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Effect of Windbreak Belts

Protective effect is high when
approximately 60% of the
entire surface is covered, and
the gaps are finely distributed.

Forest division, Nemuro promotion bureau,
Hokkaido, Japan

* Design of Windbreak Belts

Areas currently not used as farmland, temporarily used or abandoned
farms are appropriate for windbreak belts. A width 5-10 m is best to
preserve farmland area and to avoid the effect of shade.

Sunlight Species for planting are large trees
such as Poplar, and spacing
between trees is 2 to 3 meters.
Thinning is needed to avoid
congestion.

Wind direction

Contact: Public Enterprise National Forests,
Department for Forest Management and Planning
http://www.mkdsumi.com.mk
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1 PURPOSE OF THE MANUAL ON FOREST CONSERVATION
CONSTRUCTION WORKS

Forest conservation construction works aim to maintain and restore forests by combining civil
engineering construction works with various materials and planting vegetation and trees in the
forest centered on preserving the forest soil, which can be regarded as the foundation of
forests. Another important purpose of the Forest conservation works is intended to reduce the
damages caused by landslides and floods which are mainly caused by the devastation of the
forests. It is expected that forests will grow after the completion of these works and then that
the forests will reduce disasters and floods.

In order for forest conservation construction works to effectively function as a countermeasure
against such soil erosion and forest devastation, it is necessary to know the causes and
mechanisms of forest degradation, soil erosion, land collapse etc. and to know how to abate
these causes, as well as to know the structures and mechanism through which forest
conservation works function as countermeasures against those issues.

As the methodologies of forest conservation construction works have been systematized in
Japan over the years, this manual presents methods for selecting and designing forest
conservation works, while focusing on Japanese forest conservation construction works
technology as well as taking into account the forms of forest devastation and soil erosion in
North Macedonia.

Forest conservation construction works aim to conserve soil within a watershed through civil
engineering structures. The soil forms the foundation of forests, and by conserving this soil it
can be achieved to conserve the environment in which forests grow. Therefore, this forest
conservation construction works, in which soil on slopes that have been degraded and
exposed is restored to forest, can be considered as one of the forest management techniques
for maintaining and managing the forest.

This manual concentrates only on the types of civil engineering structures and the basic
concept of their planning and design for soil conservation, and operation. Management for
planting for forest restoration and subsequent maintenance, which come after these forest
conservation construction work operation, shall be implemented based on the existing forest
management methods and techniques that have been practiced in North Macedonia. It is
aimed to incorporate and use these forest conservation construction methods as a one of
technologies to conserve soil in total forest management methodologies in North Macedonia.
It is therefore hoped that a larger-scale and more comprehensive forest management
guidelines are created and these forest conservation construction work methods are
incorporated and make one section of the guidelines in the future.



2 BASIC CONCEPTS AND THEORIES OF SOIL EROSION AND
FOREST CONSERVATION CONSTRUCTION WORKS

A disaster-resistant forest corresponds to a forest that has a "soil related disaster prevention
function/soil conservation function," which are kinds of the forest functions. The soil-related
disasters (landslides and land collapse) prevention function is defined as the role to prevent
landslides or land collapses through the root system of the forest. It is thought that this effect
is exerted by the development of the root system. (Forestry Agency of Japan, 2015, Manuals
for developing forests with high sediment discharge prevention functions)

The forest floor where trees grow is covered with litter and grass lower layers, which prevents
raindrops from hitting the soil surface directly, thereby preventing erosion of the ground surface.
In addition, the litter humus provides nutrients that promote the growth of trees and forms the
soil. It also has a flood prevention function that prevents water from flowing downstream at
once.

In other words, in case these forests become degraded and lose their cover, risks of
occurrence of landslides and flooding increase.

"Mass movement", “sheet erosion” and “gully erosion” are listed as the soil erosion types to be
tackled with the Forest conservation construction works described in this manual book as the
typical erosion types in North Macedonia. "Mass movement" means that soil masses such as
collapses and landslides collapse and slide down from slopes, and softened sediments flow
downstream from the masses. "Sheet erosion” is a type of soil erosion in which the topsoil
peels off and flows downward from the grassland developed by forest fires and further erosion
progressing from there to the exposed bare land on the ground surface. “Gully erosion” is an
erosion type that can be developed from the sheet erosion. This is an erosion type in which
soil on the ground surface are eroded through gullies.

The Forest Conservation construction works presented in this manual book aim to address to
tackle with these three forms of erosion types that mainly cause forest degradation in North
Macedonia.

2.1 Geographical Factors: Watersheds, Hillsides and Valleys
(Torrents)

A watershed is an area surrounded by boundaries through which rainfall water is divided
(Japan Dam Association 2021 Dam Handbook) as shown in Figure 2-1. This is an area where
all precipitation gathers at a certain point downstream (watershed reference point: indicated
with red circle in Figure 2-1). In general, mountains can be divided into hillsides and
valleys/torrents, and most of the area of the basin consists of hillside slopes. In addition, the
sediment generated from the mountains is generated by collapsing and sliding down slopes
due to gravity, as the earth and rock that make up the slope lose their resistance to gravity,
which originally made them stay on the slope (production of sediment load). The sediment,
together with the water flowing down the slope, flows into the valley, down the valley (sediment
movement), passes the reference point of the basin, and eventually flows out of the watershed
to the downstream areas. Forest conservation construction works control the production and
movement of such sediment and try to mitigate the devastation of forests on hillside slopes
and create an environment in which forests can grow. It can be expected to provide a suitable
environment and facilities for the mountainous area.



Mountains consist of series of ridges, hillside slopes and valleys.

Figure 2-1 Composes of mountain: Ridges, hillsides and valleys (torrents)

yded sediments produced on hillside
pes are carried downward along with
' rainwater through the valley
2ams/torrents, passes through the
erence point, and is discharged to the
wnstream of the watershed.

Watershed Base point

Figure 2-2 Sediment transportation in a watershed



2.2 Soil Production: Mass Movement and Sheet erosion

This manual deals with two forms of sediment production: mass movement and sheet
erosion.
When considering sediment-related disaster countermeasures in Japan, it is worth noting
that sheet erosion occurs on hillsides where the surface of the earth is exposed after
collapses or landslides as types of mass movement, and then creates a situation that causes
the next mass movement.

On the other hand, in the Western Balkan countries such as North Macedonia, pasturage
has been popular historically, so grasslands are widely distributed especially in the middle
reaches of the mountainous areas between forests and residential areas. Especially in North
Macedonia, even after independence from the former Yugoslavia, 90% of the forest land
remained as national forest. As a result, local residents have relatively easy access to forest
land, and a wide range of forest land has been used for grazing. As a result, the topsoil in the
grass lands is agitated by the footprints of livestock in overgrazed forest land. In addition,
forest fires and wild fires, which frequently occur during periods of low rainfall and extreme
heat in the summer, contribute to sheet erosion and the ensuing destruction of forests. Since
both devastation and erosion are seen everywhere in North Macedonia, this manual takes up
“sheet erosion” as one significant form of sediment production along with “mass movement”.

Land colapses at the heads of
the valleys (Mass movement)

cad - = -
\ -
&

Land colapses at sides
— of torrents

Figure 2-3 Sediment production and transportation from a watershed

2.2.1 Mass movement

The Society of Applied Geology (Japan) defines “Mass Movement” as *  the movement of
substances that make up the surface of the earth downwards due to the action of gravity”. It
shows that a lump of earth and stone on a slope loses its stability due to heavy rain or an
earthquake, such that it collapses, slides down, and flows down the slope and moves
downward. Cruden and Varnes (1996) classify Landslides (as Mass Movement) according to
the form of sediment movement, material of sediment, etc. as shown in the following figure.
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Figure 2-4 Categories of Landslides (mass movement)
Landslide classification after Cruden and Varnes, 1996 (Taken from the web page of British
Geological Survey)



LANDFALL MOKLISTE

Mass Movement (Landfall) in Mass Movement (Landslide) in Mokliste
National Park Mavrovo

Figure 2-5 Examples of mass movements in North Macedonia
(Blinkov 1., 2010, Global warming, climate changes and erosion process)

2.2.2. Sheet Erosion

Sheet erosion occurs when the impact force of raindrops hitting the ground surface and the
tractive force of surface water starts to move the topsoil and carry it downward. (F. Komamura,
1978) The Universal Soil Loss Equation (USLE) is widely used in the United States and the
rest of the world to estimate the amount of soil discharge due to sheet erosion from slopes. In
this formula, since the factors related to sheet erosion are clearly shown by the formula, the
functional relationships of those factors that make up the sheet erosion can be well understood
by this formula.

The equation is presented in the form

A=RXKXLxSxCxP Equation 2-1

where:

A is the average annual soil loss in tonnes per hectare

R is a measure of the erosive forces of rainfall and water discharge

K is the soil erodibility factor - a number which reflects the susceptibility of a soil type to erosion,
i.e., itis the reciprocal of soil resistance  to erosion

L is the length factor, a ratio which compares the soil loss with that from a field of specified
length of 22.6 meters

S is the slope factor, a ratio which compares the soil loss with that from a field of specified
slope of 9%

C is a crop management factor - a ratio which compares the soil loss with that from a field
under a standard treatment of cultivated bare fallow.

P is the conservation practice factor - a ratio which compares the soil loss with that from a
field with no conservation practice, i.e. plowing  up and down the slope.

(FAO, 1993, Field measurement of soil erosion and runoff, FAO SOILS BULLETIN No.68)

As seen from this equation, surface erosion is related to rainfall, slope length, inclination,
properties such as soil grain shape, and surface coverage (Crops). It can be understood that
the sheet erosion can be suppressed by controlling those factors.



» Rainwater: Disperses rainwater flow. Alternatively, introduce it into a safe waterway.

+ Slope length and gradient: Separates the slope length. Make the slope gentler or more stable.
* Soil properties (soil particle size): easy-to-flow soil, covering the surface of clay. Hardening
soil surface.

Regarding effects of sheet erosion by vegetation (trees and crops), differences in the amount
of eroded sediment by tree species and age class are known in Japan. In terms of tree species,
broad-leaved trees are generally less susceptible to erosion than coniferous trees, and aged
forests are said to be more effective in preventing erosion. (F. Komamura, 1978)

As shown in the Possible erosion intensity map of North Macedonia (Blinkov, 1. 2010, Global
warming, climate changes and erosion process), approximately one-third of the country is able
to be said as susceptible as medium to high erosion potential.
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2.2.3 Development from hillside sheet erosion,

Rain wash is the effect of rainwater directly eroding the land. Among the rain wash, the erosion
that occurs when rainfall hits the ground directly and moves the soil is called splash erosion.
Another type of erosion is the movement of soil by rainwater flowing over the ground. Water
flowing down bare slopes with no vegetation concentrates in small shallow depressions,
creating narrower grooves and developing erosion. This finely carved groove is called a rill.
Furthermore, these fine water flows and the narrow grooves formed by them concentrate and
develop into larger grooves (gully). This type of erosion process is called gully erosion.

Forest conservation construction work involves preventing these erosions using various
materials, and when planning sheet erosion countermeasures in Hillside Work, by carefully
focusing on water flowing down slopes, more effective erosion prevention can be achieved.



Figure 2-7 Grass land and potential erosion hillside in Central North Macedonia
(Blinkov 1., 2010, Global warming, climate changes and erosion process)

Gullies can be observed immediately
after the fires on the hillsides where
soil surfaces were exposed

Figure 2-8 Gully development after the fires
Colorado State University, 2018: Soil Erosion Control after Wildfire — 6.308

2.3 Water Run-off In A Watershed

Some of the rainwater that falls in watershed adheres to the trees in the forest that cover the
slopes and some is temporarily stored in depressions and the like. There is also discharge of
groundwater, part of which permeates into the soil and ground to moisten the soil, part of
which becomes deeper groundwater and permeates into the groundwater zones in bedrocks
and does not become surface water until a base point within the watershed. The portion of
rainfall that is not directly related to runoff at the base point is called rainfall loss. The rest of
the rainwater becomes surface water and flows into torrents and reaches to the base point
as surface ruoff.



QOutside of the
watershed

Under ground run off

Figure 2-9 Hydrology in the Forest

Among the rainwater that permeates the soil, the rainwater that permeates shallowly once
reappears on the ground surface, and flows out into torrents is called intermediate runoff (or
subsurface runoff). and The intermediate runoff reaches the base point later than the surface
runoff. In addition, groundwater that is deeper than the intermediate water is called the base
flow that gradually flows into the torrents within the watershed. Some portion of the
groundwater flows out of the watershed and it does not turn up at the base point.

The base flow is the runoff that is not directly related to the previous rainfall. Further, the
surface runoff and the intermediate runoff are collectively called direct runoff. Rainwater
flowing over the surface flows into nearby valleys, through which it reaches the base point
that is the final exit of the watershed.

The following hydrograph is a graph showing changes in runoff over time after rainfall in the
entire watershed at the base point of the watershed.
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Figure 2-10 A conceptual graph of a hydrograph in a watershed
(Komamura F., 1978; Chisan and Sabo engineering )

Following graph is a conceptual hydrograph to show a typical situation where the peak run-
off is decreased due to the function of the forests.



Watershed with less forests

Well-forested watershed

Figure 2-11 Comparison of hydrographs between a well-forested watershed and watershed
with less forests
(Komamura F., 1978; Chisan and Sabo engineering )

In a forested watershed, it takes longer time for rainwater falling in the watershed to reach
the base point of the watershed as direct runoff. This shows the flood prevention effect of the
forest.

2.4 Gully Development

As the next process of surface runoff, gullies are developed. As the sheet erosion
progresses, small unevenness can be seen on the slope even in equilibrium, and rills (small
Gully grooves appearing on the slope) are formed. After that, one dominant rill encompasses
other rills, and several rills merge to concentrate the surface flow. (Komamura, F., 1978)
When vertical erosion by gully progresses to some extent, lateral erosion of gully is added,
and the size of gully and the amount of sediment erosion increase.

