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Since 1941, the Forest Research
Laboratory-part of the School of
Forestry at Oregon' State University in
Corvallis-has been studying forests and
why they are like they are. A staff of
more than 50 scientists conducts
research to provide information for
wise public and private decisions on
managing and using Oregon's forest
resources and operating its wood-using
industries. Because of this research,
Oregon's forests now yield more in the
way of wood products, water, forage,
wildlife, and recreation. Wood products
are harvested, processed, and used more
efficiently. Employment, productivity,
and profitability in industries
dependent on forests also have been
strengthened. And this research has
helped Oregon to maintain a quality
environment for its people.

Much research is done right in the
Laboratory's facilities on the campus.
But field experiments in forest genetics,
young-growth management, forest
hydrology, harvesting methods, and
reforestation are conducted on 12,000
acres of School forests adjacent to the
campus and on the lands of public and
private cooperating agencies throughout
the Pacific Northwest.

With these publications, the Forest
Research Laboratory supplies the
results of its research to forest land
owners and managers, to manufacturers
and users of forest products, to leaders
of government and industry, and to the
general public.

As a research paper, this publication is
one of a series that describes a

completed study of experiment or lists
publications on a specific topic.
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summary

Monitoring soil density on three
sites during repeated trips with a
high-speed skidder showed that:

During the first 20 trips, soil
density primarily increased
between depths of 2 to 4
inches;

Density increased most
during the first few trips;
Density continued to
increase slowly in amount
and depth with the number
of trips, especially as the
litter layer was removed;
The litter and slash layers
tended to remain in place
for the first 20 trips;
As slope increased, fewer
trips disturbed more surface
soil;

In western Oregon on two
sites with slopes under 30
percent, skidding disturbed
12 to 15 percent of the sur-
face area;
In western Oregon, skidding
heavily disturbed 2 to 3 per-
cent of the surface on two
sites; and
In eastern Oregon, 20 trips
by the machine exposed
mineral soil on about 20
percent of the surface area
of a skid trail.
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introduction

Timber harvesting equipment con-
tinues to be improved, bringing
us closer to what has been an
elusive goal-combining yarding
efficiency and equipment dura-
bility with acceptable ground
pressures and soil disturbance.

This study monitored how the
FMC 200 Series high-speed
steel-track skidder affected three
types of forest soil. Results are
compared with previous reports
on crawler tractors and rubber-
tired skidders.

One of the distinctive features of
the FMC skidder is its track-
wheel suspension system. Five

road-wheels on each side are
equipped with torsion bar sus-
pension which gives great flexi-
bility to the steel track, 22
inches (55.9 cm) wide. With 113
inches (287 cm) on the ground,
the track has a ground pressure
at shipping weight of 5.33
pounds per square inch (psi) or
36.75 kilopascals (kPa). When
loaded, the machine has a rela-
tively low ground pressure of 7
to 9 psi (48.3-64.0 kPa).

Specifically, the study tried to
answer: What impact does this
machine have on soil densities?
And how does this machine dis-
turb surface soil?

1 FMC Corporation, Advanced Products
Division, Woodlands Equipment
Operations, 1105 Coleman Avenue,
P.O. Box 1201, San Jose, CA 95108.



site description

Mt. Hood
We selected three sites, each with Located in western Oregon in the
a different soil, in three national Cascade Mountains, this site in-
forests where an FMC skidder cluded rolling topography with
would be used to log timber sold slopes from 5 to 35 percent.
by the U.S. Forest Service. About 15 to 20 percent of the

soils were stone fragments. The
finer materials were sandy loam
containing sand, silt, and clay
(averaging 65, 17, and 18%). The
surface layer of litter ranged from
2 to 8 inches deep (about 5-20
cm).

The area was clearcut, and the
FMC machine was used to skid
log-lengths of moderate to large
old-growth timber. Most loads
were three or four logs, but an
occasional load was one log that
measured close to machine capaci-
ty.

