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AN ANALYSIS OF LOG PRODUCTION IN
THE “LJLAND EMPIRE” REGION’

By M. BRADNER, in charge Office of Forest Products, Northern Rocky Moun-
tain Region; F. Y. EropvcHEr, formerly Forest Braminer; J. W. (G1RARD,
Logging Engineer, Division of Forcst Economics, Branch of Regearch; and
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INTIODUCTION

The importance of logging, or the complete task of handling logs
from standing timber to the sawmill or commeon carrier, is indicated
in the enormous annual log output of the Nation. It is estimated
that between 33,000,000,000 and 40,000,000,000 board feet of timber
is taken out each year in the form of log-sized material. Further-
more, the logging end of the operation in this region actually

1 The * Inlund Fmpire,” which is considered ng forming » distinet lumbering region, may
be defined for the purposes of this bulletin as jncludiog the forested arcay in western
Meptana, Idaho north of the Saimon River, eastern Washington triputary o Spokane, and
the northeastern rip of Qregon, N )

2 The studies forming the basls of this bulletin were started by Qirard in 1619, The col-
lection of the hulk of the Held datt was made by Girard and Klobucher. Fuiluway, while
In charge of thie office of forest 1%Jrn:rdm:ts; in the nerthern Hocky Mountatn region, asslsted
matezlaliy tn the supervision of the project and in the revision of the original reporct
covering the results of the studies, rudner prepared the final report for publicatlon,
adding to the original work the results of luter studies. .

The authorg wisi to acknowiedge their indebtedness to ull who have aided in moy way
the aceoipplishment of this work, pactienlarly to P. Neff, who has hefped much in the col-
lection of the datn and the checking of resilts; to Clyde Webb, T. Crossiey, K. Williams,
R. Eilis, J. B, Keach, A, K. Standiferd, R. Woesner. K. A, Klehtn, Q. A. Krnupp, H. Regues,
nod I, V. Anderson, now or formerly Forest Service Officers, For the actral collection of
field dota ; and to the Anaconda Copper Mining Co. the Polleys Lumber (lo., Beardsmors
Lumber C¢., Henry Good Loﬁgmg Co., Whaiey Bros, Loggmg Co., Bmith Brim. Logging Co.,
Baird-Harper Lumber Co,, Potlatch Lumber Co., Bonners Fetry Lumber Co., f)eer Park
Lumber Ce., Rose Lake Lumber Co., P. L. Howe Lumber Cp., Dalkena Lumber Co., Ed-
wards-Bradford Luntber Co., MeGoldrick Lumber Co., and the J. Neils Lumber Ca., for the
belp and cooperation extended In making ihe studles on their logging operations.

158823°—33——1 1
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' involves about half the total actual cost of ‘production from the
stump to the finished product. The best logging methods are accord-
inily of first importance.

ogging engineering has developed remarkably during the past
“ decade. There has never been, however, a time in the history of the
lumber industry when the need for progress in this field was rmore
pronounced than it is to-day. Logging in virgin timber has steadily
Pprogressed into the less-accessible and lower-quality stands, and the
stumpage value has in general become increasmgly higher. The big
- consuming centers are at great distances from the principal produc-
ing regions. Other materials have made sabstantial inroads upon
lumber markets and competition hetween Inmber-producing regions
has been greatly intensified by overproduction. Requirements for
capital investments snd production costs all along the line from
stump to finished product are generally increasing. Industrial prog-
ress generally, as well as severe competition within the lumbering
field, now points to the necessity for the lumber industry to follow
the lead of other great industries and place its operations on a
sounder hasis,

The task of selecting the best method of operation to insure a
srofit involves more considerations in logging than in most industries.

ogging is done under operating condifions which vary constantiy.
Each individual chance ot logging unit, however small, presents a
different problem for solution. Further uncertainty is added through
the influence exerted by the weather and other natural factors.
Owing in part at least fo this uncertainty, the successful logger of
the past developed considerable resourcefulness. In his decisions,
however, he was guided largely by personal experience. The typo
of improvements, the kind of equipment, the operating methods, and
the standard of utilization have quite commonly been adopted upon
the personal recommendation of one man. Records of past experi-
ence were seldom if ever kept in such forin that the informution they
contained could be applied to other operations,

With the gradual development of logging engineering in recent
years, the lumber industry has made marked progress in the use of
recorded experience. Personal knowledge and judgment are now
qualified and greatly influenced by actual records of past perform-
ance and resnits. Nevertheless, it is still quite widely believed that
organization and management in logging are largely matters of
personality and personal judgment. There can be no doubt that
these factors must continue to be essential in all industry, but in
common with all other lines of endeavor, the planning and con-
ducting of logging operations will become less haphazard and
uncertain as basic facis are accumulated and come into use and
rule-of-thumb methods are displaced by methods that rest more
upon recorded facts and less upon personal judgment,

A very material step toward the deve opment of systematic
logging methods has been made possible in the % Inland Tmpire
- through a comprehensive investigation of logging output by the
Forest Service. Records of actual accomplishment have been ob-
tained for the common methods of operation under a uniform
classification of the natural conditions usually encountered. These
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~records afford.a means of accurately and conveniently measuring or
estimating performance or productivity. In contrast to the usual
cost data, such records have the advantage of permanent value. -
Being based upon specific conditions, these records arve applicable
to such conditiosis wherever found.” Thus, these logging-output
_studies constitule a new and significant, departure in the logging-
engineering field. '

The primary purposes of this bulletin are to present the results
of these “Inland Empire” logging-output studies, to analyze the
effect of the various factors upon output, to explain their use, and
to demonstrate the practical value of such data. Very definite
principles and methods are necessarily involved in making logging-
output studies. A knowledge of these is essential not only for the
proper conduct of such studies but to permit the most intelligent
application of them. For this reason o section of the appendix is
devated to a discussion of the principles and methods involved.

Logging-output studies furmish information of permanent value.
Such ﬁata. can be converted readily and accurately to a dollar or

cost basis by the application of current wage scales and costs, and
form, therefore, a reliable means of estimating the cost of logging.
As a result they can be put to practical use in the appraisal of
stwnpage values, in bringing ahout better logging methods, in the
intelligent letting of contracts, and in determining sound and
profitable uvtilization standards.

Cutput records, in conjunetion with a detailed examination of
conditions on the ground, afford the means of determining the most
logical plan of operation and the best means of accurately appraising
operating costs. A knowledge of these costs, quite as much as of man-
ufacturing costs and selling value, is essential to the establishment of
2 proper stumpage value. OQutput records also enable the operator
to malke a true comparison of the actual merits of the different
kinds' of improvements, equipment, and methods for each logging
chance, and thus assure the most efficient and economical operafion.
They make it possible to check the output of men or machines with
the normal output, so that contracts to meet specific conditions may
be let upon an intelligent basis.

The profitable cutting size and limit of defect in a stand of timber
can be determined only from detailed and accurate data such as are
obtainable in logging-output #nd milling studies. Through the appli-
cation of such cutting limits not only is a mors profitable operation
possible, but the selection cutting resulting therefrom usually leaves
the ares in a more productive state. This is the first step in good
forestry practice. .

SCOPE AND NATURE OF THE OUTPUT STUDIES

The studies of logging output made in the “Inland Empire”
region by the Forest Service from 1919 to 1928, inclusive, have
covered all of the several important timber-type classifications of
this region for both the winter and summer logging seasons. The
bulls of the field data forming the basis for this report was collected
during the first five years o% this period. Thege data are supple-
mented by further logging-output studies conducted since 1928, A
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number of studies covering all phases of tractor logging from stump
to landing in the pondeross pine type were made in 1928, The
volume of timber handled in the various branches of fhe logging
opération covered by all of those time and output studies is as follows:

- ' M. ft, b. . M. £t D. 1.
Sawing 3,206 Dray hauling 840
Horse skidding 7,483 Sleigh hauling 2,146
Tractor skidding 4,663 Autotruck hauling
Donkey gkidding 778 Tralling in chutes
Loading sleigh 295
Loading sutotrucks .. . .. 765 Tatal

Studies have been limited to sawing, skidding, trailing in chutes,
loading on sleighs and autotrucks, hauling, snd slash disposal. All
of these steps in the logging operation come between the stump and
the landing—where g large share of the log cost usnally cccurs and
furthermore where errors of judgment are most likely to prove very
expensive. Moreover, the factors which appreciably affect the out-
put in these phases of the logging operation are readily distinguished
and classified both at the time of study and in the subsequent
gpplication of the data,

peration in some branches of the work, such as railroad and
flume transportation, is so weli standardized that daia of sufficient
accuracy are available from cost accounts. Moreover, in these
branches output depends largely upon independent influences such
ag demand for logs and the output in other branches of the opera-
tion. The same is true of “tailing down ” on landings and decking
10%?. Output studies in these branches have therefore been excluded.

o attempt was made to give any indication of the relative effi-
ciency of individual workmen, units of organization, or equipment.
This was not the object in view. Once an average represenfing the
output of a number of units crews is made available, however, it
becorges o good yardstick with which toc measure the work of other
men or machines on similar jobs. The variation due to the human
element in individual crews has not been studied. So far as pos-
sible this influence has been eliminated by securing records for a
large number of men or crews selected at random.

n every other respect as well, the aim in these studies has been
to obtain information which would be of general use in the region,
represent average results obtainable, apply to specific conditions,
and be as nearly permanent as possible.

In the woods, output data were collected only from crews of
standard size. Only those men whose work directly affected the
output of the unit organization were considered as part of the
crew. The work of a large number of unit crews or machines, irre-
spective of their relative efficiency, was followed.

The output data were collected under definite classifications as to
the natural conditions found on the different areas. Of these con-
ditions the species or forest typs, size of timber, slope, and season
of the year exert the greatest influence upon logging cutput and
therefore were adopted as the primary classification elements.
Height of trees, stand per scre, windfall and undergrowth, and
surface, although recognized in the collection of data as affecting
output in varying degrees, were considered of minor importance.
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.Distance, gross volume, and time were the basic units of measure- -
ment uted. Distance, when a factor in output (as in skidding with
horses), was always taken as the actual distance along the slope
under- load and not the horizontal distance. Gross scale by tﬂe
Scribner decimal C log rule was used as the unit volume of measure-
‘ment for all branches of logging, since, if net scale had been used,
the data would have been applicable only to stands containing the
seme percentage of defect. Where it is desired to determine output
or cost for any particular stand of timber, the estimated percentage
of defect in that stand may be applied to the gross scale.

Only actual working time plus any normal lost time s included
in job measurements. For example such time is excluded as that
lost by a skidding team because of a filled skidway, or that charge-
able to any other branch of logging work buf skidding itself.
Actual working time includes such time as is lost in resting, minor
repairs of equipment, or overcoming any other difficulties encoun-
tered in actually doing the work—such as hanging up a tree in
sawing. Where teams were doubled up to skid a large log, the trip
time was doubled. '

The hour was adopted as the standard unit for measuring the labor
used on the job. The use of the effective hour as a unit, In contrast
to the day or dollar, avoids the complexitios which otherwise result
from constant fluctuations in wages and the length of the worlking
day as, for instance, where travel from camp to the job is on com-.
pany time and must be deducted from the standard day before
effective hours can be arrived at. In using the output dats as here
presented it is necessary only to apply the output per hour to the
estimag;ed number of effective hours which it is possible to put in on
the job.

The refinement justified in time and output staudies of any kind
of work is dependent largely upon the variations found in the
working conditions. It is of no practical value to determine the
individual effect on output of factors which can not be controlled.
The degree of detail necessary to make certain that the data on any
particuittr unit crew or piece of equipment represent the average
performance depends upon how consistent the crews are in their
work, the nature of the conditions under which the work is done, and
the range over which the figures must be distributed. More data are
necessary when the logs are skidded on the ground by horses than
when trailed in chutes, since the improvements in the Iatter case have
more nearly standardized working conditions. Undoubtedly the
greatest variations occur in work into which the human element
enters to the greatest degree. A full discussion of the refinement
justified and the amount of information necessary to assure average
data in these studies is given in the appendiz.

LOGGING-OUTPUT GRAPHS AND THEIR USE

The actual output data for the different branches of logging are
presented in the form of graphs for all activities except swamping
and slash disposal; these are given in tabular form. The studies
include the following steps in the operation in the order in which they
are presented: Sawing (including felling and bucking in the
woods, felling, limbing and topping, and bucking on the landing) ;




e

~ TECHNICAL BULLETIN 355, U. S, DEPT. OF AGRICULTURE

ski.ddin'g (borse, tractor, donkey engine, and big wheel) ; loading
and. unloading; transportation other than skidding (including

. trailing in chutes and hauling on drays, sleighs, and autotrucks);

-and swamping and slash disposal.

“A discusston of the factors affecting output, together with facts
“pertinent to the understanding and specific use of the graphs, accom-
panies each set of data. In order to facilitate the use of the graphs
in determining operating costs, a number of examples or problems
and their solution are given for each branch of logging studied.
Output or cost can be determined to a finer degree than that indi-
categ here by interpolation between the values shcwn. Even where

existing methods and conditions do not fall within the range of the
data presented, the in{ormation here given will often be of value as
a general guide to, or an indication of, what might be accomplished.

Certain very definite principles or basic facts about logging must
be fully understnod befere output data of the type presented can be
used egectively. The influence of defect in timber is reflected as a
uniform flat reduction in the quantity of output in all ends of the
logging work. There is no appreciable difference in output between
defective and sound material on the basis of gross-scale volume.
The amount of work involved in handling two logs of similar size,
one sound and the other one-half defective, is practically the same.
The actual net output in the casc of the defective log would, there-
fore, be one-half that of the sound log.

Breaka%;z reduces sawing output But increases that of all other
parts of the operation from stump te mill pond, since the egll:ea,tesl;
percentage of breakage occurs in the small-top logs. The elimina-

~tion of these from the run increases the average size of the log cut
from the stand.

The size factor which determines output in all branches of the

o operation except sawing is the scale of the log rather than the

dimensions from which that scale is derived. If two logs, one 20
feet and the other 12 feet in length, each scale 140 feet, practically
the same output will be obtained from both. On the standard
16-foot length basis, however, one would run 9 logs and the other
51% logs per thousand feet board measure. Therefore, by cutting a
stand of timber which averages 10 logs per thousand into logs 24
feet long, an ontput would be obtained approximately the same
as that from g stand running seven 16-foot logs per thousand. This
same ratio will not hoeld in sawing. Cutting 10-log material into
24-foot lengths gives an output far above that for 7-log material cut
into 16-foot lengths,

Overrun is in reality a makeshift used to arrive at actual lumber
contents when the scale rule fails to record actual contents, as it
does most signally in the measurement of small logs. It will be used
in connection with an attempt to determine the marginal log mate-
rial which can be profitably handled,

An accurate timber estimate and a topographic or drainage map
are essential tc the most eifective application of the data shown in
the graphs in evuluating stumpage or determining the best methods
of operation for a particular logging chance. Thus, after a careful
examination of the area, the logging engineer with these aids, has
all the {acilities necessary to arrive at very definite conelusions as to
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the best methods and the cost of these methods. This presumes, of
course, that the appraiser has experience, judgmerns$, and initiative,
and is 'willing to put the dats to their best use.

ANALYSIS OF SAWING-OUTPUT DATA

The output data for sawing are presented raphically in Figures
1 to 18, which are summarized in Table 1. The output per effective
hour gross scale is based upon the work of two men and is deter-
mined both by diameter breast high groups and number of logs per
thousand hoard feet of timber cut. A 2-man saw crew is the
standard crew for ecither day or contract work. All output curves
are, unless otherwise designated, applicable to jobs where the average
log is approximately 16 feef in length. This is the approximate
average length of all short logs cut inthis region,

EFFECT OF NATURAL FACTORS ON SAWING OUTPUT

Natural factors which affect the sawing output, considered in the
approximate order of their importance, are size of timber, species of
timber,® season of the year, defqct in timber, and slope, windfall,
and undergrowth,

Sawing output up to certain sizes js influenced to a greater degree
by the diameter of the timber than by any of the other natural fac-
tors affecting it. This influence is evident in every set of data where
output js given according io size. In general, there is a fairly rapid
increase in the output per saw crew per hour for each 2-inch diameter
increase in the size of the trees cut, from the smallest trees on which
data were obtained up to those 30 to 40 inches in diameter breast
high.* Somewhere within these diameter limits, depending on the
species cut, a point is reached where for several diameter sizes tho
output of the crew does net increase as the size of the timher in.
creases. From this point on, as still larger trees are cut, the output
per hour gradually falls off. This does nob follow, however, with
logs of unusual length. (Fig. 13.)

The curve in Figure 1 shows the output per crew (working on a
day basis) per hour for western white pine to be 470 board feet for
12-inch trees (diameter breast high), 940 hoard feet for 20-inch trees,
and 1,210 board feet for 28-inch frees. The maximum output per
crew per hour under the condition as deseribed on the graph (1,270
feet board measure) was reached in sawing trees 84 to 36 inches
diameter breast high. Logs from western white pine trees of these
sizes would run from three and one-half to three logs per thousand.
¥rom this point on, the output of the saw crew decreaged as the size
of the trees cut increased. The curve shows an output per saw crew
per hour of 1,200 board feet for the 44-inch tree, the largest diameter
group for which data were obtained. Practically the same output

 The commereially Important tre species referred to bn this bailolin are:
Botanicol pame Accopted common namg . ‘Trado noma

- Pinux monticola T, Don Wostern white pige Idaha white pite.

Pinus pond LW - Ponoross pine_ ., __ 77T Ponderosa ploo.
Lariz occfdentatis Nate..___.___ """ Western larch . .Lareh.
Paedotruyn tozifolie (Lah.) Drifg Douglss ir, . Dauglas Gy,
Picea engel nii Engolm Engel T Epruce Spruce,
Abies grandis Lindl . Lowlantd whil:a fir ‘White fir,
g“;‘% hﬁerop!gﬁa {Rof.) Sarg Westers humlock ---- Hemlock,

1 plicaia D,

Don. oo Western red codar Cedar,
. b.=dinmoter, breast high, or 44 fest ahove ground, messured cutsida {Including) bark.




TABLE -1.—Index to sawing graphs

Forest type

Species

Surface conditions

Stand
per acre

Windfall

Surface

Method

Wes(t]:ern white pina_.

Ponderosa pine

Lm‘ch, Doug]as fir...
Ponderosa pine,
"Engelmann spruce...

iWesteru white pinc.|

Western white pine.

Western white pine
and white fir,
larch, Douglss fir,
cedar.

‘Western white pine

ype.
Ponderosa pine
Douglas fir........

do
Engelmann. spruce
and balsam fir,
Western whité pine
and white fir,
Western white piine
and  white " fir,
larch, and Doug-
las fir.

M.JLb.m,
lo—gg Winter....

Medium._ .
<) Light .. .

Srooth

woodoo..

Felléng and bucking- Da;

Summer. .
0.

Smooth_.

do.

Bucking or landing..
Felling and topping.

JR ;U SO

“Light. 7]

“Stmooth_..

do.
Bucking on landing.
Fellln% limbing,
and bucking into
long logs.

y.
Contract.

Three contract
crews,
Day and contmct.
Contract.
ny.
Contract,
Do.

Do,
Do.

