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ABSTRACT

Sixteen stands were harvested at intensities (proportion of basal area removed)
ranging from 0.27 to 1.00. Logging contractors used one ortwo rubber-tired cable and/or
grapple skidders. Harvested sites were similar in dope, tree size, and stand composition.
Thirteen of the stands had even-aged structures while the other three were uneven-aged.
Skidding time per cycle was directly related to skidder type, distance, and number of
stems hauled, and inversely related to harvest intensity. Skidding productivity (grapple
skidder, per productive hour) was sensitive to distance, stem size, number of stemsin a
load, and harvest intensity _ Productivity was more sensitive to tree size than harvesting

intensity.

Forest engineers, procurement for-
esters and harvesting contractors are con-
cerned with designing and managing har-
vesting systems that will extract timber
from the forest a low unit costs. This
report, the second in a three-part series,
centers on the efficiency of ground-based
skidding machinery in a wide range of
harvesting strategies. The first report (6)
focused on feling productivity. These
first two reports identity the major com-
ponents that impact harvesting time and
productivity. Thethird will deal with unit
cost and operationa profitability.

Harvesting equipment must be kept
operating efficiently in order to achieve
an acceptable return on the capital invest-
ment. Skidding machinery represents the
greatest single capita investment for
many independent contractors. When
this is thc case, skidders need to be as
productive as possible. Efficiency of
skidding operations is dependent on hav-
ing a skifled operator, a mechanically
sound picce of equipment, and a suffi-
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cient volume of logs to be skidded, which
is influenced by the stand conditions and
the harvest prescription. Theinfluences
that pre-harvest stand conditions and har-
vesting prescription have over skidding
efficiency are the focus of this paper.
Peters (8) investigated the productivity
relationship between number of stems
and log size skidded, and Garland (2)
identified the general factors that influ-
ence the productivity of skidding opera-
tions. Greene (3) noted that grapple skid-
ders are generally highly productive
components of a harvesting operation.
However, most published studies gener-

ally addressed only a single harvest
method (4,7) and, to date, no one has
modeled productivity of skidders work-
ing on avariety of harvest prescriptions.
There has been a need for studies that
cover awide range of silviculture treat-
ments and contain a large enough data set
to identify trends common to harvesting
operations (5). An analysis of more than
1,050 individual skidding cycles, on 16
harvesting operations, conducted over 4
years is presented here.

METHODS
STAND TREATMENTS

The harvesting prescriptions in the
study ranged from clearcutting to single-
tree selection. Proportion of basal area
removed was used as an index of harvest-
ing intensity because it was sensitive to
both number of trees removed from the
stand and average tree size. Stands were
located in western Arkansas 13 on the
Ouachita National Forest and 3 on pri-
vately owned industry land. The stands
were composed primarily of shortleaf
pine (Pinus echinata Mill.) and loblolly
pine (Pinus taeda |.). There was asmall
hardwood component in al stands. The 3
privately owned stands harvested had an
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TABLE I.— Swmmary of skidding data variables used in the toial skidding time regression equation.

Cable (alone) Cable (with Grapple) Grapple
Variable Min. Mecan Max. Mill. Mcan Max. Min. Mcan Max.
Proportion of BA removed 0.27 0.32 0.45 1.00 0.74 G.3l 0.27 061 1.00
Load volume (ﬂ.") 18.7 77.6 169.3 13.6 718 180.6 3.3 88.0 189.0
Stempepoad 1 2.7 ) i 3.1 1 4.2 14
Horsepower 72 79 9s 91 116 120 100 118 130
Skidding distance (A.) 252 1,131 2.500 292 1,387 3,415 22s 1,349 3.444

uneven-aged structure; the other 13 were
even-aged.

All stands were cruised before and af-
ter harvest to determine the harvest inten-
sities. Diameter distributions from pre-
harvest cruises were compared using a
Kolmogorov-Smimov distribution test
(9) to insure that all stands could be
grouped into a single data set for later
anaysis.

Trees were manualy felled with a
chain saw, but directional felling to opti-
mize skidding was not practiced. Trees
were processed into tree-length stems by
the sawyer immediately after felling.
Feiling and skidding operations worked
in concert in the same general area of the
stands at the same time.

