.f@. each, Accordingly there would be ;i%%Q = 11 logs
per loaed. Since loading Was done by teams and in all probabil-
ity only one log was loaded at a time,~the loading time per
Log would be £ke30(T801e 3) 2 5 o5 iy Unlcading time might
be expected to increase somewhat with a larger number of logs
but ghould not increase in direct proportion to the number of
logs. For ease of calculation it will be assumed that unioad-
ing time varies inversely with the volume of the load. Delay
time may or may not increase with the numbe; of logs per load
but for simplicity will be assumed constant. From these

assumptions the following table of loading times has been

derived.
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Table a.

Variation in Load and Loading Time With Log Size

Average :Average : Number : Time per load(minutes)
Log _Load ¢_of logs : Loading :Unloading: Delay :I0t

60 ¢ 1060 s 17,7 : 66.4 18.4 : 9.2 : 94,
70 : 1110 s 15.9 : 59.6 : 17.5 : 9.2 : 86.
80 ¢ 1160 s 14, : 54,4 16.7 : 9.2 : 80,
90 s 1215 s 13.0 : 50.6 16. : 9.2 ¢ 70.8
100 s 1265 s 12, : 47.2 3 15. s 9.2 .2 717
110 : 1320 ¢ 12, : 45.0 14. s 9.2 ¢ 68.9
120 : 1370 + 1l : 42.7 ¢ 14. : 9.2 ¢ 66.
130 ¢ 1420 s 10.9 : 40.9 ¢ 13. : 9.2 : 63,
140 s 1470 ¢ 10. : 39.4 s 13. : 9.2 1 61,
150 : 1520 : 10.1 : 37.9 12.8 : 9.2 : 59.9

Assuming that the basic data with regard loading time and
hauling time are correct, these figures may he annlied to
other conditidns in the following manner: _
Bxample: An area of 2 sections is to be logged over. Skidding
and loading will be done with teams and hauling with 1% ton
trucks. One team will be assigned.to each truck, skidding being
done when the team is not loading. The average log contains about
120 bd.ft. The average haul will consist df one mile of WOOdS.
road, 4 miles of graded dirt rogd and 10 miles of gravel road.
Kachine rate for the team is $0.90 per hour and.for the trugk,
fixed cost $1.20 per hour and opera?ing cogt 30.30_per hour. .
Hauling cost will, therefore, be $1.20+ $0.30 = $1.50 per hour.
Solution: Reference to table"a' indicates'é loading time of
42.7 min., One half of the delay time of 9.2 min. should be
chgrged_to the'loadiqg operation making a total loading time of
42,7 4.6 = 47,3 min.
Hauling times indiggted by Table 4 are: -
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1 mile woods road @ 21.; min. round trin 21,1 nin,
4 miles graded road @ 8.6 min._round trin 34,4 min,
10 miles gravel road @ 4.5 nin. rouynd trip 45,0 min,
Tdtal round tri) hauling time 100,5 nin, .

’

Skidding time »er tr;p Will.be rqund trip hauling time »lus
unloading time = 100.5 +(14.2+4.6) = 119.5‘min;, assuning that
one truck load can be skidded while the truck is away.
Skidding cost )

119.3 nin. @ 1.5¢ | $1.79
Loading cost

Standby charge on truck

Loading 47.3.min. @ 2¢ 0,95
Unloading 18.8 mi@. @ 2g 0,38
Loading cost of team 47.3 min. @ 1.5¢ 0.71

Kauling cost

100.5 min. @ 2,5¢ 2,51

Total cost per trip . ) $6.34
Total cost per I bd,ft. 1?‘04 = $4.62

It should be noted that the costs of Table & could not be
useé iﬁ the example since the machine rate used in calcula?ing
Table 8 did not agree withh the machine rate of the example.
Only when machine rates remain fairly constant will tpe work
of setting up cost sciedules by log size be justified. The
method used in the example is not too cumbersame~and is
recommended for use under ordinary circumstances.

The average log - average load relationship, since it is
likely to remgin constant would be useful in calculating
hauling costs., In_formation for construction of a table of
this kind may be ovtained ffom.Form,? if types of trucks

for different loads, were designated.
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pable 3 renresents accurate measurements of the time
recuired in loading and unloading under the particu;ar conditions
that exist on the areas in which the study was made. To make
these figures an»nlicable to another oneration, tiie equimment
used and the size of the crew should be described in consider-
eble detail because a slightly different arrangement or a
machine of d%fferent efficiency will change the loading times
considerably. Therefore, time studies should be undertaken for
all variation in crew and equiyment that are likely to be
encountered, Gach set of time studies should be accompanied by
a careful desgription of the conditons under which such times
were observed.