In the case of a grass land or bare land with no vegetation cover, the water on the slope
concentrates in a short period of time after a rainfall and gathers in the depression, and the
depression is rapidly eroded vertically and horizontally and then gullies are formed.
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Rill Erosion

Figure 2- 12 Development of gullies from rills
(Blinkov 1., 2010, Global warming, climate changes and erosion process)

2.5 Erosion Control On Hillsides: Hillside Work

As the processes of soil erosion in a mountain, it was described earlier that sediment
production from hillsides is caused by mass movement (Land fall/Landslides) or sheet
erosion, that gullies are formed from the sheet erosion and that such erosion is significantly
affected by quantity and movement of rainwater, hillside slope length, hillside slope gradient
and soil condition. If we control such erosions on the hillside where they occur, it is required
for those factors to be controlled at the hillside in the follow ways:

* Rainwater: Dispersing water flow. (Slope cutting work, grading work, small terracing work)
Leading the surface water into a safe waterway (hillside channel work) or preventing direct
raindrops from hitting the soil surface (cover work, vegetation work, planting work).

» Slope Length, Slope gradient: Separates the slope length. Reducing or stabilizing the slope
(earth retaining work, shaping/stripping, dog running, small step terrace work).

+ Soil properties (soil with small particle size): easy-to-flow soil, covering the surface of clay.
Harden. (Falling work, spraying work, vegetation work)

Further details of these individual hillside works are described in Chapter 3.

Both the mass movement and the sheet erosion occur within a certain rage of an area and a
combination of these techniques is often used to control the sediment runoff and the sheet
erosion within the area. In addition, as mentioned above, the topography of the slope of the
site, the valley that collects water, the situations of rainwater runoff, the soil and geology, etc.
are always closely related with soil erosion in the areas. In order to control the erosion with
hillside work on the hillside where these occur, it is necessary to consider first to stabilize the
slope and then control those factors as follows:

11
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Figure 2-13 Landfall conceptual drawing and examples of design drawing of hillside works
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2.6 Erosion Control In Torrents: Torrent Work

As described there are several functions to control sediments such as a function to
accumulate unstable sediments flowing from hillsides and landslides on the hillsides, with
check dams, ground sills and other torrent works, a function to flow down some portion of the
accumulated sediments gradually and safely, a function to control erosion from the bottom
and side slopes of torrents and so on. To achieve those functions, it is necessary to identify
origins of the hillside erosions and collapses and routes of the sediments flowing down from
the original sites to the torrents, quantities of the sediment loads to be dealt with, and then
need to consider how to combine appropriate construction works in appropriate sites. Such
individual types of torrent works are described in the Chapter 4.

N — Tree planting on the
Hillside works .=~ =< Simple terracing
g - \

Figure 2-14: Conceptual drawing of torrent works combined with hillside works in a
watershed
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2.7 Erosion Control Effects of Trees and Forests on Slopes

Forest understory vegetation and litter that accumulate on the forest floor can cover the soil
surfaces of slopes and prevent raindrop erosion and preventing gully formation in the slopes.
As the result, sheet erosion and gully erosion can be prevented.

In addition, root net work of individual trees trap soil, making it difficult for soil to be washed
away from the slope. Additionally, as shown in the figure2-14, the rhizomes cross sliding
surfaces such as landslides and landslips, making it difficult for soil to slide and collapse from
the slope.

Phreatic
surface

Less influence

Figure 2-15: Root system of individual trees prevent soil on slopes from sliding
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3 THE FOREST CONSRVATION CONSTRUCTION WORKS:
HILLSIDE WORKS

Hillside work is a type of work to construct structures at the collapsed and/or eroded areas to
prevent areas from further collapses and to generate areas to be revegetated.
Accordingly hillside work can be categorized into foundation work and vegetation work as
follows:
a. Hillside foundation works + - - for stabilizing slopes of collapsed areas
1. Grading work (Cut slope work )
2. Earth retaining work
3. Hillside channel work
4. Underground retaining work
5. Buried drain (French drain: buried drain filled with gravels /Culvert work)

b. Hillside vegetation works + - - for revegetation of collapsed slopes by planting trees
and seeding grasses/trees
1. Fence work
2. Terracing work
3.Vegetation cover work
4. Seeding work (including hydro-seeding)
5. Planting work

Grading work (Cut
slope work

Retaining work

4 '\ Underground retaining

work

Drain pipe

Buried drain
(French drain)

Figure 3-1 Hillside foundation works
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Hydroseeding work

Planting work

Figure 3-2 Hillside vegetation works

Construction work can be generally classified according to materials to be used and following
materials are normally used as shown in the following table:

Table 3-1 Materials used for hillside works

(1) Grading work

(2) Earth retaining
work

(3) Underground
retaining work

(4) Water channel
work

(5) Buried drain work
(French drain/Culvert
work)

(6) Fence work

(7) (Simple)
terracing work

(8) Vegetation cover
work

(9) Seeding work

(10) Planting work

Concrete, steel, steel pipe, concrete block, gabion, concrete
frames, large blocks, steel frame, etc.

Concrete, concrete block, gabion, fence, etc.

Concrete, culvert, Colgate pipe, fence, gabion, sod, sand bags
with sod etc.

Gabion (cylinder/box shaped gabion), pipe(perforated, netlon
mesh) etc.

Fascine, wood, steel plate, etc.

Turf grass, pressed soil block, log, other greening materials

Straw mat, net, log, frames, turf grass, other greening material

Seeding in line or area, seeding holes

Seedling, pot seedling, cutting, buried stem, lay down planting
etc.
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3.1 Grading work (Cut slope work)

Grading work aim to prevent collapses or expansion of collapses by grading uneven slopes
to be stable.
The work is normally planned in the following cases:

e in case the slope is with high risks of collapses and it needs to be stable.

e in case the sediments remain in unstable and irregular states around collapsed
areas, especially around the upper edge of scarp areas, and those need to be
removed and the slope needs to have grading to attain stable states and to prevent
collapses from expanding.

Figure 3-3 Grading work: work in progress (left) and after completion (right)

Gradients for slope cutting

Gradients for Slope Cutting shall be determined in considering with several factors such as
the present slope gradients, soil properties, topographical features around the site,
combination arrangement of other construction works and etc..

For stabilizing a slope, the slope gradient is ideally to be angle-of-repose. Accordingly it shall
be cut up to the angle if possible.

However, it is usually difficult due to the topographical or site conditions, for examples,
cutting work becoming a huge scale, cutting work needed to include the stable vegetated
areas nearby, causing a huge amount of cut soil, a huge amount of cut soil remaining on the
slope, which is causing the slope unstable, or etc..

Therefore, in general, the slope cutting work shall be the minimum necessary grading work
by considering the local topography, geology, and/or by adopting other types of work (earth
retaining work, revegetation work, etc.) to be carried out as hillside work. Therefore, the
slope gradients to stabilize the slope shall be determined to achieve the final stable
conditions.
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Rounding off

In case the upper part of slope is
steep and cutting soil volume is
large, retaining work shall be
planned.

Figure 3-4 Operation methods of Grading work

In case the upper part of slope is
gentle and cutting soil volume is
small amount

Table 3-2 Standard gradient of cutting slope in japan (1)

Moisture Angle of Coefficient of Natural Weight

Dry 20° - 37° 0.36-0.75 1:2.8-1.3 1,200 - 1,700

Cray Less moist 40° - 45° 0.84 - 1.00 1:1.2-1.0 1,700 - 1,800
Moist 14° - 20° 0.25-0.36 1:4.0-2.8 1,800 - 1,900

Dry 27° - 40° 0.51-0.84 1:2.0-1.2 1,500 - 1,700

Sand Less moist 30° - 45° 0.58 - 1.00 1:1.7-1.0 1,700 - 1,800
Moist 20° - 30° 0.36-0.58 1:2.8-1.7 1,800 - 2,000

Dry 30° - 45° 0.58 - 1.00 1:1.7-1.0 1,600 - 1,800

Gravel Less moist 27° - 40° 0.51-0.84 1:2.0-1.2 1,700 - 1,800
Moist 25° - 30° 0.47 - 0.58 1:21-1.7 1,800 - 1,900

Pebbles - 35° - 48° 0.70-1.11 1:1.4-09 1,600 - 1,800
Dry 20° - 40° 0.36-0.84 1:2.8-1.2 1,300 - 1,600

Soil Less moist 30° - 45° 0.58 - 1.00 1:1.7-1.0 1,400 - 1,700
Moist 14° - 27° 0.25-0.51 1:0.4-2.0 1,500 - 1,800
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Table 3-3 Standard gradient of cutting slope in Japan (2)

Hard rock 1:03 - 1:0.8
Soft rock 1:05 - 1:1.2
Sand 1:1.5~
Compacted Under 5m 1:0.8 - 1:1.0
) 5—10m 1:1.0 - 1:1.2
Sandy soil
Not compacted Under 5m 1:1.0~1:1.2
5—10m 1:1.2~1:1.5
Gravel or sandy Compacted or good Under 10m 1:0.8~1:1.0
soil mixed with homogenous of 10—-15m 1:1.0~1:1.2
rocks particle
Not compacted or poor Under 10m 1:1.0~1:1.2
homogenous of 10— 15m 1:1.2~1:15
particle
Clayish soil or 0—10m 1:0.8~1:1.2
clay
Soil mixed with Under 5m 1:1.0~1:1.2
cobblestones 5—10m 1:1.2~1:15

3.2 Earth Retaining Work (retaining wall work)

The Earth retaining work aims to prevent unstable soil from moving, to modify the slope
gradient, and to prompt the surface running water dispersing. The work also function as the
foundations for other construction works and
as the support for water channel and other
works.

The work functions as the framework of
hillside construction with following purposes;
(D Stabilizing debris and cut soil,

@ Modifying the slope to be gentler,

@ To be foundations for channel work and
buried drain work, or to support those works
at turning points,

The table below shows conditions and
applicable structure types of retaining walls to
the conditions:

Figure 3-5 Retaining wall work combined with
Fence work and Hillside channel work
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Target of

Table 3-4: Applicable structure types of retaining walls

Applicable condition

Construction condition

installation _Safety . Foundation WL Foundation Combination TEEILE
against earth Height Structure
ground work works
pressure
1. Stabilizing Enough In principle, 4.0m | Strong * Concrete In case of By earth Also applicable as
unstable earth and stability is and less foundation soft ground, pressure the foundation
sand on the slope needed sri2icd it shall be fock /e_arth calculationin for hillside
steel B reinforced anchorl_ng t_o embankment vegetation work
2. Stabilizing " it pilie by piling or e Eryl and channel work
accumulated cut " Gitete [ it footing. feedeg
soil
* Concrete + Rock fall By earth
steel protection pressure and
work to be stress
applied calculations for
rock fall
Countermeasures Earth 4.0m and less Soft * Large block Base By earth Ditto
against landslides pressure to foundation - Steel frame concrete to pressure
be - Concrete be placed calculation
considered frame
Protection of cut Earth -4.0mand less Strong - Concrete In case of By earth Ditto
slopes pressure to for concrete foundation * Concrete soft ground, pressure
In case cutting be *3.0mand less block it shall be calculationin
slopes are stable considered for concrete * Concrete + reinforced cut soil
enough block steel by footing,
-2.0mand less " wooden
for gabion Soft . * Gabion box piling,
o AGnant s foundation * Steel frame gravel.
for large block,
etc.
1. Foundations of Earth About 1.0 - 2.0m Strong - Concrete
channel work, pressure not foundation * Concrete
buried (French) | to be block, etc.
drain work considered "
2. Being auxiliary specially SE R oanionibox
e foundation - Wooden
work for e
vegetation
work

Figure 3-6 Material types of Retaining wall work: Concrete retaining wall
(left) and Wet masonry retaining work with concrete blocks (right)
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Figure 3-7 Material types of Retaining wall work: Wet masonry retalnlng
work (left) and Steel frame retaining work

Figure 3-8 Material types of Retaining wall work: Gabion box retaining
Work (left) and Log retaining work (right)

Positions and heights of retaining work

Positions and heights of retaining work shall be determined so as to maintain the stability of
a slope and prevent the slope from collapsing and movement. Therefore, the slope
longitudinal line connecting from the foot to the top of the expected collapsing area shall be
formed smoothly without any irregular part as a whole.

In general, as shown in the right figure, in case of collapsing on a concave slope, the lower
part of the line shall be made as gentler compared with the upper part, which keeps the
concave-shaped slope form. Retaining work shall be arranged and designed in order to
realize a such slope form in the end.

It is desirable in principle that the heights of earth retaining work shall be 4 m or less since
the work is usually constructed continuously on unstable slopes. For stabilizing the slope, the
standard interval spacing between retaining work shall be 15 or 20m. In case the slope
gradient is less than 35 degree, the spacing shall be 20m. In case the gradient is 35 degree
and more, it shall be 15m.

21



The line connected the top of the wall

Spacing between each retaining wall shall be 15m or 20m as the standard to
stabilize the slope. In case the slope gradient is below 35° , spacing shall be

about 20m and when up to 35° , about 15m.

Figure 3-9 Spacing of retaining walls on a slope

Direction of retaining work

Retaining work shall be installed to the perpendicular (90 degrees) to the planned slope
direction and the crown and the body of the wall shall be level in general.

If it is difficult to set them level due to the site/topographical conditions, they can be slanted

by considering other construction works to prevent scouring and erosion occurring by the
surface water running into the back of the wall and along the wall.

Figure 3-10 Direction of Retaining wall

Examination on stability of retaining work

Retaining works playing roles as the framework of hillside work to support the structural
stability of the target hillside are required to be examined the following stabilities;

(1) Stability against over-turning

Over-turning of the work/wall shall not be occurred
(2) Stability against sliding

Sliding of the work/wall shall not be occurred
(3) Stable against destruction of the wall body

The wall body shall not be destructed by the maximum stress against the body.

(4) Stability of the acting position of the resultant force acting on the wall
(5) Stability of the foundation ground
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Bearing Capacity of the foundation ground shall be sufficient against the maximum
reaction force of the wall.