At the time of skidding, the
moisture content was 43 percent
through the first foot of surface
soil.
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Umpqua
Rolling topography with slopes
from 5 to 25 percent charac-
terized this site, also in western
Oregon. Stone fragments com-
prised about 15 percent of the
soils, and stoniness increased
markedly at depths of 10 to 12
inches (about 25-30 cm). The
sand, silt, and clay content of the
sandy clay loam averaged 51, 30,
and 19 percent. The surface layer
of litter ranged from 5 to 9
inches deep (about 13-23 cm).

The area was clearcut, and the
FMC machine was used to skid
log-lengths of moderate-size old-
growth timber. Most loads were
of four logs, with some two-log
turns and an occasional five-log
turn.

At the time of skidding, the
moisture content was 29 percent
through the first foot (30 cm) of
surface soil.

Malheur
Located in eastern Oregon at an
elevation of 5000 feet (1524 m)
in the Blue Mountains, this site
was on long, dissected slopes with
a gradient from 15 to 50 percent.
The soils were a sandy loam with
sand, silt, and clay comprising 70,
20, and 10 percent. Stone frag-
ments were few with occasional
large stones in the first foot (30
cm) of surface soil. The litter
layer ranged from 0.2 to 2.5
inches deep (about 0.008-I cm).

The area was a partial cutting
with log-length yarding of small
to moderate-size mixed conifers,
primarily ponderosa pine. The
skidding turns were mostly four-
and five-log loads with an
occasional three-log load.

At the time of skidding, the
moisture content was 13 percent
through the first foot (30 cm) of
surface soil.
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methods

At each site, a skid-trail route
was flagged so that the skidding
machine would bring loads of
logs to the landing and return
over the same section. Before any
traffic traveled the route, soil
density at five points was meas-
ured at depths of 2, 4, 6, and 10
inches (about 5, 10, 15, and 25
cm). (Earlier measurements on
areas where logging was com-
pleted showed that density rarely
increases below 10 inches.) At
these same points and depths, soil
density was remeasured after 1,
3, 6, 10, 15, and 20 trips, and
each skid trail was photographed
to document trail condition.
After the 20th trip, we estimated
the percentages of the skid trail
exposed to bare soil.

Soil density was measured with a
portable nuclear densitometer.
Inserted to any depth, it uses
two probes 10.5 inches (about 27
cm) apart to sample the inter-
vening soil in a layer about 2
inches (5 cm) thick. The soil was
undisturbed, except for the two
probe holes, 0.7 inches (178 mm)
in diameter.

At the beginning and end of each
day, soil was sampled so we
could determine its moisture con-
tent. We divided these same
samples to determine particle
sizes by the Bouyoucous method
and to measure organic matter by
ashing the sample in a muffle
furnace.
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results and discussion

soil density
The results of the soil density
measurements are summarized in
Table 1.

Table 1.
SOIL DENSITY AT THREE SITES AND AT VARYING DEPTHS
BEFORE AND AFTER ROUND TRIPS BY A HIGH-SPEED SKIDDER.
(grams per cubic centimeter)

Mt. Hood Umpqua Malheur
Depths of (inches): Depths of (inches): Depths of (inches)

SOILS 2 6 10 2 4 6 10 2 4 6 10

Undisturbed

Skidder trail

0.65 0.87 0.88 1.06 1.06 1.06 1.16 1.09 1.05 1.03 1.06

1-3 trips 1.03 0.89 0.96 1.09 1.08 1.17 1.18 1.21 1.14 1.08 1.01
6-10 trips 1.06 1.01 0.92 1.08 1.04 1.07 1.13 1.24 1.12 1.11 1.01
15-20 trips

Major trail

1.12 1.01 0.95 1.09 1.04 1.08 1.16 1.25 1.17 1.13 1.08

near landing 1.241 0.96 0.90 1.332 1.34 1.29 1.33

150-60 trips
290-100 trips
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Mt. Hood

Of the three sites, Mt. Hood
showed the largest percentage of
compaction in the first few
inches of surface soil. The initial
low soil density and high mois-
ture content combined to give
this result. The amount of com-
paction decreased quickly with
depth (Fig. I). The apparent
oddity of soil density increasing
initially, then decreasing with
depth after several more trips, is

