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Forest road erosion
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ABSTRACT: The forest road network influences surface runoff of uninfiltrated precipitation water on forest lands,
mainly in hilly and mountainous areas. This water flows onto the road crown in unpaved forest roads that do not have
any ditches. Dragging of extracted logs causes mechanical damage to the crown of unpaved forest road, and tracks
after tractor wheels and furrows after dragged logs originate. Flowing water is accumulated in these depressions and
the water stream causes erosion. The method for evaluation of conditions for the origination and degree of this ero-
sion damage consists in the calculation of tangential stresses near the bottom at various depths of water and various
gradients of road. Limit gradients of road for the origination of greater or smaller damage by erosion for the subsoil
grain of various sizes are determined by a comparison of calculated tangential stresses with critical tangential stresses.

Rates of discharge were calculated for the particular models of damage.
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The runoff of precipitation water from forested
catchment areas is artificially affected by a forest
road network. Currently, forest roads are a neces-
sary condition for intensive forest management and
forest protection. Running off precipitation water
causes damage to these forest roads by its erosion.
Damage differs according to the technological con-
struction of forest roads of particular classes and
according to their gradient.

Forest transportation network

The forest transportation network consists of an
organised system of adjoining forest roads. Their
technological construction substantially differs ac-
cording to the transportation function they have in
the transportation flow of hauling of extracted tim-
ber from the place of logging usually to an adjoining
road of the public transportation network.

In accordance with valid standard CSN 736108
Forest Transportation Network forest roads are
categorised according to their transportation func-
tion into classes that set down their technological
construction and facilities:
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— class 1 are forest roads for timber hauling on
which the traffic of conveyances is possible all the
year round, i.e. currently trucks of higher carrying
capacity,

— class 2 are forest loads on which the traffic of the
same conveyances is possible at least in the period
of the sufficient bearing capacity of subsoil,

— class 3 are forest roads used for skidding to hauling
roads, i.e. dragging of semi-suspended logs behind
the tractor,

— class 4 are skidding trails used for timber extrac-
tion from forest stand to road.

Influence of forest transportation network
on runoff conditions

Any technological intervention in the terrain
largely influences the runoff of precipitation water.
Forest roads cut across the course of unsoaked pre-
cipitation water flowing along the gradient in the
forest stand. This water is accumulated in ditches
of hauling roads and flows through them to culverts
from which it flows out into adjoining terrain depres-
sions. In skidding roads that do not have any ditches
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water flows along their crown in the direction of
the gradient. So the forest transportation network
markedly influences the runoff of precipitation water
in uplands and mountains, and in general it diverts
its surface runoffs to locally accumulated runoffs
of various size. The accumulation of flowing water
into streams of various size increases the tangential
stress at the bottom causing damage by erosion
anywhere the subsoil cohesion and strength are not
high enough. Water is accumulated into depressions
that originated by skidding on unpaved forest roads
in the form of tracks after the wheel traffic of trac-
tors and furrows after dragged logs. In wet condi-
tions unpaved forest roads suffer damage as soon as
a heavy-duty machine goes on such a road several
times (e.g. GROsS 1984).

A problem of calculation of the conditions
of erosion origination on forest roads

For an exact assessment of erosion origination on
forest roads it is necessary to calculate tangential
stress. The calculation involves many theoretical and
practical problems.

Theoretically, it is possible to obtain only an ap-
proximate solution. The applied formulas are derived
for the laminar flow of water in channels of constant
shape. But the accumulated stream of precipitation
water on a forest road does not flow in a channel of
regular shape. Precipitation water on the road crown
is accumulated into local depressions made by traf-
fic, such as wheel tracks and furrows after dragged
logs. The shape of these depressions may change
after further traffic. The water flow may become
turbulent in depressions of generally small depth
and irregular shape.

Road ditches are the conditions corresponding to
the applied formulas for precipitation water runoff.
This problem was solved previously (DoB1AS 1980);

Table 1. Tangential stress in wheel tracks

in this paper I will solve the problem of erosion dam-
age to the crown of unpaved forest road.

METHOD OF SOLUTION

As a theoretical model I choose the shape of de-
pression that is usual on unpaved forest roads:
— wheel tracks,

— furrows made by dragged logs.

The following values of water depth in these de-
pressions will be used: 0.03, 0.05 and 0.10 m. Tan-
gential stress will be calculated for gradients of the
road crown from 3% to 15%.