: Do,
Do,
Do.
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was obtained by the crew when sawing 28-inch trees. The day-work
sawing curve'in Figure 4 shows that in ponderosa pine the maximum
output per saw crew per hour was obtained when trees 36 to 38 inches

diameter breast high were felled and bucked into logs. In Douglas
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fir the maximum output of the saw crew per hour (fig. B) was
reached in cutting 32-inch trees; in western larch (fig. 7) in 36-inch
irees. '

The relatively low output of a saw crew operating in small timber
is in great part due to the extra number of trees which must be felled
and bucked in order fo obtain a scale equal to that vesulting where

FEET T T i T ¥ T T T I T
B,

[WHITE PINE-
e \WHITE FIR
1
I e LARCH=
-—-""‘{aoum..;\s. FIRT

SLOPE-._15TO 50 PER CENT

4000

 ITETAEIN ITOT

7

V SNOW DEFTH 30 TOAD INCHES
TYPE_WESTERN WHITE PINET]

STAND PER ACRE._t5M FEET 3

/’ SCALE—~__SCRIBNER DEC.C 3
TOTAL DONKEY CREW. 15 MEN 3

| | . . | EFFECTIVE TIME ONLY 3

2 20 EE) 28 a2 36 40 Ak 48
DIAMETER BREAST HIGH (INCHES)
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advance of skidding to ehanging line, cte. Hasis, 300 M feef. Datn collected January—
February, 1021
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larger trees are cut. Sawyers cutting western white pine trees which
average 14 inches diameter breast high and run four and one-half
logs to the tree would have to fall and buek four such trees to obtain
an output of approximately 1,000 board feet gross log scale. Approx-
Imately the same could be obtained by felling and bucking one 25-inch

a



http:DONKEYCREW_.JG

T 141:|||}l {ljljn

g

6 T T T T T LERRNLRERY LAREN LA RN RRLRELI

n
8
2]

NI SLANERTNUNNACERRASTETY EAVTE FASWA FYRTERAUNY (OO0 FACT |

B
8

SLOPE._ _{5TC SOPERCENT T

5

A TYPE . _PONDEROSA PINE 3
/ STAND PER ACRE 10 M.FEET 3
SCALE.____SCRIBNER DEC.C J

g
h=

1 H L} i H 3 i 1
4 8

22 26 30 34 33
DIAMETER BREAST HIGH LINCHES)

33 25 20 14 11 & 7 & 48 4 35 3 72422 2
LOGS PER M FEET B.M.

FauRE 11— SBewiag outoput (feilinﬁlaézdttopﬁing Tor_tractor skiddling) in ponderose pine,
{1

. contract labor. agis, 263 (c ata collected Avpust-Scptember, 19718

P

&
[
[+]
=]

3
3

Y
o
(=]

T T T T T T T T T T T T Ty e T

IRESR IR VNI CN RN [N ETRR ERUATA RS RN ORTICIET!

8

CREWL 2 MEN SAWING,! MARKING ]
SCALE .. .. SCRIBNER DEC.C
TREE LENGTHS BUCKED INTO

AVERAGE 16-FOOT LOGS

GROSS QUTFUT FER CREW FER HOUR

3 ] H I
4 18 22 26 30 34 38
DIAMETER @REAST HIGH (INCHES)
33 25 20 M 1) 9 T 6 48 4 B35 3 2T A 2R B
LOGS FER M FEET 8.M.

Figonp 12.—Sewing cutput (bucking on landing for tractor skilding) in ponderosa pine,
” contract labor. Baals, 128 M feet. Datn coilected Augigt, 1028

8 waralatieleinelyg

42

h
L]




* ANALYSIS OF LOG ‘PRODUCTION

7-log tree. A large percentage of the total time consumed in the
sawing operation is spent in going from tree to tree, brushing out
around the treeand sizing it up, and in the actusl felling. Some
offective time is lost in the shorf rest period which often follows the
completion of the felling and bucking.-up of each tree. The time
thus lost is much less per thousand for large timber than for small
timber.
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In actual surface to be sawed in felling, the four 1d-inch trees
would reguire 1.3 times as much labor as the one 25-inch tree. In
the bucking operation, however, although there would be approxi-
mately 18 cuts Lo be made in the 14-inch frees as compared with but
7 in the 25-inch tree, the actual surface to be sawed would be less,

The decrease in output with an increase in size of the trees above
32 to 36 inches diameter breast high (depending on the species)
can be attributed in part to three factors—the length of the standard
saw unsed, the additional physical effort necessary to pull the saw,
and the increased breakage. The length of the standard saw com-
monly used in cutting the relatively small-sized timber of the © In-
land Empire ” is 514 to 6 feet. This and the 7-foot saw are well
adapted to the size of timber normally found. It is possible that
a longer saw is needed for more efficient work in timber 86 inches
and over in diameter. It has been noted that where exceedingly
large cuts are being made the 6-foot saw can be operated to advan-
tage by only one of the sawyers.

arge timber, because of its excessive weight and height, breaks
and splits moré readily when felled, and the breaks are usually
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farther down in the tree than in smaller timber. In bucking the
tree into logs, these breaks must be sawed out, and this means from
one to several extra cuts of large diameter for the saw crew. Large

trees often partly bury themselves in the ground when felled, thus
- adding to the difficulty of bucking. them into logs. There are no
other obvious reasons for the decreased output beyond & certain
diameter, which is approximately the same for all species.

The species of timber being cut has a considerable influence upon
the output that the saw crew will obtain. The hardness and tough-
- mess of the wood, the quantity of pitch which it contains, and the

character and thickness of the bar]l:) are all factors which inflv.-nece
sawing. To these may be added the characteristic shape of the
tree butt and bole, and the occurrence and character of the branches.
Toughness of wood fiber is another cause of difficulty, requiring that
saws be kept in better shape and that more actual power be used to
saw through o given thickness. The wood of Rocky Mountain
Douglas fir is quite hard and therefore more difficult to saw than
that of the pines. The corklike bark of Douglas fir is more difficult
to saw through, because of both structure and thickness, than is
the relatively thin woody bark of the western white pine or white
fir. The stringy, fibrous bark of the western red cedar strips off
and clogs the saw teeth. Tree species that are often swell butted,
such as western larch and cedar, require a thicker cut in felling than
do even-boled trees of the same diameter. Some species of trees
clean themselves of branches much more readily than do others,
and as a result less swamping is required.

The effect of species characteristics upon the output may be
ascertained by a study of Figures 1 to 8. The sawing output per crew
per hour in western white pine for 9-log per thousand timber (fig, 1)
is 1,025 board feet gross scale. That is 125 board feet more than
15 obtained by a saw crew cutting in 9-log per thousand western
larch. (Fig. 6.) The sawing of both species was done under prac-
tically the same ~onditions, on a day basis during the winter season.
The difference in output is no doubt due, to some extent, to the
greater thickness of the larch bark and to the characteristic swell
butt of this species. Tn the larger larch trees, long butting is ofter
required ; this necessitates an extra cut in bucking.

igure 2 shows the output per hour for different-sized trees
obtalned by a contract crew cutting the sevoral associated species
in the white pine type. Output per erew per hour for 22-inch trees
is 1,250 board feet in western white pine and white fir, 1,135 board
feet in western larch, 1,085 board fect in Douglas fir, and 935 board
feet in western red cedar. Thus the difference in output between
western white pine and western larch obtained by the contract crew
is 115 board feet per hour in 9-log per thousand timber, about the
same difference as was shown in the output obtained by crews work-
ing on a day basis.

The difference in output in summer and winter work, expressed in
terms of men and equipment required, is much less noticeable in
sawing than in skidding or chuting. ~Secasonal changes influence
sawing in only two respects—freezing of timber and depth of snow,
in themselves variables. Frost in timber may be so shght that its
effect is not discernable in the output; it may, on the other hand,
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be -sufficient to cut down output as much as 50 per cent. The same
may be said of the depth of snow. It does not hinder the work to
an appreciable degree until it reaches a depth which makes its
removal necessary in order to get down to the proper stump height
in felling. These seasonal changes may take place by imperceptible
degrees and will be reflected in output in o similar manner.
The average effect of frozen timber and deep snow swhich may be
anticipa.tec? in the “Inland Empire” region will not vary appre-
ciably from the average represented by the curves based on winter
sawing.

Defect in timber may result in either an increase or decreass in
gross-scale sawing output. In certain stages of decay, wood acts as
a serious impediment to the cutting speed of a saw, and gross output
is materially decreased. This decrease is, however, about offset by
the greater speed possible in sawing hollow trees ov those containing
dry rot, where the work is not obstructed.

%"ariables which have a minor effeet on the output of the saw crew
under average conditions in this region are slope, undergrowth, and
windfall. Slope above G0 per cent, heavy brush, and windfall
would of course greatly decrease the ontput. A certain degree of
slope will add to the ease with which the felling operation may be
performed, especially where the cutting of low stumps is required,
but this advantage is generally offset by increased difficulties in
bucking. After sawing starts, the surface soon becomes littered
with felled trees and any interference from the brush and windfall
is practically removed. Density of brush and degree of windfall ave
nmentioned in the description of each sawing curve merely as indica-
tive of the character of the stand.

In applying the sawing data to a particular job, the gross-scale
output must be reduced by the estimated amount of breakage.
Allowance for the probuble percentage of breakage should be made
during the preliminary examination of the logging chance.

QUTPUT BY DAY AND CONTRACT LABOR COMPARED

In addition to the natural factors which influence the sawing
outpuf, an important factor is the basis upon which the saw crew Is
paid. In this region sawing is done both by day Iabor and by
contract.

It is a well-established fact that a man working on a piece or
contract basis will attain 2 greater output per effective hour than if
paid by the day to do the same job. Payment on the basis of the
actual work performed is an 3ncentive to greater achievement.
Under the contract system, intelligently administered, personal abil-
ity, efficiency and hard work are rewarded. During the latter
part of the World War and for several years following it, practically
all parts of the logging operation were let on a contract basis.
Payments were made for the number of thousand feet of logs sawed,
skidded, chuted, loaded, or hauled, or at a contract rate per thousand
or rod for chutes or roads constructed. The rate per tilousanrl feet
boord measure or other unit was generally based upor what was
considered a fair output per effective unit of time for an average
worker or crew working on a duy basis.

168823°—33——2
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- The advantages of this system were, however, often lost by faulty
application. Accurate records of past performance and results, if
available at all, were seldom kept in sufficient detail to permit their
use in determining a fair cost ¥or any particular job. The differ-

. ence in efficiency as between two individual workmen or two unit

crews was not always given due consideration. The rate set in

;; Inauy cases was not based upon a fair output for an average crew.

In far too many cases improper emphasis was placed upon the net
daily earnings of the man or crew, and hard work and personal
efficiency were penalized. The lack of accurate information upon
which fo base the contract rate resulted in considerable bickering
and distegreement between the logging operator and his eontractors.
Lack of confidence in the cost records available or in his own per-
sonal judgment often caused the logging operator to change the
contract rate a number of times when letting new contracts before
the entire job has been completed. For a time coniract logging fell
Into disrepute, and a number of logging outfits returned o the old
metbod of operating on a day basis of pay. In late years there has
been a gradual return to the contract method, especially in those
branches of the logging operation where the factors effecting output
are limited in number and their influence can be determined with
comparative ease

Approximately 90 per cent of the sawing in this region is now
being done on a contract basis, and payments are made either by the
log or per thousand feet log scale. The output curves on all sawing
graphs but Figures 1, 4, and 6 (and one curve on fig. 4) are based on
contract work,

In Figure 3, in which the output for each of three different con-
tract sew crews working under the same conditions is represented by
a curve, it will be noted that there is a considerable difference in
output between what may be classed as poor, average, and good saw
crews. The size of the timber has a direct bearing upon these
differences.

In felling and bucking trees averaging 14 inches diameter breast
high the poor and the average saw crew differed but 90 board feet
in output per effective hour. The difference is 140 board feet in
sawing 24-inch trees and 420 board feet when the crews are cutting
36-inch trees. The same general increase, though more gradual,
is found in the output differences between the average and good saw
crews af the same diameter sizes. It is obvious that the larger the
tree the more ability and technic are demanded of each member of
the saw crew in felling it and the more important it is that the saw-
yers be accustomed to working together as a crew.

A comparison of the output obtained under day and contract
work is shown in Figure 4 for ponderosa pine. The curves represent
the output per crew per hour in board feet at each 2-inch diamcter
class from 10 inches to 48 inches, and the corresponding log per
thousand groups. According to the curves, the contract crew
obfains o greater output per hour by 300 board feet when sawing
20-log per thousand ponderosa pine than does the day crew. As
the timber increases in size the difference in output between the two
crews also increases, The contract crew attains 500 board feet move
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‘output per hour in sawing 9-log per thousand timber and 620 board
feet more in 6-log per thousand ttmber.

HOW TO COMPUTE SAWING COSTS

The methods of using the graphs shown in Figures 1 to 13 is sim-
ple and fpractical. To apply them to a specific stand of timber
or unit of a logging chance the procedure is as follows:

(1) Compute the average number of logs per thousand for the
unit. Timber estimates are usually worked up in s manner to show
the number of 16-foot logs per thousand by forties or natural log-
ging units. Tn the ordinary stand of timber it is unnecessary to
consider diameter classes separately. However, in stands, for exam-
ple, having a large percentage of the volume in 14 and 16 inch trees
and the remainder in 36 to 40 inch trees, separate consideration
must be given to each group. In order to male the sawing data as
easy of application as possigle, output is as & rule given on the hasis
of both diameter and logs per thousand. It has been determined in
these studies that a variation in height in the same diameter class
does not materially affect the scale of the average log. Unless other-
wise indicated in the descriptive caption of the graph, the data are
fftpplica.ble only where the average log length is approximately 16

eet. :

{2) Determine the gross output per crew per hour for this com-
puted size of timber from the graph which best fits the specific stand
and operating conditions. Selection of the proper sawing graph
to use to fit the specific chance requires much less experience than

in other branches of the lo§ging operation. There is but one kind of

equipment with which to do the work in sawing. Slope, brush, and
windfall have less effect. Distance from timber to landing needs no
consideration. Reference to Table 1 will assist in the selection of
the proper graph.

(3) gitain the gross daily output by multiplying the gross out-
put per hour by the number of hours which will actually be put in
on the job each day.

(4) E)btain the net daily output by reducing the above figure by
the estimated percentage of defect and breakage. The allowance
for probable percentage of defect, breakage, and cull should be
determined on the ground during the examination of the logging
chance. The percentage of such deductions must be left entirely to
the judgment of the man making the examination.

{5) Find the net cost of sawing per thousand by dividing the dsily
cost of the saw crew by the net daily output. A convenient form
of saw-crew costs is shown in Table 18.

The two following examples are given to illustrate the proper
use of the sawing graphs:

EXAMILE A

To find the cost per thousand of sawing western white pine for the
size of the timber and particular conditions:

The stand is of the white-pine type and will run 20,000 board feet
per acre. The average western white pine tree in the stand is ap-
proximately 22 inches diameter breast high, and the timber will run
9 logs per thousand feet board measure. It is estimated as being
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about 7 per cent defective. Tho slope will average about 30 per
cent, and the brush may be considered medium in ensity and size.
The sawing is to be done in the winter, and it is estimated that there
‘will be about 2 feet of snow on the ground at the time. The
loss for breakage in felling may be considered negligible. Sawing
~will be done on a day basis, and it is planned to have the crews put
in 8 effective hours g'er day on the job. The cost of the saw crew
per effective day is figured at $9. This includes cost of files, oils,
and o proportionate charge for time of the fler.
To find the sawing cost per thousand from the output data, pro-

ceed as follows:
. Belecting Figure 1 as best fitting the specific stand and o perating
~ eonditions, read the gross output per saw crew per effective hour for
9-log per thousand timber, or 1,025 feet board measure. The gross
daily output per saw crew would then be eight times 1,025 feet
board measure, or 8200 feet board measnre. To cbtain the net
daily output, reduce the gross daily output the estimated 7 per cent
of defect (8200 feet board measure reduced 7 per cent ~quals 7,626
feet hoard measure}. To find the net cost per thousand, divide the
daily cost of snw crew ($9) by this net daily output, obtaining $1.18
as cost of sawing per thousand.

EXAMPLE B

To find the cost per thousand of sawing ponderosa pine in a
specific stand of timber:

The stand is of the ponderosa pine type running 10 to 12 thousand
feet per acre and will fall into two distinctive size classes. Seventy
per cent of the volume of the stand is made up of large mature trees
36 to 44 inches diameter breast high or 2.2 logs per thousand feet
board measure. These trees are estimated to be 5 per cent defective.
The loss from breakage in felling is estimated to be 3 per cent.
The remainder, or 30 per cent of the volume of the stand, are young
small frees 16 to 18 inches diameter breast high that should average
14 logs per thousand. This class of timber is practically sound, and
the loss from breakage in felling is negligible. The stope averages
15 per cent and the brush is classified as light. The sawing is to
be done on a day basis, during the summer season. The SLWYers
are cted to put in eight hours per day on the job, and the fots)
cost of the saw crew per effective day is figured af $3.70.

To find the sawing cost per thousand from the output data pro-
ceed as follows:

Because of the wide variations in size of the timber, separate
consideration must be given to the two size classes in figuring the
sawing cost. Figure 4 (day-labor curve) is selected for use as it
best fits the specific stand and operating conditions given in the
example. According to the day-labor curve, the 2.2-log per thou-
send shows a gross output per saw crew per effective hour of 1275
feet board measure. The gross output per effective hour for the 14.
log per thousand timber is given as 785 feet board measure. The
gross daily output per suw crew would be eight times the gross out-
put per effective hour, 1,275 ft. bam. X 8, or 10.200 feet borrd mess.
uve, for the large trees, and 785 #t. b.m, X 8, or 6,280 feet board
measure, for the small trees,
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Reducing the gross daily output of the large trees by the estimated
amount of defect (5 per cent) and breakage loss (3 per cent) gives
a2 net daily output of 9,384 feet board measure. TFor the small

" sound trees no rednction need bhe made.

Zhie net cost of sawing per thousand is then $8.70+9,384, or

74,927 per thousand, for the large trees, and $8.70+ 6,280, or $1.385

per thousand, for the small irees.

To find the weighted average cost of sawing per thousand in the
stand, take 70 per cent (volume of large trees in the stand) of the
cost of sawing the large trees and 30 per cent {volume of small trees
in the stand) of the cost of sawing the smsll trees and add the
results.

T0 per cent of $0.927 $0. 6489
30 per cent of $1.385 - .41556

Sawicy cost per thousand 1. 0644

ANALYSIS OF SKIDDING-OUTPUT DATA

The output data for the several methods of skidding most com-
monly employed in the “Inland Empire” region are given in
graphic form as follows: Horse skidding in Figures 14 to 96, teactor
skidding in Figures 27 to 32, donkey (ground-line) skidding in
Figures 33 to 85, and big-wheel skidding in Figure 36, These
graphs are summarized in Table 2. ’

In contract skidding with horses the unit crew on which the out-
put figures are based consists of the team and teamster and a
swamper * who may also help in making up the trail of logs. Team
and feamster is the standard unit in day work, although in some cases
one-half the time of a chainer or dogger is included. Where the
logging is all on a day busis the swamping is done as a separate job
and usually is completed prior to skidding. All output curves for
horse skidding are, unless otherwise designated, applicable to jobs
where the average log cut is approximately 16 feet in length. This
Is the approximate average length of all short logs cut in this
region.

stimates for skidding with tractors ordinarily assume the use of
2 10-ton machine with a crew of either one or two men besides the
driver. Where the timber is skidded in tree lengths, a tractor unit
crew ustally consists of a choker setter and a swamper in addition
to the driver. Any necessary swamping is dome in conjunction
with the skidding and is usually limited to brashing out around the
felled trees so that the choker can be set speedily and without diffi-
culty. Where the timber is skidded in lomg-log lengths, 2 team
and teamster are used to bunch the logs in the woods; these then
become part of the unit erew. The swampers, one or two in number,
work with the bunching team and teamster.

¢ Ior deflnltions of logeglng terms see glossary, p. 50.




TuasLe 2.—~Indez lo skidding.

HORSE SKIDDING

Forest type

Stand
per-acre

Organization and equipment

Surface conditions

Windfall}

Surface

‘Western white pine..

A ft.b.m.
1 10-20

10-20

10-20 |-

25
15

15
15

1o
10

Winter....

(3|

I chainer: per team; tongs,
chains, and dogs used.
0-~

doca. .

a

--.d
Surnmer- ..

.-.do._:

do__

Medium..... IO

Nedium..

Team, teamster, and swamper;
tongs and dogs used. N
Team and teamster; tongs and
ch{z‘:lns.
0.

Contract....
Day.-...-

Summer...
Winter. ...

1 chainer per 2 teams;. tongs
and chains,

1 chainer per team; tongs and
chains.

Team and teamster; tongs
and chaing,

1 chainer per 2 teams; tongs
and chains, small trees in
-whole lengths.

Tesm and teamster; tongs and
chains.

1 chainer per 2 teams; tongs
kauéi chains.

o

---do

...do

do..

Light_. [

---Q0..

R, , J

do...

Smooth.cecrancaaana-a.

Firm and smooth.

Medium.

TRACTOR SKIDDING

Winter.

3 men, 10-ton -tractor, whole
tree lengths.
2 men, 10-ton tractor, whcle
m:]e lenyths.
0.

do

Summer. .

3 men, 10-ton tractor, whole
tree lengths.