1. There are two types of earth retaining work. One is that uses high reliable, strong and
durable materials such as concrete. The other is that uses light materials such as gabions
and logs.

The former, stronger one, is used in places close to the protection targets such as residents
and public infrastructures or in case fixing a large amount of soil and sediment generated by
slope cutting work or as a foundation for other construction work etc. Therefore, it is certainly
necessary to examine its stability thoroughly.

The latter, lighter material one, shall be installed in places where a large amount of soil and
sediment are not accumulated on the back of the earth retaining work or in places where the
back slope of the earth retaining work is judged to become stable due to the ground naturally
strengthening and vegetation recovery at the time when the deterioration of the used
materials of the work becomes conspicuous. For this reason, it is common to determine the
height, structure, etc. empirically without stability calculations.

2. the stability of the earth retaining work shall be examined by stability calculation

, In case the retaining work is to be the foundation of other works, in case it is required to fix
a large amount of soil and sediments generated by slope cutting work or in places close to
the protection targets, etc..

(1) Stability against over-turning
The degree of stability of the overturning of the earth retaining work is determined by the
balance between the overturning moment and the resistance moment.
The overturning moment is determined by the horizontal earth pressure, water pressure, etc.,
and by the weight of the earth retaining work, vertical earth pressure, and water pressure.
The overturning moment is determined by the horizontal earth pressure and water pressure,
and the resistance moment is determined by the own weight of the earth retaining wall,
vertical earth pressure, and water pressure.
The safety factor (Fs) against over-tuning is calculated by the following equation. the safety
factor shall be 1.5 or more in case the work is designed.
In case seismic motion is considered, the factor however shall be 1.2 or more.

----Equation3.1

F.— (Resistant Moment) ~ W"a +p, b
S (Overturning moment) Py h

w :Own weight and loaded weight (kN/m)

A :Horizontal distance from the toe of the wall to the action point of W (m)
PV : Vertical component of earth pressure resultant force  (kN/m)

B : Horizontal distance from the toe of the wall to the action point of PV(m)
PH :Horizontal component of earth pressure resultant force (kN/m)

h :Vertical distance from the bottom of the wall to the action point of PH (m)

(2) Stability against Sliding
A stability against sliding is determined by the balance between the sliding force and the
resistance to sliding. The sliding force along the bottom surface of the retaining wall is
horizontal earth pressure, and the resistance force is sheared resistance force or friction
force occurred between the bottom surface of the wall and the ground.
Passive earth pressure mainly caused by the earth of the front toe part is not considered
because long-term certainty cannot be expected in many cases.
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The safety factor (Fs) for sliding is calculated by the following equation. In case seismic
motion is considered, the factor however shall be 1.2 or more.

F.= (Resistant Force) (W + Px) “f+c*B ----Equation3.2
S (Sliding force) Pu W
:Own weight and loaded weight (kN/m)
PV : Vertical component of earth pressure resultant force  (kN/m)
PH :Horizontal component of earth pressure resultant force (kN/m)
h :Vertical distance from the bottom of the wall to the action point of PH (m)

(3) Stability against the destruction of the wall body
In order to satisfy the stability against destruction of the retaining wall, the compressive
stress and tensile stress generated in the wall shall not exceed the allowable stress of the
wall material. However, in case seismic motions are taken into consideration, it can be
regarded as stable if the total above stresses are within 1.5 times of the allowable stress. In
the case of a gravity-type such as the concrete structure, if the below condition (4) is
satisfied, it can be regarded as stable against the destruction of the concrete body.

(4) Stability of the acting position of the resultant force acting on the wall
On the bottom surface of the earth retaining wall, loads such as the weight of the earth
retaining wall and the earth pressure generally act. Also action point of the ground reaction
force on the bottom of the retaining wall differs depending on the eccentric distance of the
point of action of the resultant force. With regard to this, one of the conditions of stability of
the retaining wall is that the eccentric distance is not too large. In other words, the action
position of the resultant force of the load calculated by the equation in the next page must be
within the range of 1/3 of the bottom width of the earth retaining wall (which is called middle
third) from the center of the bottom width of thewall (1 e | = B//6).
In case seismic motion is considered at the center of the bottom width of the earth retaining
wall, it must be within the range of 2/3 of the bottom width of thewall( | e | = B/ 3).
In the case of the gravity type concrete structure, if the action position of the resultant force
of the load satisfies the above condition (inside the middle third), the tensile stress does not
act in the wall, so it can be said that it is stable against the destruction of the wall.

U
Figure 3-11 External forces and their action lines to retaining wall

_ W-a+Py-b—Pgy-h

d = ----Equation3.3
W+Py,
B
e=—-—d
2
D : Horizontal distance from the toe of the wall to the action point of R (m)
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e : Eccentric distance from the center of the bottom width to the action point of R
(m)

: Own weight and loaded weight  (kN/m)

. Vertical component of earth pressure resultant force  (kN/m)

: Horizontal component of earth pressure resultant force  (kN/m)

¢ Horizontal distance from the toe of the wall to the action point of W (m)

: Horizontal distance from the toe of the wall to the action point of PV(m)

: Vertical distance from the bottom of the wall to the action point of PH (m)

: Bottom width of the retaining wall (m)

WSO >»TVUYS
<

(5) Stability of the foundation ground

The load acting on the earth retaining work is supported by the foundation ground. If the
bearing capacity of the foundation ground is insufficient, the foundation ground may be
destroyed and the earth retaining work may be deformed.

The maximum ground reaction force (ql) generated in the foundation ground is calculated by
the following equation and it must not exceed the allowable bearing capacity (qa) of the
ground (g1 < qga) in order to avoid such destructions of the ground and deformations of the
wall.

in case seismic motions are taken into consideration, it can be regarded as stable if the
stresses are within 1.5 times of the allowable stress.

@ In case the action position of the resultant force of the load is within the range of
1/3 (middle third) of the bottom width of the wall at the center.

qQ; = Py+W (1 + E) ----Equation3.4
B B .
Py+W (1 6e) ----Equation3.5
2 =73 B

2 In case the action position of the resultant force of the load is out of the range of 1/3
(middle third) of the bottom width of the wall at the center.

(lel >B/6)

_ 2Py+W ----Equation3.6

(q2) = BEYER

g: : Ground reaction force to act at the front toe of the wall (kN/m)

g2 : Ground reaction force to act at the heel of the wall (or at the back toe)
(KN/m)

e : Eccentric distance from the center of the bottom width to the action point of

resultant force (m)

W : Own weight and loaded weight (kN/m)

Pv : Vertical component of earth pressure resultant force (kN/m)

B : Bottom width of the retaining wall (m)
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Middle third

Figure 3-12 External forces and their action lines within Middle
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< Example of Calculation >

GW—B Enbankment type

1 Load division chart

E D,
h T B
E" e IJ.
O Tl
Dy
h/3 |V
D, Dy
J Y
I,
2 Dimensions
Wall Wall
Height Height of basement Width |gradien| eradient
- N of t of of
of wall conerete ) .
crown | Vallev | mountain
side side
h hy h, B, b n m
2.5 0.3 0.2 0,15 0. 50 0.3 0.15
3 Conditions of design
Interna Accepta | Necessa | Necessa
Vol ume Vol ume: slape L fngle | Friction ble ry ry
wel oht weight | ° ull” frictio of wall |coefficien|bearing| safoty | safety
of :’a]I of back curface| ™ of [rictio i ool capacit rate rate
° s0il | ° hack n ground vy of for for
snil ground | turnove | sliding
(o 5 i3 & o i [ Ca Ta I'a
22.1 17.7 25 a0 8, 531 20 0, G 200 1.5 1.5
4 Earth pressure (EF)
Earth ()= cos (¢ —a)
we cos *a-cos (a+8) 1+ |20+ 8] sin(@ - ) |

Earth pressure(EP)

Yortucal component of lil'[,|‘:n,}

Holizontal conponent of EP (Ey)

cos (@ +4d)-cos {a—ﬁ}f

0. 61375

hix1/2% s %
2. X2 65X 1/2x17.T*0.61375
33, 948 kN

Exsin(d+a)
33, M8 X sin(20. 000+8. 531)
ExXcos(d+u)

33. 948 ¥ cos (20, 000+ 8. 531)
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5 Culcuration chart

[tens . Lesad " . Arm Moment
Farmila Arm ealculation
[ (1] kN +m
) ® Uhehy ) ¥ 12 Bot2/3 % Cth=h,)
Bofn ! b 16045 | — ' 0. 540 o, 67
L 3=3 22 25 1,/2x22.1 0 15+2/3% 0. 3220
. | B h-h) = w Botn (h=h,) +1/2%b ]
: 24,310 1. 060 25. TES
0500 (2 5-0_3) =22 1 (O 15+, B3 2. 204 1,/2 50, 50
R " Eu e Botn e (h=h ) +b4 173 m (h=h,)
Dy | m thoh) )" 1/2% 0 gz | : : 1. 420 11. 391
0158 Bx2 2 [ /2x22, | 0 L5+, 3308, 30+, 50+ 1/3 %0, 1538, 50
D, [rreml 3 th-h b #h] % Chy~hyl % 125 Bt 275 2 [ (netm) 2 Ch=h ) 4]
1. 6416 - 1. 143 1. 851
(04552, 240, 50F 0, 1% 1,/2% 28, | 0 15+2/3 % [0.45% 2. 2040, 50]
D, | BBy hy=hg) % 1/2% w Bot1/3 % (BB, )
: 1. 663 0. 652 1. 0E4
1LLG0GX0, 1% 1,/2%22 1 0 15+1 /3% 1. 505
Dy | Be¥hXw 1/2 %k, i
0. 995 0. 075 0. 075
0 15x0 3221 1/2 =0, 15
. | (BB ¥he= Bot 172 (BB,
! 6. G52 0. 903 &, (07
1LG0Gx0 222 | 0 15+1 /2% 1. 505
E+y Exgin{d+a) B (h/3d=hg} X m _ _
16.215 1. 560 25, 2495
33, 8 > sin {20, 000+E, 531) I G655-0, B33 = 0. 15
Vertical ecomponent of earth . .
Total pPressura 756, 548 Homent ?}i{ﬂ?nmmnl Al G
(Zy) N
E Exeos(d+al 1/3=xh
20, B2 0. 833 24. B4
33, 948 = cos {20, (R, 5310 1/3=2 50
Horizontal component of _
Totel {*elrthiuru?aurv' 20825 Homent l:r']',:t“l;“ml"“ 24, 844
Ey
Width and section of wall base
(BY =B+ (h—hy ®n+b+ [h—hy *m = 1. 655 m
B,=(h—h.txin+ml+b—037= 1,165 m
(A) =Bxh+{B+B-B)x{h-h)=x1/2 = 0,36 nf
(A =(h-hJ®xB,®1/2 = 149 ni
The point of net load (d) and eccentric distance
(d) = (My—M,;) “E, = (80, 969 — 24, 844) 75, B4R = 0,743 m
(e) = Bs2—d = 0. 085 m

Subgrade reaction force (P13 (P
(P, = E/Bx(l+6e/B) =
(Py) = E Bxi{l—6e

Safety rate for turnover and s
My M=
FRE . 5=

10 Result of stabilities

Apainst turning-over
Apainst

Apainst

sliding

sagring

Apminat inner stress

2

fBY =

liding

=80, 068 7 24844 =
=i, 6= 75, B48. 29, 825 =

Tall.5) =
Fall.5) =

Cla=200

kNS i =

3. 259
1.519
P nax=58. 715 kN/ni

RO.T15 kRS ni
31. 581 kN ni

3. 259
1.51%

0K
0K
LS

It"s Ok, because addomicable stress for concrete is
prenty enough against inner stress,
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(6) Drain of earth retaining work

For the impermeable type earth retaining work, drains (drain holes) shall be generally
provided to eliminate the seepage water on the back slope of the work.

In the stability calculation, the rise in the water level in the soil of the back slopes of the
impermeable earth retaining work is not usually taken into consideration. Therefore,
prevention of the un-expected rise of the water level in the soil of the back slope of the work
by drains has an important function in the stability calculation.

1. For impermeable type earth retaining works such as concrete earth retaining work and wet
masonry retaining works, drains shall be provided to prevent water accumulation and water
level rise in the soil of the retaining work. This is because if seepage water or groundwater
stays on the back slope of the work, the water pressure will acts onto the earth retaining
work.

2. Drains shall be installed with pipes with a slight downward inclination from the back to the
front of the retaining work. Inner diameters of the pipes shall be about 50 to 100 mm in
general and it shall be installed at about 1 in 3 m2 of the retaining wall.

In case there are risks that water from streams etc., flows into the back side of the wall,
backflow prevention measures shall be considered to provide and attach to the drain pipes.

3. In general cases, a backfilling gravels shall be provided to efficiently drain water and to
prevent drain holes from clogging with soil and sand.

(7) Backfilling gravels
Backfilling gravels of the retaining work shall be provided to equalize the earth pressure and
to drain the seepage water from the back slope of the work.

1. Backfilling gravels is mainly provided for purposes to disperse the earth pressure on
the back side of the impermeable type earth retaining work to improve the stability of
the work, to prompt efficient draining the seepage water and groundwater and to
prevent drain pipes from clogging with soil and sand.

2. For the gravel backfilling, the structure of the retaining work, the soil quality on the
back side of the work, spring water conditions, etc., shall be considered and
homogeneous and highly permeable materials such as gravels, crushed stones that
is hard to weather shall be used after sufficient compaction of those materials as the
standard procedure.

If the back side of the retaining work is backfilled with good quality soil and the earth
pressure assumedly acts evenly on the retaining wall, and the drainage also
expected well-functioned then it may not be necessary to provide.

[Reference] How to install the backfill

In consideration of the above purposes, in case provide backfilling gravels, it shall be
provided and arranged with an equal thickness of 30 cm. as a standard. In case dispersion of
the pressure can be achieved though still poor permeability is expected only with gravel
backfilling, a secondary product may be considered to use.