In most of the nortuern timberland some sor§ of truck
road is required for trucks loading in the woods. The »oorest
grade of woods road can be constructed very cheaply but it
does require some expenditure., This fact leads to better
orgenization of eguimment and calls for a detailed plan of
location for these and higher standard roads. The cogt of thg'_
road construction, the cost of skidding and the volume of timber
per acre decide the economic location of roads. As soon as the
spacing of the roads has veen determined the cost of skidding
will be fixed, as shown in case problem I. When roads are
constructed the timber is usually skidded to landings. This
concentration of material makes it economical to introduce
some type of loading equijyment which hes considergbly greater
efficiency than the cross haul method using teams. Under these
conditions the skidding and loading operations are not cloéely
linked as in the case where no interior roads are necessary

and the teams do the sikcidding and loading concurrently.
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Information Required in istimating Loading Costs

As shown in the example on page 69, the standby charge
on the truck being logded is one of the major cost items of
the loading operation. When large trucks with a high nmachine
rate are being loaded it will be necessary to introduce very
effic?ent loading devices to maintain thé economy of the oper;
ation.

In almost all cases therc will exist 2 possibility of
introducing loading equipﬁent of increased or decreased
efficienqy w;th & corresponding increase or decrease in the
machine rate, In order to choose the most econonical ecquip-
nent, it is neéessary to have the following information:

1. Rate of 1oading for the types of equipment under

) consideration.

2. The machine rates of the loading equipment.

3. The machine rate of the equipment being log.ded.

4. The quantity of’timber output expected at the loading

point.

These quantities are brouhpt toge?he; in the following
vformula, to give loading‘cost per M bd.ft. for each type of
equipment to be considered.

Cost per M bd.ft. = (F x T)+m

where F = Fixed or standby truck charge per migute.

= Loading time per M bd.ft. in minutes.

L= Eou?ly cost of loading equipment. .
M bd.ft, refers to the average hourly output.
In comparing the cross haul metinod, used in the preparat-
iop of Teble 3, with a "speeder® ;oader the total costs per M
bd{ft. by each method are equated. The volume of output per

.hour which would justify the introduction of a speeder loader



(72)

cain be easily found.

L

Cross haul method: F = 2¢ »er nin, 7T = 1 .570 = 34.6 nin,

1;""5%{‘:}'1: in the cross haul method, where
teans are used for sizidding when not lo'a.ding, would be the
loading cost of the-team »er M bd.ft. and from the examnle on
page 69 would be T%’%%—M = $0.518

Speeder loader: (Assumed clz_ata). F = 2¢ per min.
T'= 20 min. per M bd.ft.
L'= $l.10.pe3; hour
By equating cost per II bd.ft. by each method,with output
per hour unlmovmn, we have:
- - L~ - I
(7 x 2)*+ FpaFe. = (F x ') 5273,

o o = = $1.10 -
(2 x .34.'6)-0»51?8 =(2 x 20) + FEt=er

$1.10
M bd.ft.

69.2 +51.86 = 40+
i ba.ft. = 1.36 K
This means that the speeder loader could be in‘brr._)duced
to advantage if‘ only one load were handled every hourt The
load would have to be loaded in 20 minutes, of course., If
the operation had been planned so that an average of two trucks
would be loaded every hour, the saving by acquiring the speeder
‘loader would be considerable. '
Cod of loading two trucks per hour using cross haul

-

Standby loading charge on trucks 2 x 47.3 x 3¢ = $1.90

Cost of two teams 2 x 47.3 X 1l.5¢ = 1,42
Total cost of loading two trueks $3.32

Loading cost per il bd.ft. -z—fi‘—i%s—?' = $1.21

Cost of loading two trucks per hour using speeder loader'
. Standby charge on trucks 2 x 20 x 1.370 @ 2¢ = 31309

Cost of loader for one hour !.'!Q
Total cost of loading two trucks S $2.19
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) e 2.19  _ ‘
Loading cost per M bd.ft. 35537 = $O,§O R

Saving by installing the speeder loader $1.21 - $0.80 = $0.41

per M bd.ft.