4 men and bunci! team, 10-ton
tractor, 24 to 40 foot logs.

Light..

Smooth.y.mccinconniin
do.

do.

Medium......:
do. ;

do.

Dense

do

P
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4 men and bunch team, 10-ton |...do

tractor, short log,

DONKEY SKIDDING (11 RY 14INCH DONKEY)

Winter....

16 men; ground line Contract_.
17 men; ground line ---do

Light tomedium_ .| Light to

medium,|
do.

18 men; ground line JRN s SRR

do. .
Light to heavy____] Light  to {.

heayy.

BIG-WHEEL SKIDDING

Pondérosa pine

O] Sumnmer._

5 men, 2 sets wheels; 8 horses...

Light

Medium.

! Downbhill unless otherwise noted,

*Uphill,

3. Ground frozen,

I
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Fmgorm 20.—Horse-skidding output, In ponderosa pine type, steep siope. Doy Inbor,
summer work. Bagis: 491 M fest, 1,853 trips. Doto coliected July and Avgust

fm\‘ SEREIIRTT1 NETTT FTTR SYUNL IR FRRRURTITI IX TP AN ITANNTTL PO TIATETI FIOT)

R //1//////~-

(=)

L) T ¥ 1 T T T
0 TO 15 PERCENT
SNOW QEPTH..IO TO 20 INCHES

WINDFALL

SURFACE FIRM AND SMOOTH

STAND PER ACRE__IQ M FEET

SCALE____SCRIBNER DEC.C
TORGS AND CHAINS USED,ONE
CHAINER PER TEAM

]
s

T T T TT T v TR I

X

—-—""/

\\E
\\\: ::» 3 Log g
N

-t

&
o) 5

e

a2 T 17 e,
————

t

GROSS OUTFUT PER FTEAM FER HOUR

/

)
=

WA
o
[+

i8 10 25

LRI ISR LIEII LERR|

—

—

= ———
i

i ] 1] L ] ]
2 4 6 8 [ 12 14 16 S 20
SKIDDING DISTAMCE (HUNDRED FEET)

L]
Froorp 21, —Hovse-skidding output, in pondercsa pine type, litile slope. Day Inbor, winter
work, Tnsala: 337 M fcet, 1500 trips. {Curves exteudéd. beyord 1,200 feet distance.})
Data collected December, Janunry, snd February T -

c

m PRI IURTL I IURIYIRICNTTICN RNl TTTIIRTR] RURRL URRINRTELILTT1 RTERE SRRELENENURLIT)

-




LRI LERM LA

]

SURFACE .. FIRM AND SMOOTH
STANDPER ACRE. _IOM FEET
SCALE._ - SCRIBNER DEC.C
TONGS AND CHAINS USECQ

fat) L]
o = nm
L3 o
=] 0

. in
[+
&

275 i7
Jo

GRGES QUTFPUT PER TEAN PLR HOUR

T [T T T e r.mun T[T
/ ) /_/ /

th
4]
2

——

——

t 1 k3
10 12 14 3 [E:] 20
SKIDDING DISTANCE (HUNDRED FEET)

[N UK FTVES FRNRT FVR)NRSVUCTTEALRT Y IYR IR0 CURT1 FURTUIFRTIIT0T] ITIT)

=]
CrrreTy
e

FIGURE 22 —Morse-skidding output, in ponderoas plne type, moderste slope. Doy iabor,
winter work., Bomis: 284 M feet, 2,100 trips. {Average scile per trlp 213 feot)
Datg - eotlecied December, Jeauary, ond Febraary

1

o

T

TONGS AMD CHAINS USED
GONE CHAINER PER TWO TEAMS
SMALL TREES SKIDBED IN WHOLE
t ENGTHS;LARGE TREES BUCKEDINTO ]
LENGTHS 7O MEET CAPACIT YOF TEAM 3
NOTE! WORK DONE UNDER
IDEAL WINTER CONDITIONS 3

y |
TICTRTINTARITVRE AUTTUANTTORIIY)

e

e

@
fe]
o

I VT
/// ////

3 To
SLoc
T’ME&‘R
S 2] .----'-‘-—-

%"“—-—..—_
i

3107
--‘\""---_..

g

GAYISS QUTPUT FER TEAM FER OUR

in
[o)
o

LLELNRAILS LLEEN IR Y =TTy

1 1. 1 !
2 4 & a o 2 14 15 18 20
SKICDING DISTANCE { HUNDRED FEET) - .

Frapnn 28,—Horse-skldding output, In ponderosn pine fype, moderate slope. Day Inbor,
winter worli, The work was dohe under Menl winter conditions. DBueis: 258 M feet,
G085 trlps. Data collects] Jauunary and Februoey )

l‘h\‘; FTRTI FTRTEANITIZT IR ITT RSN SRAL OO0

Q




'ANALYSIS OF LOG PRODUCTION

T T T T T 1 T

Ll

SLOPE 0TC 15 PER CENT
BRUSH ANMD WINDFALL __ LIGHT
SURFACE ___FIRM AND SMOOTH
SCRIBNER DEC.C
TOMGS AND CHAINS USED

Pl

GAOSS QUTPUT PER TEAM FE

nd
=]
[~}
[=]

g

TTORTTT TP T A T TTT T T AR [T T T T [T TS T T P T IIIIIIIIII

—
-‘-'-'-—-

I S ——
1

L]
=]
o

IEFEPRIT FETPARR TR ERRT 1 IUUVA IVNR [TANI ISER T AT TRUXCRR 11T 01 BT )

o

] 1% 12 14 & 8 20
SKIDDING DISTANCE (HUNDRED FEET)

n
»N
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Flovee 27.—Troacter-skldding output, Iln pondeross pine type, little slope. Dy lubor.
Bummer work, Basls: 764 M fect, 534 trips. Duta colleeted 1921 wnd 1922

E o [YYVT PEAY] RPRTTPONE IPT ST EvI DEVNL ITLLLINTIVS RERT1NEATISTON 1AS 1 FIET)

[}
4=




1 H 1 1 H I T i

SWPE. ... 1S 70 30 PER CENT

e

SURFACE...________SMGOOTH
STAND PER ACRE___20 M FEET
SCRIBNERDEC.C

SIZE OF TRACTOR______I0-TON
TREES SKIDOED (N WHOLE LENGTH

LELELRY LLLESEARRARR L]

N T IV TTON I TR BT TT)

:

O T T Y T T TR T T

y

3
8

/|

N

iy
o
o
o

GROSS QUTAUT PER TRACTOR FER HOUR

4]
=]
o
o

3 i
4 & 12 18 20 24 2a 32 EL 4q
SKIDDING DISTANCE {HUNDRED FEET)

£y FPTIITTVL PO 1OOV| VS THOR AR TR

o

Figyes 28, —Tractor-skidding output, in ponderpsa Bine type, modernfe slape, Dut\)' Iehor,
?;}afr}nmer work. Bawis: 560 M fect, 363 trips. ate collected September and QOctober,
23

T T T T i T

SLOPE___.OTO!5 PER CENT
GROLUND

ypin

STAND PER ACRE.__I5 M FEET

SCALE__._ SCRIBNER DECC

SIZE OF TRACTOR. --1Q-TON
TREES SKIDDED |N WHOLE LENGTH

P

TP PT. T T IV TP YL I

:

/ny/u-...-

g

/

GROSS QUTPUT PER TRACTOR PER HOUR
]
I+}
[+

N
o
5

o [T LEERNRLIE

! ! i H
a6 40

]

'E ITETLAEN T INTRIRTENY nrnluul
Y

4 2 16 20 24 28 32
SKIPDING DISTANCE (HUNDRED FEET)

Ftaurp 29.-—Tracter-skidiing sutput, in penderosn_pine tfnc littie slope. Day labor.
E;i‘z:ster work., Busis: 1,085 M fect, 1,074 trips.  Data collected Junuary and Februnry,




TECHNICAL BULLETIN 355, U. 8. DEPT. OF AGRICULTURE

T I I I I [ T

Bm
0

SLOFE I5TRAPERCENT
DEFTH OFSNOW.._E TOIBINCHES

™
=]
L=
Q

WINDFALL .
SURFACE
STAND PER ACRE.._I5M FEET
SCALE._.____SCRIBNER DEC.C
SIZE OF TRACTOR
CREW ._DRIVER, GHASER AND
GHOKER SETTER

TREES SKIDDECIN WHOLE LENGTH

2
8

- 8M

—

3

O [T T T T T T T T R T T R T R T TTYY

GROSS OUTPUT PER TRACTOR FER HOUR
3
=]
o

N
[=]
[=]
o

PPRTIITETY INTRURVETY FIETLIRNTS FYLL I IRTTEITATI FIURI AXN1 RANTINVERERTITI |

o

1 i ] i |
4 ] 12 1] 20 24 28 32 36 40
SKIDDING DISTANCE (HUNDRED FEET)

Figunn 3¢ —Tractor-skiddiy: oniput, o pouderost pioe type, mederate slope. Day Inbor.

;\[;Ln:iter work, Dasig: 782 Bl [eet, 250 trips. Data colleeied IMebruacy and  Mareh,

B
by

T ) T 1 T T 1 1 T
SLOFE____._0TOI5 PER CENT

DENSE
WINDFALL - . - — - -~ - LIGHT

MO

STAND PER ACRE..IQOMFEET
SCALE . .~ - SCRIENER DEC.C
S1ZE OF TRACTOR. . ..10TON
DRIVER, CHASER,
\ CHOKER SETTER, BUNCH

. TEAM, AND TEAMSTER
s TIMBER BUCKED I WOODS INTO
NG N, LOGS 24 TO 40 FEET INLENGTH
g

5 o LOADED WITH STEAM JAMMER
NW NO LANDING USED
!
&‘\

/3 mas r—— ]
P ——

[~
(=]
[=3
(=]

YA S

LI ELAR L EE PR L Bl e T R CR S LR T Lkt S

GROSS DUTAUT PER' TRACTOR FER

| I L | | 3 L L
& a8 g 12 4 -] 18 20
SKIDDIHG DISTANCE (HUNDRED FEET)

=]

QT

fR CRUVY PUUTE PETITITTY OTLA POVRI IVPTL VT30 INTUL DT TERUTRN IVTU1 PRUVT FPTY

Figune 31.—-Troctor-skidding cutput, ln ponderosp pine type, Uttle slope. Day labor,
Supuner work, Bogls: 392 M feet, 529 trlps, DLita collected August and September,
1



http:ACRE_.I0

ANALYSIS OF LOG PRODUCTION

:

g

2
8

b b LA LG LLLEN L LA L L AL EAMME LR L) LAl

&
2

e 37

]
B

]

\_‘-

051.

%—-—-ﬁ

O 17

L] 1 ] L 3 1 ¥ E T

SLOPE.....OT0IS PERCENT

BRUSH. .. _._..._...DENSE

WINDFALL

SHRFACE

STAND PER ACRE..IO M FEET

SCALE..__._SCRIBNER DEC.C

CREW.__.. _ DRIVER, CHASER,
CHOKER SETTER, BUNCH
TEAM, AND TEAMSTER

TREES BUCKED INTO SHORT
LOGS IN wW0ooDS
BUNCHED WITH TEAMS

GROSS QUTPUT PER TRACTOR PER ROUR

=]

i 1

G rrrrprrTTTTY

2

10

5 a8 12 I 15
SKIDDING DISTANGCE {HUNDRED FEET)

Ftaurn 32.—Tracter-skidding outpuf, In ponderosa

labor. Basis: 230 M feet, 215 trips,

8 20

ploe type, littic slops, uphill,

Data coflected November, 1921

P FVTTLFTEVE FIPTY FYORY FETTL IVTRVETIV EVPW [TTP1 FEVILPUTI PPV POV IN 000

I

g
L

L LA P RN LLER N ERSE LA N

o
g

1 I I 1 i [ 1 i T

SLOPE..0T0 20 PER CENT UPHILL
LIGHT TO MEDIUM
WINDFALL . ___LIGHT TO MEQILM
SURFACE
SHNOWOEFTH..30TD 40 INCHES
STAND FER ACRE___30OMFEET
CREW. o oo 16 MEN
SIZE DONMEY 1iBY I4 INCHES

Tare
S
]

GROSS QUTPUT PER DONKEY PER HOUR
§ :
2 Q

T T T T T T T T T

L

L] 1

TN TR AT VUL PO RS FUOTL AT AVRTLITIVI O7) sl ennglysyibapealessglangs

o] 2 4 &

Figonk 33.—Donkey-sildding {p

158823°—33-——3

a

10

i2

round-line) output, in w
fafr slope, uphll] Contract Inbor, winter work,
collected Jonuwary ond Februnry, 1021

4 18 1& 20

SKIDDING OISTANCE (HUNDRED FEET)

N

estern white plae type, little to
Busls: 204 M feet, 128 Tips.

Dato




”

&0
[=]
=]
k=)

FER

n
2]
L=}
(=]

wok‘s
£

T T 1 1 ]

G TO 2G PER CENT
BRUSH. . _._ __tIGHT 70 MEDILUM
WINDFALL . LLIGHT T MEDIUM
SURFACE
SNOW GEPTH .- 30 TO 40INCHES
STAND PER ACRE..3JC M FEET
EREW ... ____ 17 MEN
SIZEOF DORKEYL 11 BY 14 INCHES

T T T T Y T e YT YT

g

%

o,

b
=]
=
-]

|
e

™

"'--.__--

[
12 5,
‘“\-.__OJ?

o ——

ey

n
[=]
[+]
o

GROSS QUTPUT PER DONK:

—
—

T

“\.\
"-‘.-_‘

]
]
-‘"“!-__

‘-‘.__‘-

——

b LSS LU LR MAREE LARRS ML

a

1 ]

| i i

IFERERTTTANETE1 PR TANN T BUNTE MO AR RTTY A RS TL I NECL| CNURA RN I TA AARTIAR T T AR SRNL TN

4]

fajr sio
colle ctege:I

downhiil,

4

Contrag

& & 1o

i2

14 15 - 20

SKIDDING DISTANCE (HUNDRED FEET)
Fioure 34.-—Denkey-skidding (ground-line} output, in western white pine type, little to

anuary and Februnry, 1921

ltker, winter work.

Basis: 430 AL feek, 284 trips.

N
N

Duta

b
[+]
o
o

[} 1 1 1 1 1 1 ] ]

SLOPE...20 PER CENT P TO 20
PER CENT DOWN; 45 PER CENY
ALONG SIBE HILL

BRUSH AND WINDFALL .0 TO
800 Li3HT; 20¢ TO 2000 HEAVY

SURFACE SMO0TH

SHOW DEPTH._ 30 TO 40 INCHES

STANDFER ACRE .. .8 ™ FEET

wlssalasaaloaslaag,

[

g
=]
[+

[}
8
£

g

l
|

TP PFTEVERVETY PUTE PO

GROSS OQUTPUT PER DONKEY PER HCUR

L RN LA R L ALY B ks R LA RN R TR RN (AR EL IS AR

o

o
[ FATION Y

2 4 6 8 Io 12 iz 15 s 20
SKIDDING DISTANCE {HUNDRED FEET)

Froore 30— Donkey-sickdding {gmund-ilne? gutput, In western white pine type, cnsy
dlope up, and down, ulso along steep side il Contract Inbor, winter work., Bualy:
T4 M feet, 45 frips.” Dt collected Javuary and Februsry, 1920




ANALYSIS OF LOG PRODUCTION 35

The unit organization for ground-line donkey skiddin inciundes,
besides the engine crew, choker setters, and whistle punk, the landing
saw crews and the loading crew. Sixteen men compose the ordinary
crew. The timber is skidded in tree lengths and bucked into short or
double-length logs at the landing. Skidding by this method is
usually on a contract basis.

In big-wheel skidding the unit crew consists of 5 men with 2 sets
of wheels and 8 horses. "The 5 men include 2 teamsters, 2 loaders, and
a landing man. Individual loads are bunched in the wheel roads by
independent crews consisting of tewm, teamster, and a chainer or
cant-hook man.
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TFor each of the several methods studied the output data have been
segregated by such natural factors as forest type, stand per acre,
size ol timber, slope, surface, windfall and brush, and scason of the
year. Pay basis (day or contract). the make-up of the crew, and the
amount of footage upon which the data are based are likewise stated
in the legend of cach graph or on the graph itself.

EFFECT OF NATURAL FACTORS ON SKIDDING

The size of the timber, the distance from the landing, the slope,
and the operating season very definitely uffect the output in all
methods of log transportation. Some result in a larger, others in g
smaller, output. A change in one of these factors may modify the
influence of the others. The cifect of such reactions is important. A
thorough study of each set of skidding data is recommended. A
brief analysis here, however, of & nr~iber of the different skidding
graphs will be made to emphasize the effect of these different factors
upon the ontput. In order to help in the discrssion the output per
elfective hour has been rend from a full set each of horse and tractor
skidding graphs and is presented in Table 3.
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TarL® 3.—Skidding outpyt per team per effective houwr (gross ascale), by degreo
of slope end size of timber, ponderosa pine, work on doy basis
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51ZE QF TIMERBER

The effect of the size of the timber uFon output is evident in every

set of skidding date; size exerts o real influence upon this phase of
the logging cost. It is often the case that up to s certain limit just so
many pieces, irrespective of size, can be handled per day. The fol-
lowing example will show the direct effect of size of fimber upon
skidding output:

Summer skidding with horses in the ponderosa pine type on 0 to
15 per cent slopes shows the output (Table 3, column 8, data from
Figure 18) in 3 to 5 log per thousand timber skidded a distance of
100 feet to be three times as much as in 18 to 25 log timber. The
resson is obvious. Let it be supposed that the team can handle but
one of the large logs efficiently per trip. The average log in the 3
to 5 log run will scale approximately 250 board feet. To get the same
scale per trip in the small 18 to 25 log timber, 5 logs would have to be
bunched and chained or dogged together. Not much, if any, more
time would be needed to hook on to a large log than to one of the
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small ones; the hooking-on time may therefore be said to be five times
as great for small logs as for large.” The 5-log trail would obviously
represent a larger bulk than the 1-log trail, but it also represents
a considerably greater weight. Owing to their greater percentage
of sapwood, small logs weigh more per board or cubic foot than do
large ones. Green western white pine logs, running 8 to 7 to the
thousand, for instance, weigh only 6,000 pounds per thousand feet, as
compareé with 7,500 ouﬁgs for 8 to 15 log timber. However, it is
bulk rather than weight that limits the seale of each load. The trip
time from the woods to the landing should if anything favor the big-
ger timber.

In general, therefore, a smaller output as the size of the material
decreases may be attributed to the greater amount of time required
to make up and unhook the load and to the smaller board-foot volume
that can be taken as the bulk of the load increases. The greatest
relative difference in oatput will naturally oecur where bulk is the
greatest limiting factor in transportation, as with donkey, tractor,
and big-whee] s%ciddincr. The smallest difference exists in methods
where either the tractive or supporting power, rather than bulk, is
the limiting factor, as with autotruck. wagon, sleigh, or dray haul,
and horse s:in'ddjng on the ground. With the tractor, and to a still
greater extent with the donkey engine, a limit in the number of pieces
which can be skidded per load is reached in the smaller material
before the weight has an appreciable effect. A greater difference
is therefore found in most cases between the output for small and
large timber in tractor skidding than in horse skidding. The same
relation exists between donkey skidding and tractor sEidding.

It is apparent from the foregoing discassion that skidding output
decreases rapidly as the size of the timber decreases. The cost per
thousand for small timber is, therefore, much greater than that for
large timber when skidding is carried on under the same conditions
and by the same method. This is common knowledge and in itself
is of value to the operator only in figuring the difference in cost
per thousand of skidding different-size timber. Such information
1s, however, necessary in making appraisals, estimating job costs,
and setting the price for contract work. Furthermore, this decrease
in outﬁut of smaller timber is greater in donkey and tractor skid-
ding than in horse skidding. More advantage, therefore, is gained
by the use of the first two methods in the larger timber only. This
in an important finding, for it enables the operator or logring
engineer to select the method and equipnient that will assure the most
economical operation for a given size of timber.