Gravel backfilling is to be provided from the vicinity of the top of the wall to the lowest drain.
Below gravels, low permeability (clayish) soil is normally used for backfilling.
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Sodding

Backfilling

Backfilling with
high permeability
materials such as
gravels

Backfilling with
low permeability
soil

Drain pipe

Figure 3-13 Conceptual drawing of backfilling of the retaining wall

3.3 Hillside channel work

Hillside channel work aims to collect and drain
water on the hillside to prevent hillside erosions. It
is because rain water, spring water, or inflow
water coming from the outside of the construction
site infiltrates into the soil and it causes increase
of pore water pressure and degradation of
adhesive force of the soil. At the end, the areas
become susceptible to erosions. Channel work
can help to avoid to create such conditions by
removing surface water.

Hillside channel work shall be installed in the
following cases;

QD In case there is spring water in the target
hillside _ o
2) In case the surface water is easily Figure 3-14 Hillside channel work

gathered from surroundings and coming
down into the hillside,

3) In case the hillside is valley-shaped and the surface water is gathered into there
4 In case the hillside is geologically weak against erosions by the surface water
(5) In case the water drained by French drain work comes out and the water needs to be

treated to be flown down safely.
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Factors

Type of collapses/
erosions

Geological features
of collapsed areas

Spring water

Catchment area

Longitudinal/
cross-sectional
shape

Relationships with
other works

Table 3-5 Hillside channel work required locations

Channel work is required (in general)

1. Deep and seashell / spoon shaped
collapses caused by seepage/ ground
water, etc.

2. Collapses caused by gully erosions

1. Areas of easily eroded geological
compositions such as volcanic ash, fine
sand, mud and etc.

2. Areas consisted of terrace deposit or
impermeable composition layers such as
rock, etc.

1. Waterspringis all the time

2. Waterspring is only after raining

1. Wateris gatheredin the collapsed
area from the outside of the area
2. Areais 0.1ha or more

1. Longitudinally Convex shaped line
slope

2. Horizontally concave shaped (valley
shaped)

Previously other works could not make
the site stable or regenerated vegetation
successfully

Channel work is not required

Shallow collapses of the
surface peeling type

1. Mudstone, etc. is exposed

2. Areas of geological
compositions unsusceptible to
erosions such as gravel,
cobbles, etc.

No water springs

1. No water coming from the
outside
2. Areaislessthan 0.1ha

1. Longitudinally graded
slope or concave shaped slope
2. Horizontally level shaped

Other works can make the site
stable/revegetated quickly
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Planning hillside channel work

Hillside channel work shall be designed at the horizontally lowest positions where water is
collected most effectively on slopes. Basically the arrangement shall be designed as follows:

@ In case the surface water flows into the site from the outside, channel work shall be
arranged at the outside to collect the water from there. In this case, the channel work shall
be installed at a comparatively flat of the upper side of the site.

@ Water collecting channels shall be arranged transversely on the slope for collecting the
surface water as much as possible.

(@ Water drainage channel shall be arranged to take the shortest distance from the center
channel for draining collected water to outside as quickly as possible.

@ In case a hillside work area is large, an appropriate channel system shall be arranged for
water collection and drainage since a single channel is not capable to deal with the water in
a certain wide range of area.

(® Arrangement of channels shall be considered according to the slope conditions and
topographical features before/after the construction. This is because the main channel and
branch channels may be required depending on a shape and spread conditions of the
collapsed area.

/ Eb&b

fy  Water collecting channel
on the terrace installed
E] outside of the site

Water collecting
channel installed
transversely

Water drainage channel
installed in concave
place of the slope

Figure 3-15 Planning Hillside channel work
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Plan view and longitudinal section view of channel work

Channel design shall be set in a plan view by connecting the horizontally lowest
positions on the slope basically. The alignment of the channel work shall be naturally
designed from upper to down on the slope for the water in the channel to be flown.

WA longitudinal Cross-section view

/ /O / // ’il/’ / ,// SN ¢ c g [ “

X i “Plane view
Retaining work

Concrete retaining work ~ Channel work

Concrete
check dam

Figure 3-16 Plan view (left) and Cross section view (right) of Hillside channel work

Water flow cross section of the channel

= — B3—
Water flow cross section of the channel H.W.L
shall be designed so as to drain safely B
enough for the maximum flow quantity of = ] & T
the collected water. \ / i‘]
\ /]
js—BRi |

Figure 3-17 Water flow cross section
of the channel

Length of a single span of the channel
work

Generally, collapsed slopes are steep and the foundation ground of the slope is
usually not expected to be good conditions. Therefore, if a single span of the water
channel work is designed as a long distance, unequal subsidence and sliding may
occur due to the own weight of the channel. Accordingly, the length of the span shall
be regulated with retaining work or bed sills by about 20m in the oblique length as
the standard.
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Types of channel work (1/6)

Cross-sectional view

Cobble stones concrete

; ) ) (Unit:m)
Concrete channel constant water with high water discharge

Cross-sectional view
2.14

nzlo:n 0.29

o 1.00 029 031 0.21
Concrete block | =
i Y L —— ¢
= Bl iy
2 A Drain pipe
S\ o
T \— Concretefoundation P
o\'m 0.6
=) I
T
U- 158
—| 57
e — (Unit : m)
I —

Concrete block channel Main channel with high water discharge

Types of channel work (2/6)

Cross-sectional view

F\
5| Rubble stones

Gravels

Concrete

0.20] | 0.35

a7

Unit: m

Wet masonry hillside channel: For locations with high volume constant water

Cross-sectional view

1.70
0.08 > 0.08]
| 027 1.00 L 0.27
7R N\ \"Cobble stones
3| il
S f Casted natural stones
24

For hard ground areas with unit:m

: small water catchment areas
Dry masonry channel: For steep sIopes without constant water
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Types of channel work (3/6)

Cross-sectional view
5.4

Pile(pine wood $=0.1,1-2.0)

(Unit : m)

Cross-sectional view

1.88
080 — ..‘}“_—_J,W__I
Wooden
| )_— cross-member

Wooden pile

Gabion box
Steel pile

Cobble stones

J Retaining sheet
(Unit: m)
Wooden fence channel: Itis compatible with vegetation work. Relatively low durable.

Types of channel work (4/6)

Cross-sectional view

T’:

= Waring joint

waring

Corrugated flume

Beam

Cobble stones

G

L

= T Water collection pipe

Corrugated flume pipe channel: (Uit m)
For locations where flexibility in work needed such as landslide area, etc.

Cross-sectional view
L 1.00
0.60

Corrugated pipe
8l
B= Back filling stones
wire
Q T ) Beam
<
n (Unit : m)

Corrugated pipe channel:

Functions of the channel can be sustained even with ground deformation.
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Types of channel work (5/6)

- Cross-sectional view

0.40
1,009 [0.05 0.30 -05) .09,
T Bl

T=T=N\ W ENEEE
- 2 ~
o &
IR :
s ! i Pre-casted
\ d Reinforce
A s concrete
Retaining sheet
Cobble stones
0.40 Unit:m

Cross-sectional view

! 113 |

Turf grass

skewer

Sod covering channel: Suitable for gentle slopes with no constant water, low water
discharge, no sediment movement and rich soil for sod to grow

Types of channel work (6/6)

CCEEEFEFES T2 L A A ) )
%;”/(%;{f}i Cross-sectional view

114 \

v .
0.40 Unit: m

< e S 2
ATAY NS S

Sandbag channel: Suitable for slopes with no constant water, low water discharge,

0.38

Wire net

Unit: m

Sod /grass seeds are put in the mat

1

Suitable for sobes with no constant water, low water discharge,
no sediment movement and rich soil for sod to grow.

Functions of the channel can be sustained even with ground deformation.

Figure 3-18 Types of hillside channel work
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3.4 Buried drain work (French drain work/Culvert work)

Buried drain work aims to drain the underground water and/or the seepage water quickly
outside the site, which will decrease the water content and pore water pressure of the soil of
a slope, prevent soil layers from landslide movement, prevent the underground water from
spouting out to the surface and prevent the area from re-collapsing.

Cross-sectional view

Retaining work
Hillside Channel work

/

Revetment
work

¢ Buried drain work

Figure 3-19 Types of hillside channel work

Layout plan and structures of Buried drain work

Positions and structures of the buried channel work to achieve effective water collection and
drain shall be determined based on profound and sufficient topographic and geological
surveys. The buried drain work shall be installed up to the depth of an impermeable layer or
the original ground layer.

1. The work shall be arranged at the water spring points and watery areas.

2. In case one of reasons of a slope collapse is the spouts of underground water, the
buried drain work shall be always considered to plan after sufficient site
investigations.

3. Atthe sedimentary area of slope cutting, the underground water is prone to be
formed on the boundary between the original ground surface and sediment soil layer.
It is therefore necessity to consider to provide the buried drain work in such positions.

4. |If the ground is watery and requires a planning of large drainage, drainage network
system shall be planned.

5. When planning the work at water spring areas, water socket (receptacle) without
water leakage shall be designed appropriately.

6. The structure of the buried drain work shall be designed as it does not allow the
collected water leaking to and re-penetrating into the slope ground.

7. Suitable sizes and lengths of a span of the work and whole system shall be
determined by considering the rage of a area to collect water by a single drain.

Conditions of drainage pipe

Drainage pipe of the Buried drain work shall meet the following conditions:
1. Strength against the load, earth pressure and etc. from the upper part is sufficient.
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Drainage capability is sufficient.
Connectivity and durability are good.
Construction of the work is not difficult.

arLDd

sediment flowing in.

There are several types and structures of buried drain work, such as, gravels, fascines,
gabions, concrete pipes and etc.. Due to recent difficulties from procurement, durability
and/or workability of specific materials, secondary products or combinations between

gabions and secondary products are frequently applied.

Schematic depictions of Buried drain

The cross section of the pipe of the work is sufficient enough for a certain amount of

(1) In case the soil property \

“ =/ Backfilling soil

is normal and watery, or

in case draining water is
required up to the relatively
deeper layer

Textile mat is nor required

= Textile mat to prevent
clogging
~ Gravels

——— Waterproof sheet
h is same as diameter of the drain
pipe or less.

depending on soil conditions

(2) In case draining water is
required only up to the
relatively shallower layer

- Backfilling soil
- Textile mat to prevent clogging
~ Drain pipe

Waterproof sheet
h is same as diameter of the drain
pipe or less,

(3) In case draining water is
required up to the deeper
layer because of landslide

Backfilling soil

Textile mat to prevent clogging

Gabion

7 Cobble stones
~ Drain pipe

- Waterproof sheet
h is same as diameter of the drain
pipe or less.

Figure 3-20 Schematic depictions of Buried drain
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Cross-sectional view
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Figure 3-21 Types of buried drain work

3.5 Simple terracing work

Simple terracing work is normally planned to disperse rainwater on slopes of the collapsed
and/or eroded hillsides and to prevent sheet erosion on the hillsides. It is also to improve the
vegetation habitat on the hillsides and to promote quick recovery of the vegetation on the
slopes.

Some types of the terracing work are combined with vegetation work. Some vegetation is
provided on the front side and the top of the terraces and sheet erosions are planned to be
prevented. Such vegetation work can create a suitable environment for planted trees growing
well.

The standard interval between lines of the terracing work shall be 1.5 m by height.

Cateqgories of Terracing work

Terracing work can be categorized as follows;

1.  Atype of work for making an environment to facilitate planted trees to grow better by
piling bundles of fascines, stones and other materials in front and refilling soil on their
back for soil to keep staying there. -+ + - - stone, fascine and/or sodding work

2. A type of work to plant a single or a bundle of plants on the terraces or dug ditches on
slopes+ -« - - + - + -« :saw grass/lawn grass terracing work

3. Type of work to utilize secondary products to contain plant seeds inside for slope
revegetation. -+ -+ -+ - - - terracing work by using secondary products

From secondary products use, two types of effects can be expected in the construction

work. One is the effect to sustain covered soil on slopes and the other is for labor saving and
standardize sowing operations.
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Types of terracing work (1/3)

Side view

Seedlings
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Terracing
work using
stones
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Types of terracing work (3/3)

A /ﬂé/
Terracing ( Type A is introduced as
work fencing work in the e
using log following section.) g0om et
i——ﬁuom——!
->
() Cutting stairs (terrace) in
the SlOpe 1. Sod terracing work with steps 2. Sod terracing work without steps
Terracing (2) Without cutting stairs in - o
work the slope
using sod

3.6 Fence work

Fence work can be categorized as one type of simple terracing work. It is constructed to
prevent the runoff of the topsoil from slopes and to create good growth conditions for planted
trees.

The structure of fence work

As the structure of fence work, wooden stakes are droven into the hillside at intervals of 0.5
to 1.0 m along a contour line on the hillside and cross-piece bars are weaved or assembled
between the stakes with various materials to form walls.

Fence work is normally planned to prevent soil and sand from running off and to stop
developing gullies with a simple earth retaining work on sedimentary or soft ground slopes.
However, since the materials used for fence work normally decay quickly, the fence wall
height shall be limited by 0.5 m or less and sods planting or sowing shall be conducted
between the steps and on the wall materials. Accordingly such vegetation can cope with the
slope destruction after the decays of the fence materials.

Stakes resist against the earth pressure acting on the back of the fence wall and support the
wall. Therefore, the driving depth of stakes shall be 1.5 to 2 times as the wall height.
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Figure 3-22 Types of Small terracing work
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Types of fence work (1/4)
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Types of fence work (3/4)
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Figure 3-23 Types of Fence work
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double fence work | double fence work
fulfilled with rocks

Figure 3-25 Single and double fence works

3.7 Sodding work

With Sodding work, horizontally stretching steps are made on cut slopes and creating pot-
shaped with sods on the original ground of the steps, in which soil with fertilizers and rice
straw are placed and tree seedlings are planted there for re-vegetating the slopes.