To assess the risk of damage caused by erosion the
calculated tangential stress of flowing water at the
bottom will be compared for these model cases with
the tangential stress critical for the particular subsoil
textures of various grain size.

(Du Boys) formula to calculate tangential stress:

T=pxgxRxI
where: T — tangential stress (Pa),
p — volume weight of water (kg/m?),
g — gravity acceleration (m/s?),
R - hydraulic radius,
I — bottom gradient.

As it is not possible to determine the exact quan-
tity of transported bed load in the considered time
of calculation and to ensure comparability of the
calculated values of tangential stress, the value of
volume weight of water equal 1,000 kg/m? will be
used in subsequent calculations.

Wheel tracks

For this model example I will use a tractor-wheel
track of rectangular shape 0.3 and 0.2 m in width,
with water depths 0.03 m, 0.05 m and 0.10 m and
road crown gradients 3%, 5%, 8%, 10%, 12% and 15%.

Track width (m) 0.3 0.3 0.3 0.2 0.2 0.2
Water depth (m) 0.03 0.05 0.10 0.03 0.05 0.10
Hydraulic radius 0.03 0.0375 0.06 0.023 0.033 0.05
Gradient (%) Tangential stress (Pa)
3 7.50 11.2 18.0 6.8 10.0 15.0
5 12.50 18.8 30.0 11.5 16.6 25.0
8 20.00 30.0 48.0 18.4 26.6 40.0
10 25.00 37.5 60.0 23.0 33.3 50.0
12 30.00 45.0 72.0 27.6 40.0 60.0
15 37.50 56.2 90.0 34.5 50.0 75.0
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Table 2. Tangential stress in furrows made by dragged logs

Log diameter (m) 0.20 0.20 0.20 0.13 0.13 0.13
Water depth (m) 0.03 0.05 0.10 0.03 0.05 0.01
Hydraulic radius 0.02 0.02930 0.05000 0.01704 0.02860 0.04060
Gradient (%) Tangential stress (Pa)

3 5.30 8.8 15.0 51 8.5 12.2

5 8.90 14.7 25.0 8.5 14.1 20.3

8 14.20 23.5 40.3 13.6 22.6 32,5

10 17.70 29.3 50.0 17.0 28.3 40.6

12 21.20 35.2 60.0 20.4 33.9 48.7

15 26.60 44.0 75.0 25.6 42.2 60.9
Table 3. Whole crown of the road row. It is to note that logs of various diameters and
Road width (m) 300 200 lengths are qragged. For comparison logs 0.20 m
and 0.13 m in diameter were taken while water
Water depth (m) 0.03 0.05 depths and road crown gradients were identical to
Hydraulic radius 0.03 0.048 those in the model of wheel tracks, i.e. water depth
Gradient (%) Tangential stress (Pa) 0.03 m, 0.05 m and 0.10 m and gradients 3%, 5%,

5 1450 010 8%, 10%, 12% and 15%.

Unlike the simple rectangular profile of wheel
8 2320 384 tracks it is more complicated to calculate the hy-
10 29.00 48.0 draulic radius for this model. The area of discharge
12 34.80 57.6 profile for log diameter 0.20 m can be calculated for
15 43.50 79.0 all considered depths as a segment of circle from

Table 1 shows the calculated values of tangential
stress.

Furrows made by dragged logs

In this model solution it is difficult to determine
the log diameter at the place where it makes the fur-

Table 4. Road gradient at critical tangential stress

the formula
F=0.5xr*((it ¢)/180 — sin ¢)

where: r — log diameter at the place of contact (m),
¢ — central angle in degrees corresponding to the

water surface.

Wetted perimeter is calculated from the equa-
tion:

Water depth Road gradient in % for soil grain size (mm)
Type of damage
(m) 5 10 20 30
0.03 2.0 4.0 8.0 12.0
Wheel tracks 0.3 m in width 0.05 1.4 2.6 53 8.0
0.10 0.8 1.6 3.3 4.9
0.03 2.3 4.3 8.8 13.2
Wheel tracks 0.2 m in width 0.05 1.6 3.0 6.0 9.0
0.10 1.0 2.0 4.0 6.0
0.03 2.6 5.6 11.0 16.5
Furrow after dragged log 0.2 m in diameter 0.05 1.8 3.4 6.8 10.2
0.10 1.0 2.0 4.0 6.0
0.03 2.0 6.0 11.8 17.6
Furrow after dragged log 0.13 m in diameter 0.05 1.6 3.6 7.2 10.8
0.10 1.3 2.5 5.0 7.5
Overflowing of the whole road crown 003 L7 35 70 105
0.05 1.1 2.2 4.3 6.4
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O=(mxrx¢)/180

For logs 0.13 m in diameter this method of calcula-
tion can be used only to a water depth of 0.065 m.
For larger depths the area of discharge profile should
be calculated as the sum of the semi-circle and the
adjoining rectangle.