Collection of Loading Costs

The machine rates of any equipment which has been prev-
iously oserated by a company should be available, if records,
similar to those outlined in Form 2, have been presexrved,
otherwise such information as is available may be used to
establish approximétely correct rates. For new equipment
the mgnufacturers should be able to provide a fairly'reliable
machine rate which should be checked as the machine is onerat-
ing. |

The operating time of loading equiﬁment of 21l kinds
snhould be accﬁrately estaﬁlished for use in planning future
operations., Reference to Taﬁle’“a" page 68, will illustrate
the decrease in loading time with increased log size in
loading by the cross haul method. This reduction in time with
increased log size will be observed with any type of loading
equipment but with more efficient types}the'd%fference will
_not be.as marked as i; indicated by Table "a", In order to
build up a table comparable to Table "a" for all types of
loading ecuimment operated, data as to loading time, yolumé
and number of logs for each load, should be collected. Form 7
page 74, is suggested as a possible arrangement'bf hgadings

for time and production studies of loading equipment.

ixplanation of Form 7.
' "Commenced Operating" is the time at which the loading crew

comenced drawing pay for tﬁat day.
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"Closed Dowm" is the time at which the crew ceased drawing
pay for that day.
"Toad Number® is chiefly for use in referipg to a s»necific load
wnen making entries in the‘remaiks'column.
“Conputed Operating Time" is the breakdowm of the difference
vetween "Closed Down% time and "Commenced Operating® time,
“Truck’Arrived“ and "Truck Left" times are, of course, not
reserved for the same truck but are taken for all trucks as
they arrive and leave.
nGomputed Loading Time™ is the breakdown of the time that the
trucks were at the landing. As in all timing, the distipction
between "Delay" and "Idle%" time resis with tliie observer. If, in
his opinion, the loss of time is unavoidable, such as waiting
for logs to be skidded into the landing, then it should be
congidered as delay. Otherwise any lost_time, while the truck
is at the landing, is idle loading time.
The "Zfotal" under "@omputed Loading Time" is the length of
time that the truck was at{the lending.
"Idle'Operating Time" is the lost.time oetween the time one
truck leesves and the next arrives.
"loving Lime" is the time required to move the loading equip-
ment from one loading poiht to another.
"Total Operating Time" for each trip is ﬁhe time between
sucessive arrivals of a truck. The sum of"Total Operating Time"
for all trips should equal the total length ef time that the
loading ecuipment was under pay for that day. .

The load data may be arrived at in several different ways.
If scaling is done on the truck the totel volume and number of
loge can be copied from the scale sheet., In this case "Volume

of the Average Log" can be obtained by difiding "Total Volume"
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by "Total umber of Logs"., If the yards have been scaled before
loading comrences the scaler should be able to »>rovide a
reasonably accurate figure for ihe volume of the average log.
In this case, the number of logs »er load is the only load data
required when making the timé study.
In "Remarks% should be included the causes of any exceptionally
long_delay or idle »neriods or any excepbtional feature of any
load.

The exampdle used on Form 7 is purely hypothetical and

represents better efficiency than would normally be expected.

Summary.

Ags far as the loading equiment is concerned, the object
of running time studies of this nature, is to establish the
rate of loading for various sizes of timber. In the eiample
of Form 7 the average actual loading fime per load is 27.4
ninutes for an average load of 1,370 bd.ft. The ioading time
per M bd.ft. in timber averaging 120 bd.ft. per log would be
2?3$0 = 20 minutes. ' |

As more data are collected for different average volumes
per ;og! a grajsh can be built up from which loading ti@es per
libd.ff. for different average log volumes can be read.

Delay and idle time were included in the loading time
above as it is assuned that a certain amount of delgy and idle
time are almost sure to be present in any operation. If delsy
and idle time represent a relaﬁively large proportion of the
_total loading time, it indicates poor planning or poor super-_
vision and in such cases should not be included unless equally -
poor planning is anticipated on future operations.

The objeet of recording total operating time is to
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establish the volume of output from the landing. This figure
fbr output has no value in future planning since it is merely
a measure of the efficiency of the trucking operation. It does
however, serve to prove or disvorove the economy Qf using this
type of equimment as comdared to some othe;. From the data
recorded on FormVV one loa@ of 1,370 bd.ft. is sent out oan the
average every 29.8 @inutés..Th§ output per hour, then, would
be 58%5 x 1,370 = 2,75 M bd.ft. The calculation on page 72
shows that the.speeder 1ogder could be used to advantage if
an output of 1.36 M bd.ft. per hour were maintained. This
indicates that the choice of the s»yeecer as againgt the cross
haul method was well witlhiin the bounds of economy.