SKIDDING DISTANCE

As the actual distance over which the logs or trees must be moved
from stump to landing increases, the output, of course, decreases.
This is to be noted in every method of transportation discussed
subsequently. It may be logically assumed that it takes the same
amount of time to make up a load or trail in the woods and unhook
it at the landing at a distance 100 feet back as, say, 1,600 feet back,
sinee the scale or the number of the logs in the load is not usually
reduced as the distance from the landing increases. The output
must then vary in almost direct propertion to the time it takes to
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move the load between the stump and the landing. The variation
- is greatest, however, in horse sladding, for the animals must be rested
at ipcreasingly frequent intervals as the distance over which the
load must be hauled increases. To illustrate, the horse-skidding
output per team per hour in 3 to 5 log timber (Table 3) when the
]a_nging is 200 feet away is 5.37 times the output when it is 1,600
feet away; with tractors under the same conditions the output is but
2.51 times as much. ’

On level ground the difference in output between different sizes
of material varies to a considerable degree according to the distance
that the material is moved. The greatest advantage of handling
large logs rather than small logs is found in the shorter skidding
or hauling distances. As the distances increases, this difference de-
creases. A thorough understanding of the effect upon output of
distance alone and of distance in combination with the other factors
is important. Distance, unlike size of timber and percentage of
slope, can be changed to advantage by the proper spacing of minor
transportation improvements. It should be noted that on level

ound the effect of distance in decreasing output is more marked
1n large than in smsll timber. That is to say, the already relatively
lower output in skidding small logs, evident over short hauls, does
not decrease with distance in the same proportion that the output
of large logs decreases.

BLOPE

The difference in output between large logs and small logs that
iz evident on level ground increases considerably with increase in
slope, in varying degree according to the method of skidding. With
donkey skidding, autotruck or sleigh hauling, and donkey or tractor
trailing in chutes, transporting logs on slopes has but Little advantage
over transportation on nearly level ground. In fact, anything over
a very moderate slope causes a reduction in output for some of these
- methods, since more fime may be re%uired to return empty and no
increase in speed of travel or size of load maey result from having
slope with the traffic. This would be particularly true with small
material. On the other hand, in some of the largest timber in this
region a moderate slope is of some advantage under the methods
just mentioned.

Slope causes the greatest differences in output of various sizes
with such methods as hovse or tvacter skidding and horse trailing.
The table of outputs (Table 3) shows, with but one exception, that
the output in 8 to 3 log per thousand timber is greater on 15 to 30
per cent slopes than on 0 to 15 per cent slopes, for both horses an
tractors, at all distances and during both operating seasons. The
same is true in § to 12 log timber when skidded with horses, but in
tractor skidding in the winter a greater output in this size timber
is obtained on the gentle slopes than on the steeper slopes. In very
small timber the influence which slope has upon output is varied
}:10 1?1 cgnsiderable degree by the distance over which the logs must be

auled.

On slopes of 45 to 60 per cent, horses skid, per trip, about the
same number of logs, except in large timber. e output ratio be-
tween sizes is here almost directly in proportion to the difference in
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scale between two average logs of these sizes, particularly for the
shorter distances. For the longer distances a greater difference exists
between the outputs of Iar%e and small timber than on level ground.
Thus it may be seen that slope favors large material at all distances
but particularly at the greater distances. The advantage is greater
also where horses are used for skidding. The number of logs which
may be horse skidded per trip on a 45 to 60 per cent slope is nsually
limited only by the number of trail dogs which the texm can take
back up the hill.

After a certain percentage of slope is reached, the ratio of output
between different-sized timber remaing practically constant, This
1s the percentage of slope at which the most favorable operation
starts. It comnes earliest under skidding methods where tonnage is
a factor, as in hauling by autotruck; next under methods in which
slope is of no material advantage, as in donkey skidding; third, in
tractor skidding or horse trailing in chutes, which arc most effoctive
over slopes of 20 to 30 per cent; and last in horse skidding over
slopes of about 45 to 60 per cent. All such ideal slope conditions
are for summer weather.

In summing up the effects of slope it may be said that since slope
favors large timber at all distances but particularly at the greater
distances, the infervals between secondary transportation routes in -
large timber may thus be greater on steep slopes than on level
ground,

OPERATING SEABON

The relation between skidding output and the various natural
factors has so Tar heen considered mainly as it prevails in average
summer weather. On frozen ground and snow, these relationships
change to 'z very marked degree. Frozen ground covered with
snow favors output most on level ground, in large timber, and
with long huauls. These are the conditions under which tractive
power counts most. Thus horse skidding, being the most limited
by lack of power, would have relatively the greatest inerease in
output in the winter season. This is clearly illustrated later in
Table 6.

Winter work on level ground requires on an average about the
same tractive power as summer work on 15 to 30 per cent slopes. The
advantage offered by winter work diminishes continually as size
of timber or distance decreases and as slope increases. A point in
the combination of these other factors is finally reached beyond
which winter conditions not only prove to be a disadvantage but
make the cost of the work prohibitive.

Constant fluctuations in weather conditions result in a good deal
of variation in output from day to day. Changing depth of snow
1s one of the principal causes. Qutput data based on different
depths of snow can neither be obtained nor applied. An gverage
of the various depths under which the work is commonly done
must therefore be considered.

Until snow exceeds u depth of 18 or 20 inches, it does not per-
ceptibly cut down skidding output, provided the trees have been
felled on top of the snow. Beyond this depth, especially if the
snow is packed or crusted, more or less time is lost inliﬁ:eaking trails
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and choking logs. The proportion of time lost in these operations
is in nverse ratio to the skidding distance and size of timber. Ad-
ditional time required for setting chokers is approximately the
same for each piece, irrespective of size-—the fewer logs per thousand
feet the less time per thousand is lost in setting chokers. Also, the
shorter the trip the greater the proportion of the trip time used in
choking and in breaﬁng a trail through nnbroken snow. Usually
accumulation s gradual; snow seldom falls in such quantities during
one might as to affect appreciably a going operation. Breaking
through the snow on each trip from one Iog to the next is practically
the only inconvenience caused by a cover of 2 feet.

Brietly, in winter on frozen ground and snow, a greater propor-
tional skidding output is obtained in large tinber and with lon
hauls. Advantage should be taken of scasonal conditions. Leve
areas of large timber at greatest distance from improved transpor-
tation can be sef aside for winter work. A material saving may
thus be realized both in moving logs from stump to landing and in
the construction of improvements, Since a comparatively longer
skidding distance is practical in winter, such improvements as chutes
and railroad spurs can in many cases be dispensed with by skid-
ding certain areas in winter rather than in summer.,

HOW TO COMPUTE SKIDDING COSTS

Output data for skidding are easily und accurately applied.
Their use in determining the cost of skidding on a particular logging
unit reqllires the followmng steps:

(1) Calculate the average skidding distance for each component
part of the unit. This calculation must take into consideration
slope, distunce hetween skidways, direct surface distance from tree
to skidway as compared with the actual surface distance followed
in_skidding, and uniformity of timber distribution over the area
with relation to distance from the landing points. As a rule, skid-
ways are built at intervals of 200 to 400 feet along the transportation
route. The actual skidding distance from point to point ranges from
15 to 30 per cent more than the direct distance with an average of
about 20 per cent. Consequently the average skidding distance for
an area having a uniform distribution of stand may be obtained by
taking 60 per cent of the greatest average direct distance from stump
to route of transportation. The biggest trees and largest yields per
acre are usually on the lower slopes and bottoms. Such unequal
distribution of the timber stand affects the average skidding distance.
The following example is given to illustrate the method used to com-
pensate for this influence. ,

To find the average skidding distance for a maximum skidding
distance of 1,200 feet, with 60 per cent of the timber lying within
the first 600 feet, first take 60 per cent of 600 feet, or 860 Feet, for
the 600-foot strip. Within the second part of the strip, also 600 feet
wide, the average skidding distance would be 60 per cent of 600 feet,
0s in the first part, or 360. But these logs must also traverse the
first or closest half of the area, which has a direct width of 600 feet,
or an actual average skidding distance of 720 feet (20 per cent more
than the direct distance}. Adding the 720 feet necessary to traverse
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the first part and the 360 feet for the second gives a total average
skidding distance within the second part of 1,080 feet. .

. If 60 per cent of the ‘timber must be skidded 360 feet and 40 per
cent 1,080 feet, then: (360 X 0.60) + (1,080 X 040} = 648 feet,
the actual average skidding distance for the area.

(2) Compute the average number of logs per thousand for each
subdivision or siidding unit. Where trees or double-length logs
are handled in tractor or donkey operations, the logs per thousand
should be determined in terms of the number of 16-foot logs per
thousand, irrespective of the length inte which the timber may he
bucked.

(8) Determine for each skidding unit the gross output per hour
for the average skidding distance from the proper logs-per-thousand
curve which best fits the specific operating conditions. Reference
to Table 2 will assist in this selection.

(4) Obtain the gross daily output by multiplying the gross out-
put per hour by the number of effective hours per day. Effective
hours per day are the measure of time actually put in on the job
each day, depending on the distance to work and the standard length
of the working day. On the basis of an 8-hour day, effective time
usually ranges from 7 to 734 hours.

{5) Obtain the net daily output by reducing the above figure by
the estimated percentage of defect.

{(6) Find the net cost of skidding per thousand fect by dividing
the daily cost of the unit skidding crew by the net daily output,
Skidding-crew cost records are illustrated by Tubles 14, 15, 18, and
19,

The following examples are given to illustrate the proper use of
the graphs:

EXAMPLE A

To find the cost per thousand of skidding with horses with a speci-
fied size and species of timber and conditions of operation:

In a stand of ponderosa pine running 15,000 feet board measure
per acre, the timber averages botween six and eight logs per thou-
sand and is estimated as 5 per cent defective. Brush and windfall
over the area arve light, but the slope is about 40 per cent. The
average skidding distance is 600 feet. It is planned to log the area
in the summer.  Work will be done on a day basis of pay, and the
men will be expected to put in eight hours per day on the job. The
area will be swamped before skidding.

To find the skidding cost per thousand proceed as follows:

According to the horse-skidding graph in Figure 20, selected as
best fitting the given stand and operating con?liticns, 6 to 8 log
timber shows the gross output per team per effective hour over an
average distance of 800 feet to be 1,000 board feet, making the gross
daily output per team 8,000 feet board measure. Reducing this
gross daily ountput by the estimated 5 per cent defect yields = net
daily outpub of 7,600 feet board measure. To find the net cost of
skidding per thousand divide the daily cost of the skidding crew
which in this case includes a team and teamster and half time of
s dogger (Table 18) by the net daily output (7,600 feet bosrd
measure). The result is a net skidding cost of $1.27 per thousand.
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| . -EXAMPLE B

" To-find the cost per thousand of skidding with tractors with
. ‘specified size and species of timber and conditions of operation: -
" In a'stand of ponderosa pine running 15,000 feet board measure
" to the acre, in moderately heavy brush and on moderately level
-ground {the slope in no place being more than 15 per cent) large
“timber averaging four logs per thousand, with 15 per cent defect,
-is to be skidded in tree lengths by a unit crew of tractor and driver,
__‘chokerman, and swamper, putting in nine hours a day on the (ii'ob.
~ The logging will be done during the summer, The average skidding
" distance is.1,600 feet. -
- To find the skidding cost per thousand, consult the tractor-
- skidding graph in Figuve 27 (selected as best fitting the specific
- stand and operating conditions). Here, 4-log timber has s gross
- putput per tractor per effective hour of 4,000 feet board measure,
" or 36,000 feet for a 9-hour day. Reducing this gross daily cutput
" by the estimated 15 per cent defect yields 30,600 feet board measure
as the pet daily output. :

. Crew costs are as follows:

Cost
per hour

_ Tractor and driver {Table 19) $3.77
Cloker man {lable 16) ; average rate §4.15 per Shour day__ .52
Swamper {Tabls 18) ; average rate $340 per S-hour day__._ .42

-

Tatal 4. 71

Crew cost for a 9-hour day thus equals $42.39. This cost divided
by the net daily output of 80,600 feet board measure gives s net cost
of skidding per thousand of $1.39.

ANALYSIS OF LOADING AND UNLOADING OUTPUT DATA

Graphs for joading and unloading oufput are summarized in
. Table 4. Figure 37 shows two curves representing sleigh-loading
output per crew per hour in feet board measure, gross-scale, by
log-per-thousand sizes, of two different crews—one a 5-men crew
with herse jammer, the other a 4-man crew using a crosshaul. Fig-
ure 38 gives the output per crew per hour of loading auto trucks,
and also the unloading output. In both Figures 37 and 38 the load-
ing output is hased on the actual loading time, Loading-output
data in order to be of practical and permanent value must be based
only upon actual'loading time, The organization of the crew, the
method of handling employed, and the type of loader used must be
recorded with each set of data,




*TaBLE 4—Index to loading and unloading graphs and transportatior. other. ihasi skidding
LOADING AND UNLOADING '

Size

Method . ‘ Organization and equipment timber

Forest type § ‘Weather conditions

Logs per
thousand| N 5
Loading sleighs Horse jnmmer; 5 nen, crosshaui, 3-22 { Western white ' pine- Winter....
4.men, larch-fir,
Loading and unloading auto- | End horse Jummer loading, 5-man 2-20 Summer. .
cks. man crew, 2 eant-hook men un-

loading,

NSPORTATION

39 | Drayingand skidding, horses., O] Ponderosa pine Day.. AD. ) :

40 | Dray haul. 2 { Western white pine .-.do. .|...do. Weather and snow conditions. ideal,
: tenms
41 t :q Ohllintes’ 3to9.teams depcnding on ~12 [ Ponderosa pine -.:A0._.| Summer...| Average, .
distance. . o
42 : 2 do Winter.... Te(rinpfmture below freezing; conditio‘ns'

43 } Chute trailing, tractors....... 1 «.-do...| Summer__| Average,
44| Sleigh haul. ... ooeeee mrmm—— --.do...| Winter_...| Weather and snow condmons 1deal

45 2 horses per sled; ronds poorly con- -~ . 2 do. Temperature slightly helow Ireezmg,
structed. . too warm for good sleighing.
46 b-ton truck, no trailer; plank road; 2} Western white pine. __. do. Summer._| Average,
3 trucks hauling, ) :
: 744-ton truck, no trailer .5 | Ponderosa pine... —-fo...| Winter_.__| Good winter weather,
48 do 7/:-t(<in trruck no trailer; roud wet -i-.do 0-6 |...do...| Summer..
and soft
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1 Seo chart.
*Downhill.
3.6 per.cent uphill for 600 feet then 0-15 per cent down,




TECHNICAL BULLETIN 3565, U. 8. DEPT, OF AGRICULTURE

FekEl
BLM.

10000

S000

o
o
[
[=]

o
[*]
=]
o

el ot sy baecberrbis gl e e

::EQ rHVEMET)\

{Fou
=B Mey
-"")--"-—-.____

GROSS OUTERUT PER CREW PER HOUR

8

T[T T T I T T LR L LRI LA R LR RN ] LA LAY

Ll

pivifigg

b felo] :
o 2 4 & ]

5} 2 14 ) 18 20
LOGS PER M FEET

Figure 37.—8leigh-loading output, with horse jammer and 5-man crew, and ercosshaul
and 4-man crew, botl day Inbor. The eurves represeitt output of actual leading time,
meluding only such lost tlme us is inchdental and propeely churgcable to londing, put-
ting the twe methods on o comparative basis. Tlme 10st io waiting for logs or sleds
is not ineluded but nrust be copsidered separately in sceordance with the noture of nny
specific organization or jeb. Rusis: I{orse Jammaer, 22% M foot bonrd meisure, western
white pine; crosshaul, 160 3 feet Loned measure, larch-Douglas tie, Secole, Beriboer
dectmal C. Data eellected Junuary—February, 1991

n
m

FEETE
B.M.

17000

TIT T T T T reeT

[is]
(=]
=]
=]

e

LFLAEA LA T LA ERE YA faREn) |

GROSS QUTPUT PER CREW PER HOUR

O Fryp

g

O T
51 ITTEANTAR] Y OULRNUR FTTRNTOERL FUCRI (IRSI ITI IV TAPRARI [T IT) ITTTI 1T,

MEN)
P

] 1
2 4 3] a 10 12 I+ 7 & 1:] 20 22
LOGS FER M FEET

Freoup 35 —Autetrucks lowding and unleading ontput, with day labor. Loading-crow
teams and temnster, top tomdder, 2 Lookers, 1 tailidown auin; unleading erew, 2 eagt-
book men. Obly netunl lopding time aod {hat lost which is properiy chargeable to
loading §s Inecluded. Tlmoe lost wialting for logs or trucks iz not incluued. Bitsis: 785
M feet boncid meastre, 202 londs,  Average per load, 2,620 feet bourd nteasure, Senle,
Seribner decimel €, Duta coliceted Muy, 1523

3000




ANALYSIS OF LOG PRODUCTION

EFFECT OF VARIOUS FACTORS UPON OUTFUT

In the loading of iogs upon sleighs, auto tricks, and railroad cars
the organization of the crew, the method employed, and the equip-
ment in use will largely determine the efficiency of the crew and are
therefore of first importance. The location and character of the
skidways in relation to the crosshaul, horse jammer, or power loader
are important factors in increasing output. Any difference in out-
put per unit of time as between two identical loading crews handling
the same sized logs under the same conditions and methods and using
the same type og loader will depend upon the time lost in waiting
for logs or trucks or sleighs, The cost of loading in this region is
perhaps affected more by such lost time than by any other factor.
Maximum output per hour or per day can be obtained only by hav-
ing available at all times enough logs to load and sufficient empty
trucks or sleighs upon which to load them,

The output per effective hour based on actual loading time for a
given loading crew will be influenced appreciably only by the size
of the timber; length and form of the logs may, howerver, affect it
slightly. A considerable percentage of very long or very short logs
mixed with the usual ran of 12, 14, and 16 foot logs: will tend to
lessen the output because of the greater difficulty of handling such
logs. The same is true where the run includes a number of rough,
knotty, much-tapered, or crooked logs,

Though it takes less time to load small logs than large ones, the
output 1s not at all in proportion to the scale. That is, a log scaling
50 board feet can not be loaded in half the time that it %akes to
lead a log containing 100 board feet. According to the loading curve
in Figure 38, the approximate time necessary to load a 20-per thou-
sand log is 43 seconds. The curve shows that it fakes 55 seconds
to load one 10-per-thousand log. This means that 1,000 feet board
measure of the larger logs can be loaded in approximately two-
thirds of the time required for the smaller logs.

The three loading curves in Figures 37 and 38 all clearly empha-
size this effect of size of timber upon output. All three curves show
a gradual increase in oufput from the smallest logs to the 12-log-
per-thousand size group. Logs up to 12 per thousand may be
classed as small. \%’here each log is loaded separately with hooks
the output is necessarily low. This output may be increased by
loading several logs together in looped chains. Beyond the 12-log-
per-thousand size group, the output per crew per effective hour
increases rapidly as the size of the timber increases, up to the largest
logs. Medium to fairly large logs seem to be best suited for load-
ing with horse jammer or cross%saul. The ountput increases more
slowly as the timber increases in size from five logs per thousand.
With power loaders, rapid increase in output would continue to
a much larger log size.

The curves in Figure 37 compare the output obtained by two
different-sized loading crews using different methods and eguip-
ment, The output obtained by the 4-man erew loading logs with
a crosshaul averages 575 feet board measure less per effective hour
for logs running between 22 and 12 logs per thousand than that
obtained by the 5-man crew using a horse jummer. As the timber
Increases in size beyond the 12-log-per-thousand group the differ-
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‘ence in output obtained by the two crews diminishes until 5-log-per-
‘thousand timber is reached, where the cutput per crew is the same.
It is evident from the curves that in loading logs smaller thgn five
logs per thousand on sleighs, & greater output per effective hour
based on actual loading time can be obtained from a 5-man crew
with a horse jammer than from a 4-man crew loading with =
crosshaul.

The loading output per effective hour for 4-man crews in 16, 10,
and 5 log per thousand timber is, respectively, 4,500, 5900, and
8,325 feet board measure, as compared with 5,100, 6,300, and 8,325
fee;; for 5-man crews. Just what factors or group of factors are
responsible for this increased output by the 5-man crew in the
smaller sizes of timber was not definitely determined by these
studies. The additional man on the crew, the arrangement of the
loading works, or the efficiency of the crew and loader may all
influence the output. It is evident, however, that the size of the
timber exerts a considerable influence on the output. If this were
not so, an equal increase in output over that of the 4-man crew
WO‘lﬂg be obtained by the 5-man crew, regardless of the size of the
timber.