SKIDDING

A complete skidding cycle consisted
of travel empty, bunch building, travel
loaded, and deck-time. Components of
the skidding cycle were timed separately.
Distances traveled while empty, building
abunch, and loaded, were measured for
each cycle. After the skidder deposited
and piled the stems at the deck, the di-
ameter at breast height (DBH) and length
of each stem were measured. A random
sample of skidding cycles was observed
on each stand. Stem DBH and length
measurements were used to calculate the
average DBH in the load and the tota
volume of the load. The load volume was
the sum of stem volumes, which were
calculated’ using DBH and merchantable
length (2).

Total skidding cycle time was esti-
mated separately for each skidder-opera-
tion type: grapple skidders, cable skid-
deis operating in concert with grapple
skidders, and cable skidders operating
alone. Independent variables considered

"The individual stem volume cquation used on the
deck for volume estimation was: ‘(Cuhic feet =
0.0017 OBHY" (Meren. 10" Based on
Clark and Saucier (1)
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in the analysisincluded total travel dis-
tance, number of stems in the load, aver-
age DBH ofthe stemsin the load, volume
of the load, harvest intensity, skidder
type, and manufacture’s advertised draw
bar horsepower. A nonlinear equation
(Total time = ax X*x Y x Z%) was
developed for each skidder-operation
type using only independent variables
that were significant at the 0.01 level.

Nonlinear models for estimating skid-
ding productivity were also developed.
These models combined the total skid-
ding cycle time equation with an egqua
tion that estimated load volume based on
average DBH and number of stems of the
load. The load volume equations used the
form: VOLUME = ax DBH"x STEMS..
Variation in load volume estimation pre-
cluded modeling productivity directly.

REsuLTs

The pre-harvest diameter distributions
of samples taken compared to the stand
distributions using a Kolmogorov-Smir-
nov distribution test showed that the 16
stands were equivalent and could be
grouped into asingle data set for anay-
sis. The diameter distributions for the
three uneven-aged stands harvested in
1994, while not statistically different
from the other stands, displayed more of
a “reverse-j” distribution, indicative of
uneven-aged stands. The average har-
vested stem DBH was larger in these
stands. This was a function of the un-
even-aged selection harvest prescription
where the harvested trees were concen-
trated in the larger DBH classes.

Three operating groups were apparent,
based on the skidder type and operation
organization. The cable skidders fell into
two groups depending on whether or not
there was a grapple skidder operating in
conjunction with the cable skidder. The
presence of agrapple skidder in the op-
eration influenced how the cable skidders
were operated and allowed them to be
used more efficiently and aggressively.
The prescnce of a cable skidder did not

significantly alter the performance of the
grapple skidders on the same operation,
so al grapple skidder observations were
grouped together. Each of the three
groups showed different relationships
with the independent variables. In the
case of cable skidders operating alone, a
different set of independent variables
was significant.

The independent variables found to be
statistically significant at the 0.0 1 level in
estimating total skidding time were: total
distance traveled (TDIST in100-ft. sta-
tions), number of stems in the load
(STEMS), harvest intensity (INTEN-
SITY), and skidder horsepower (HP).
However, INTENSITY was not signifi-
cant for the cable skidders operating
without grapple skidders. Additionally,
HP was significant for only this group.
Table 1 gives the range of vaues ob-
served for the significant independent
variables. The cable skidders operating
solo had a relatively high volume per
load for the average number of stems per
load because they were observed on three
uneven-aged stands and the average har-
vested stem DBH was significantly
larger on these stands.

The eguations listed below estimate
total cycletime (TT) in minutes for each
of the three groups.

All Grapple Skidders
TT = 1.418 x TDIST®3"* x
STEMS %190 x INTENSITY '3
=050 n=542 [1}

Cable Skidders Operating With
Grapple Skidders
TT= 2.140 x TDJIST *399 x
STEMS %% x INTENSITY 3%
~=061 n=315 [2]

Cable Skidders Operating Solo
TT = 83.626 x TDIST *** x
STEMS 0% % 1P 0 78
= 0.64 n= 240 [

=
Z

NOVEMBER/DECEMBER 1997



where:
TT=totd cycle lime
TDIST = skidding distance in 100-
foot stations
STEMS= number of stemsin load
INTENSITY= proportion BA removed

Thefirst two equations (grapple skid-
ders and cable skidders operating with
grapple skidders) are illustrated in Fig-
ure 1, where al independent “variables
except for harvest intensity are held at
their mean value. Cable skidders were
typicaly dower than grapple skidders.
This was especialy true at low harvest
intensities. Figure 2 shows the influence
that horsepower had on total cycle time
for cable skidders operating without the
presence of grapple skidders.