Where only one type of itruck is used for hauling or if
loads are kept separate by'truck tyvoes, the data from Form 7
will serve in setting up tgbles of average load for different
volumes of the average log. The relationship of load plotted
over volume of the average log should be very nearly a straight
line as indicated by the data published by.Reynolds, reprinted

A Y

in Table 8 and plotted in Figure 4 page 78.

N
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TRUCI HAULIHG

The major consideration in truck hauling slould be to

u
establish a nmininum for the sum of the costs of road construc-

tion andé thie costs of hauling over those roads. It is in this

field that the surplus waich should be profit, is often cut

in half or even comdletely exhausted thirough lack of planning.

neference to Table 8, nage 66, will serve to emphasize .
theAdifference in hauling costs on roads of various standards,
Unfortunately, the costs of construction for the wvarious
standards were not included in the data »resentec by Reynolds,
Iowever, the nature of the hauling costs indicates clearly
that it would be very uneconomic to construct a road to "woods"
standard if a ;arge volume of timber were to be transported
over that road.

. The technicue of estimating just what expenditure in road
construction will be most economical devends to a large extent
on the determination of‘road construction costs and speeds of
travel over those roads. It is of course, impractical to set
up & schedule of construction costs and respective speeds forﬁ
roads of va;ious standards and expect that relationship to hold
universally. Where $506kmight build a mile of graded road in
flat gravellj soll the same expenditure in rocky or swampy
terrain might not build & quarter of a mile of graded road. It
is obvious, therefore, that if a schedule of construction.costs
with respective gpeeds is to have any value it must bve
clagsilied according to terrain. The possibility exists that
a company's holdings may be so nearly uniform in terrain that
discrepnancies from the average could pe neglected, in which
case one scinedule would be suificient.

Wages also represent a variable which is very significant
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in tae fluctuation of costs in any line of work and Tosd
building is no excention to the general rule. Accordingly,

iie cost of road comnstruction shiould be exdressed in time, as
well as cost, and variatiéns in wragce rate or meeclhiine operation
cost could-be anniied directly to times to get curreant construc;
tion costs. A chnange in the construction machinery would intro-
duce anotiier variable since all trpes of road building ecuip-
ment will not construct roads at the same rate. The modern

road building ecuimient which is cuite stancdard for all exqept

the very »noor standards, is the bulldozer ec¢uiyosed tractor.

Frequently the bulldozer does all consiruction work from clear
ing to grading, the road crew being required for the building
of culverts and bridges only. Trucks will enter the picture
vhere filling or gravelling is required apd some tirpe of power
shovel for loading would then be recuired.

By recording the quantity of work done by the different~l
pieces of ecuiment and thie conditions under which theée times
would apply, it would be possible to calculate the cost of
roads in future operations, »rovided machine rates were known.

Along with thie cost of construction, the average speed of
'travel must e known for the various expenditures in construc-
tion. This requires actual timing of trucks on the various
road standards. Such data must be classified according to the
- type of truck since variationshin truck type mey be accompanied

by variations in average speed.
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Road Classification

As a first step in collecting road construction costs
and speeds of travel it 1s recormmended that a classification
of roads be esteblished. ‘

Bruce 3»nike, of George Banzhaf and Co., Milwaukee,
Wisconsin has made a study of trucking costs in northern
ilichigan and cormences als work with & road classification as
fgllow :

I. Strin Roads. :=- 3Brushed out, stumds cut low, ;ittle or no
grading, rougil, no aligmment, creeper gear. llade by
piece cutier or trucker.

II. Poor Haul Roads. :- Brushed out, stumps cut low, hand-
graded with shovel or grubhoe, rough or not smooth, )
more or less contour aligmment, creeper and first gear.

III. Fair Zaul Roads. :- Land- or machine-graded, more or less
contour aligmuent, grading changing but more favorzble,
fairly smooth if propgrly maintained, considerable
first anc seqond geér.

IV. Good Haul Roads. :- llachine graded, drainage provided for,
usually dirt gurface, fair aligment and gradients,
fairly smootle

) Pgblic Roads

V. Dirt and Poor Gravel. :- Fair alignment and gradient,

| about 20 per cent second and first gear, gurface
smooth or rough, dependipg on maintenance. ‘

VI. Good gravel and 0Old liacadan. :; Good aligmient and grad-
ients, surface more or less uneven, nearly eqgual to

hard-gsurface roads.
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VII. Pavement and Good llacalam. :- First class aligiznent and
long-sustained sradients, I‘aximum derforiance and

gsefety.

Any cla§sification, if not identical shiould be very similar

to the abvove.