The output per effective hour of a 2-man crew unloading auto-
trucks (fig. 38) is influenced principally by such factors as size of
timber, location of sleigh or truck Ianding in reference to pond, river,
or yard into which the logs are to be unloaded, and the relation of
actual unloading time to the time lost in waiting for loads to arrive.
Proper facilities for unloading should be set up. The time lost by
unloading crews in waiting for loaded trucks or sleds can be regu-
lated by limiting the number of such crews until the time lost is
negligible. The size of the timber will, therefore, exert the greatest
influence upon output. .

It will be noted that there is a very rapid increase in output as
the size of the timber incremses, particularly in the size groups
between 10 and 5 logs per thousand. This shows that the larger
and heavier the logs the ensier it is to unload them. Once the key
log of the load is set free by the cant-hool men, the remainder of
the logs above the bottom tier usually rell off of their own weight,
if the landings are properly constructed. Small logs which fit more
tightly on the load often have to he rolled off singly. There is a
limit, of course, to the size and weight of logs that can be handled
advantageously by the unloading crew, especially if the heavy logs
- are loaded on the bottom of the truck or sled. This is shown by the
fact thut the output for 2-log-per-thousand timber dropped 200 feet
board measure per crew per hour below that for logs running 3 logs
per thousand. .

HOW TO COMPUTE LOADING AND UNLOADING COSTS

The use of the output data to determine the cost per thousand of
loading and unloading logs requires the following steps:

(1) Compute the average number of logs per thousand that are
to be loaded or unloaded.

(2) Determine the gross output per hour for this compnted size
of timber from the graph which fits the specific operating conditions,
methods, and equipment.




L S ey e e

ANALYSIS OF LOG PEODUCTION 47

(3) Obtain the net output per hour of loading or unloading by
reducing the above figure by the estimated percentage of defeet.

{4) Find the net cost of loading or unloading per thousand by
dividing the hourly cost of the loading or unloading crew by the net
hourly output. '

FEXAMPLE A

Compare the cost per thousand of loading sleighs with a 4-man
Crew using a crosshalﬂ and a 5-man crew using an end horse-jammer :

The timber runs 10 logs per thousand and is estimated to be 7 per
cent defective. 'The job is so organized that there is practically no
time lost in waiting for either logs or sleighs.

According to the horse-jummer curve of Figure 387, the gross
output of 10-log timber per effective hour of a 5-man crew using
the end horse-jammer is 6,300 feet board measure. The crosshaul
curve shows the output per effective hour of the 4-man crew using
a crosshaul to be 5,900 feet board measure gross scale. These figures
are then reduced by 7 per cent for defects to 5,859 and 5,487 feet
board measure net hourly output, respectively. Average hourly
cost per unit 5-man crew (from Table 19} is $2.83. If this is divided
by the met hourly output for the horse-jummer crew (5,859 feet)
the result is 48 cents per thousand, the cost of loading. The hourly
cost of a 4-man loading crew (cne less cant-hook man than the
5-man crew) is $2.37, which divided by the net hourly output of
5487 feet equals 43 cents per thousand, cost of loading.

EXAMPLE R

To find the cost per thousand of unloading autotrucks with a crew
of two men employed on a day basis:

The timber runs 10 logs to the thousand and is 7 per cent defec-
tive. On the unloading curve (fig. 38) the gross output per crew
per effective hour for 10-log timber is 13,230 feet, and the net hourly
output (reduced for defect) is 9,552 feet board measure. Table 15
gives the average wage of a cant-hook man as $3.70 for an 8-hour
day. The crew cost would be $7.40 a day or 92 cents an hour. This
sum divided by the net hourly output equals 9.6 cents per thousand
for unloading autotrucks.

ANALYSIS OF DATA FOR TRANSPORTATION OTHER THAN
SKIDDING '

In other methods of log transportation such as teailing in chutes,
and dray, sleigh, and autotruck haul the general procedure is so
similar both in obtaining and in applying the dats that these
methods can well be discussed together. The results of the studies
are given in Figures 39 to 48,

Team and teamster constifute the unit crew for dray hauling and
ordinarily for trailing in chutes with horses. In fractor trailing
in chutes a 10-ton machine and a driver constitute a unit. The
unit organization for sleigh hauling is a teamster and two or four
horses. In autotruck hauling there is the driver with a truck of 5 or
T14 ton capacity. Details of organization are given on each graph.
Output is based on logs-per-thousand groups, corresponding in prac-

1
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tically all cases to the grouping used in skidding. The unit scale
per load is also shown in most cases. :
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ANALYSIS OF LOG PRODUCTION

EFFECT OF NATURAL FACTORS YWPON OUTPUT

The natural factors—size of timber, distance, slope, and operatin
seasons—which affect skidding output influence the output in aﬁ :
other methods of log transportation ; and the basic facts or principles
of logging brought, out in the discussion of skidding apply likewise
to trailing in chutes and hauling on drays, sleighs, and autotrucks.

The ontput obtained by trailing logs in chutes or hauling them
on drays, autotrucks, or sleighs decreases rapidly as the size of the
timber decreases. The following examples will be sufficient to show
the effect of size on timber output.:

The output per dray per hour obtained in hauling a distance of
1,000 feet 1s found {fig. 40} to be 2,100 feet board measure gross scale
for 3 to § log per thousand timber, 1,700 feet board measure gross
scale for 6 to 8 log per thousand timber, and 1,250 feet board measure
gross scale for 9 to 12 log per thousand timber.

Trailing in chutes (fig. 43) registers an output per tractor per
hour in trailing logs » distance of 1 mile as follows: 4,400 feet bourd
measure gross scale in 3 to 5 log per thousand timber; 3,350 feet
board measure gress scale in 6 to 8 log per thousand timber; and
1,75i§) feet board measure gross scale in 9 to 12 log per thousand
timber.

The output per truck per hour obtained in trucking a distance of
4 miles is found (fig. 46} to be 1,150 feet board meusure gross seale
in 8 to 5 log per thousand timber; 1,000 feet boaurd measure gross
scale in 6 to 8 log per thousand timber; and 875 feet board measure
gross scale in 9 to 12 log per thousand timber.

As in skidding, it is practically impossible, with the supporting
and tractive power available, to haul or trail the same scale per
load in small Jogs as in the very large timber. Often only just so
many pieces, irrespective of size, can be handled cn each load or in
each trail. In order to obtain the same scale per load in the small
9 to 12 log per thousand timber as in the average load or trail of
the larger 3 to 5 log size, it would be necessary, according to the
data given in Figures 40, 43, and 46, to handle the following number
of logs: Dray haul, 8 of the small logs to 8 of the larger logs; trail-
ing in chutes with tractor, 53 of the small logs to 20 of the larger
logs; and autotruck haul, nearly three times as many of the small
logs as of the larger ones.

In hauling, bull rather than weight is the limiting factor, and
the limited capacity of the dray, autotruck, or sleigh would preclude
the handling of enough small logs to equal the scale of larger logs
that could be carried. " However, as shown in the discussion of skid-
ding, even if the capacity of the transporting equipment were ample
to handle the increased number of small logs, a point would scon
be reached where the greater weight of the smaller timber would
be too great for the tractive power available. This would be par-
ticularly true in trailing logs in chutes with horses; ample room is
available in any chute to handie a trail of logs of almost any length,
but there is a limit to the weight of logs in the trail that the team
can start. Iven with tractor trailing, small logs are more costly
io transport.




54  TECHNICAL BULLETIN 353, U. S, DEPT. OF AGRICULTURE

.. Log chutes are usually designed to handle ihe larger Jogs of the
.. ran.. Small logs do not ride in the chute so well and are more apt
. to jump out, shove past the log in front, or buckle from pressure
behind. For these reasons a frail composed of a number of small
- logs mixed with some very large ones, or of too many small logs,
-is difficult and costly to handle. .
~ In hauling, distance also greatly increases the loss in output of
small as compared with large timber. The gross output per hour
for all sizes of timber decreases as the distance it must be trans-
ported increases; regardless of the scale per load, fewer trips are
made per hour or per day. With fewer loads per day added to a
lower scale per load, the decrease in output per hour for small timber
is more rapid for each increase in distance than it is for large tim-
ber. As an example, the gross cutput per hour for ¢ to 12 log timber
dray hauled (fig. 40} a distance of 2,000 feet is less than half the
output per hour that can be obtained when draying logs of the same
size a distance of but 500 feet. In 3 to 5 logs per thousand timber
the gross outpuf per hour at 2,000 feet is 60 per cent of that at
500 feet.

Slope is an important factor in all transportation. The method
and equipment to be used in transporting logs are dependent upon
the percentage of slope. The slopes practicable for trailing in
chutes and hauling with drays, autotrucks, and sleighs are gentler
than those for skidding. Slope causes the greatest difference In out-
put of various sizes of timber izt draying and horse trailing, favoring
large material at all distances, However, when a certain percentage
of slope is reached the relation in output between different-sized
timber remains practically constant, This point comes earliest in
those methods, such as hauling by autotruck, where a definitely lim-
ited capacity makes tonnage a factor.

In certain types of transportation the season of the year and
weather conditions are of particular importance. Though sleigh
hauling demands a snow or ice surface, constant fluctuations n
weather conditions result in a good deal of variation in output from
day to day. Ideal weather and snow depth will allow a greater
output in dray hauling than average conditions. Figures 41 and 42
illustrate effectively the output variation due to change in operating
seasons and weather conditions. The trailing recorded in Figure 41
was done in summer; that in Figue 42 was done in January and
February with the temperature continually below freezing, making
chuting conditions ideal. In both cases the chutes were well cdn-
structed, and other conditions were practically the same. The out-
put for summer chuting per team per hour in 6 to 8 log per thousand
timber was 1,150 feet board measure gross scale trailed a distance
of 2,600 feet, 800 feet board measure at 3,000 feet, 525 feet board
measure at 4,000 feet, and 350 feet board measure for the 5,000-
foot distance. QOutput per team per hour in winter chuting for
the same size of timber and over the same distances reaches 3,500
feet board measure, 2,325 feet board measure, 1,650 feet board
measure, and 1,225 feet board measure, respectively.

Where transportation is effected by wheeled vehicles, seasonal
influences are generally negligible. In some cases the roadbed is
improved in winter, in others 1t becomes more difficult.
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HOW TO COMPUTE TRANSPORTATION COST

" There is so little difference in the steps necessary in the specific
- :application of the hauling data under the various methods of hauling

“ " 'that one set of instructions will suffice.

{1) Calculate the average draying, chuting, sleigh-haul, or auto-
trick-hanl distance for the specific chance. In the examination of
the logging ares the method of minor log transportation will have
“been decided upon and the length and location of dray, sleigh, and
autotruck roads and chutes tentatively determined.

2} Compute the average number of logs per thousand.

3) Determine the gross output per hour for the average distance
hauled or chuted from the proper logs per thousand curve on the
graph which fits the specific method under consideration. Reference
to Table 4 will assist in this selection.

(4) Obtain gross daily output by multiplying the gross output per
hour by the number of effective hours per day.

{5} Obtain the net daily output by reducing the albove-mentioned
figure by the estimated percenfage of defect.

(6) Find the net cost of hauling or chuting per thousand feet -
by dividing the daily cost of the unit crew by the net daily output.
Types of unit-cost records applicable to those branches of the opera-
tion are shown in Tables 14, 15, 16, and 21.

. EXAMFPLE A .

To find the cost per thousand of dray hauling in the white pine
typer

This chance (in the white pine type) is considered ideal for dray
haul. Weather and snowfall in this particular district can usually
be depended upon to afford good conditions for the use of drays.
The slope is slight, averaging between 5 and 10 per cent. The aver-
age hauling distance is estimated at 1,000 feet. The logs will run
9 to 12 per thousand feet board measure. The timber is estimated
as_being 10 per cent defective. Eight effective hours on the joh
will constitute a day’s work,

The cost is then estimated as follows:

The 9 to 12 log per thousand curve in Figure 40 shows the gross
output per dray per hour for such timber hauled a distance of
1,000 feet to be 1,260 feet board measure. This makes the gross
daily output 10,080 feet board measure, and the net daily output
(10 per cent reduction) 9,072 feet board measure.

Average costs per unit crew are as follows:

Cost of team and tenmster (Table 13) per effective day____________.____ §8.00
One-third of the uverage cost per effective doy of woods-loading crew

capable of loading three drays {top loader, $4.15; send-up man, $3.70;
crosshanl feam and teamster, %8) 5.28

Daily cost of unit crew. 13.28
This amount divided by the net daily output gives $1.46 as the
cost per thousand of dray haul.
EXAMPLE B
To find the cost per thousand of trailing pondervse pine logs in
- chute with teams:
Chuting is to be done in the summer, in well-constructed chutes
with easy curves. The average distance over which logs must be
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_trﬁ{led, in the chute is complited as 3,600 feet. The timber will run

- six to eight logs per thousand and is estimated at being 5 per cent

. defective. . It is plannedto have the men put in eight effective hours
~ox the job. : _ -

. The 6 to 8 log per thousand curve in Figure 41 gives the gross

~output per team per hour for 6 to 8 log timber trailed an average

. . distance of 3,600 feet as 625 feet board measure. The graph shows

~ ,that the number of teams used in trailing this distance would be
six. This number includes the jig team. For the 8-hour dav the
gross daily output is then 5,000 feef board measure, and the net daily
output (5 per cent reduction) 4,750 feet board measure.
Average costs per unit crew are as follows:
- Qost of tenm and teamster (Table 13, 1929) $7.30

One-fourth cost of jig tenm and tesmster ($7.30 per day)oo . 1.82
One-fifth eost of two men greasing chutes ($3.80 per day each) - 1.32

. Daiiy cost of unit erew . 10. 44

This amount divided by the net daily output=%$2.20, the cost per
thousand of trailing in chutes with teams, exclusive of the cost of
chute grease.

EXAMPLE O

To find the cost per thousand of antotruck haul:

The distance is 8 miles over a good dirt road, the grade (6 per cent
or less) being all downhill. Four Tl4-ton trucks without trailers
will be used on the job, It is estimated that a 5-man loading crew
with 2 horse jammer will keep the four trucks going Two landing
men will be needed. The timber is pondercsa pine ruuning six to
eight logs per thousand and 314 per cent defective. FEight effective
heurs on the job will constifute a day’s work.

The six fo eight log per thousand curve in Figure 48 gives the
daily output per truck per hour for a distance of 8 miles as 1,400
feet board measure, or 11,200 for an 8-hour day. The net daily out-
put is then 10,808 feet. The unit cost per effective day of autotruck-
haul crew, as given in Table 20, is $24.70. Dividing this by 10,808 feet
board measure (net daily output) gives $2.29 as the cost per thousand
autotruck haul,

ANALYSIS OF SWAMPING AND SLASH-DISPOSAL DATA

The output in swamping and slash disposal is much more difficult
to classify than that in any other branch of logging work.

The brush itself can not be measured by methods that would be

racticable in application. One thousand fest board measure of tim-
Eer cut is used as the unit of measuring performance, but it does not
express accurately the amount of brush handled. The quantity of
brush or slash per thousand feet of timber cut varies greatly, not
only among different species but even within the sume species. This
difference results from variations in undergrowth, stand density,
tree heighis, and many other factors which can not be classified 1n
output stucies. Accordingly these phases of logging must be treated
on a different and more general basis.

One man is taken as a unit in swamping and slash disposal, or
in fact on any job in which each laborer works independently, In
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" contract horse skidding a working unit includes teamster and

swamper, the teamster often assisting in swamping, Under day-
work, swampers are not included in the crew, as swamping is usially
done in advance of the skidding. Under present practice in tractor
skidding one swamper may be included to work with the crew. Out-
put and cost are influenced by the same factors in both slash disposal
and swamping, and generally in the same manner.

- The data contained in Table 5 were obtained from slash-disposal
jobs in the white pine type of northern Idaho. Work in all cases
was dore during the summer season. The information on which
the table is based is insufficient to justify more than very general
conclusions. As previously indicated, this is probably all that could
be expected from any amount of data on these operations,

EFFECT OF NATURAL FACTORS UPON OUTPUT

The natural factors which are chiefly instrumental in causing a.
wide variation in swamping and slash-disposal output are size and
height of timber, stand per acre, composition of species, breakage,
cull, and defect, utilization of tops, timber left uncut, and season
of the year. -

Size of timber undoubtedly is one of the more important single
mfluences upon output in both jobs. Compare a 4-log tree, 18
inches in diameter, scaling 280 board feet, with a 6-log tree 40 inches
in diameter which contains 2,800 board feet. The former has prob-
ably fully one-third as muach slash in the top as the latter. This
means that one-third as much work in limbing and stash disposal
is charged against the 280 feet of volume in one case as is charged
ags mst ten times that volume in the second.

Height of timber is also an important factor. Tall timber has
much less slash per thousand feet. The limbs are smaller and can
be i’gandled much more easily than the long limbs from short, scrubby
timber.

Stand per acre affects both swamping and slash disposal, but
not in the same manner. In a very heavy stand the cost per thousand
of swamping may be greater than in a Light stand, but usually that
of slash disposal is less. The influence of stand per acre is brought
out in Table 5, though rather indefinitely, by plot 2, where density
is the onlly comdlition differing materially from those on the com-
parable plots. The large output of 1,390 board feet per hour on
plot 2 is, in all probability, due to denseness of stand. A ereater
percentage of the brush must be handled by the swampers than in
light stands. Often it is necessary to fell trees crosswise and om
top of one another, which makes swamping more difficult than when
all timber les flat on the surface. Ou the other hand, there is less
brush for disposal per thousand feet of timber cut, and a smaller
percentage must be moved in piling. A larger proportien than usual
must be piled by the swampers to clear the skid trails, a feature of
the work that sometimes represents 60 to 80 per cent of the fotal
cost of swamping, This would be the case in scattered stands of
whife pine where heavy windfall and dense clumps of hemlock and
white fir saplings occur. In such stands slash-disposal costs would
also be increased, but not to the same extent as swamping costs.
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125 N .0 6.3 5. 18,0 5 . 212,0 297.5

7iL ] . 13.0 L 0 136.0

FHours
Light. 690.0
Medium. 45
45.
10
Medium. 45
d 50

LR EE S~ =g

o3 &2 S
REEEsE

7 .4 | Medium 3 . 8.0
8 48.5 | Light. 3 8.0

1 Density of undergrowth light on all plots,

TIOTINDIEOV 0 'IJA *S A ‘¢Se NITHTINg TVOINHOAL,




ANALYSIS OF LOG PRODUCTION 59

Wind#fall has little effect on slash disposal except where windfall
i1s so heavy that it becomes difficult to find clear spaces where the
slash may be piled. This necessitates carrying the slash and accord-
ingly reduces the output. This effect is illustrated by plot 4 in Table
5, where windfall was exceptionally heavy. The output of 630 board
feet per effective hour on this plot is much lower then that on all
other plots where slash was first piled and then burned {Nos. 1, 2,
3, 5, and 6), although other factors on this plot would tend to produce
an average or above-average output.

Composition of stand has an important influence on the output or
cost of swamping and slash disposal. Pure to almost pure stands of
western white pine can be handled much more cheaply than stands
containing considerable cedar, white fir, hemlock, and spruce. The
same is true of a pure ponderosa pine type, as compared with pon-
derosa pine in mixture with considerable Douglas fir. Species such
as hemlock, white fir, and Douglas fir, which are quite tolerant of
shade and capable of good growth under their own shade and that
of other species, do not prune their trunks of their lower branches
but retain them in a green growing state throughout most of the
life of the tree. Western white pine, on the other hand, can not
endure much shade. Its shaded branches die off rapidly, and the
tree usually cleans itself for a considerable distance above the
ground. Outside of such generalities, it is impossible to determine
definitely the effect that the various percentages of different species
in the many different combinations that occur in this region may
have on cutput.

Breakage occurs largely in the tops and thervefore reduces the
cost of swamping but increases that of slush disposal. Work which
would otherwise have been done in swamping is added to the other
operation, Cull and defect increase the cost per thousand of both
swamping and slash disposal by reduecing the net scale against which
totzl cost is chargeable.

Poor utilization of tops has an effect similar to breakage.. With
close utilization swampers must trim more brush per thousand feet
handled and slash-disposal men correspondingly less.