The equations estimating productivity
were a combination of the skidder cycle
time model and a derived load volume
equation. The load volume equation was
based on the average DBH of the load
and the number of stems within the load.’
Thus, the combined equations include
DBH and a coefficient for STEMS. The
# value was not reported because the
equation is a combination of two derived
equations.

Figures 3 and 4 show productivity sur-
faces for grapple skidders and for cable
skidders operating with a grapple skid-
der. In these figures, STEMS and TDIST
are held at their mean values. The influ-
ence of DBH and INTENSITY on pro-
ductivity is, thus, isolated. Of al the vari-
ables in the skidding model, stem size
had the greatest impact on productivity
across the entire range of diameters ob-
served. The productivity estimating
equation indicates that the increased vol-
ume in the larger stems (DBH) more than
compensated for the additional distance
traveled (TDIST) in gathering them. Ca-
ble skidders working with agrapple skid-
der were more sensitive to harvest inten-
sity than grapple skidders. This was due to
the fact that, if the stems were widely scat-
tered, the cable skidder operator would not
be able to hook up more than one stem each
time he got off the machine.

? Load volume equations were as 1(;|lowﬁ All éldppl(,
skidders: CCIFF = 0.181 DBH Stems™ Cabh,
skidders 0])7Lll'dlln§:, w;}l!}s wapple skidders: (,(,I
0165 DBHT Stems 7 Cable xklddgsopudlm
solo: CCI = 0.289 i Sems

FOREST PRODUCTS JoURNAL VoL

12 - °.
£ 1 N Cable skidders in the presence of a
E 10 ¢ : grapple skidder
g
£ |
2
S 81 .
&) All grapple skidders

74 - - - - - -

6

0.2 0.4 0.6 0.8 1.0

Proportion BA removed from stand

Figure 1. — Totd cycle time by harvest intensity for grapple skidders and cable

skidders working with grapple skidders.
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Figure 2. — Total cycle time by horsepower for cable skidders operating inde-

pendently.

All Grapple Skidders

CCF _ -0.574
“r = 0.077xTDIST X

DBH 2.002 x STEMS 0.865 X
INTENSITY 113 (4]

Cable Skidders Operating With
Grapple Sidders

CCF _ 0399
TR = 0.046 x TDIST

DBH 2.041 X STEMS 0.766 X
INTENSI TY %228 (5]

Cable Skidders Operating Solo

cCr _ 0453
TR = 0.002 x TDIST

DBH '#" x STEMS %477 x
1 0758 6]

47. No. t1/12

where:
CHCRF productivity in hundreds
of cubic feet per hour
TDIST = skidding distance in 1 00-
foot stations
DBH = diameter at breast high of
skidded stems

STEMS = number of stemsin load
INTENSTY = proportion of BA removed
HP = skidder horsepower

Skidding productivity followed the same
general pattern found for felling (first pa-
per of this series). Productivity was highest
when large trecs were harvested at high
intensities, and was more sensitive to DBH
than to harvest intensity.
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The regions identified in Figures 3 and
4 show where different harvesting pre-
scriptions would fall on the productivity
surface. If the stand pre-harvest average
stem diameter was 12 inches, the average
harvested stem diameter would vary un-
der differing harvest strategies. A clear-
cut (CC) would have the same average

DBH for the preharvest stand and the
harvested stems (Fig. 3); productivity for
a grapple skidder hauling 12-inch trees
on aclearcut would be 8.79 CCF/hr. For
ashelterwood harvest (SH) (60% BA
removal), however, the average harvested
DBH would be smaler (10 in. DBH)
than the average DBH of the pre-harvest