Collection of Iload Construction Time and Cost

raving established the specifications of the various road
standards, costs of construction of the various standards should
be collecteda as soon asAogerations nake it possible to do so.

On current construction work a real effort should be nade
to record accurately the times and c&sts ingurred, as well aé
the standard and length of road constructed. To facilitate ,
time and cost recording, montlhly, semi-month;y or weekly
revorts of times and costs should be made un. Time gheets of
individual workers in whiéh the distribution of hours worked
was reqorded, would increase the accuracy of the periodic
report. rform 8, Jage 83, is an examdle of such a time éheet
which leﬁds itself readily #o use in making up payrolls as
well as for time collection. A similar record of machine time .
is required and date of thiis nature may be collected on Form 9,
page 84. If the time sheet is on a weekly vbasis the surmary
should be weekly_and may be along the lines indicated in
Form 10, page 85. The summary should contain the times of those
items which contribuved directly to the construction of the
road. Total costs, however, will be true total costs since the
nachine rates should be adjus@ed t0 include all other expenses
attributable to the operation. For instance, the machine rate

of labor per hour should include the man's wages (plus social
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security and withholding tax) cost of supervision and cost of
cam) moving, if a temdorary cemp is used, prorated over total
mzn hours. The mechine rate for the tractor should include the
‘operaﬁors.wages, denreciation, etc., as indicated in the form
on page 9. Care should be taken to describe accurately the

conditions of terrain under which the construction work was
carried on for the perioc covered by the summery. The gchedule
of road standards mey now be defined as to lengtin of time to

construct, under different ground conditions.

Average Speeds for Various Road Standards

The speeds which can be szfely maintained by various types
of trucks over the various road standards should now be detef-
mined. This involves a simple time and distance record, which
may be kept by the truck driver or preferably by a special
observer riding the trucks. It is most important in collecting
these data that the timer heve a clear undergtanding of the
specifications of the various road standa?ds. Collection of
data with regard to speed of {travel may be combined with a
comprehensive timing of the truck oneration to determaine points
of inefficiency or it may be gonducted seperately as would be
the case if Form 11 were used., The exampnle shown on Form 11,
-page 87, illustrates the use of the form and should be self
explanatory. The average round trip speed for the standards on
which data were collected may be calculated by the use of the
formula: | Average speed = %

| where H = gpeed when the truck is light

and L = speed when the truck is loaded
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20 obtain Tthe averaze round trip speed for the Class III rozd

Q

stendard in the exainle om »orm 11 the following calculation

[

would e necessary:

L=23/36x60=25 m.p.h.

H=273/16 x 60 = 11.2 n.».h.

2 l.2 2
Average m.D.n. = -"%T%g':?%—g - %é_g = 6.9 m.D.h.

This average resresents only one measurement over 3 miles
of Class III road and could not be assumed to apnly to all
roads of this class until more measurements hed verified the
validity of the ebove date., In determining the mean of a
nunber of aversge m.n.h.'s (as calculated above) it is sugges-
ted that averages be weignted by length of road. If 6.9 had
veen the averege cCetermined oun a three mil¢ run and 7.5 the
average on a ten mile run, then tiie wreighted average would be
calculated s fol}ows:

6.9 x 3 = 20.7

7.5 x 10 = 75,0
, 95.7

- _95.7 _
Average mep.h. = 1T = 7.35

Assuning thet sufficient data has been collected on
construction time and speeds for various road standards, a
schedule for different conditions of terrain may be set up

as shovm in Torm 12, »poge 89.

Use of the Construction Time and Speed Schedule

If the average speed and construction time for the
various road standards have‘been established with reasonable
-accuracy, current costs of construction can be estimated.by
applyiny the current machine rates of the eguipment used.

The average round trip speeds mey be converted into costs



form-22 (89)

lqveraye Speeds ond Construction Times for Vorious Rood Stondords”
Topography = Gently rolling |, good Sfomoge, Few culverZs rejy"r‘;_'a(

Grownd CondsFroms - Zlyéf(y wooded, Sondy A yrare/(y so./, Fosy rocks or bowlders.