Table 2 shows the calculated values of tangential
stress.

Whole crown of the road

For comparison I will present the values of tan-
gential stress at the bottom that would occur if the
accumulated precipitation water flew along the
whole crown of unpaved forest road, for depths
of 0.03 and 0.05 m and for analogical gradients as
used in previous models (TUHACEK 2002). In prac-
tical conditions it could happen only exceptionally
because the depressions into which water is ac-
cumulated are usually larger than the considered
water depth.

Table 3 shows the calculated values of tangential
stress.

DISCUSSION

The calculations of tangential stress of accumu-
lated precipitation water flowing along the crown
of unpaved forest road are biased by inaccuracies
because the formulas for waterflow in channels were
used as it was explained above. But a possibility of
comparing the particular model cases was respected.
They were chosen in order to document the cases

of erosion damage usually occurring on unpaved
forest roads.

The risk of damage caused by erosion will be as-
sessed by comparing tangential stresses calculated
for the given models of damage to the crown of
unpaved forest roads with critical tangential stresses
when the soil grains of various size start moving
(KovARr 2002). Kovat’s values are given in Table 4.

Conditions for origination of damage
caused by erosion

The erosive effect of flowing water on the crown
of unpaved forest road, expressed by the calculated
tangential stress, is a manifestation of the kinetic
energy of flowing water. Regardless of the order, it is
mainly influenced by
— the gradient of forest road crown,

— the rate of discharge, given by the size of discharge
profile.

The erosive effect of water on the soil is not identi-
cal under the identical tangential stress. It depends
on its cohesion given by its texture. So different dam-
age may be caused on similar forest roads in various
areas of the Czech Republic.

For our models of damage to the crown of unpaved
forest roads, i.e. wheel tracks and furrows after log
dragging, such a state will be taken as a probability
of the origination of damage caused by erosion
when the calculated tangential stress at the bot-
tom of accumulated flowing water (Tables 1 and 2)
is higher than the critical tangential stress under
the same conditions (Table 4). For comparison

Table 5. Limit road gradients at the beginning of damage by erosion

Model of damage to road crown Water depth Limit road gradient (%)
(m) great damage risk of damage
0.10 5.0 3.7
Wheel tracks 0.30 m in width 0.05 8.0 5.3
0.03 12.0 8.0
0.10 6.0 4.1
Wheel tracks 0.20 m in width 0.05 9.0 6.1
0.03 13.0 8.6
0.10 6.0 4.1
Furrow after log 0.20 m in diameter 0.05 10.1 6.7
0.03 17.0 11.1
0.10 7.5 4.9
Furrow after log 0.13 m in diameter 0.05 10.7 7.1
0.03 17.5 11.5
Road crown of 3.00 m width 0.05 o4 42
0.03 10.4 7.1
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Table 6. Wheel tracks

AR pepoosm P00 N pepnoosm AP0 pephoam A0
Gradient (%) Rate (m/s) (m?/s) Rate (m/s) (m¥/s) Rate (m/s) (m?/s)
2.3777 0.0214 2.8769 0.0432 3.5881 0.1076
5 2.5546 0.0230 3.0909 0.0464 3.8550 0.1156
8 2.7271 0.0245 3.2996 0.0495 4.1153 0.1235
10 2.8127 0.0253 3.4032 0.0510 4.2445 0.1273
12 2.8846 0.0260 3.4902 0.0524 4.3530 0.1306
15 2.9747 0.0268 3.5993 0.0540 4.4890 0.1347
Width 0.2 m
3 2.2867 0.0137 2.7095 0.0271 3.2939 0.0659
5 2.4559 0.0147 29101 0.0291 3.5377 0.0708
8 2.6222 0.0157 3.1072 0.0311 3.7773 0.0755
10 2.7048 0.0162 3.2050 0.0320 3.8962 0.0779
12 2.7739 0.0166 3.2868 0.0329 3.9957 0.0799
15 2.8603 0.0172 3.3892 0.0339 4.1202 0.0824

I will also consider a theoretical example when
water flew along the whole crown of unpaved forest
road without ditches (Table 3).