Sodding work is one of techniques developed from recovery works in denuded mountains
(bare mountains) in Japan. Hillsides with poor nutrients are target areas of the work, in which
the surface is extremely dry, rills and gullies occur easily and top soil are also easily washed
away.
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Types of sodding work (1/2)
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Figure 3-26 Types of Sodding Work

3.8 Vegetation cover work

Vegetation cover work shall be planned to prevent topsoil erosions and collapses due to
rainfall and frost heaving and to improve the environment for the germination and growing of
vegetation.

The vegetation cover work shall be planned to protect slopes and constructed vegetation
work from erosions and collapsing. The work can be applied in case the slopes are rough
soil and/or steep and constructed terracing work is likely to be destroyed due to occurrences
of rills and gullies on slopes caused by rainfall and in case the surface soil is prone to be
collapsed because of frost heaving and other reasons.
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The vegetation cover work is also planned to protect vegetation from growth hindrances. The
work can be applied in case sown seeds and nutrients were run-off with soil and sown seeds
and planted trees are likely suffering from hindrances to their germination and growth.

—

\i;.: o]
VIR ‘N" "@HH MO g E}“

Figure 3-27 Results of Vegetation Cover Work

Cateqgories of vegetation cover work

Table 3-6 Types of Vegetation Cover Work

Type Material Application
Veg. cover work Fascine In case it is required to prevent erosions or collapses
using fascine of slopes between stairs due to frost heaving and

other reasons, in case materials of fascines are easily
available and in slopes where stakes can be driven

easily.
Veg. cover work Straw mat In slopes with heavy frost heaving, in dry areas, in
using straw mat areas with light and rough topsaoil etc.
Veg. cover work Straw mat In case quick recovery of vegetation is required in
using straw mat containing areas where frost heaving occurs, in areas with less
containing seed & | seeds and rainfall and dry or in areas where the top soil is light
nutrients nutrients and rough enough to be eroded easily.
Veg. cover work Straw In areas where undulation is relatively gentle with less
using straw rainfall. Also in areas where the top soil is light and
rough.
Veg. cover work Net In slopes consisting of deeply weathered rocks with
using net well-developed cracks and their surface movement is

to be prevented and the vegetation on the slopes is to
be fixed. In slopes where other vegetation work are
difficult to be constructed and in case soil and rock
falls need to be stopped.

Secondary Straw Sheet/mat type work are used to prevent the
products mat/woody movement of the topsoil due to frost heaving and etc.,
material and to protect sown seeds from damages of dryness
sheet/mat, and cold which is similar functions to the work using
chemical straw mats and straw cover work. Net types are used
fiber/iron to mainly fix the spraying material, such as
net hydroseeding materials, and to prevent rockfalls and

collapses. This function is similar to the functions of
reinforcing nets and rock fall prevention nets for mortar
hydrospraying work).
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Properties and applications of cover materials

Table 3-7 Properties and applications of cover

Type Property/ application
Straw mat Straw shall be knitted so as not to interfere with germination. In this
sense, straw usage of 350 to 500 g / m' is normally appropriate. Usual size
of the mat is 1 m width and 10 to 20 m length. Since it easily fits on the
ground surface, it has erosion prevention effects. It also has a good
moisturizing and heat-retaining effects, which promotes growth.
Chemical Chemical fiber net is light-weighted and able to be handled easily. Some
fiber net types of the work can be sown and setting up the cover work
simultaneously because this type of products contains seeds and
fertilizers. However, it shall be noted that the heat retaining and
moisturizing effects are small because of the light weighted.
Woody It can be expected with the materials to have even adhesions of woody
fiber cellulose, seeds and fertilizers and their multi-effects to complement
nutrients to small seedlings. The material shall be having good
dispensability in water and evenly sprayable and shall not be hindering
germination even when used in a large amount. Erosion preventive
materials shall be considered to use since water contents of the surface
layer may increase when fibers are sprayed, which may increase erosions
during rainfall.
At least 150-200 g / m' of the material shall be used in order to expect the
multi-effects.
Types of vegetation cover work (1/2)
--}?r'
7 Plain view . Side view
Veg. cover
work
using
straw Unit:m)
mats
Veg . Side view Plain view
cover
work
using
fascine
(Unit: m)
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Types of vegetation cover work (2/2)

Veg. cover

work using

vegetation
mat

Immediately after the completion

8 month after the completion

(Left Photo)
Right after the
completion of the work

(Right photo)
8 months after the
completion of the work

Net
Fertilizer

© Anchor steel bar 9x200 mm X Anchor pin 150 mm

=— Fertilizer bag

Figure 3-28 Types of Vegetation Cover Work

3.9 Hydroseeding work

Hydro-seeding work is normally applied after constructing the hillside foundation work in
relatively gentle slopes s in areas where suitable soil for vegetation growing is dominant. The
work is normally applied in order to save labour and construction cost reduction as well.
Seeds, fertilizers, curing materials and soil improvement materials are mixed with water and
sprayed with seed spraying machine (hydro-seeder).

Soil dressing hydroseeding work

This work is applied for
introducing and generating
vegetation on steep slopes with
less soil and/or on cut slopes of
hard ground and etc.. Soil and
soil stabilizers are normally
mixed into materials of
hydroseeding work and sprayed
by a mortar concrete spraying
machine.

Rocks with less joints

Rocks with many
joints

Rocks with sediment
in joint

Cliff bank

Sediment with boulder

Sediment with gravel

Sediment »

Standard thickness of Soil dressing

37 LdAgL A YR 18 ig . (0cH

Average thickness of spray

Figure 3-29 Standard thickness of soil dressing
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Aerial hydroseeding work

Aerial hydroseeding work is applied by spraying plant seeds and other vegetation materials
by helicopters for regenerating vegetation in collapsed areas. This is applied in case

construction conditions are extremely bad, such as in remote areas or steep areas, in case

other re vegetation methods are not applicable, in case there are many construction target
areas and scattered, in case the construction target area is large, or in case emergent re-
vegetation is required, for example, in the site of forest fire and etc.. However, it is a fairly

less intensified method as revegetation work.

Table 3-8 Materials used for Aerial hydroseeding Work

Material for aerial hydroseeding work : Soil dressing hydroseeding work (per ha)

Type Specification Amount | unit Application
Asphalt emulsion Cationic, PK—1 3,500 | kg | Dilutionrate1:1
[»)
Mixed water Running water 3,500 Kg Stren'gth 25%
solution
Complex fertilizer N12 P8 K6 1,500 | Kg
Seed Various sorts 160 Kg
Repellent Iron oxide powder 1 kg
Remarks Herbaceous plants:Japanese knotweed(3.7). Japanese pampas grass(12.5).
Japanese mugwort(7.0). Festuca arundinacea (65.0). Eragrostis curvula(10.0).
Festuca rubra var. genuine Hack(21.8), Dactylis glomerata(20.0)
Woody plants: Pseudoacacia(6.8). Pepperbush(8.4). Alnus firma(4.8)
Unit: kg
Types of Hydroseeding (1/2)
Side view
Sprayed surface /
G
Standard \ 5T
Seeds, fertilizer, curing compound etc. F
hydro- 7?
; %
seeding \ {F
a
work =
£
Jr
%
/ W\
Cross-sectional view
Soil dressing foundation with seeds
(thickness 50 mm)
SQ|I wire net
dressing ;
hydro- Conerete peg
seeding Anchor peg
work
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Types of Hydroseeding work (2/2)

Aerial
hydro-
seeding
work

Figure 3-30 Types of hydroseeding works
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4 THE FOREST CONSRVATION CONSTRUCTION WORKS:
TORRENT WORKS

Torrent works are normally implemented in devastated torrents or mountain streams in order
to restore the conditions and also to prevent further devastation. Appropriate types of torrent
works shall be selected according to conditions of devastation in the torrents, topographic
and/or geologic features as well as conditions of targets to be protected in the downstream
areas of the torrent watershed.

As the main torrent works implemented in North Macedonia, three types of torrent works are
introduced and described in this manual:

Check dam (gully plug or ground sill)

Channel work
Revetment work

4.1 Check dam (gully plug or ground sill)

Figure 4-1 Gabion check dam in Lisiche and Radovish constructed and demonstrated in the Eco-DRR
Project in North Macedonia

oo , SN0 PN TN ‘
Y N B Y

Figure 4-2 Small step check dams made of natural materials in North Macedonia
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Figure 4-3 Classical Open type check dam in Tetovo (left) and Combination type
check dam (right)

4-1-1 Purposes of check dam
Main purposes of check dam construction are to stabilize the stream bed and mountain foot,
as well as to control sediment discharge in the stream.

Check dams usually have following
functions: W 2%

Q To lead gradients of the streambed o iR%
gentler in order to reduce vertical and _ / L—of he
| X . . 0 i2% d-\en’(.
ateral erosions and to mitigate sediment / E e
movements in the streambed. — 1 ot ong\®
2) To stabilize mountain feet of the ) ped

s’&\'ea

side slopes of the stream and prevent the
slope from collapsing. Figure 4-4 Design sediment gradient of Step
3) To mitigate the movement of dams

unstable sediments accumulated in the
streambed.

4) To prevent stream devastation
by debris flow and control sediment
discharge downstream.

(5) To balance the sediment
volume, i.e., flow sand and stone with
water under normal situation, but during
floods, hinder the flow of the earth, sand
or driftwood.

Sediment load behind the check dam can suppress
Check dams always shall have one or the vertical and rateral erosions, stabilize the toe part
more target functions in order for the and prevent both side slopes from collapsing.
dams to serve the functions at the
locations where those functions are
required to mitigate devastations in the
stream.

Figure 4-5 Preventing vertical and lateral
erosions
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Check dam work stabilizes _
unstable sediments on the streambed. N

Figure 4-6 Stabilizing mountain foot by the
sediments of the dam

4-1-2 Location of check dam

Check dams shall be installed at appropriate locations in torrents/streams in accordance with
its purposes.

Check dam installation shall be selected to set at the most efficient and economical location
in the target stream areas in order for the dams to serve their purposes effectively.

The check dam installation shall be set directly at the downstream of the target area in the
stream where it is required to stabilizes mountain feet of the side slopes and to prevent
longitudinal and lateral erosions and the movement of unstable sediments on the streambed.
In case the target area reaches to a long range or the gradient of the streambed is high,
some check dams can be arranged in a staircase pattern.

In torrents where debris flows may possibly occur, appropriate locations of dam installation
should be selected according to the characteristics of the processes of sediment movements
of debris flows, such as outbreak at the upper stream, flowing down in the middle stream and
sediment at the downstream area.

4-1-3 Conditions of the Location of check dam

Check dam installation shall be basically selected at the locations on the firm ground in the
streambed and both banks. It shall be accordingly free from the risks of ground subsidence
due to insufficient bearing capacity, scouring of the  toe part of the dam in the downstream
side and destruction from the side parts of the dam body due to erosions of stream banks.

If the installation of the dam cannot avoid locations with the less strength ground then
appropriate measures to strengthen the weakness of the ground shall be taken such as
treatment of foundation ground, prevention of scouring of toe of the downstream side by
providing an apron or wing parts of the both sides of the dam or etc.

For the dam installation curve parts of the
stream shall be avoided. If it is not possible to
avoid it then directions of the dam shall be
carefully examined as described in the later
part in this manual.

Figure 4-7 Dame site below a confluence
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Check dam installation shall be
considered at the downstream side of a
confluence for a stream joining to
fl another stream. It is because sediments
ok contiuence and side erosions tend to occur at the
The Dam site
confluence areas. However, dam
shall be ) .
detached by =) installation shall be detached by more
almost 5m than 5 m from the confluence pints.
from the
confluence :
/9? £
Most J . g
desirable f‘/\)\hdei’ £
dam location Vs
Figure 4-8 Dame site below a confluence is a narrow i & 4
part of a LN &
stream with a My ) %
wider width at the upper stream side of the location to obtain the L:nﬁﬁ
functions of dam more effectively and economically. Narrow# | §

Figure 4-9 Narrow section as a
Suitable Dam site

In case planning step dams, the base
________ of the lowest dam is required to be on
the bedrock in principle. If there is no
bedrock at the position, the front toe
part of the dam shall be protected by
means of the counter dam, the apron

design sediment line of the dam

TSN D iR work, vertical wall and etc. The
upstream dams shall be located at the
#7777 Bedvock foudation position where the design gradient line
. ) of the downstream dam is lower than
Figure 4-10 Some requirement of Step dams the present river bed gradient. The

front toe parts of the upstream dams
shall be under the design sediment
lines of the downstream dams.
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4-1-4 Direction of check dam

As installing a single dam in the straight
stream is the basic case, the dam shall be set
such that the centre of the flood way of the
dam be at the centre of the design stream line
and the centre alignment of the dam face to
the perpendicular direction of the downstream
centre line.

Old streambed

good

Centre line of the stream at the flood

\ high water period

Stream width at the
flood high water period

Figure 4-11 Direction of check dam

In case installing a check dam in a curved
stream area is required, the embedded
part of dam of wings of the dam shall be
) protected adequately by the following
Downstream s, treatments: installing revetment work,

SRR setting the incline on the dam wings,
raising wing heights, etc.

\ Installing dams on a concentric circle

Figure 4-12 Requirements of curved site In case installing several dams is
required, they shall be allocated on a
concentric circle in the stream.

4-1-5 Design sediment gradient of check dam

The design sediment gradient of a check dam shall be determined with consideration of the
conditions of the sediment composes of the streambed and flow rates at the dam position as
well as conditions in assumingly stable sections in the stream. Normally sediment gradients
of a stream beds and particle sizes, the sediment materials and flow rates have close
relationships.

The design sediment of a check dam can

be set as about 1/2 of the present stream =%
bed sedimentation gradients by referring to - N -
the area with comparatively smaller B2 ve
changes in stream bed in case the m % | — gient of ¢
movements of the sediments in the stream [ — aa &

. ; i A
is large and heavy in a devastated stream — 1% of Obed
or there is no check dam for reference Svea‘“
around the vicinity.