Daota collecHed or reviged % ... . ........... 79 . ...
Roa o rMan Howrs per Mo&] Moachine Avearoge Rownd Trip Specds
exclosive of rachines Howrs (22 5)
S o » - o o » SHoncdord Tondens - oxle
ondor achine Ooerolors per mile 1% Ton Towck {é‘ Tor T ook
e 700 . - - 2.7 2.7
z So Troctor D-4 5 X ) < 7
| T 8o Tractor D-6 Fo 6.9 6.9
_ 7roctor D-4 72
| I Z50 Tracsor D-G So 90 8.7
7ractor D-4 700
. Truck 7 Ez 7on. So
Speeder Shove/ 20
Y 250 Troctor D-6 Zoo 79. 0 79 &
_77«/«3-4 200
- Truck 7 énd 250
Speeder Shove! 700
¥I Specalzed cguipmenl ond Leshnigues — 27 0 25.3
|z SENCHy an Srngincering problem. Jo. & 284

» , : .
Note: The dors regoretng Conalruchon Fimes proscased v Hhis ok ore sy 6;9-"44;"':\'/.




(90)

per round tri mile per sale unit by use of the following
Torrmulas

Iauling cost per sale unit »er round trin mile = .

- - mM.p..X L
whe?e' EC = Ilourly cost of opnerating the truck
NeDelle = Average round trip sneed

L = Load carried by the truck

The »roblem of determining to whait standard the road should
be improved can be solved quite easily if accurate information
on road construction costs, average speeds on different stand-
- ards, avenage loa@s carried and machine rates of the trucks
doing the hauling.
fxemple: It hes been Getermined from cruise data that 5000
cords of pulpwood will be hauled 5 miles over a tanline road,
Standard 1} ton trucks will be used. The machine rate of the
urucks is $1.50 per hour ana the average load carried is 3

cords. what standaxrdé of road should be built to haul thls wood?

Current Costs of Road Construction From IForm 12

Road : Man : : : : :iTachine: : ¢ Current
Stand-:Hourg:RatesCost: :achine ¢ Lours :Rate:Cost: Total
ard : : : : : : ¢ Cost~
L2 : : : : : : sPer Iijle
I : 100 :0.80: 80 : - - : = = 1 2= == :$ 80.00
II : 80G:0.80: 64 : Tractor D-4& : 15 :2.00: 30 : 94,00
IITI : 80 :0.80: 64 : Tractor D=6 : 40 :2:25: 90 : T
s s 7 e : Tractor D-4 : 72 :2.00:144 : 298.00
IV : 150 :0.80:120 ¢ Tractor D-6 : 50 :22.25:112 :
: : : : Tractor D=4 ¢ 19Q® :2:00:200 :
: : : : Truck 1% Tom ¢ 50° :1.50: 75 : v
~ : : ° ¢  s:Speeder Shovel: 20 :1.25: 25 : D532.00
V : 250 :0.,80:200 : Tractor D=6 : 100 :2.25:225 :
: : : ¢ Tractor D=4 : 200 :2.00:400 :
: : : : Truck 1} Ton : 150 :1.50:225 : St
: : : :Speeder Shovel: 100 :1.25:125 : 1175,.00

L
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The aim of planning is to reduce the sum of hauling cost
end road construction .cost ner cord to a minimum. It is
necessary, therefore, to calculate hauling cost per mile per -

- omQ
MePalleX
by dividing cost per mile by 5000 cords, the amount of wood

cord by the formula T and construction cost per cord

carried over the road. The results of these calculations are

presented in the following schedule:

I e a o —
I : $0.447 $0.016 - 363493
II :  0.256 : 0,022 s 0,278
I1I s 0.145 0.060 : 0,205
v :  0.111  : 0.106 2 0.217

It is apparent from the above.table that the reduction .
in hauling cost is greater than the increased cost of construg;
tion as the standard of the road is increaéed up to Class III.
Improvement beyond Class III would involve an improvement
expense which would not be equalled by savings inchiulipg

resulting from the improvément.
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CONCLUSION

The forms and procedures in data collection, suggested
in this paper, are for the most part entirely untried. It is
anpreciated thaf many impractical features will be apparent
if the suge eotlons ‘are rigorously followed in the field. These
forms and methods of time and cost collection should be
considered more as a starting'point from ﬁhich the user may
digress along those lines wh@ch indicate more accurate or
more easily obtained results. |

It is hoped that this paper may impress the reader with
the fact that logging cosis are not the elﬁsive intangibles |
-that they are so frequenily considered. Some ingenuity is
frequently required to_break out the significant cosfs inmolved
in a logging operation. Every situation will present its own .
peculiar problems which wiil require a modification of the
more or less géneral methods described here. Ilowever,
considerable expenditure in collectlan of data is justified
when it is realized that plannlng, in the light of the infonm-
ation collected, may result in savings several times 1agger

than the original expense of collecting the information.v
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