This comparison shows that the origination of
damage caused by erosion in tracks and furrows is
probable from the road gradient 3% if the subsoil
grain size is 5 mm. Drawing this general conclusion
itis not possible to take into account the fact that the
cohesion of soils reflected in their bearing capacity
decreases with increasing soil moisture content.
The grain size of the soil 5 mm is small, but if it were
washed out, the natural structure of the soil would
be disturbed and damage caused by the mechanical
action of wheels and dragged logs would increase.

Table 7. Furrows after dragged logs

If we take the potential movement of soil grains 20 to
30 mm in diameter as a criterion, the probability of the
origination of damage by erosion can be divided into
3 groups:

— great erosion damage at the movement of soil
grains 30 mm in diameter,

— risk of erosion damage of a larger extent at the
movement of soil grains 20 mm in diameter,

— erosion damage of a smaller extent.

In real conditions, the soil on the crown of for-
est roads is composed of a mix of grains of various
diameters. The limit values for theoretical calcula-
tions were chosen in a speculative way: 30 mm is the
smallest depth of model damage to the road crown

Diameter 0.2 m Depth 0.03 m Arga 0.0027 m? Depth 0.05 m Arga 0.0061 m? Depth 0.1 m Arga 0.0157 m?
Discharge Q Discharge Q Discharge Q
Gradient (%) Rate (m/s) (m*/s) Rate (m/s) (m¥/s) Rate (m/s) (m*/s)
3 2.0218 0.0055 2.5622 0.0156 3.2939 0.0517
5 2.1715 0.0059 2.7519 0.0168 3.5377 0.0555
8 2.3185 0.0063 2.9383 0.0179 3.7773 0.0593
10 2.3915 0.0065 3.0307 0.0185 3.8962 0.0612
12 2.4526 0.0066 3.1081 0.0190 3.9957 0.0627
15 2.5290 0.0068 3.2050 0.0196 4.1202 0.0647
Diameter 0.13 m
3 1.9860 0.0044 2.5191 0.0123 2.9868 0.0335
5 2.1330 0.0047 2.7055 0.0133 3.2078 0.0359
8 2.2775 0.0050 2.8888 0.0142 3.4251 0.0384
10 2.3491 0.0052 2.9797 0.0146 3.5329 0.0396
12 2.4091 0.0053 3.0558 0.0150 3.6231 0.0406
15 2.4842 0.0055 3.1510 0.0154 3.7360 0.0418
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Table 8. Whole road crown

Width 3.0 m Depth 0.03 m Area 0.09 m? Depth 0.05 m Area 0.15 m?
Gradient (%) Rate (m/s) Discharge Q (m?*/s) Rate (m/s) Discharge Q (m?®/s)
3 2.5908 0.2332 3.2939 0.4941
5 2.7826 0.2504 3.5377 0.5307
8 2.9710 0.2674 3.7773 0.5666
10 3.0646 0.2758 3.8962 0.5844
12 3.1428 0.2829 3.9957 0.5994
15 3.2408 0.2917 4.1202 0.6180

Table 9. Increase in the flow rate and in the rate of discharge at an increase in the gradient

Increase to 1% of

Gradient (%) Increase/base 3% Difference (%) Interval gradient

1 85.63% 1

2 94.55% 8.92 1 8.92%
3 100.00% 5.45 1 5.45%
5 107.40% 7.44 2 3.72%
8 114.68% 7.25 3 2.42%
10 118.28% 3.61 2 1.80%
12 121.31% 3.03 2 1.52%
15 125.09% 3.78 3 1.26%

and at the same time approximately the smallest
diameter of grains of broken stone used for the
construction of forest road surfaces.

In any case, tangential stress increases with in-
creasing road gradient. Table 5 shows the limit gra-
dients of unpaved forest road when erosion damage
of these groups may occur in model cases.