C = Clearcut

SH = Shelterwood

SE = Selection even-age
SU = Selection uneven-age

Figure 3. — Productivity (CCF/hr.) by DBH and harvest intensity for grapple

skidders.
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C = Clearcut

SH = Shelterwood

SE = Selection even-age
SU = Selection uneven-age
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Figure 4. — Productivity (CCF/hr.) by DBH and harvest intensity for cable skidders

operating with grapple skidders.
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stand due to the number of large trees left
standing and productivity would be
lower (5.76 CCF/hr.). Single-tree selec-
tion when used as an uneven-aged man-
agement harvesting prescription concen-
trates harvest on the larger diameter
classes even when applied to an even-
aged stand. On an even-aged stand, a
single-tree selection cut (SE) (40% BA
removed) would have a dightly larger
average harvested DBH (14 in. DBH),
and on an uneven-aged stand (SU) (35%
BA removal) it would be much larger (22
in. DBH) than the average pre-harvest
stem diameter (12 in. DBH). Estimated
productivity for these prescriptions
would be 10.79 CCF/hr. and 26.3
CCF/hr, respectively.

In this study, cable skidders operating
solo were not greatly affected by harvest
intensity. On these operations, horse-
power proved to be a limiting factor. The
machines in this type of operation were
on the average, smaler and older than
those in the other two groups. There were
aso typicaily fewer crew members on
these operations. There was no grapple
skidder present on these operations to
motivate the cable skidder operator to try
to “keep up” with the grapple skidder.
Operations that used only a single cable
skidder were more prone to run the skid-
der less than fully loaded and tended to
be less productive than cabie skidders
working with a grapple skidder.

Productivity for cable skidders operat-
ing solo is depicted in Figure 5 with
TDIST and HP held at their observed
mean value for this type of operation
(Table 1). In this graph, the importance
of filling all the chokersis shown by the
rise in productivity as more stems are
included in the load. The figure aso em-
phasizes that it is unreasonable to expect
a skidder to pull many large stemsin a
single load. The overall productivity for
cable skidders operating solo was dra-
matically less than the other two opera
tion types.

DiscussioN
G RAPPLE SKIDDERS

Grapple skidders were consistently
faster and more productive than cable
skidders on the stands observed in this
study. The use. of cable skidders did not
alter the performance of the grapple
skidders in any predictable way. The
grapple skidders obscr-ved in this study
tended to bc somewhatlarger than the
cable skidders, but horsepower did not
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proveto be alimiting factor on the opera-
tions observed.

Cycle time for the grapple skidders
was influenced by the harvesting inten-
sity, but varying intensity from 0.3 to 1.0
proportion of basal area removed, only
reduced the cycle time by about I minute
from 7,56 to 6.60 minutes (all other fac-
tors being equal). This was due, in part, to
the fact that the grapple skidders had to
approach every stem individually, so
there was not a large difference opera-
tionally between closely spaced and
widely scattered stems. The difference
that did show up was captured by the
total skidding distance measure)

* The one factor that had the greatest
influence on skidding productivity was
stem size. This was true for all of the
operation types observed. The extravol-
ume of the larger stems increased pro-
ductivity dramatically across al harvest
intensities. The time required to pull
large stems was significantly longer than
the time required to pull small stems. In
fact, total cycie time tended to ‘be less
when working with large trees than with
small trees because the operator was able
to fully load the skidder with fewer
stems.

Skidding distance and the number of
stems per load, while being greatly influ-
enced by stand characteristics, may be
controlled through thorough planing by
skilled operators. Locating primary skid
roads and landings wisely can dramati-
cally reduce average cycle time. Direc-
tional felling (something that was not
done on these stands) can also help the
skidder be more efficient. The results of
this study underscore the desirability of
pre-bunching for a grapple skidder.

C ABLE SKIDDERS OPERATING
WITH GRAPPLE SKIDDERS *

When cable skidders were used in con-
cert with a grapple skidder, the cable
skidders were more productive than
when operatiiig solo. Areas of the stand
where maneuvering around residual
trees was difficult could be left for the
grapple skidder and the cable skidder
could operate where it functioned bet-
ter. It was observed that the presence of
another skidder on the stand also fos-
tered some competition between opera-
tors and motivated them to a higher
level ofproductivity.