The quantity of timber left uncut is an important factor, but one
which is difficult to classify or to appraise with regard to its effect
on output. Standing trees often increase the cost per thousand feet
of slash disposal for the timber removed. This cost, however, may
still be much lower than where all species are cut to the smallest
merchantable size. As an example, in a ponderosa pine type contain-
ing 80 per cent Douglas fir the cost per thousand feet of slash dis-
posal is increased if the fir is left standing, since a considerable pro-
gortion of the Douglas fir limbs are knocked off in felling the pine.

n order to protect from brush-burning fires the timber left stand-
ing after a selection culting, the slash must be removed from around
the bases of these trees and piled at a safe distance from them. This
additional Inbor adds slightly to the cost of slash disposal,

Snow greatly increases the cost of swamping when it reaches a
depth of more than 1 foot. The cost of slash disposal in the deep
snow is prohibitive.

In Table 5 the output under two different methods of slash dis-
posal has been compared. In the progressive method of disposal
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plots 7 and 8) the brush was burned as piled. In the other method

plots 1 to 6) the brush was first piled and later burned as a sepa-
rate job. The table shows thet under the progressive method the
output is only about one-half that of the average for piling alone,
in spite of the fact that the progressive method was employed in
larger timber where output should be favored. For burning brush
previously piled, the output per man averages about 10,000 per
hour. Thus it may be seen that little change would occur in the
present relative output between the two methods if the output for
p}iling] alone were to be reduced by the time spent later in burning
the piles.

Sf?ee slopes may become a handicap to the progressive method of
slash disposal. The heat and smoke from the fire make piling in
close from above very disagreeable. Day laborers in pavticular will
carry the brush along the sidehills or place it on the fire from below
rather than work from above. This, of course, increases the cost, In
contrast to this, where piling and burning operations are carried on
separately the bulk of the brush is thrown downhill without incon-
venience to the worker. Progressive burning by contract crews is,
however, often the cheapest and most satisfactory method of dis-
posal. One great disadvantage is the shortness of the season in
which the slash may be disposed of efliciently by progressive burning.

No further conclusions can be drawn with any degree of certainty.
The data presented, however, indicate in a general way what may
be accompﬁshed in the white pine type under similar general condi-
ttons. They also serve as specific 1llustrations of seme factors in-
fluencing output in swamping and slash disposal.

HOW TO COMPUTE SLASH-IMSPOSAL COS8TS

Use of the output data given in Table 5 is limited to the deter-
mination of the cost per thousand feet of slash disposal in the
western (Idaho) white pine timber type. It will not be possible
to select a plot that coincides in every respect with the specific
operation to be studied, but the data presented will serve as a basis
upon which to figure average costs. After sclecting the plot which
most closely approximates the area to be logzed, note the output

r man per effective hour, as given in board foet, gross log scale.
This, multiplied by the number of effective working hours and re-
duced by the estimnted percentage of defect, will give the net daily
output. The cost per thousand feet is that found by dividing the
labor cost by the net daily output.

The following example will illustrate the method of application.

EXAMPLE

To find the cost per thousand of slash disposal in a heavy western
white pine stand:

The timber, which is 50 per cent western white pine, 45 per cent
white fir and Douglas fir, and 5 per cent cedar and hemlock, runs
40,000 feet board measure to the acre. The white pine will run 13
logs per thousand, the white fir and Dounglas fir § logs, and the cedar
and hemlock 12 logs. The timber (all species) will average 5 per
eent defective. The undergrowth is light, and there is only an

“dverage amount of windfall on the ground. Because of the slope,
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which is approximately 45 per cent, the brush will first be piled and
later burned. The brush-crew men will be expected to put in eight
effective hours on the job.

Plot 2 most closely represents the conditions given. The output
per man per effective hour is 1,390 board feet gross scale of brush
piled, or 11,120 board feet in gross daily output. Reduction of 5
per cent for defect leaves 10,564 board feet net daily output. The
cost per day of swamper or brush piler (Table 18) being $3.40, the
cost per thousand of piling brush is $0.8322.

For burning brush previously piled, the output per man per
hour averages 10,000 feet, This is & good fizure for this region.
With the labor cost at $3.40 per day this comes to 4 cents per thou-
sand. Total piling and burning cost is thus 36 cents per thousand.

APPLICATION OF OUTPUT DATA TO OPERATING
‘ PROBLEMS

Logging-output data can be used to great advantage both in
planning and exccuting logging operations. Such data serve as a
basis for a definite and accurate comparison of the relative advan-
tages of the several methods of skidding and minor transportation,
for an estimate of the effect of the location of minor improvements
ugon the cost of these methods, and for the consideration of other
phases of the operation between the stump and the landing. Sound
decisions on such points make possible the selection of the most
economical and suitable system of major transportation. Too often
the type of major transportation is considered and adopted with-
out adequate consideration of jts effect on the cost from stump to
landing. When a detailed analysis of the whole problem has been
made, certain characteristics of the area may wartant the adoption
of minor improvements and certain methods of sawing and skiidding
which in themselves are so economical as to justify a means of
primary transportation that would otherwise appear unwarranted.
Such use of output data could be discussed at great length but can
probably best be emphasized by illustrations of the actual application
of the data to specific operating prohlems.

Tables 6 and 7 afford 2 comparison between skidding with horses
and 10-ton track-laying tractors in the ponderosa pine type. There
1s shown the proper spacing of improvements and the most feasible
methods of skidding for different stand, slope, weather, and con-
struction-cost conditions. In all, 16 different operating and stand
conditions arve covered. For each condition a comparative combined
cost per thousand feet of railread construction and skidding by
horses and by tractor is given for the range of distances ordinarily
encountered. Beginning with the 0 to 15 per cent slope classifien-
tion, output and cest are shown for two scparate log groups, with
two different stand volumes and under both summer and winter con-
ditions. The same comparisons are then presented for a slope
classification of 15 to 30 per cent. Similar comparisons may Ee
made from the output charts for many other operating problems
upon different slopes, for different sizes of timber, etc., whenever
doubt exists as to the most fensible operating method. From such
data it is not difficult to determine the most economical methods or
combination of methods.




TanLe 6.—A comparison of skidding with horses and track-laying tractors, on 0 lo 15 per cent slopes, with railroad cost of $2,000 per mile.
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Cutput or costs for swamping, skidway construction, and failing
down on skidways have not been included in these tables. These
operations, if properly organized, do not materially affect the cost
of slddding and aeccordingly do not influence the proper spacing of
the railroad spurs or transportation routes. The comparisons as-
sume, as is ordinarily the case, that timber skidded by tractor is
felled downhill, limbed, topped, and skidded ir tree lengths, whereas
that skidded by horses is in logs averaging about 16 feet.

The points of chief interest brought out in the preceding tables
are shown in condensed form in Tables $ and 9. In Table 8 is
given, for the various slopes, seasons, and timber sizes, the point
at which, and the width of strip or zone within which, the timber
muy be skidded by either horse or tractor at approximately the
same cost. '

TanLe B—Point mnd zone of egulvelen! cost ds befwween fructor and Lorse
skidding, under wvarious eperaling conditions

o L dit E {'Dinti Zone of Cost
perating conditions of gqits erjual !
eost | cost | PeF L7

9 to 15 per cent slope:

Summer work— Feet Feed Toltars

3 ta 5 feg Umber 210 450 1. 50

6 o 12 log timber Pri] 400 .07

Winter work—

3 to § log timber 270 150 .64

O to 12 log thnber 330 53 L ls

15 t5 20 per cent slope:
Summer work—

21 5 log timber . i 430 4

% to 12 lag timber 330 556 L8

Winter work— ;

3 to 5 log timher 300 058 62

9o 12 log timber 480 500 1.38

! Bevond distapces given, tractor skidding {s more economical; shiort of Lhese distances horso skidding baa
the sdvantege. i
t Cost at point of eguivaisnce or avernge cost for zone.

" Tante 9.—iost ccononical distances between railread spury and the most
economicgl direct-skidding distances; and ixec combined codt per thousand
of railrecd constriction uid skidding
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The figures in Table 8 illustrate again the effect of slope, season,
and size of timber upon the relative efficiency of tree-skidding
methods. Slopes of 15 to 80 per cent, winter work, and small timber
tend to favor the horses. In other ‘words, the point of equal cost
for skidding with horses and tractors will be advanced as slope
increases, timber becomes smaller, or weather conditions change
from summer to winter.

As an example, Table 8 shows that 3 to 5 log timber can be
skidded in summer over 0 to 15 per cent slopes g}r a distance of
210 feet at the same cost per thousand for horses and tractor. For

“shorter distances, skidding with horses is cheaper, and for greater
distances skidding with fractors is cheaper. On the same slope,
under winter congitions, the distance at which the cost is approxi-
mately identical increases from 210 to 270 feet for 8 to & log timber
and from 270 to 330 feet for 9 to 12 log timber. On steeper slopes
(15 to 80 per cent) 9 to 12 log timber can, under winter condittons,
be skidded a distance of 480 feet for the same cost per thousand with
either horses or tractors. This means that under winter conditions
skidding can be more cheaply done with horses for distances up to
480 feet and more cheaply with tractors for all greater distances.

Table 8 also indicates the desirability of giving thorough con-
sideration in the planning of an operation to the possibilities of
securing a lower average cost per thousand from stump to landing
by the use of a combination of skidding methods.

The combined cost figures given in Table 9 show the relative effect:
of slope, season, and size of timber upon the combined cost of rail-
road construction for each of the two methods of skidding. On
either slope the spread between costs by the two methods is greater
for summer than for winter conditions and greater for three to five
log timber than for the smaller size. It will be noted that the costs
of handling the 9 to 12 log timber under winter conditions, particu-
larly on the steeper slopes, favor horse work. Were smaller logs
being considered, the relatively greater cost for tractor work, due
to these conditions, would be brought out even more forcibly.

It is, of course, evident that the several items making up the
total costs of skidding by horse and tractor will vary in their rela-
tion from year to year for the same operating conditions. For
example, the price of hay and oats might go up while that of gaso-
line and oil might decline. Sufficient change might occur in the
cost of certain items to shift the points at which the costs of the
two methods are the same. This variation is brought out in addi-
tional computations comparing the costs of the two methods after
a T-year interval. The 3-year average cost per effective hour of the
horse skidding unit for 19271929 is 16 per cent less than that for
the period 1920-1922. The cost per effective hour of the tractor-
skidding organization, on the other hand, decreased 25 per cent
during the same period.

Because of this unequal decrease in the cost per effective hour
over the same period of years, the distance at which the cost per
thousand of the two methods is the same has been reduced an aver-
age of 90 feet for the several different conditions given in Table 8.
The greater reduction in the cost per effective hour of the tractor-
skidding unit is due to improved inachines sold at a much lower
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price than formerly and to lower consumption per hour of gasoline,
oil, and grease, all of which also declined in price. During this
period (1927 to 1929) good teams were inclined to incrense in value,
as did hay and oats. The reduction in the cost per effective hour
during the 7-year period for the horse-skidding unit is due ahnost
entirely to a decrease in labor costs.

Tables 8 and ¢ illustrate the way in which output data can be
applied to operating problems. They could easily be refigured to
fit the conditicns of any specific problem.

OUTPUT DATA AS A GUIDE TO PROPER UTILIZATION
STANDARDS

Logging-output data not only serve as the basis for a more profit-
able logging operation but also muke possible the setting up of effec-
tive utilization standards for the individual operation, by means of
which it should be possible to leave the forest land in a much better
productive state. The most profitable method of operation is often
the least destructive and therefore the one in which both the operator
and the public shouid have the greatest interest.

Table 10 indieates the possibility of determining utilization stand-
ards. The variation in outpnt and cost from stump to landing or
mill is here shown for timber ranging in size from 2 i 22 logs per
thousand feet. These figures are based on a horse operation for
nearly level areas and steep slopes, at average skidding distances of
200 feet and of 1,800 feet. Thus the influence of slope and distance
upon the cost of logging different sizes nf material is indicated.
Table 10 also brings out more forcibly than do Tables 8 and 9 the
difference in output caused by the factor of slope.

TapLe 10.—Relative ouipul per hour and cost per thousand feet board measure of
horse logging large and small thnber at different distances und over different slopes
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The ratios of cost per thousand of han dling 22-log timber and 2-log

timber (taking the latter as unity) for the various phases of the

logging operation, are as follows:
Sawing
Swamping _
Leading autotrueks
Unloading nuatotrucks -
Skidding, 200 feet ensy slopes
Skidding, 1,800 feet easy siopes
Skidding, 200 feet steep slopes
Skidding, 1,800 feet stecp stopes

In these ratios the influence of distance is shown by a comparison
of costs in Table 10. Although the cost of skidding 2-log timber
on a gentle slope is 6.2 times as great at 1,800 feet as at 200 feet, 22-log
timber costs only 5.9 times as much at the greater distance. On a
steep siope the big-timber ratio is 3.8 and the small timber ratio only
8.2. This shows that the short huul has less effect in modifying
the cost of logging small timber than it has in the case of large
timber.

The influence of slope upon the output for large and small timber
is shown in Table 10. At the 200-foot distance the case of skidding
2-log timber on the 0 to 15 per cent slope is 1.3 times that for the 30 te
50 per cent slope, and that for the 22-log timber is less, in the ratio
of 0.7 to 1. A similar comparison at 1,800 feet indicates that at
this distance slope ceases to favor large logs to quite the same degree.
The cost for the large timber here is 2.1 times as miuch on the 0 to
15 per cent slope as on the 30 to 50 per cent slope, whereas that for
the 22-log timber is 1.3 times as much on the gentle 2s on the steeper
slopes.
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‘% At this point, consideration should be given to the relation of
- defect tosize of timber. This may be very strikingly illustrated. On
. the 0 to. 15 per cent slope with a 200-foot skidding distance, it is
"evident that timber of 2-log per thousand size can be haridled for
ias low @ net cost when 71.3 per cent defective as can perfectly sound
“timber running 22 logs per thousand under the same conditions.
- 'With the same slope at the 1,800-foot distance, the defect in the
~:2-log timber might be 69.4 per cent. The possible defect would be
84.0 and 80.6 per cent, respectively, for the 200 and 1,800-foot
distances on the 30 to 50 per cent slope.

The effect of slope and distance on the cost of the total operation
(horse skidding) from stump. to landing or mill is also shown in
Table 10. Skidding by tractor instead of horses tends to favor large
logs more af longer distances and ou the lesser slopes.

Table 11 illustrates the effect of different cutting methods upon
‘the logging cost. A typical ponderosa pine stand located in western
Montana was selected for the application of these logging-cost data.
The original estimate sheets covered sn area of 440 acres. The
timber was uneven aged, trees in all the 2-inch diameter classes
from 10 to 40 inches %eing represented. The stand per acre aver-
aged 12.17 trees 10 inches and over in diameter, containing 8,093
board feet. The diameter of the average tree in the stand was
slightly under 24 inches, and the timber as a whole ran seven and
one-half logs to the thousand. '

Tante 11.—Comparison of horse-logging costs under clean cuiting and diemeter-
limit culting! on 440 ueres of porderose pine in western Montana
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Assuming an average skidding distance of 200 feet and siopes
- 0 0 to 15 per cent, a clean cut of the area, invoiving the removal
- of all trees 10 inches and over in diameter, would cost $34.07 per
acre. A total volume of 8989 board feet would be removed. If
all 10, 12, 14, 16, and 18 inch trees were left wncut a volume of 8,069
board feet per acre would be removed at a cost of $27.83. Thisisa
reduction of 35.3 per cent in trees logged, 10.2 per cent in vohune, and
18.8 per cent in the cost of logging. In other words, by leaving
4.5 trees per acre containing a scale of 920 board feet a saving of
$6.24 per acre in the cost of logging is obtained. With the extremes
shown. in Table 11 and an average skidding distance of 1,800 feet
on 30 to 50 per cent slopes, a clean_cut of the sere would remove
the total volume of 8,989 hoard feet at a logging cost of $48.60. Cut-.
ting to a diameter limit of 20 inches, on the other hand, would leave
4.5 trees to the acre, rdnging from 10 to 18 inches in diameter, and
provide a cut per acre of 8,069 board feet at 2 cost of $38.81. This
amounts to a 21.2 per cent reduction in logging costs for a 102 per
cent reduction in volume. It should be stated here thab certain
logging costs, such as charges for improvements and administration,
have not been included. in either Table 10 or 11. These costs are
not reduced in total by a smaller cut and therefore the charge per
thousand feet increases as the wvolume to be removed decreases.
Owing to the small volume involved in Table 11 these charges
woulf have but little effect upon the total logging cost and may be
disregarded in the comparisons.

The comparison afforded in Table 11 is presented merely as an
indication of the eifect of different cutting limits on the cost of
logging alone. There are, cven here, several factors which must be
considered if the most economical operation s to be made possible.
The your.ver or smaller trees to be left in selective logging should
vary in swe according to the slope of the timbered areas and also
the distance which the Jogs are siidded over that slope. This point
is clearly illustrated in Table 11. Sixteen-inch trees skidded 5 dis-
tance of 200 feet on 0 1o 15 per cent slopes can be logged for $6.90
per thousand. Tt will cost $11.45 per thousand to log trees of the
same size when skidded a distance of 1,800 feet over 80 to 50 per
cent slopes. It may be possible, therefore, to log sound 16-inch trees
of good quality that stand within an average slddding distance of
200 feet from the landing, on 0 to 15 per cent slopes, and impractical,
_ from an economic standpoint, to cuf the same size and type of tree
when it occurs far up on steep slopes a long distance from the
landing. The percentage of defect in differont-sized Iogs, which
determines whether such logs can be profitably taken or should be
left in the woods, also varies with distance and slope,

In determining the proper method of selective cutting to make pos-
sible the most economical operation, the value of the products cut
from trees of different sizes and the lumber-manufacturing cost, as
well as the logging cost, must be considered. Manufacturing costs,
Like logging costs, increase as the size of the timber decreases. In
most species of timber the products cut from small trees are less val-
uable per thousand feet than those cut from large trees. Detailed in-
formation is now available on the production costs and value of the
products by tree sizes for a naumber of the more Important timber
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species in several of the lumbering regions.’ With such information
available, it is now possible not only to place logging and milling
operations on a more profitable basis by selective cutting but to keep
large areas of timberlands productive through a sustained-yield
system of management.

*3Mueck of the material covering the effect of tree size ob preduction costs is not yet
in print. Tities st present nveilable include:
ASHE, W. W.
1926, RELATION OF S{%E OF TREE TO LOGGING COSTS, STUMPAGE VALDES, AN
PROFITS.  Amer. Lumbsrman 2683 : 7i-74.
1530, SMALL TREES WASTEFUL T6 CuT FOn saw TiMBEn. Ul S, Dept, Age. Leufet
85, 5 ., Hlus
Branxeer, M,, and FrLLaway, 5. V., Jr.
1427-28. sz oF TIMIER, AMOUNT OF DEFECT —IMPORTANT FACTORS IXN LUMBERING ©
AN ANALYSIS OF THEIR EFFECT UPON PRODUCTION COSTS AND VALGES AXND
THE{R CONBEQUENT (NFLUENCE OX PEQPITABLE TREL AND LOG UTILIZATION
IN THE IXLAXD EMPIRB, Timberman 29 {2): 38-40, 4448; (3): 40—i8;
(4): 62-03; {6): 1G3-174. ¢
Broxbage, M, R, Knrubcer, M. B, and DuxxinG, D.
1933, THE ECONOMIC SIGNIFICANCE OF THEE SIZE [N WESTERY SIEERA LUMBERING.
Urniv. Calif, Agr. Exper. Sta, Bui. 543, 61 p, lus.
GarveEr, I, D,
1927, SMALL SAWMILL DPILIEATION OF sHORTLEAP PINE. Lumber Trade Jour 82

1930, SELECTIVE TOGGING OF SOUTHEexy PiNg, Lumber Trade Jour 97 {7} : 3435,

1L3(. SELECTIVE LOGGING TERSUS CLEAR CUTTING IX SHOHTLEAF PISE.  Lumber
Trade Jour, 88 (8} : 252G, ilius,
Gieaoxs, W, H,, Jouxsox, H. M., and SpeLyax, I1. R.
1520-30. TiHE EFFECT OF TIEE XZES OX WERESTELN YELLOW PINE LUMEER VALOES
AND PRODUCTION co08Ts, Timberman 30 (12} 4448, 1028; 31 {1} : 241~
24d 3 {2} 1 49-55; {3) 154806 (4] 04982, (L) : 194108, 1930,
Zox, R, and Gaprven, It, I,
1027, SELECTIVE LOGGING I THE NOMTHERN HARDWOODS OF THE LAKE STATES, WiTH
SPECIAL REFERENCE TO THE COST OF HANDLING SMALL AND LABGE TREES,
93 p. Oshkosh, Wis,




APPENDIX

RECOMMENDATIONS FOR THE CONDUCT OF LOGGING-OUTPUT
STUDIES

GENERAL OBSERVATIGNS

Some very definite eonsiderntions determine the feasibility and desirability
of ontput stndies in any branch of logging, The factors appreciably affecting
output must be readily distinguishable and susceptibie of classification both for
the purpose of study and for application of the results. The particular activity
must. have a definite effect upon the cost of logging, and the output must not
be dependent upon that of some other branch of the operation, If opernting
conditions are so well stondardized that little or no knowledge would be
gdded over that acguired through cost acecunts, output studies are ununecessary,
Metheds and equipment not commonly employed, as well as any abnormal
conditiens, are naturaliy excluded.