Rates of discharge

Damage caused by erosion in the assumed model
cases may occur only if the rate of discharge is per-

manently as high as it is necessary to ensure the
assumed water depth. It will depend on the cross-
section of water flow in a model example and on the
road gradient. As the values of the assumed road
gradients are quite high, I will use Ehrenberger’s
formula for the calculation of the mean rate of water
flow (MAKOVNIiK et al. 1973). The formula for the
assumed gradients is

v, =v x k=55R*sin a** x 0.40 R°% sin o
and after adjustment

VE — 22 RO447 Sin cx0414

Table 10. Rates of discharges at critical tangential stresses (m?/s)

Type of damage Water depth Soil grain (mm)
(m) 5 10 20 30
0.03 0.0202 0.0223 0.0245 0.0260
Wheel tracks 0.30 m in width 0.05 0.0388 0.0423 0.0467 0.0495
0.10 0.0895 0.0986 0.1091 0.1153
0.03 0.0132 0.0144 0.0153 0.0169
Wheel tracks 0.20 m in width 0.05 0.0248 0.0271 0.0299 0.0316
0.10 0.0565 0.0622 0.0686 0.0726
0.03 0.0054 0.0060 0.0065 0.0069
Furrows after logs 0.20 m in diameter 0.05 0.0146 0.0159 0.0175 0.0185
0.10 0.0443 0.0489 0.0538 0.0570
0.03 0.0041 0.0048 0.0053 0.0056
Furrows after logs 0.13 m in diameter 0.05 0.0113 0.0127 0.0139 0.0148
0.10 0.0298 0.0326 0.0359 0.0380
0.03 0.2154 0.2383 0.2625 0.2777
Road crown
0.05 0.4294 0.4731 0.5196 0.5493
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Table 11. Rate of discharge at the limit gradients for the beginning of erosion

Water depth Rate of discharge (m®/s)
Type of damage
(m) Great damage Risk of damage
0.03 0.0260 0.0245
Wheel tracks 0.30 m in width 0.05 0.0495 0.0467
0.10 0.1153 0.1001
0.03 0.0169 0.0159
Wheel tracks 0.20 m in width 0.05 0.0316 0.0299
0.10 0.0726 0.0686
0.03 0.0069 0.0065
Furrows after logs 0.20 m in diameter 0.05 0.0185 0.0175
0.10 0.0570 0.0538
0.03 0.0056 0.0053
Furrows after logs 0.13 m in diameter 0.05 0.0148 0.0139
0.10 0.0380 0.0359
Whole road crown 3.00 m 0.03 02777 02625
0.05 0.5493 0.5196

where: v, — mean profile rate (m/s),

k - aeration coefficient,
R - hydraulic radius (m),
a — angle of road gradient in degrees.

Tangential stresses and erosive processes in the
above-mentioned model examples of road damage
would be evoked by the rates of discharge that would
equal the product of the mean profile rate and the
cross-section area of the given road damage. These
discharges are also limiting factors for the assumed
models of damage by erosion to forest roads. Tables
6—8 show their values for the above-mentioned
models of forest road damage.

The results show changes in the rate of discharge in
relation to the cross-section area of the given model
of road damage and to the change in water flow rate.
This discharge increases directly proportionately to
an increase in the cross-section of the given model
of deformation and to an increase in the flow rate.
The increase in the flow rate is influenced by an in-
crease in the road gradient and by an increase in the
cross-section area of water flow that is determined
by the hydraulic radius. At a constant cross-section
the change depends on the road gradient according

to the relation
v =k x sin o®1*

where the constant k indicates the influence of the cross-
section of the model of deformation by the relation

k=22 R

The letters indicate the same variables as in Ehren-
berger’s formula.
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Table 9 shows the numerical expression of an
increase in the flow rate in relation to the road gra-
dient.

The erosive effects of water start when the tan-
gential stress at the bottom of water flow is higher
than the tangential stress critical for the diameter
of the bottom soil grain. Table 10 shows the rates
of discharges calculated for the assumed model
examples of road damage and soil grain diameters
5-30 mm.

The results of these theoretical calculations show
that the risk of erosion arises when the extent of
damage to the road crown is small and the rates of
discharge are also relatively low. With the increas-
ing cross-section of model damage to the road
crown the necessary rate of discharge increases
and the surface and volume extent of damage is
also greater.

To calculate the rate of discharge when the risk
of damage caused by erosion arises for the assumed
models of damage to the road crown is feasible
only if the diameter of the bottom soil grain can
be determined. But it is problematic because the
forest road crown always consists of sets of soil
grains of various diameters, the composition of
which changes locally. To solve this problem at
least preliminarily, this diameter of soil grains
must be determined in a speculative way. For a
preliminary determination of the rate of discharge
in the assumed model damage to the crown road
that will cause marked damage by erosion I chose
the soil grain diameter 30 mm, which corresponds
to the lower limit of the grain size of broken stone.
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I consider the disturbance of stability of the bot-
tom consisting of the soil grain 20 mm in diameter
as the beginning of the risk of damage caused by
erosion. Table 11 shows the numerical results of
these calculations.