Figure 4-13 Planned sediment gradient of Step
check dams

Sediment beds of check dams usually form steeper sediment gradients (gradients of flood
water flows) due to the sedimentation after a large scale flood. After the event, small and
medium-sized floods gradually mitigate the gradient, and shift to the gradients in the normal
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stream bed conditions that matches
Sediment line after a large scale flood the particle sizes of composes, flow
rates, etc in the normal flow conditions
in the stream.

Adjustment volume of sediments

Sediment line in the normal stream condition

Figure 4-14 Sediment gradient adjustment
function of check dam

4-1-6 Height of check dam

A height of a check dam, as the vertical length of the dam body between the bottom and the
top of the flood way of the dam, shall be determined based on the purposes of the dam. It is
an important factor of the check dam because it is closely related with design gradients of
the streambed and heights of the

unstable sediments behind dams. Side view

. sign SeUIL ™ 7 o2 z
Example cases to determine the pe 2

height of check dam

Unstable sediment from
hillside colapses and
erosions

In case to prevent movement of
unstable sediments in torrent
beds:

If the purpose of the dam is to
prevent the movement of current q
unstable sediment, the height Ry Tt L ik
formed by unstable sediments on P
the torrent bed and design
gradient of the dam are main Figure 4-15 Dam height for stabilizing unstable
factors to determine the height of sediment in the torrent bed
the dam. (See the right figure4-11)

Front view

Height of the dam shall be determined
based on the height of the unstable sediments

If the unstable sediment is located in a
long area in the torrent, then step dams
shall be planned as shown in the right
Figure4-12.

Figure 4-16 Step dams for long section of
unstable sediments on the torrent bed
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In case to prevent
longitudinal and lateral Hillside slopes in danger of collapsing due to vertical erosion
erosions in torrents:

The height of the dam shall i
be determined in g
consideration of the design

gradient of the torrent bed \ 7
and the gradient of the (o . N e
hillside slopes. In case i)’

Torrent bed before
the vertical erosion

Torrent bed after

torrent sections have the vertical erosion ~ \ VAVATVIART T T hi ‘
suffered from vertical and
lateral erosions, the elevation 2|Lateral erosion caused by [1]vertical erosion H:Heightofthe dam

h : Depth of vertical erosion
level of the top of the dam h': Depth of embedment

shall be at the same height
as the torrent bed height
before erosion. (The dam
height H =h + h')

Figure 4-17 Dam height determination based
on the vertical and lateral erosions on the bed

In addition, if a section of vertical and lateral erosions is long stretched in the torrent, it shall

be considered to design step dams with lower dam heights as seen in the right Figure4-12.

In case to use the check dam as foundation for hillside works:

the location and the design
gradient of sediment of the dam
shall be designed with
consideration that foundations
of the revetments and retaining
walls at the foot of the hillside
works be not too low to be
scoured in case a check dam is
installed as the foundation of h
hillside works.

Hillside works

Revetment
Dam Hillside works

Figure 4-18 Dam height determination based
on the check dam function as the foundation
of the hillside works

4-1-7 Terminology of check dam

In the below drawings, terminology of the concrete type check dam is shown. The concrete
type is the standard of the check dam in Japan and general structures and functions are

provided in the type.
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Length of Dam

Counter dam
or Vertical wall

Counter dam: Water is filled in the apron. Waterfall
impact energy is dissipated with the filling water.
Vertical wall: Water filling is not planned.

Figure 4-19 Terminology of check dam (concrete type) (1)

Front view

 —

Length of Dam

Al lowance height : . )
Al lowance height Wing incline .

B8

eVe

N~ o

L__Bo ttom ,QEL’

Effective height : Dam Height from the original ground height

Flat view

8 c'c
[ | Floodway [ | Crown |

e
‘ : Main Dam

Length Tf Apron Apron

|- 1

-

— Vertical wall

T

T

IBEEEN!

2 =¥ Vertical wall apron side
VYertical wall apron protection work i
protection work

Figure 4-20 Terminology of check dam (concrete type) (2)
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4-1-8 Floodway of check dam
Position of Floodway

Determination of the position of the floodway of a check dam shall be made in consideration
of conditions as following:

The position of the floodway of the check dam shall be determined according to the
topography, geology, conditions of the river bank, direction of water flow at the dam site, etc.
S0 as not to affect scouring at the downstream toe end of the dam and erosion conditions of
upstream and downstream river side slopes.

In case both side slopes of the check dam site have gravel layers, the floodway of the dam
shall be determined by considering the conditions of the torrent, the direction of the water
flow and etc. at the upstream and downstream of the dam site.

In case one side of the dam site has solid ground, while the opposite side is the gravel layer
ground and the center line of the torrent is straight, then the floodway position shall be
located closer to the side where the ground is solid. It shall be determined that the position of
the floodway be closer to the solid ground side. (Refer to the Figure 4-16 (1))

Gravel layer-

(3) _— ('”f .
Centre of stream SHtFsofsiredm

-

| [pzzA1 ]

Floodway

Collapsed

>

;>

A
Soild rock

S
NANIANTANANZAN

[ 1Z zAl

Floodway

|

Figure 4-21 Floodway arrangement based on surrounding
conditions

%

72
A House
(Protection targets)

A\/\\ |

In there is a collapsed slope side at the upstream of the dam site, the location of the
floodway shall be determined at the opposite site of the collapse so as not to affect the flow
of water in the collapsed area (Refer to Figure 4-16 (3)).

In case there are important conservation targets such as residential areas along the
upstream or downstream stream of the dam site, the center of the torrent stream and the
direction of the dam, and position of the floodway shall be set so as not to affect the
conservation targets.

60



Cross section of floodway:

The cross section (area to flow the water) of a floodway of a check dam is basically
determined with the design high water runoff at the dam site. The area of the floodway is
required to allow the flow the high water runoff together with the allowance for soil and
gravel, driftwood, debris flow, etc as well. Considering the prevention of clogging by gravel,
driftwoods etc., the minimum height of floodway is empirically taken as 1m and more and the
bottom length is as 2 to 3 m or more.

Design high water runoff

The runoff used to determine the cross section of the floodway of the dam is Design high
water runoff (Q max) and it is calculated by correcting from the Maximum flood runoff (Q) by
considering the flood traces in the target torrent as below equation:

Q max=Qxfq (Correction from the Maximum flood discharge)

Q max : Design high water discharge

Q : Maximum flood discharge
fq : Correction factor
fq = Cross-sectional area of torrent based on flood traces (m?2)

Cross-sectional area calculated by maximum flood discharge(Q)
Maximum flood discharge (Q) at the dam site is calculated with Rational Equation as below:
Q=1/360 xfxyx A  --m-mmmmmeem- Rational equation

Herewith

Q: High water discharge at the dam site (ni/s)
f : Runoff co-efficient

y : Rainfall intensity of flood arrival time

(or concentrated time: mm/h)

A : Catchment area (ha)

For I" : Rainfall intensity to calculate the maximum flood discharge, the 100 year probability
rainfall is normally used.

Runoff co-efficient is the rate of the arriving water quantity and differ based on the surface
and vegetation conditions of the hillsides as shown in the table
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Table 4-1 Runoff co-efficient according to the land surface conditions

Ground infiltration Inferior infiltration ground Moderate ground infiltration ground
condition / undulation Gentle Gentle Maoderate Gentle
Forest 0.45 0.35 0.35 0.25
Coarse woodland/ | 0.75 0.55 0.45 0.45 0.35

cultivation land
Grass land 0.65 0.55 0.55 0.45

Rocky barren land 0.70 0.60 0.60 0.50
Urbanizing Urban area Residential Pavement Gravel road Grass flawn  Wood land Playground
condition road garden park
f

Water in the watershed area

Rain water falling in the catchment
area is concentrated to the check
dam site through the torrent.

The size of floodway must be large
enough to flow the corrected water.

Figure 4-22 Rainwater in the catchment area collected
to the dam site

Size of floodway

A shape and size of the floodway section of a check dam shall be calculated with two
calculation methods as followings:

a. Contracted flow weir method

If the upstream riverbed of the dam is lower
than the crown at the time of dam
completion and if the upstream of the dam
is not filled with water, the contracted flow
weir method will be adopted.

Figure 4-23 Contracted flow weir method
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b. Open channel method.
If the upstream of the dam is filled with soil

after th e completion of the dam and the crown .
of the dam continues to the upstream river

bed, then it will be designed as an open

channel.

Contracted flow weir method

Qmax=%-C-1f2-g-(3-Bl+2-82)-h%- + + « Trapezoidal overflow

Figure 4-24 Open channel method

Upstream of the dam is
not fully filled with soil

Welr equation
Herewith
Qmax : Quantity of maximum flood discharge ol B 1
C : Coefficientof discharge (NormallyC=0.6)
g : gravitationalacceleration (9.8m/sec?) - hva /
B, : Width of the bottom of the floodway (m) ) = T
B, : Width at the surface of the overflow (m) '3 h
h : Overflowdepth (m) L
In case C=0.6, m —0.5 = I
3
Q':.(0.71-h+1_77-Bl)-h4 + + + + + + - Equation
Incase C=0.6,m—=1.0
3 s s e s e i
Q= (142-h+1.77-B))-12 Equation

The overflow depth (h) is calculated from the High (maximum) flood
discharge as an overflow trapezoidal weir with no consideration of
approaching flow velocity.

The unit of overflow water depth (h) is rounded up to the nearest 0.01m
and calculated in the unit of 0.1m.

The bottom width of the water passage is set in 0.5 m units.
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Contracted flow weir method

The estimated quantity (Q) obtained from .

the section area of the floodway and

calculated by the contracted weir method
will be approached to and more than the
planned maximum high water discharge of
Qmax.

Afterwards the size of the section of the
flood way will be determined.

a. Q= Qmax.
b. An allowance height (Ah) shall be considered.

Ah is as shown in the following table. Table 4-2 Allowance height

Planned high water discharge Allowance height A
Qmax h

less than 50m3/s 0.4 m mare
50m3/s >= Qmax < 200m3/s 0.6m
200m3/s >= Qmax < 500m?3/s 0.8m
500m3/s or more than 500m3/s 1.0m

C ! Coefficient of discharge is an coefficient that is related with shrinking and

speed of the water flow. Accordingly it is

Open Channel Method

If the dam is back-filled with soil completely when constructed,
It can be regarded as open channel type.
Accordingly the Manning equation can be applied as follow:
Qmax - V . A .................. Manningequation

L ¥ 14 A o]
V=_.R73.12 R=— —h- . = ‘h- =
1 P A=h-(B+m-h) P=B+2-h-yll+m

. - 5 - .
: Q“"‘;ﬁlty Of‘l""ater ?0‘;’ gm/S) Table 4-3 Manning’s Roughness coeffcient
- Overflow velocity (m/s
. - - Roughness coeffcient
: Manning's Roughness coefficient E 4 I = S =) n = meSt o
* Hydraulic mean depth (m) ange anaar
. Gradient of upstream sediments Natural Streams in Mountains, gravels, Cobble stones 0.030~0.050
. Section area of water flow (mz) rivers Streams in Mountains, Cobble stones, Boulders 0.040 and more
: Wetted perimeter (m) Major rivers, clay and sandy soil 0.018™~0.035
: Planned High Water Level (m) Major revers, Square gravel 0.025™0.040
 Bottom width of water flow (m) Artificial Concrete artificial channel 0.014~~0.020
. Incline of side section of channelother | Stone & gravels at the stream sides, soil channel bed 0.025
water flow (1:m) Mountain | Gravels, stones and 0.030~0.050 0.040
. - streams Stones and boulders on stream beds 0.040~-0.070 0.050
Torrents 0.070
%’ - Torrents in | D=0.5 m boulders scattered 0.080
Y \fa i b mountains D=0.3-0.5m stones and gravels scattered 0.070
A\ / RS Well-maintained stream beds 0.060
p——Bi—] Bedrocks exposed due to frequent flushing water and soil 0.050

a. Floodwaysize shall be satisfy : Q=Q,,.,

b. Allowance height is same as contracted flow weir method as previous page.
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4-1-9 Stability conditions of check dam

A gravity-type check dam needs to resist external forces such as water pressure and earth
pressure by its own weight. It is required to satisfy the following four conditions:

(1) Stability against Fall

The lines of action of the resultant forces of the vertical and horizontal loads shall be within
the bottom of the dam.

(2) Stability against Slide

The total resistance against sliding must be greater than or equal to the total horizontal
forces.

(3) Stability against Destruction of the dam

The stress level at each part of the dam body shall not exceed the allowable stress level of
the materials that consist of each part of the dam body. However, as a general rule, do not
generate tensile stress at the upstream end of the dam bottom.

(4) Stability against the bearing capacity of the foundation

The maximum reaction force at the bottom of a dam shall not exceed the allowable bearing
capacity of the foundation.

(1) Stability against Fall
Point of action of the

It is stable against a fall if the resultant force Resultantforces 1\
action line of own weight of the dam and
various external forces are within the width of | \ |
the dam bottom as long as the stress or reaction
force due to the load does not exceed the -c-
permissible values of the dam body and the
foundation,

—B/2—1—B/2—

0<d<B =M/V ==+ Equation |

d: Distance from the intersection point of the action line of the resultant force of the
load and the downstream end of the dam bottom (m)

B: Width length of the Dam bottom (m)

M: Total load moment acting on the cross section per unit width with the fulcrum at
the downstream end of the dam bottom (kKN = m / m)

e—B, 2 d » + + +« « -« «Equation 2

V: Total vertical component force acting on the cross section per unit
width (KN / m)

H: Total horizontal component force acting on the cross section per
unit width (KN / m)

e: Distance from the intersection point of the action line of the
resultant force of the load and the center of the dam bottom(m)
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(2) Stable against Slide

The following conditions are required for the dam to be stable
against slide.