In order that vesults may bhe applicable to specific conditions as found, the
data must be collected, segregated, nnd compiléd on the basis of definite natural
factors which affect ontput and ean be identifled fur classification, 'To insure
permanency, all values which are swbject to fluctuntion, sueh as rate of pay,
effective hours usually worked, and units of measurements for gquantity of
work done, must as far as possible be reduced fo a constant by eliminating
variable quantities. Further, to permit genereal application of logging-output
datn, only crews of standard size should be studied.

Many factors which influenee output in certain branches of logging will
be found te vary with the region. Sawing and skidding in the ponderosa pine

type of Montana and California may be taken as an illustration of this polnt,
If all factors now used as & basis for measuriag outpnt were identieal in the
two regions there would still be differences in oufput. These would result
from other characteristics such as climate, general broad regienal form and
height of trees, and a different general class of labor. The combined influence
upon ontput of these and other broad regional characteristics can be accounted
for only by separate studies,

DEGREE OF REFINEMENT DESIRED

The extent to which the integrai parts of any particuiar job can profitably
be studied depends upon the number of variable factors invoived and upon
whether or not the conditiong under which or the method by which the work
is done can be corrected or changed along the lines indicated by the results
of the study., When it iz evident that output is governed by factors which
can not be controlled, it is of no practical value {0 determine the individaal
effect of these faetors on output,

The methods followed in gathering output data for felling and bucking are
pertinenf. For thiz branch of the operation the whole tree hag been taken as
a basis. Stopwatch deterninations might be made of the time required for a
saw ¢rew to complete each of the minufe partg ol the work, such as gathering
tools, walking from tree to tree, planning, swamping, barking, undercntting,
wedging, oiling, etc. It bas been found, however, that such information containg
nothing of practical value. Tt was determined that for the same crew, the
relative vuriation in time needed to perform similar detalls of the work was
greater than the time used in completing similar units of work, each of which
was composed of all these detnils. This is evident in view of the possible vari-
ations in flie conditions under which the details of the work are carried out.
With the whole tree as a bagis, a lgss in performing one of the details may be
compensated for by & guin in others.

Some factors having n grent elfect on particular phases of the work are either
intangible or impossible of classifieatlon, No two cuts in sawing arc exactly
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alike. ¥f the optimum height of log from the ground ard position of the
sawyer could be determined, the informaticn would have no practical appli-
cation. The conditions under whick the work must be done could mot be
arranged to meet the specifications.

Time variations cansed by the human element further increase the diffenlty
of obtaining representative figures. One crew will take more time in planning
and save time in bucking, Another crew will use more time swamping, wedging,
and oifing but conserve time or ermergy or both in the actunl sawing. Very
much the same variation was evident in the work of gkidding with horses.

Therefore, to attempt the same refinement that hias been applied iu studies
of many other industrial operations is futile in logging work. The elements of
human judgment and skill, tegether with the inability to standardize condi-
tions, enter so largely that even the clogest study wiil not give reliable infor-
mation. Refinement of methods used in these studies is therefore gauged by the
nature of the work and the practienl application of the results,

QUANTITY OF DATA REQUIRED

It is impracticable to set a definite standard as to the quantity of data
that should be obtained to orrive at a reliable average ouput for any particular
unit crew. This depends to a large extent upon how cousistent the crews are
in their work. Much less Information is needed for crews of long-experienced
woodsmen than for crews of inexperienced men. Anofher consideration of
importance is the number of factors used as a basis for separating output,
and over wkich the data collected must be distributed.

The number ¢f urits of organization which should be included in each set
of data must be determined on the basis of possible variation between such
units. Obviously the variation wiil be greatest in work inte which the human
element enters to the largest extent.

It has been found by expericuce about how many trees and trips and what
scale or time ave necessary under each column of the coffice summary sheet to
give the corresponding point on the curve a reasonable degree of accuracy.
This statement presupposes that field data have been accurately lept, and
that all lost fime not properly chargeabie against particular uaiis of work
has been exeluded. Determinations are then made for the average time and
seale values of each columsi in the summary sheet, for work dome in one
olass and under standard conditions according to the method of classification
used.

An average of aobeunt 15 hours for each diameter class in sawing gives
results of sufficient reliability. Thus, if sawing were done in g stand ranging
from 12 to 40 inches in diameter, recovds covering about 15 hours’ work on
each of the 2-Inch diameter breast high classes (15 in oll}, or g total of 235
hours of effective time, should be obfained, If timber varied from 12 to 20
inches in diameter, 135 hours would give results of equnl value. In the former
case, assuming the timber to average about 24 inches diameter breast high,
senling approximately 900 feet per iree, and the average output fo be 1,100
feet per hour during the 225 hours or 30 days, observation would be made of
about 250,000 feet ov 275 frees for each curve. If the frees averaged larger
than this, obyviously the number studied in this time would be less but the total
scale greater.

Skidding a distance of 100 feet would require about 13 team houts, pro-
vided thut g}l the timber skidded fell into the snme log class as, for example,
the 3 to 5 or the 9 to 12 log per thousund class; for a 2000-foet distance,
about 150 to 200 hours' observation of one such unit wounld be necessary to attain
& satisfactory dngree of aceuracy. Since the timber in this region is usually
spread over four ot five log classes, four or five times as many datn, or about
750 to 1,000 team hours, wourld be required under each slope classificution.
With an averfpge ouiput of 600 feet per hour, 80C to 700 thousand feet would
ke the basis for each set of curves.

The more complex the method of fransportation. the simpler becomes the
gathering of reliable information, since nader the complex methods porformunges
is more constant. Thus, in progressing up the lne from horse skigding toward
railrond transportation, it is found that fewer and fewer dafn are necessary
to establish reliable outpuf.

The speed at which horses travel while skidding on the ground varles with
the size of the load, the intangible diffevences between two skid trails over
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apparently similar surfaces, the time of day, the distance of haunl, temperature,
etc. What horses will do at ene distance is not reliable indication of what they
will do at anotker. Some of these variables are eliminated in hauling with
drays or trailing in chutes, Notwithstanding, observations are stili necessary
gt frequent intervals to take up the intangible variations, In chute trailing,
the rate of travel is fairly constant; distance covered by each item is made
quite uniform through relaying, and the time spent in hooking the loads varies
less than iz skidding, where chaining or dogging the logs is o different problem
for egch Iond,

With power-driven equipment, owing to the fact that truvel is over roads from
which a iarge majority of the variables have been etiminated and that the logs
have been freed frow contact with and influence of surface conditiong, the rate
of travel loaded and empty, size of load, and loading time become relatively
constant. For these integral parts of the operation it therefore bhecomes possi-
ble to determine averages which will have common application; those deter-
mined for one distance may be applied to any distance.

This method of obtaining averages for component parts of the opergtion has
been used in the studies of antotruck hauling. Observations made at g few dif-
ferent distances bave been expanded to cover apy desired distance. The same
methods have been used in sleigh hauling and chute trailing, with somewhat less
accurste results,

From this discussion it becomes obviops that the amount of data needed per
unit of distance hauled decreases as the distance increases. The longer the haul,
the greafer the reduction of variables in the wethods commonty employed,

UNITS OF MEASUREMENT

In conduecting logging-output and time studies of this character, pages £ und
5 should be cavefully reud, and the basic vnits of measurement therein de-
scribed should be used onless a betier and more logicnd clussifieation can be
devised.

ORGANIZATION AND EQUIPMENT OF STANDARP CREWS

In determining the make-up of crews of standard size only those men are
included whose work directly affects the output. For sawing, either contract
or day work, the output per hour rests definitely upon the work of two men.
Tenmn and teamster und swamper are taken ns the unit crew in contract horse
skidding. Sometimes one-haif the time of chainer or dogger is included, Under
day work, swampers are not included, as swamping is usually done in advance
and therefore does not interfere with skidding output. In contract work the
teamster often assists in swamping. Thus output rests somewhat on the
swamper. Brush conditions alse are a factor. Quiput studies have not been
miade on cperations where the team wust wait a considerable proportion of the
time on the swamper. since this is not considered a represeatative way of doing
the work. In swamping alone, in brush disposal, grading, or any ofher job
performed independently, ohe man is faken as a unit,

TFractor skidding is based on the worlk of 10-fon machines with a crew of
either two or three men. Some operations necessitute oniy i driver and a
chokerman. In others a chaser is added to the ecrew. This varies with the
natare of the terrain and size of timber. On level open ground with large
timber, ouly two men are needed. Where a buuching tenm and teamster are
used in the woods, they become a part of the unit crew. A team and tegmster
used on the landing ave not considered a part of the crew. These have no infu-
ence on cutput and are generally reguired only Locnuse of the loading method
in use.

A standard organization for trailing in chufes is one man and team, A
teamster and two or four horses make up the crew in sleigh hauling,

Autetrucks used for hauling logs in this region are commonly of i-ton or
T¥-ton capacity.

The unit for ground donkey skidding includes (ke entive crew whether the
work is on n contract or dsy basis. 'Chis unit hag been adopted because, for
example, the output of the loading erew is entively dependent on the one donkey
skidding to a certain lnnding, whereas the londing crew in tractov or horge
gkidding operations is usually loading from several skidwnys to which o
number of units are skidding,

The landing saw crew is taken as part of the unit crew in donkey skidding but
not in tracfor work. In the former ense the saw crew is #n essential part of
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the organization, and its output iz governed entirely by the donkey. In tractor
work, bucking may be dohe on the landing, or the same saws may be entting
for two tractors or one tractor and severa! teams.

SEGREGATION OF DATA ACCORDING TO NATURAL FACTORS

The natural factors which have an important bearing on logging output and
are used as a basis for the segregation of data are season, slope, surface,
forest type, stand per acre, species, height, diameter, and windfzll and brush.

FORPST TYPE

Type, by itself, has only & very general value in conveying information
relative to logging output or costs. In conjunction with some of the more
specific fsctors, however, it assumes greater importance and tends to give to
each of these other factors a cletrer definition by narrowing the margin of
possible variation within them. A wide variation occurs In the height of western
larch in the various types in which it is commenly found. In any specific
forest type and region, bowever, the height variation is much less. It is for
this renson that sawing output is divided for different {ypes.

A type classifickticn has other advantages. There are a number of undefinable
elements such as soil, brash, windfall, and surface which usually differ with
type. Taken individually, each has a rather sinall and intangible effect on
the work; in the aggregate, as expressed in fype, they ceonstitute 2 noticeable

* factor, This ean be readily iHustrated.

The surface in a white pine or spruce type is often rough. The soil is soft,
fillled with roots, and subject to gouging. In a ponderosa pine type, as & rule,
larger loads can be pulled over the gentler slopes hecause the surface is usually
firm, smooth, and free from roots. Thus type has been made o faetor in
skidding, :

TWhere these various elements are found to be the same in two types, the
data are either combined or a study is made in hot one type. In skidding,
the types studied have been grouped as lurch-Douglas fic {ype, white pine,
and pondercsa pine type. Bach type has been considered separately in com-
piling snwing data,

TIMBER SPECIES

The species is ordinarily made a basis of segregating output data for sawing,
swamping, and brush disposal. "‘Where white pine and white fir or spruce
and boalsom fir occur in the sume type, they have been combined because the
output for the two species in each group was proctically the same. In other
branches of logging the output for all species has been found to be sbout alike.

HMEIGNT OF TIMDER

The effect of height on sawing is not shown specifically on the output
eraphs. It Is accounted for within reasonable limits of varintion by making
individual enrves for each spacies and earh type by regions. An itiustration
of this point has been riven in the discossion of forest type. For a given
repion, type within that rezion, and species, the variable of height is confined
to a reasonable margin. Without further elassifiention this focotor becomes
sufficiently specifie for all practical purposes. This prasupposes, of course, that
data have been collected over sufficient exposures and sites to obtaln a
represeutative height.

ETANT PER ACRE

A Qistinction in stand per acre has heen mnde only for skidding, swamping,
and brush disposal. In the other branches of opevations covered by these
studies stand has no appreciable effect; on the three mentioned it has but a
small intangihle influence. The ciassification of the average stand in which
the operatinn is being condueted huas heen made on the basis of 5 to 10, 10 to
20, 20 to 40, and over 0,000 feet board measure per acre,

BIZE Q' TII1fDER

Twa classifleatirms nre made the basis of recovding size of Hmber., In
sawing, the dinmeter hreast high of each tree fop the nearest tenth of an inch
i3 recorded, together with the lepgth and gross scale of each log, This gives
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the totul height utilized and the total scitle. The logs per thousand for each
dismeter class may thus be computed.

For all skidding or moving operations the iength and scale of each log
are recorded in terms of gross seale per hour of effective titne. The number of
logs and@ total gross scale for each trip or other unit of work are kept
separate. ¥From these data the average size or logs per thousand for each
triyr is computed.

The material is divided, according to size, into groups of 1 to 2,3t 5, 6 to §,
9 to 12, 13 to 17, 18 to 25, and 26 or more logs per thousand feet board measure
of cut. OQutput is shown en the basis of these classes. The 6 to 8 logs per
thousand class in the autpat graphs may include logs scaling anywhere from
2 to 20 per thousand but averaging for one trip or lond somewhere between
5.6 and 8.5 per thousand, These are the limits of the § to 8 log class. These
data can be employed in determining the output for any body of timber where
the average run of logs is known, through the use of a curve representing
such size. Interpolation must be made for sizes which ean not be read directly
from the curves.

SLOFHE

For certain branthes of the operation. slope has been classified in different
divisions according to its relative effect on the work and to the method of opera-
tion cmployed. In the field worls, slopes are rewl as bercentages with the Abney
level and recorded by the groups inte which they fail.

The slope ciassifieations used in sawing, swamping, and brush disposal are 0
to 30, 30 to 50, and over 50 per cent. It has been found that a finer distinetion
iz unnecessury and tends to complicate the work of the studios. Not until slupe
exceeds 30 per cent has it any appreciable influence on the output of these
phases of logging.

For skidding with horses or tractors by any methad in which the source of
power itself moves between the stump and the landing, the following divisions
of slope have been ndopted: 0 to 15. 15 to 30, 30 to 45, and 45 to €0 per cent
downhill, and 0 to 15 per cent uphill, The range includes the slopes over which
skidding by these methods is commonly carried on. Very little uphill skidding
is ever done by any of these methods, except over short distances below rallroad
spurs or chutes,

The skidding trip Trom stump to landing is iu most easey over a slope which
does not vary more than 15 per cent from the maximum to the minimum, Often,
however, this 15 per cent range Will not coincide with the elassification given.
In this event, the entire siope is thrown inte the slope group which it most
resembles and which is most inHuential in defermining the cufput. A specific
example will illustrate this,

Skidding s being done over a total distance of 1.000 feet, Six hundred feet
of this is on & 10 per cent slope; the other 400 feet is an u 25 per cent slope.
The classification here would ordinarily be the 15 to 30 per cent group, One ren-
son for this is hecause the weighted averare slope is 16 per ¢cent. But angther
fact is of importance in establishing the slope classification. In actunl prictice,
smaller loads would be skidded aver the 95 per cent slope than would be the case
if the entire 1,000 feet were on this stope.  On the other hand, the loads for the
distance over the 10 per cent slope wounld he larger than if the entire skidding
distance was on a 10 per cent slope,

It is, of course, necesary to use judgineot in deciding upon slope classiticn-
tion, No skidding trip Is made over a slope exactly the same for the entire
distance. This is the principal reason for the rather bhroad classificition. Such
a basis was essentia! to ite practicnl application. In cases whers there was o
cousiderabie difference in the percentare of slope for several portiens of the
gkidding distance, a separnte record was kept of the time and amaunt skidded
over each section. At the rime of the offive compilation it was possible to declde
on the most logical slope classifieation, This would be based on the condition
which contributed most to controlling the output. If skidding was done for 300
feot over a 40 per cent slope and then for 800 feet over a 10 per cent slape. two
trips might be necessury over the litter distance to handle oue trail of logs
brought in over the 40 per cent stope, Tt is readily seen that the 10 ner cent
slope would largely be the controlling fretor.  Clasgifieation would be mide
accordingly,

For sleigh baumling, chute trailing, and draying, slopes of 0 to 5. 5 to 10, and
10 to 15 per cent with distance for each are recorded. Nearly all sleigh haul-
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ing is done over glopes from 0 to 17 per cent. A 3 to 5 per cent slope is most
nearly ideal. Greater slopes, within moderation, do not have any effeet on out-
put. More sandmen would of course be required. By far the greatest factor in
sleigh hauling is the kind of winter weitther. This is a rather indefinable factor
which ecan be treated in only a very peneral manner at best.

Autotrucks are normally used for hauling only ou sicpes of between 5 per cent
uphill and 3 per cent {ownhill. Records were made in the field showing
separately the total distunce travaled with lead over uphill slopes of 0 to 5
per cent and over downhill slopes of 0 to & and 5 to 10 per cent, Trucks
equinped with 4-wheel brikes are sometimes operifed on Jdownhill slopes to a
maximum of 25 per cent. No such slope ¢onditions were eucountered in these
stutlies, however. No distinction is made in the difference in slope or distance
of the refurn empty which is nearly alwayrs made over the same route. Cutput
fizures are segregated by {ypes of road, as dirt, plank, and pole roads.

The influences of slope eonditions on ground skidding with a donkey are many
and varied as compnred with horse skidding in the same type of country, With
steam power the logs are skidded up and down hill, and at every imaginable
angle along the gides or diagonally across the slepes. Little sidehill skidding
is necessary with horses or tractors, owing to the comparatively small cost of
congiricting Iandings and of moving equipment. Most of the timber is moved
almost straight downhill; very little is token uphill. Even skidding nlong the
gidehill with these two methods dees not present the difficulties from logs
reliing or hanging up behind stumps that are usual in ground yarding with
donkeys,

In dovkey skidding, it has been assumed that the difference in output due
to skidding up, down, or aleng the side of a hill is not sufficient {o justify
segregation for slopes under 30 per cent, The classification so Inr used, though
it has not been experimented with to any extent, is; Uphill 30 per cent to
downhill 8¢ per cent ; uphill 30 to 50 per cent; uphill 50 to 70 per cent; downbill
30 to 50 per cent.

WINDEFALL AXD BRUSH

Brush and windfall are reported as lacking or s light, medium, or heavy, in
comparison with the average quantities fer the type in this region. The con-
dition as to brush and windfall is used as u basis of showing separate output
for sawing; swemping, brush dizpoesal, and confract horse skidding. In other
methods of skidding, swamping is either done in advance or not nt all and has
little influence on output results. The condition iz, however, recorded and
shown on all graphs as a matter of general information.

SUNFACE

Surface conditions are not differentinted in relation te outpuf, because the
difference caused by the greatest varintion encountered in these studies was
not appreciable. Classifiention of surfaee is In general terms, such as smcoth
or rough, and iz used simply to indicate the nature of the aren. In sawlng,
particularly, a rough surface in light stands decreases output and loss from
hreakage is greater. Logs must freguently be eat sborter than would be nee-
essary had the break not occurred.

BEASON

Wenther conditions have a wariahle and extremely important inflzence on
the output of ne:nrly all hranches of logring work. No operator cnn afford fo
ignore them. On two chances, similar in every respect, one operator will be
forced to cease operations on nceount of wenther conditions whereas the other
will not only be able to continne but will turn the eonditions to his advantage.