These preliminary calculations indicate that the
risk of damage caused by erosion to forest roads
may arise at relatively small disturbances of the
road crown and at corresponding low rates of dis-
charge.

CONCLUSION

Unpaved forest roads are damaged by erosion
caused by accumulated precipitation waters that
flow along their crown. This water is accumulated
into depressions on the crown caused by traffic,
particularly by skidding of extracted semi-suspended
logs dragged behind the tractor. In general, damage
caused by erosion increases with the increasing
gradient of forest road and with the increasing rate
of discharge. In otherwise identical conditions the
extent of such damage is influenced by the texture
of the subsoil.

The probability of the origination of damage
caused by erosion to unpaved forest roads can be
assessed theoretically by comparing tangential
stress at the bottom of flowing water with critical
tangential stress corresponding to the texture of
subsoil. These relations were theoretically examined
on models of damage to the forest road crown that
arises during skidding on unpaved forest roads. It is
tracks of tractor wheels and furrows after dragged
logs. For comparison these relations were theoreti-
cally assessed on a model of the overflowed whole
crown of forest road. For all assumed models the
respective rates of discharge were calculated that
are a necessary condition for damage by erosion
for the assumed model case of damage to the forest
road crown.

An important task from the aspect of the stability
of forest road network and its permanently good
function is to prevent such damage or to reduce its
extent. Both projecting and technical measures can
be used to solve this problem.

If a forest road network is projected, the whole
forest area should be made accessible in a purpose-
ful way. But in the mountains and uplands it is not
possible to project skidding unpaved forest roads
with such a small gradient that would avoid damage
by erosion. To minimise erosion these roads should
be laid out with the smallest possible and constant
gradient, copying the terrain. It will eliminate local
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segments of the road alignment with large gradients
that are mainly damaged by erosion.

Technical measures should reduce damage to the
crown of unpaved forest road during skidding and
prevent the accumulation of precipitation water on
the road crown.

It is not possible to prevent damage to unpaved
forest roads during skidding of extracted logs, but
damage will be substantially smaller if skidding is
carried out on dry roads or when it freezes and snow
covers the road. Systematic and timely maintenance
will prevent the deepening of wheel tracks and fur-
rows after dragged logs and a simultaneous increase
in tangential stress at the bottom of flowing accumu-
lated precipitation water that causes erosion.

Various technical measures may prevent the ac-
cumulation of precipitation water on the road crown
and its flowing along the gradient. A ditch on the
sloping side of the road will prevent the flowing of
precipitation water from the forest stand and will
divert it along the road towards the culvert. The
cross-fall of the road crown of at least 5% will divert
precipitation water into a ditch and will minimise
its longitudinal flowing. On the contrary, collect-
ing drains that would also prevent this longitudinal
flowing of water along the road crown are damaged
and choked with soil during log dragging, so they do
not perform their function as their cleaning is not
usually sufficient.

Damage by erosion to unpaved forest roads may
considerably reduce their practicability and reduce
their function. Therefore great attention should per-
manently be paid to the measures that would prevent
such damage.
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Eroze na lesnich cestiach

J. DOBIAS
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ABSTRAKT: Lesni dopravni sit ovliviiuje povrchovy odtok nevséklych srazkovych vod na lesni ptidé, zejména v pahor-
katindch a na horach. U nezpevnénych lesnich cest, které nemaji prikopy, stékd tato voda na korunu cesty. Vlecenim
vytézenych kmentl je koruna nezpevnéné lesni cesty mechanicky poskozovana a vytvareji se vyjeté koleje od kol traktort
aryhy od vle¢enych kment. Do téchto depresi se stékajici voda soustfeduje a vytvéfi vodni proud pusobici erozi. Metodikou
posouzeni podminek pro vznik a velikost téchto $kod erozi je vypocet tangencidlnich napéti vznikajicich u dna pfi riiznych
hloubkach vody a riznych podélnych sklonech cesty. Mezni podélné sklony cesty pro vznik vétsich nebo mensich skod erozi
pro ruzné velikosti zrna podlozni zeminy jsou zjistény porovnanim vypoctenych tangencialnich napéti vodniho proudu