Vet-H==»==+++-Equation 3

Here. t: friction coetticient of the toundation

Table 4-4 Friction coefficient of foundation

i
v — condition coefficient

F=tv Ti ght gravel and soil

F:Friction force

f :Friction coefficienct Tlght soil

Note: Friction co-effient shall be treated as 0.7 and more in case
the foundation is hard rock

(3) Stability against Destruction of the dam

The dam body 1s stable against the destruction stress as long as
the stress generated to the dam does not exceed the allowable
stress of the dam. However, 1n the case of concrete structures, mn
principle, the tensile stress shall not be generated even if it 1s
within the allowable value.

(a) e<B/6 (b) e=B/6 (¢) e>B/6

WAL -2 WA D W G EY .
Ps I\*l 5 Es T\\lpl \T\\\ P,
I L-—--—B——-l L

The resultant force acting position and stress

=
]

Figure 4-25 The resultant force acting position and stress



The resultant force acting position and stress
In the figure, in case the vertical component force V acts on the point
where the distance from the center of the dam bottom 1s e, the stress
distribution at the dam bottom is as shown in P2 to PI.
The stresses P2 and P1 at the upper and lower ends of the dam bottom are
expressed by the following equations:

P 1=V/]3 (1+6E/B) ............. Equation 4
PZZV/B(1_66/B) ------------- EquatiOHS

If e=B/6 then P,=2V/B  P2=0

e <B/6 (a) distribution

e —B/6 (b)

e >B/6 (¢
The upstream end of the dam bottom m the Figure (C) 1s a tensile stress.
The basic condition that no negative stress is generated in the dam
bottom 1s e < B / 6. Theretore it can be regarded that the dam body does
not generate negative stress and stable against destruction mn case the
intersection point of the action line of the resultant force at the dam
bottom 1s within the middle third of the width of the dam bottom AB.

The allowable stress of a concrete gravity dam is as shown mn
the table: where the design standard strength 1s 18 N / mm2.

Table 4-5 Allowance stresses of concrete dams

Allowable stress types Allowable stress (N/mm2)

Allowable stress 4.5

Allowable bending tensile 0.22
stress

Allowable bearing stress 5.4
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The stress (P) at the dam bottom 1s also the reaction force of the

toundation ground and if the maximum stress (P1) 1s smaller than the

bearing capacity of the foundation, the foundation is stable.

However, if there is a negative stress (-P) in the stress distribution
between P1 to P2 then there is no ground reaction force at that part. so
the maximum ground reaction force 1s calculated by the following

equation.
P,= % here: d=B/2—e

+ = + + Equation 6

In addition, if the bearing capacity of the ground 1s not sufficient,
an appropriate foundation treatment is required.

The following table shows bearing capacities of ground conditions

of the toundation:

Table 4-6 Bearing capacity of ground bed rocks

Ground condition

Hard Rock

Granite
( Flat/monolith condition with 3 m
thickness or more )
Porphyrite (Flat/monolith condition
with 3 m thickness or more)

Greywacke (Flat/monolith condition
with 3 m thickness or more)

Limestone (Flat/monolith condition with
3 m thickness or more)

Soft rock (tuff, sandstone, shale)

Agquatic rock layer (low consolidation)

Gravel layer (high degree of
consolidation)

Sand layer (high degree of
consolidation)

Bearing capacity

Ground Conditions

Bearing capacity

N/m? (tffm) KN/ (e /m)
2,000~-3,000 150~-200
{200~-300) Hard clay layer (15~20)
3,500~10,000 30100
(350-1,000] Ordinary soil (3~10)
3,000~3,500 ©0—200
(300~-350) Clay laver e
1,500~-6,000 50~-300
(150~600) Clay mixed with gravel (5~30)
1,000~2,400 300600
(100~240) Gravel laver e
700~1,500 200~-500
(70~-150) Gravel mixed with sand (20~50)
500~600 1 200
(50~60) Ordinary sand layer (10~40)
700800 200~-500
(70~80) Hard clay layer (20~50)
700~800 150~200
{70~-80) Wet clay (15--20)
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(4) Foundation of Check Dam

a. The allowable bearing capacity of the foundation shall be greater
than the maximum reaction force generated at the dam bottom.

b.It is necessary to examine whether the frictional resistance of the
foundation is sufficient to the dam movement due to external force.

c. Scouring of the foundation shall be carefully considered since the
ground at the end of the downstream part of the dam is prone to be
destroyed by scouring of running water

d. It is also necessary to consider to protect the foundation from
destruction by seepage water (quicksand/Liquefaction and piping).

Depth of the penetration of a check dam

a. Foundation of a check dam 1s prone to be unstable due to ground
inhomogeneity (especially 1 the gravel layer ), weathering for years and
by the scouring at the downstream foot of the dam by tloods and the
dam in those situations will be damaged easily. Therefore, it 1s
necessary to consider and determine the suftficient depth ot penetration
ot embedding in consideration of these tactors.

b. The depth of the penetration of the bottom of the check dam varies

depending on local conditions such as the height of the dam and the

depth of overflow water.

In the case of a single dam. the tfollowing is the standard of the depth:
Table 4-7 Depth of the penetration of the foundation

(1) Disc-shaped hard rock in the state of fresh rock 0.5m approximately
(2) Rock 1.0m approx.
(3) Soft rock in the state prone to be weathered/
cracky rock conditions 1.5m approx.
(4) Gravel layers 2.0~3.0m approx.
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4.2 Channel work
Check dam

If a waterway is not fixed at —
the most downstream
sedimentary section of a ||
torrent, river banks will be N
destroyed or eroded by
drifting currents and it may
cause damages to the
downstream area. Channel e I
works are installed in the Sidewall  Revetment work Revetment work
lower reaches of such Side wall Rooting of

torrents to fix the waterway, Revatment Jovetment

Counter Ground sill Ground sill
dam . . ]
Bed sill Bed sill F Bed sill Bed sill

[

Vo

T
X

wark
to prevent vertical and lateral
erosions, and to stabilize the -
stream channel. /' R S | e
In channel Wc_)rk, revetment Apron Bottom lining work | e [ [
and ground sill works are the

main components along with )
reverbed girdle and bottom Figure 4-26 Channel work
covering works.

4-2-1 Purposes of channel work

The purpose is to regulate and prevent vertical and lateral erosions in torrents by fixing the
channel and reducing the longitudinal gradient to prevent turbulence.

Channel work normally does not have a function to regulate sediment and there is a risk that
the channel will be blocked if a large amount of sediments flow down. In order to avoid such
situation, the channel work shall be started after check dams and other soil erosion control
work has been completed in the upstream area.

In principle, check dams shall be constructed in the upstream of the target channel work.
Sufficient discharge volume shall be ensured for channel work and the longitudinal gradient
shall be determined so as not to cause local scouring or abnormal sedimentation.

4-2-2 Alignment of channel work

1. Alignment of channel work shall be as smooth as possible and preferably straight so as
not to cause local scouring, abnormal sedimentation, or overflow of running water.

2. In case channel work is required to be constructed prior to the soil erosion control works
and check dams of the upstream area, the alignment of the channel work shall be straight as
much as possible. (Originally, construction shall be started from the upstream construction.)
3. If it is necessary to turn in the stream in a high land use area, the radius of curvature of the
channel shall be taken as large as possible.

4. In case connecting to waterways, etc. by other projects downstream, the connection shall
be smooth so that water can flow without any obstacle.

5. In case a main stream and a tributary stream meet, the alignments of the two streams
shall be set to meet at an acute angle as much as possible.

4-2-3 Longitudinal cross section of channel work

1. The longitudinal cross section profile of channel work shall be determined in consideration
of its purposes and local torrent conditions. It is therefore necessary to comprehensively
consider the arrangement of ground sills at the upstream and downstream ends, the design
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streambed gradients, the design streambed heights, the presence or absence of covering of
the beds, etc.

2. The design gradients of channel work are determined by investigating the widths of the
stream, the water depths, the gradients of the streambeds, the particle sizes of the stones
and gravels that make up the streambeds, etc. before construction, and considering the
stability of the streambeds. In addition, it is desirable to set the design streambed gradients
as gentle as possible.

3. In principle, the design streambed heights for channel work shall be set lower than the
existing streambed by excavation.

4. Maintaining the design streambed gradients in channel works shall be achieved by
preventing erosion of the streambeds by installing ground sills, vertical wall works, or by
laying the covering bottoms of channel works. In case installing ground sills, they shall be
placed in a step pattern with the drop as small as possible.

5 In case changing design streambed gradients in the channel work, a ground sill shall, in
principle, be installed at the change point of the gradients. It is desirable to have a gentle
gradient from upstream to downstream.

6 In case a tributary stream flows into the main stream, the longitudinal gradient of the
tributary shall, in principle, match the gradient of the main stream. For this reason, it is
necessary to take measures such as installing ground sills on the tributary directly upstream
of the confluence and correcting the longitudinal gradient of the tributary to merge.

4-2-4 Streambed of channel work

Channel works shall, in principle, be planned without bottom lining, work i.e., two-sided
channel work. However, the bottom lining work, i.e., three-sided channel work, is applicable
when the constituent materials of the streambed in the planned section of channel works is
not strong enough to maintain the design streambed gradient.

Generally, bottom lining work, is adopted in the following cases:

(2) In case design streambed gradient is steep and the tractive force is beyond the critical
tractive force for the average diameter of the stone gravel constituting the stream bed.

(2) In case the streambed of channel works is narrow and steep, the streambed will be
disturbed by excavation during construction, and design streambed height may not be
maintained.

(3) In case the erosion by running water needs to be prevented directly with the lining work
since the streambed is composed of gravels and fine particles with low specific gravity such
as volcanic soil, volcanic ash deposit and etc..

(4) In case applying bottom lining work is more economical than that of changing streambed
gradient with installation of ground sill, and that of widening the stream and shallowing the
water depth, etc.

Generally, tractive force and critical tractive force are obtained by having the dimension of
speed such as friction velocity and critical friction velocity. When critical friction velocity is
smaller than friction velocity, the design streambed gradient and water depth shall be
examined to reduce or bottom lining work shall be considered to install.

[Reference]
Friction velocity/ critical friction velocity
Friction velocity and critical friction velocity are calculated by the following formula:

Q Friction velocity formula
U*= T0lp

U*:Friction velocity(cm/s)
to: Shear force works on streambed surface
To=p*g*R-le
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p: Density of water (g/cm’)

g:Gravitational acceleration (980cm/s’)

R: Hydraulic radius (cm)

I,:Energy gradient (Design streambed gradient)

(2) Critical friction velocity formula (lwagaki formula)

U*c’=0.05 (o/p-1)g-d

U*c: Critical friction velocity (cm/s)

o : Density of gravel (g/cm”)

p:Density of water (g/cm’)

6 /p=2.65 (Specificgravity of gravel)
g:Gravitational acceleration (980cm/s”)
d:Diameter of stone gravel (cm)

4.3 Revetment work

4-3-1 Purpose of revetment work

Revetment work aims to prevent lateral erosion on stream banks due to running water and
hillside collapse, or is used as the foundation for hillside works.

Revetment work has one or more purposes to be installed as followings:

To prevent lateral erosion on stream banks by running water.
To prevent hill side collapse due to mountain foot scouring by running water.
To be used as a foundation for implementing hillside work.

Revetment work shall be designed as a foundation for the mountain foot if running water
directly collides and scours the stream bank, or if the hillside may collapse due to erosions.
In many cases, however, a check dams are installed alongside since revetment work alone
is not enough to stabilize the torrent,

Revetment, as well as a dyke, may be designed if planning to prevent longitudinal and lateral
erosions by changing the stream direction. In case debris flows are needed to be guided,
revetment work may be designed to guide those movements.

4-3-2 Types of revetment work
Types of revetment work shall be determined as in following ways:

1 A type of revetment work to be installed at site shall be determined according to site
conditions, and selected appropriately amongst concrete, concrete block, concrete frame,
steel frame, iron wire basket, wood, etc.

2 Concrete or concrete block types can be adopted in torrents with a large amount of
running water and flowing sediments so as not to be destroyed.

Wet masonry work with concrete blocks and filling concrete as well as back-filling concrete
can be also applied in such torrents,

3 Concrete frame or steel frame types shall be adopted in situations where the torrents
have little impact by running water and flowing sediments and where the foundation ground

72



has uneven settlements, where drainage effects of sediments and embankments are
required and where other types are not technically applied.

4 An iron wire basket type (gabion) or a wooden type shall be applied when the torrent
has a gentle gradient bed, low-flow rate, and small flow out of sediments.

4-3-3 Position and normal line of revetment work

1. Position of revetment work shall be determined to be most effective for the purposes
of the work at the site after investigating the configuration of ground, geological features of
the construction site, collision state of running water, estimated high-water discharge level,
planned height of other erosion control works, gradient of devastated slopes, actual
conditions of existing revetment work and so on.

2. Revetment work shall be installed at a place where the water colliding front in torrent hits,
or a hillside may be collapsed or the collapses may be expanded, foundations of hillside
works need to be conserved and etc.

3. Arrangements of revetment works against stream bank collapses are as follows:

(1) To install revetment work in case directly protecting lateral erosion of torrent, conserving
the collapse-prone stream bank slopes and their feet, (Figure 4-18 (1))

(2) Toinstall it at the feet of collapsed slopes in the upstream of the check dam to prevent
washout or collapses in case lateral erosion occurs and a check dam has already been
provided to prevent longitudinal erosions, (Figure 4-18 (2))

(3) To install it at the foot of the collapsed area after removing tocks and obstacles in case
the rocks and other obstacles may have changed stream center and collapsed area of a
stream bank have been created, (Figure 4-18 (3))

(4) Toinstall it as the normal line of revetment work be designed as smoothly as possible to
avoid currents from drifting.

(1) (2) (3)

Boulder
needed to be
removed

AAAAM Revetment work

Figure 4-27 Arrangements of Revetment work

4-3-4 Structure of revetment work

Structure of revetment work shall be selected appropriately by considering factors such as
topography and geology directly behind the target site as follows:

(1) Gravity-type or leaning-type of revetment work shall be considered as the standard at
steep gradient slopes at the stream sides. The sloping type (Figure 4-19 (2)) however can be
applied only where stream side slopes have comparatively gentle gradients and the
revetment will not be presumably destructed.
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(2) Gravity-type or leaning-type revetment work made of concrete, wet masonry, and wet
concrete blocks shall be designed in case the earth pressure from behind to be considered
by observing the soil property on the hillside slope behind.