Harvest intensity had a larger influ-
cnce on skidder productivity for these
machines than for the grapple skidders.
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Figure 5. — Productivity (CCF/hr.) by DBH and number of stems in a load for cable

skidders operating independently.

This was especially true for stems over
18 inches. When the logs were close to-
gether, the operator could choke multiple
stems each time he stopped the skidder.
If the logs were widely scattered, he had
to stop and get off the skidder to hook
each stem rather than hooking multiple
stems at a stop. Maneuvering in a stand
and building a bunch with a large number
of residual trees was more time consum-
ing for cable skidders than for grapple
skidders. The grapple skidders' ability to
control its load while backing up and the
option of temporarily dropping a stem in
the bunch-building process made grap-
ple skidders more efficient when work-
ing around residual trees than the cable
skidders.

Gathering multiple stems slowed this
skidder type down more than the grapple
skidders. The effect of the extra volume
in the additional stems was not as high
for the cable skidder as that for the grap-
ple skidder (lower coefficient).

C aBLE sKIDDERS
OPERATING SOLO

Two main differences set operations
using a single cable skidder solo apart
from the other operations. First, harvest
intensity was not significant in the final
analysis, and second, horsepower was a
significant factor. Overall, these opera-
tions were the slowest and least produc-
tive of the three and were characterized
by fewer crew members and smaller ma-
chines. It should be stated, however, that
the slope of the stands observed in this
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study were not limiting to the grapple
skidders. Stands with steep slopes could
‘be more difficult if not impossible to log
using a grapple skidder. Since dope was
not a limiting factor for the grapple skid-
ders on amy of the operations, the singular
advantage of employing a winch line to
retrieve stems on steep slopes or across
ravines was not an issue. Thus, the com-
parison here was across gentle to moder-
ately sloping terrain, well within the pro-
duction limits of the grapple skidders.
The rate at which these operations
moved through the stand was slow
enough that there was no identifiable
benefit to having stems close together.
The number of residua trees did not
make the operation significantly dower.
Machine size (HP) was a significant
factor for this type of operation. In the
first two operation types, other factors
were more limiting, so horsepower was not
significant The smaller machines, typical
to the cable-only operatioris, were pushed
to their limits and a little more power in-
creased the productivity markedly.

H ARVESTING IN EVEN-AGED
VERSUS UNEVEN-AGED STANDS

Regions on the productivity surfaces in
Figures 3 and 4 identified how stand
structure and harvesting prescription can
influence operation productivity. The
trees removed from an even-aged stand
will vary depending on the harvesting
prescription, but the magnitude of this
variation is limited by the fact that most
of the trees in the stand are similar to onc
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another. All uneven-aged stand has a
much broader range of stem sizes, so a
single-tree selection harvesting prescrip-
tion can greatly increase skidding pro-
ductivity by harvesting just the larger di-
ameter classes. This can occur in spite of
the lower harvesting intensities.

Harvests designed to begin aconver-
sion process from an even-aged stand to
an uneven-aged stand will typically bc
less productive than an even-aged har-
vesting method (i.e., clearcutting). This
is due to the low harvest intensities asso-
ciated with selection harvests and the
lack of large-diameter trees available to
improve productivity.

CoONCLUSION

Skidding efficiency is influenced by
many factors. Some of these factors can
be controlled by the operator, but many
are outside of the operator’s control. The
better the operator understands how dif-
ferent factors influence the skidding op-
eration, the better he will bc at planning
and orgaunizirg his operation.

Stem size was the most important fac-
tor in determining skidder productivity.
Harvest intensity also played arole when
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the skidders were running as efficiently
as possible. Average skid distance and
number of stems per load (two factors
that can be partialy controlled by the
operator) also determined skidding pro-
ductivity. In operations where the crews
used smaller machines by themselves,
skidder horsepower was a limiting factor.
The interactive nature of these factorsis
emphasized in the structural form of the
regression format that was found to best
tit the data.

The next step in this analysis will be to
combine information learned about skid-
ding operations and felling operations to-
gether with cost and value information to
determine total harvesting costs. The
next research question is to explain how
the factors that impact harvesting pro-
ductivity affect harvest profitability. This
is the focus of the fina paper of this
series.
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