In a logging chance on which hnlf the timber is on level ground and half
on slopes ranging from 30 to 50 per cent, weather conditions should receive
thorough considerction when the opevation is planned. Logming the steep
slopes during the summer months and the flat ground in winter will make
the work not only continunus hnt cheaper,

Provizion shonld he mndle tn take advantage of sensonal changes, in so far as
they can be anticipated, and to regulnte scasoual output accordingly. Little
congiderntion ean be given to minor vaviations in wenther; adjusiment must
lie based on brond classiflentions on the basis of average summer and nverage
winter conditlens. No attempt is made to show production ag affected by
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changes within the seasons in spite of the great influence these exert over short
periods. Instend, an nverage is obtained by caryying the study over a perion
sufficient to include & fair representation of such conditions within the vegion.

Iu eollecting the data it was found necessary to draw a rather arbitrarvy
line befween summer and winter conditions, TWinter conditions were assumed
to exist whenever the logs could be skidded without gouging through the frozen
ground or snow to the soft earth beneath, when timber becotnes frozen, or when
the snow is deep enough fo interfere with snwing, A daily record was kept
in camp of the depth of suow, of whether the zround was frozen or soff, and
of the temperature,

FIELD RECORDS AND EQUIPMENT

For gathering dats in the field, two sets of records are usedl. The first set,
for the actual field work, s in natebook form Firwres 49 and 50 show samples
of sueh forms, which are the psual type of nctebook sheet,

OPELRATION

Tree Top
scale :diam
Length eter

(Feet) 0 {l?::; tin} | (per

cent]

S
28
25
14

&§
Zirng

L 38
th 37
fg 7
&
it 24
L3 it
L i)
G &

2 !

L __{_so30] N S I

Ficcee 48 —Record form for eawing data

In the use of these forms, the beginning of any uril of work, lost time, or
quitting time is vecorded to the pearest even minyfe under * Time of start.”
The difference between the Hme of starting one thing aud of starting the next
iz recorded in ninutes, not hours and minutes, in the mext column, opposite
the thine of its starf. When the duy's work is finished, the record indientes
what was done every minute of the day from the time the tools were picked
up uniil they were put awsy, Following the “ Trip time™ or “Tree time,”
there is either n vecord of the unit of work aecomplished or an explanution of
the disposition made of that time.

In sawing, the length and gross scale for every cut are given. This applies
whether the piece is a merchantabie fog, a cull, or a break which is trimmed.
If oo cut is made where the Lreak occurs, whether in the top or eisewhere,
the piece is scaled as though it would make 2 merchantable log. In this
manner the composite effect of breakage, for the conditions existing on any par-
ticalar chance, is teken inte consideration. This record of breakage and top
dizmeter makes possible the construction of & volume table based on actual
utilization. The percentage of breakige may also be determined. Should it
be desived to base the volume tnbie on o specific top diameter, a record can be
made of the length of the top piece, fo this dinmeter, loft in the woods.

In the use of the skidding form the aectunl distpnce traveled along the slope
while under Joad {not the borizontal distance}, if 100 feet or more, is recorded
for each trip to the nearest even 100 feet; anything less than 30 feet is recorded
s 25 feet. TLony distances, where apprecitble ervor is apt to oceur in pacing,
are chained gnd marked vp on stumps or stakes for future reference,
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The second set ¢f records is made up of camp swmnmary sheets, on which
are recorded the total or average daily records. These sheets are also used
for the collection pf date on other jobs, particularly swamping, as these datn

WINDFALEL

Distance LOG Trip
skidded scaie

L th Gross
eng scate {lgfee;‘ fnumber} ( logs
s

Lreet) { feet} [{IQfeet bm) par M)

J00 E 4 3¢ 6-8
e
s

I
i
%
12

852 Loat omr - in.c %

745 L 1 ] e N E—
msky Hih—~Record form for skidding and bauling data

may be collected in conjunction with the regulnr output work, Figure 51
indicates the nature of this sheet.

By changing headings or ndding others for number of wmen on loading or
unloading crew, rvoad mounkeys, or sprinkler and ratter crew and teams, this
form may ulso be used to rvecord uny desived infortnation with aototruck or
sleigh haul or may be adapted to any study.

A daily record is kept also of the distance to work, method of travel, condi-
tions of read or trail, ete. From thege datz the nwmber of effective hours for
any job can be closely estimated.

Effective  [Totaicamp| Unit Swamp- { Chain- | Tail-down weather
time scale | crews ers men men condihions

{hours} (i0feet bm)| frumber) | fnumber) | (number)] (number)

A
Fioeng Bt—Camp summary form for skidding and deaylng operntions

The equiptient necessalry to eavry ol the field studies is as follows: Accurate
timepiece, seiale rule—S8cribner decimal €, steel tape {300 feet and menders),
dinmeter tape (20 foet), Abrey level (per cent}, notebook, and timber crayon.

The dinmmeter tape is used to deternidue dimneters of logs which can not
be scaled directly with the rule,

PERSQNAL REQLUIREMENTS

It is cssential thnt men Jdetniled fo outpuf studies have a genuine interest
in them and that they plice eelinnee on the general principles npon which
such studies are based. Withoot this viewpeint, it iz doubttul whether any-
one eondueling observations over any length of thne will continne to maintain
the necessury degree of aceuracy +ufter the npvelty of (he work wears off.
The men must aiso, 145 in any worlk ol this nature, have the proper conception
of the value of accuracy and detnil.

A majorHy of workmen, especially woodsmen, objoct to stop-wateh methods.
Tuet and diplemuiey is neeessiury in associntdon with both Inborers and superyi-
sory stuff.  The observer must refrnin from statements that arve liable to affect
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the normaley of outpnt. Hxperience in several specific cuses has shown that
men have elther speeded up or slowed down as the result of mnconsidered
statements, thus making the data collected worthless and misleading.

The observer should make no remarks, criticisms, or suggestlons to the
workmen in regard to their methods, outpat, scole, wages, or piece rate. He
should collect information on what they do, ag they do it. The camp foremen
should be given nothing which will lead to a nemparison of the work of two
crews. Also, no new ideas on methods of conducting the specific operation
Deed be offered to the foreman. There is ordinarily a good deal more to be
learned from this individual than ean be told him. The old-time practical
logger in charge of an operation has his head full of practical, everyday, com-
mon-sense ideas. He knows how to get his work done without too many prelimi-
naries, He likes rule-of-thumb and short-cut methods. The observer shounld not
try to convert him but should study his methods of accomplishing his ends and
learn to apply ns far as possible, what is good in them, There is no man more
generous in his impulses and more wllling to help anyone whe is ambitions
and sincere in his efforts to learn the practical side of logging than this old,
experienced logging foreman.

Work performed by any individual erew or unit of organization should neot
be divolzed to uny one connected with the operation. If the men doing the
work realize that this is the policy, there will ordinarily be no objection te
the methods followed in these studies and men will work at a normal pace.

Ordinarily, someone with considerable experience in work of this kind should
spend a day or two with men starting out for the first time on this work or
changing to a new job with which they huve had no experience, In that
length of time it is possible to explain on the ground, during the aetnal process
of collecting the datu, the instructions needed by the observer. Periodic visits
to each man are made every month or six wesks. Doubtful polnts, which
frequently come up during the course of the work, are taken up and a general
inspectior and check of the work accomplished are made,

COMPILATION OF DATA

The working up of the field notes into tinal form consists, brieﬂy. of the

following steps.

(1) Determining the logs-per-thousand group of each load or trip.

{2) Transferring to large tabulation sheets the time and geale under their
proper dismeter breast high columns for sawing, ov distance for skidding or
hauling, and then finding the total of this time and seale.

{3) Distributing the total lost Hme by prorating it against the total working
time to which it is chargeable.

(4) Fiuding the gross output per hour for each diameter class or distance
and evening-off the results by drawing 8 curve through these values plotted on
cross-section paper, .

Where logs are skidded or hauled with Lorses in lepgths as actually bucked,
the number of 10gs per thousand in the lengths ns handled lg the element of size
that governs oufput. Calculation is, therefore, made on the basls of the actual
number of pieces it will take to make n thousand feet, without reference to the
run of the timber in standard 16-foot logs. In tractor or donkey skidding, tim-
ber is handled in double-length logs, or often in tree lengths, Bucking into short
logs takes place on the landing or in the mill Size of matertal in this case ig
determined and expressed in terms of the number of standard 16-foot logs per
thousand feet irrespective of lengths into which these are bucked. This dir-
tinction is made beeause in tractor op donkey skidding the logs ean be bucked
into any lengths without materially influencing the output. TIn horse logping
this would not be true.

A number of unit crews may he working together, making the output of any
one somewhat dependent upon the others, as where several teams are skidding
to the same landing or several auto trucks are hauling between the same
londing und dumping grounds. The work of such unit erews should be sum.
marized together. On work where each unit is entirely independent of the
output of others and in which the period of time over which observations were
carried on is not approximately the same, resuits of each must he summarized
and the output of each first determined separately, A flat average of ail ta
then found. To summarize the time and scale for all units together would be
to weigh the output of each on the basis of the amount of data obtained for

1538828°—33-——=¢
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each crew. If the crew with the greatest outpnt was ocbserved over the
longest pericd of time, values would be abnormally kigh and nok representative
of the average crew.

- When the data are transferred from the field notes to the summary sheets,
a separate summary sheet is provided for each set of conditions, each sheet
bearing the heading of hut one type, season, slope, lor group, and so on.

Lost time, coneerning all work dorie under ponditions which go into the same
eurve or set of curves, is added together and not separaied by logs per thous-
and for transportaiion or by species for sawing.

Table 12 has heen prepared to show that in ordinary stands of timber it ia
unnecegsary to consider diameter classes separately i=: computing output from
the graphs. However, in stands having two distirit wige-classes of timber it
is necessary to. give separate consideration to eack of the groups.

TapLE 12—The computation of logs per tinvsand for sawing®

o
Giosy ! Gross
'ii‘ggtg] eolnme ¢ atsl output

Logs per
Diameter breast high ! {[nchas)
bree bz e 4 volumie | o hout s

Number M hoe | FiL b

40 [
ST
410
550

-

G
I 9,700
5, 830

55, 250

=T -

_.
B|loepBosw
[~ [T -EN Ay .Y - YT

1 The totals in columns 4 snd 6 indleate the sverage logs per thoussnd to be approximately 10, Reference
to fig. 1 will show that white pina timber 20 inches in dismeter will yieid 10 logs per thousand. The total
of colump 6 divided by that of column & gives 538 feet a3 the weighted average output per hour of all diameter
classes. Fig. 1 shows the output per hour for timber 20 inches in diameter or 10 logs per thousand tc be
aboud 945 feet. This Indicates that, {n ordinary stands of timber, it is unnecessary to consider diameter
classes separately. However, ju stands, for example, having a large percentage of the volume in 1% sod
16 inch {rees and the balanee in trees from 26 to 40 Inches, it i5 neeessary to give separate consideration to
each of these groups.

1 White pioe stand on best sita.

1 Qutput teken [rom fig. 3.

LABOR AND SUPPLY COST TABLES

In figuring the eost per thousand in any of the phases of the logging opera-
tion covered by the output graphs the wages of the different classes of woods
workers employed or tke cost per effective honr or day of the unit crew or
organization msed in doing such jobs are necessary information. For those
using the output dats in this bulletin who de not have at haad such informa-
tion, Tables 13 to 20, giving wapre or unlt costs, have been prepared. These
tables give the wages per hour, day, or month as the case may be of the sev-
ernl clisses of woods workers, as well as the cost per effective hour or day
of the unit crew employed in doing n specific plece of woerk. The tables are
based on “Inland Bmpire ™ wages und supply costs for periods of one {o three
years from 1027 to 1029, inclusive. In case the labor and supply costs given
in the tables de not apply at the time it is desired to use the ontput data,
similar tables can be prepared on the basis of the wages and cost of supplies
prevailing at & partienlar time.
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TARLE 18.—S8awing and hauling trew costs per effective day, based on five dif-
ferent estimates of freight and kandling charges on provisions and supplics?

Cost of saw grew ! Cost of team and teamster

Freighv.nnd handlidng charges

pet poun 1928 2.year 1929 2Fear 3-vear
aTernge aversga 3 average average GVEraga

8,40
8.70
.00 X . 3 3
9.20 . 5 X 3
§. 50 5 L L 70 .

! This table is based on “Inland Emnpire’ wages snd team expenses for merlods of 1 to 3 Fears, end on
months — 24 effective days.

? Tnehudes cost of Bles, oil, and a
on saws and gther tools. 3 1 the "' Infand Empire" was contract
work at a cost of 31 to $1.45 per thoussnd for short logs. Cantrzet Ielling and topping for tractor skidding
costs between 50 and 90 eents ner thousand. o the caotiaet price must ne added the cost of saws and olher
tosis, cil and saw iling, snd depreciation on the tools, which run about as follows per thousand: Snw and
other tools, Toonts; Hlas and wil, 2 cents; saw Bling, 8 cents; and dugreciation on togls, § cents,

! Inciudes barn care, medicine, shoes, nalls, veterinary services, bontd and loss on hoard, and a npormal
smount for idle tearns that averages shout 12 ta 15 per cont of the tolal: dapreciation on horse; and barness
net, $nciuded; 40 pounds of cats and 60 paunds of hay jser day per team,

1 Except such costs as aze ineurred on poconnt of tine of barn bess, bail vook, 1nd clork; spplicabie to
camps so located that there are oo other freight or handling charpges; seldom usad.

Tanre 14.—Cost of Tegger-type, 10-ton. {ractor and driver per cffective doy*

Driver__
Gpzoline
il pod grease
Maintenance __

! The above is a weighted average based on 2,400 effective days in weslern dMontona. Depreciation is
tot included iz the abave table. The life of @ lopging tractor should be Gured ms 4 vears lnggiog and a
residual valneof 20 percent, Thisgivesa straight deprecintion of 20 per cent Per yonr and 2monnts ta about
$5per eflectiveday. Theabove costsare for potderasn pine skiddlog.  Drivers' wages ars for eflective days
only and 10 hours’ timn.  Wages, repairing, and all parts are churged to mointenance, Ciasoline, oil, nod
other supplics were hrought in by logging train or sutotruck. ‘The above costs pre figured o gaseline
at s price of 18 to 22 conts per gallon, ol &t 70 Lo 75 cents per pallen, and grepse gt 16 Lo 19 cents per pound.
goﬁlecgiﬂre d8ys per year 189 to 235 with an average of 200, Days laid np for repalring or 1epsirs sverage

o 30 per yoar.

Tasie 15.—General wages of wouds labor?

R TMropa—
Position 1628 aver- Positlon
i

Locomotive englneer
Locometive brakeman
Locomstive Brenten
Jammaer enginecer 3 X
Jammer booker Cholienman
Top loader Teamsier

i Bate per Sbour day, * Includes overiime repeiring or greasing,




" Yogging superintendent.

L

| TEOHNICAL BULLETIN 355, U. §, DEPT. OF AGRICULTURE

S

TapLu 16.-«.-Gcflefﬁ__i- ibﬁgea of administrative men®

Position Poaltion

Posltion

. Logging foreman
Bt BosS. .

Handy man.

Night watch
Supply man__
aler.

Clerk_ o iimaan

$05
00
146
150

1 Rate per month. including cost of board; the 2-year and 3-year nversgns ave practically the ssme as those

fnr 1929,

Tantyw 17.—Unit cost of orgenizetion for horse skidding

Cost per
g-hour day

Team depretiation and inferest_

Team snd teamsier_

One—hall time of chaiter or dogger......

Total_ .

Tasem 18 —nit cost of organization for

tractor skidding

Cost per
8-hour day

Tractor depreciation and interes

(3asoline, oil, and greasa

Maeaintenance

Privar

Troactor unit_

Cheker maz ..

Totnl.

Traclor Wit e a e mmsmusam e s — e —————————

Choker men .-

Chaser.

Landing team and tenmister..

Tota)le o cmmemmaas

Tractor unit. .

Cheker mon
Bwamper. .

Total - eeeeaes

Tractor unit.

Choker man.
Bwamper. .

Burnch team and teamster... ..

Total.. ..




ANALYSIS OF LOG PRODUCTION

TABLE 19—~Tnit cost of orgenization for loading autotrucks or sleighs

Coat par
S-hour day

Twa bookers.
‘Tenmn and tenmsters_ ... 7. 40
Fall-dnwn man . 8.70

Totsl 22,65

Top loader_. . . $L 15
o 7. 40

auniviruck haul

Cost per
8-hour day

Driver, wages and board
np\'m!nrinn

nteragt.

Total.

! 12 trips per doy, 2 miles per trip.
GLOSSARY OF LOGGING TERMS USED ™

Bunch team—-A team used to bunch logs in one place for skidding or
loading.

Chain.-—A short length of chain used to fasten around a log or bunch of logs
for skidding with horses. ]

Chainer—One who places the chain around the Iog or bunch of logs in
skidding,

Choker—A short piece of cable or wire rope used in the form of g noose so
that the log may be hooked to the fractor or donkey for skidding.

Choker man or choker setter.—The member of a skidding crew who fastens
the cheker on the log. )

Chaser.—A member of g tractor skidding crew who secompanies the tractor
with its load of logs from the woods to the landing to assist along the way and
to unhook the chokers at the landing and see that they are returned to the woods
with the tractor.

Crosshaul.—A method of loading and decking logs by use of a chain or eabie
set acrass the load through n snateh biock. The end of the loading chain or
cable may be equipped@ with either swamp hook or eroteh chain, The power
is generally supplied by horses or small tractor,

Deck up, to—To pile logs uporn a skidway.

Dog.—A short heavy piece of steel bent and pointed ant one end with an eye
or ring at the other. Two dogs connected by a short length of chain are used
to hook logs together end to end to form a trail of logs for horse skidding,

Dogger—One who conpects the logs together end to end by means of dogs.

Dray—A single sled, or two wooden sled runners with a crownpiece, slipped -
under one end of g bunch of logs for dragging.

. Hang up, to—To fell a free so that it catches spgainst avother instead of
falling t¢ the ground,

Gin pole—A pole secured by guy ropes, to the top of whicn tackle for loading
logs iz fastened, .

Gyppo. G¥ppo togeing—Small-scale contract logging; for example, when g
Jarge company confracts with g 8yppe and his crew to log outlying sectionsy
that with the stendard crew #nd equipment would be handled less economically.

*The defnliions are given with special reference to thelr meaning as used in the
“ Inland Bmpire " region,




86  TEUHNICAL BULLETIN 355, U. S. DEPT. OF AGRICULTURE

Horse jammer.—A single pole or arrangement of poles equipped with loading
- tackle and used with bhorse power to load logs on sieiphs, autotrucks, or cars.
An end horse jammer loads from a position at the end of the sleigh, auto
trock, or Car.

~ Jig team or makeup team—A team of horses used in meking up & trail of
logs in & chute at a skidway, Ianding, or point of entrance.

Plank road.—A rosd comstructed by placing parallel three or more poles
of medinm size lengthwise along the road acd covering crosswise with 3 to
6 invh planking. Additiona! planks sre sometimes laid lengthwise on top of
these for the tread., The rond is used to haul iogs with autotrucks,

"Pole road,—A reoad constructed of poles for hauling logs with autotrucks.
Four poles (ftwo on each side) are laid lengthwise upon mudsills or cribbing.
The outside poles are bewed to a flat surface to form the tread or track.

Road moukey.—A woods laborer who keeps a logging road in proper condi-
tion for operation.

Rutter.—A form of plow for cutting ruts in a sieizh read for the runners
of the sleds to run in.

Ruptter crew.—The driver of the feam that draws the rutter, and a helper
who assists in seeing that the ruts are properly cut in depth and line.

~ Sustained yield—Cutting a forest at a rate not exceeding the production
ca%city of the area, thus giving a continuous and reguiar cutput of forest
products .

Swamper.—A woods laborer who cuts out the skidding trail and trims the
limbs from the Jog preparatory to skidding.

. Tait down, to.—To roil logs on a skidway to a point on the skids where they
can be easily reached by the chuiing, Suming, or loading erew.

Trail of logs—Two or more logs dogged together end to end, for horse

skidding or lying end to end to make up a lcad for trailing in a chute.

Whistle punk or sigeal man.—One who transmits orders from the foreman

of the yarding crew to the engineer of the yarding engine.
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