10 20

trips
Figure 1.
Soil density on the Mt. Hood site
changes as the number of trips
by an FMC skidder increases.

probably a sampling problem.
After 1, 3, 6, 10, 15, and 20
round trips, soil density was
measured as near as possible to
the initial sampling point. How-
ever, stony soils are highly vari-
able, so shifting the sampling
point only 1 foot (30 cm) in any
direction could show some dif-
ferences in densities-a variability
that influences the density,
especially at depths of 6 and 10

I
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inches (15 and 25 cm) on the
Mt. Hood site. After about six
trips, soil at the 6-inch depth (15
cm) reached its maximum
density, remaining virtually the
same even after 20 trips. At the
10-inch depth (25 cm), soil densi-
ty changed little.

To learn if any trend could be
observed with more trips, a num-
ber of measurements were made
on a major skid trail about 150
feet (46 m) from the initial test

Figure 2.

Soil density on the Umpqua site
changes as the number of trips
by an FMC skidder increases.

strip. Covering about 3 percent of
the cutting area, the surface of
that trail showed an increase in
density at a 4-inch depth (10
cm), but little, if any, at 6- and
10-inch depths (15 and 25 cm).

Umpqua
Higher initial density, a thick lit-
ter layer, and lower soil moisture
combined to cause little change
in density at any depth, even
after 20 trips (Fig. 2). The gentle

trips
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slope of the test strip also
probably helped keep the litter in
place.

Near the Umpqua test site, meas-
urements also were made on a
major trail that had received an
estimated 90 to 100 trips. As ex-
pected, that trail-covering less
than 2 percent of the cutting
area-reached a high density that
was quite uniform to at least the
10-inch depth (25 cm). This was
on a slight slope, surface litter

0

Figure 3.

Soil density on the Malheur site
changes as the number of trips
by an FMC skidder increases.

eventually had been removed, and
some subsoil was exposed.

Malheur
Density of surface soils again in-
creased in the first few trips with
little, if any, change thereafter
(Fig. 3). That the density prima-
rily increased in the first 2 inches
(5 cm), with somewhat lesser in-
creases at depths of 4 inches (10
cm) and 6 inches (15 cm), is

10 20

trips
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encouraging. At 6- and 10-inch slightly less disturbance than the
depths (15 and 25 cm), density cutting area, as a whole, because
virtually did not change. In the the machine was not turned and
Malheur site, which had dry soils,
the shallow litter layer made a
marked difference. Also, these
soils, not strongly aggregated,
tend to disperse easily.

surface disturbance
The limited amount of surface
disturbance on the test sites is
impressive. At Mt. Hood, skidding
exposed no bare soil until the
tenth trip, which increased to
approximately 4 percent after 20
trips. On the Umpqua site, skid-
ding similarly exposed soil only
after the tenth trip and, after 20
trips, the strip had only 2-percent
bare soil. On the Malheur site,
less initial litter cover and a
steeper slope contributed to a
higher degree of soil disturbance.
Bare soil was exposed by the
fourth trip, and disturbance in-
creased steadily with each trip.
After 20 trips, mineral soil was
exposed on about 20 percent of
the test trail.

We evaluated total site disturb-
ance on the logging areas where
the test strips were located. On
both the Mt. Hood and Umpqua
sites, 12 to 15 percent of the
sites were covered with visible
skid trails. Excluding landings,
deep soil disturbance was limited
to major trails and occupied less
than 4 percent of the area. The
test skid trails may have had

logs were not broken out on the
test strips. Where the skidder
brought in turns across the slope
on slightly steeper areas (greater
than 30 percent), surface disturb-
ance was more extensive. These
areas were not sampled separate-
ly, and we can not say what
degree of disturbance is produced
with increasing slope.

comparison with
other equipment
Differences in soil type, soil mois-
ture, vehicle weight, and litter
depth all have been observed to
affect changes in soil density.
However, no studies directly com-
parable to that reported here
have been published about
crawler tractors or rubber-tired
skidders. Most past studies used a
variety of measurement tech-
niques and concentrated on the
first few inches of the surface-
depth of impact was seldom
studied. A few of the more appli-
cable studies are summarized in
Table 2. Earlier my measurements
on clay loam and sandy loam
soils 5 to 15 years after yarding
showed that tractor trails at
depths of 6 to 12 inches were
significantly denser than com-
parable undisturbed soils
(Froehlich 1976).