u dna s tangencidlnimi napétimi kritickymi. Déle jsou vypoctena priito¢na mnozstvi vody pro jednotlivé modely skod.
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Nezpevnéné lesni cesty jsou poskozovany erozi
plisobenou soustfedénymi srazkovymi vodami, kte-
ré stékaji po jejich koruné. Tato voda se soustiedi do
depresi v koruné zptsobovanych provozem — ze-
jména priblizovanim vytézenych kment v poloza-
vésu za traktorem. Obecné se skody erozi zvétsuji
pri zvys$ujicim se podélném sklonu lesni cesty a pri
zvysujicim se prato¢ném mnozstvi vody. Za jinak
stejnych podminek je velikost téchto $kod ovlivnéna
zrnitostnim slozenim podlozni zeminy.

Pravdépodobnost vzniku $kod erozi na nezpevné-
nych lesnich cestdch je mozné teoreticky posoudit
porovninim tangencialniho napéti u dna proudici
vody s tangencidlnim napétim kritickym, odpovi-
dajicim zrnitostnimu slozeni podlozni zeminy. Tyto
zavislosti byly teoreticky sledovany na modelech
poskozeni koruny lesnich cest, ktera vznikaji pti pri-
blizovani dfeva na nezpevnénych lesnich cestach.
Jsou to koleje vytlacené koly traktort a ryhy vyryté
kmeny vlecenych kment. Pro srovndni jsou tyto
vztahy teoreticky posuzovany na modelu plné zapla-
vené celé koruny lesni cesty. Pro véechny uvazované
modely jsou zdroven vypoctena prislusna priatoc¢na
mnozstvi vody, kterd jsou nezbytnym predpokla-
dem skod erozi pro uvazovany modelovy pfipad po-
skozeni koruny lesni cesty.

Zabréanéni vzniku téchto $kod — nebo aspon sni-
zeni jejich rozsahu — je dtlezity kol pro stabilitu
lesni dopravni sité a jeji trvale dobrou funkci. K je-
ho feseni je mozné pouzit jak opatfeni projekéni,
tak technicka.
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Pri projektu lesni dopravni sité je nutné Gcelné
zpristupnit celou plochu lesa. V horach a pahorkati-
nach nelze navrhovat nezpevnéné priblizovaci lesni
cesty v tak malém podélném sklonu, aby nemohly
byt poskozovany erozi. Pro jeji minimalizaci je vSak
treba tyto cesty trasovat v co nejmensim a konstant-
nim sklonu, pfimknuté k terénu. Tim se alespon
vylou¢i mistni tseky trasy s velkym sklonem, které
jsou erozi zvlast poskozovany.

Technicka opatfeni museji omezovat poskozova-
ni koruny nezpevnéné lesni cesty pri priblizovani
dreva a zabranovat soustfedovani srazkové vody na
koruné cesty.

Poskozovani nezpevnéné lesni cesty pri priblizo-
vani vytézenych kmend nelze zabranit, poskozeni se
vS$ak podstatné zmensi, bude-li se priblizovat za su-
cha nebo za mrazu a na snéhu. Systematicka a vcas-
nd udrzba pak zabrani prohlubovani vyjetych koleji
a ryh od vlecenych kment a tim zvySovani tangen-
cidlniho napéti u dna proudici sousttedéné srazkové
vody, které ptisobi erozi.

Zabranit soustfedovani srazkové vody na koruné
cesty a jejimu stékani v podélném sklonu je mozné
riiznymi technickymi opatfenimi. Prikop na svahové
strané cesty zabrani stékani srdzkové vody z poros-
tu na cestu a svadi ji podél cesty k propustku. Pri¢cny
sklon koruny cesty (alespont 5%) svede srazkovou
vodu do prikopu a minimalizuje tak jeji podélné
proudéni. Naproti tomu svodnice, které by rovnéz
zabranovaly tomuto podélnému proudéni vody po
koruné cesty, jsou poskozovédny a zand$eny zeminou
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pri vleceni kment; tak pri obvykle nedostate¢ném jich funkci. Je proto tfeba trvale vénovat zvysenou
c¢isténi neplni svou funkci. péci opatienim, kterd by jim zabranovala.

Skody erozi na nezpevnénych lesnich cestdch mo-
hou znac¢né omezit jejich sjizdnost a tim omezit je-
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