Perhaps the most visible differ-
ences between the FMC skidder
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Table 2.
SUMMARY OF PREVIOUS SOIL COMPACTION STUDIES.

SOURCE

Steinbrenner
(1955)

HD-20 crawler with arch, old-growth

SOIL INIT

TYPE DEN
(9/cr

Silty clay
Douglas-fir, western Washington loam

Dickerson Rubber-tired skidder loaded with three Sandy to 1.1

(1976) hardwood logs silt loam

Froehlich Small crawler tractor second-growth Clay loam 1.

(1976) Douglas-fir thinning, western Oregon

Youngberg
(1959)

Large crawler tractor with arch, old-growth
Douglas-fir, western Oregon
Plot 1 Clay 0.

Clay 0.

Plot 2 Clay 0-
Clay 0.

Mace
(1971)

Rubber-tired skidder, hardwood tree-length
logging, Minnesota.

Sandy
Sandy

10
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DEPTH OF
FINAL DENSITY SAMPLE

(9/cm3) (inches)

IMPACT BY

ip 3 trips 6 trips

1 1.04 1.18 0-3

PACT AFTER 7 TRIPS

1.55 0-2

IMPACT BY
AMOUNT OF USE

ht Moderate Heavy

7 1.21 1.26 0-6

1.50 0-6
1.73 6-12

1.52 0-6
1.59 6-12

9 0.91 1.18 0-2
8 1.40 1.40 2-4

and crawler tractors is the
amount of area disturbed. After
skidding with crawler tractors, 25
to 35 percent of the logged area
typically is in well-defined tractor
trails. Dyrness (1965) reported
that about 66 percent of the area
he studied was disturbed and
about 25 percent was compacted.
Comparing skyline to tractor
logging, Wooldridge reported that
soil was deeply disturbed in
about 16 percent of the tractor
units. Steinbrenner and Gessel
(1955) observed that 26 percent
of a tractor-logged area had skid
trails and deep displacement of
soils.

We should not assume that all
soil disturbance is harmful. In
fact, sites are commonly scarified
to expose mineral soil. On certain
sites, moreover, minimal surface
disturbance may be desirable.
Also, the presence of a litter
layer seems to reduce the degree
and depth of compaction. If min-
imal soil disturbance and minimal
compaction are required, the
high-speed skidder should be con-
sidered when prescribing the log-
ging system.
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The increase in soil density produced by repeated trips with an
FMC-200 series high-speed steel-track log skidder was measured
on three forest soils. Soil densities were measured at depths of 2,
4, 6, and 10 inches (5, 10, 15, and 25 cm) before skidding and
after 1, 3, 6, 10, 15, and 20 trips with the machine and a load
of logs. Increases in soil density were largely confined to the top
4 inches of soil, and most of the increase occurred in the first
few trips. On two western Oregon sites, 12 to 15 percent of the
area was in visible skid trails; only about 4 percent of the logged
area had bare mineral soil. On an eastern Oregon site, the area in
skid trails was not recorded, but 20 percent of skid trail was
exposed as bare soil after 20 trips.
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British/metric conversions

1 inch (in.) = 2.54 cm
= 25.40 mm

1 foot (ft) = 0.3048 m
1 pound per square inch (psi) = 6.895 kPa

1 pound per cubic foot (lb/ft3) = 0.016 g/cm
1 centimeter (cm) = 0.3937 in.

= 10.0 mm
1 millimeter (mm) = 0.03937 in.

1 meter (m) = 3.281 ft
1 kilopascal (kPa) = 0.1450 psi

gram per cubic centimeter (g/cm3) = 62.43 lb/ft3

As an affirmative action institution that and employment opportunity without
complies with Section 504 of the Re- regard to age, sex, race, creed, national
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University supports equal educational gion.
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