(3) When the earth pressure works on revetment work of gravity-type or leaning- type, the
cross section shall be designed by stability calculation with the same method of stability
calculation for retaining works in the Hillside works.

(4) Sloping type revetment work is usually constructed with wet masonry, iron wire baskets
(gabion), etc., in which the cross-section is determined empirically, without stability
calculation.

Sloping type

< PORES,

AN
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—_—
=
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Figure 4-28 Gabion revetment work and sloping type of Revetment work
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1 UEN HA NMPUPAYHUKOT 3A AKTUBHOCTU 3A 3A4YYBYBAIE
HA LUYMATA

AKTUBHOCTUTE 3a 3a4yByBake Ha LUyMWUTE UMaaT 3a Len Aa ri ogpxysaaT U 06HOBaT LWymMuTe
npeky KoMGuHUpare rpagexHu paboTu co pasnuMyHU MaTepujanu u 3acagyBake Beretauvja u
ApBja BO LWymaTa, HaCOYeHW KOH 3a4yBYyBah-€ Ha LyMcKaTa NoyBa, koja MoXxe Aa ce cMeTa Kako
OCHOBa Ha LWymuTe. [lpyra BaxxHa Len Ha akTMBHOCTWTE 3a 3adyByBahe Ha LWymuTe € Ja ce
HamanaT LTeTUTe Npeau3BUKaHU Of Nn3rake Ha 3eMjULITETO W MOMnaBuTe, KOW FMaBHO ce
npeaus3BuKkaHu o4 NycTolleweTo Ha WwymMuTe. Ce oyekyBa Mo 3aBpLUyBaHeTO Ha oBMe paboTu aa
pacTaT LWyMUTE 1 NoToa WyMUTe a r'M Hamanart katacTpodute v nonnasuTe.

Co uen 3a4yyByBaheTO Ha LIymMuUTe eduKacHO Aa (YHKUMOHMPA Kako KOHTpamepka MpoTuB
TakBaTa epo3uja Ha nNoYBaTa U YHULUTYBaHETO Ha LLUYMWUTE, HEONXOAHO € Aa ce 3HaaT NpudnHuTe
N MexaHnsMnTe Ha gerpagaumja Ha WymuTe, epo3njata Ha no4ysaTa, KonancoT Ha 3eMjULLITETO,
WTH. U da ce 3Hae Kako Aa ce ybnaxaT oBMe NPWYUHK, Kako U Aa ce no3HaBaaT objekTuTe u
MEXaHU3MUTE CO KOM MEpKUTE 3a 3ayyByBahe Ha LUyMUTE (PYHKLMOHMPaAT Kako KOHTpamMepKu
NpoOTMB TMEe NpodnemMu.

Bupejkn meTogonorunte 3a 3adyByBake Ha LUYMUTE C€ CUCTEMATM3UPaHM BO JamnoHuja co TEKOT
Ha roguHNTE, OBOj NMPMPAYHUK M NpPe3eHTUpa MeToanTe 3a n3bop 1 am3ajHupane Ha paboTu 3a
3a4yByBak€ Ha WyMUTE, NpMUTOa (POKyCcupajku ce Ha TexHororvjaTa Ha janoHCKMTe akTUBHOCTM 3a
3avyByBake Ha LUyMUTE, Kako M 3eMajku rm npeasug opMuTe Ha YHULLTYBawe Ha LWyMUTe U
eposuja Ha noyBaTta Bo CeBepHa MakefoHuja.

PabGoTuTe 3a 3a4yByBah€ Ha LWWyMWUTE MMaaT 3a Len Aa ja 3awTtutaT noysarta Bo eeH CnvB Npeky
rpagexHun objekTu. MNoysata ja hopMMpa OocHOBaTa Ha LyMWTE M CO 3ayyByBake Ha noyeara
MOXe [a Ce 3ayyBa M ONKPYXKyBawmeTo BO Koe pacTar wymuTe. 3artoa, oBue paboTu 3a
3a4yByBah€ Ha LyMUTE, Kora noyBaTta Ha naauMHuTe LWTO ce AerpaanpaHn u 3noXeHu NOBTOPHO
ce o6HOBYBa BO LUyMa, MOXe [ja Ce cMeTaaT 3a Hajobpu TeEXHMKM 3a oApXKyBake U yrpaByBake
CO wymuTe.

OBoj npupayvHuK ce oKkycupa camo Ha BMOOBUTE Ha rpagdu M Ha OCHOBMOT KOHLIENT 3@ HUBHO
nnaHuparwe 3a 3a4yByBame Ha noyysaTa. YnpaByBaweTO CO CafeHeTo 3a 06HOBa Ha LWyMuUTe U
HMBHOTO OApXyBake, LUTO Ce OABMBA MO aKTMBHOCTUTE 3a 3adyByBakbe Ha LUyMWUTE, Ke ce
CcnpoBefe COrMacHO MOCTOEYKNTE MEeTOAM WM TEXHVMKM 3a yhnpaByBawe CO LyMM LITO Cce
cnposegyBaat Bo CeBepHa MakenoHuja. Llenta e oBue meToam ga ce npvMeHyBaaT Kako edHa
o4 TEXHOMNOrMMTE 3a 3a4yByBak-€ Ha NoyBaTa BO METOAONOMMMTE 3a ynpaByBake CO LyMUTE BO
CeBepHa MakegoHuja.

Ce HageBame Jeka Ke ce noaroTeat noob6emMHu 1 noondaTtHM HacokM 3a ynpaByBake CO LyMUTe
N Oeka oBMe rpadexHu paboTu 3a 3avyByBame Ha LIyMUTe Ke GuaaTt gen of OBMEe HACOKU BO
NOHWHA.

2 OCHOBHU KOHUENTU U TEOPUN 3A EPO3UJA HA NMOYBATA U
NrPAOEXHU AKTUBHOCTU 3A 3A4YYBAKE HA LUYMATA

Llyma oTnopHa Ha katacTpocm ogroBapa Ha WwymMa koja mma ,pyHKuMja 3a cnpedyBahe
KaTtacTpodu noBp3aHa CO MnoyBa/dyHKUMja 3a 3ayyByBarwe Ha no4ysaTa“, WITO Ce BMOOBM Ha
WyMckn dyHkumn. PyHKUmMjaTa 3a cnpevyBake Ha katacTpodu noBp3aHa co noysarta (OApPOHU U
nponarawe Ha 3eMjuwTeTo) € dedwmHMpaHa Kako yrora 3a ChnpeyyBake Ha nusrawme Ha
3eMjMLLTETO MINK Nponarake Ha 3eMjULLTETO MPEKy KOPEHOBMOT cucTtem Ha wymaTta. Ce cmeTa
Jeka 0BOj epeKT ce BpLUM CO pa3BOjOT Ha KOPEHOBMOT cucTem. (AreHumja 3a LymapCTBO Ha



JanoHuja, 2015 roguHa, MNpupayHnum 3a pa3soj Ha WyMU CO PYHKLIMU 3a CripeyyBatbe Ha BUCOKM
ucnywtakwa Ha ceaUMEHT)

LLlymckoTo Tno Kage WTo pacTar ApejaTa € NOKPMEHO €O Fybpe 1 NOHMCKM CIOEBU CO TPEBa, LUTO
M cnpevyBa Kankute goxa QUPEKTHO Aa ja norogaT noBpLUMHAaTa Ha noyBarta, co LWTO ce cnpedvysa
eposujata Ha noBpLUiMHaTa Ha 3emjata. [lokpaj Toa, rybpeto-xymyc obesbenyBa XpaHnuveu
MaTtepum Kom ro noTTMKHyBaaT pacToT Ha Apsjata U ja opmupaat noysata. Victo Taka, uma
hyHKUMja 3a cnpedyBarse Nomnnasn WTO cnpedyBa BodaTa Aa Teve HM3BO4HO ofdeaHall.

Co gpyru 36opoBu, BO Cry4aj oBUe LWIYMW Aa ce AerpagunpaaT u fa ja 3arybaT cBojaTta NoKpuUBKa,
ce 3ronemyBsaar pusnuuTe of nojasa Ha OAPOHU W1 MOMNNaBsu.

LBWKEHEe Ha maca“, ,epo3nja Ha nospLuMHaTa® M ,epo3unja Ha japyrn“ Moxe pa ce
KaTeropmsmpaaTt Kako TUMMYHM BWOOBU Ha eposuja Bo CeBepHa Makeponuvja. ,[Buxere Ha
Maca“ 3Haun Jeka NnoyYBeHUTEe Macu, Kako LUTO Ce ypuBaH-eTO M NU3rakeTo Ha 3eMjuLTeTo, ce
ypvBaar 1 ce nuaraaT Hagony o4 naguHUTe, a OMeKHaT ceAUMEHTU TedaT HU3BOAHO oA MacuTe.
»EpO3Mja Ha noBpLUMHaTa“ e BUA Ha epo3nja Ha NoYBaTa BO Koja rOPHMOT Croj Ha noysara ce nynu
W Teye Hagony oA nacuwTata co3fajeHuM CO LUYMCKM MoXapw W noHaTamollHaTa eposuja
HanpegyBajkn of TamMy OO M3foXeHaTa rofia 3emMja Ha noBpluMHaTa Ha 3emjata. ,Eposuja Ha
japyrn“ e BMA Ha eposuja WTO MOXe [a ce pasBue Mo eposuvja Ha nospwmHata. OBa e By Ha
eposuja Kora noysaTa Ha NoBpLUMHATa epoaunpa Npeky japyrn. AKTUBHOCTUTE 3a 3a4vyByBak-€ Ha
WyMUTE NPe3eHTUpaHu BO OBOj MpupavyHMK MMaaT 3a uen da rum pewat osue Tpyu opMmu Ha
epo3unja kon npeaunssBrKyBaaT gerpagaumja Ha wymnte Bo CesepHa MakegoHuja.

2.1 leorpadcku dpaktopu: cnusosu, puaosu u aonuHn (Mopown)

CnuB e obracTt oMmereHa co rpaHuum HU3 Koja ce genu Bogata o BpHexuTe (MpupayvHuk 3a 6paHu
of, JanoHckoTo 3apyxeHue 3a 6paHn2021) kako WTOo e npukaxaHo Ha Cnuka 2-1. Oea e obnact
Kaje LTO cuTe BpHEXW ce cobupaaT Ha ogpefdeHa Touka HU3BOOHO (ped)epeHTHa TOoYKa Ha
CNMBOT: O3Ha4YeHa co LupBeH Kpyr Ha Cnnka 2-1). OnwTo 3eMeHo, NNaHNHUTE MOoXe Aa ce nogenaTt
Ha puaoBM U OONMHW/NOPOU, a NoronemMuoT Aen oA obnacta Ha CAMBOT CE COCTOM O PUACKM
naguHun. lNokpaj Toa, CeanMMEHTOT LITO Ce cOo3daBa of MiaHMHUTE Ce co3haBa CO ypuBaHkE U
nu3rawbe Hagony no naguHuTe nopagu rpaBvTaumjata, Ovaejku 3emjata M kapnute WTO ja
COuYMHyBaaT naguHaTa ja rybaT cBojaTa OTMOPHOCT Ha rpaBuTaumjaTa, LTO NPBUYHO MM HaTeparno
Ja ocTaHaT Ha naguHaTta (NpoM3BOACTBO Ha ceamMmeHT). CeaMMEeHTOT, 3ae4HO CO BodaTa LITO
Teye Hagony no naguvHata, ce BneBa BO JONuHaTa, Hagony Mo JonvHaTta (OBWkewe Ha
CeaANMEHTOT), ja NOMMHYBa pedpepeHTHaTa TOYKa Ha CNMBOT M HA KPajoT UCTEKyBa Of CIIMBOT BO
Hu3BoaHUTE obnactu. [pagexHuTe paboTn 3a 3adyyByBakbe Ha LUYMWUTE O KOHTponupaar
NPOV3BOACTBOTO M ABUXEHETO HA TAKBUOT Tanor 1 ce obuaysaar ga ro ybnaxart yHULWTYBakheTo
Ha WyMnTe Ha NaguHUTE U Aa co3dajaTt cpeauHa BO Koja WyMuTe MoxaT Aa pactaT. Moxe ga ce
ouvekyBa Aa 06e36eau cooaBeTHa CcpeamHa 1 KanaumTeTu 3a NraHuHckaTa obnacr.



Mountains consist of series of ridges, hillside slopes and valleys.

Valley Valley

Cnuka 2-1 CocTaBHM OenoBu Ha nNnaHuHa: rpedeHn, puaoBu 1 AonnHu (nopow)

EpoaunpaHuTe ceaAMMeHTM Npon3BeseH Ha
naguHUTe Ha pUAOBUTE Ce HOCAT HaZony
3ae4HO CO AOKA0BHMLATA HU3 AONIMHCKUTE
noToun/nopou, NOMMHyBaaT HU3 pedepeHTHaTa
TOYKA U Ce MCMyLTAaaT HU3BOAHO OZ C/INBOT.

Watershed Base point

Cnuka 2-2 TpaHcnopT Ha ceauMeHT BO CNUB

2.2 NMponsBoacTBO Ha NoYBa: ABMXKEeHe Ha Maca U epo3unja Ha
noBpLUMHA

OB0j NnpypadvHuK ce 3aHMMaBa co ABe hOpMM Ha NPOU3BOACTBO Ha CEAMMEHT: ABMXEHE Ha Maca
M NOBPLUMHCKA epo3uja.

Kora ce pasrnegyBaat KOHTpamMepK1Te 3a kaTacTpody NOBP3aHN CO CeaUMEHTM BO JanoHuja,
Tpeba fa ce HanomeHe Aeka NOBPLUMHCKATa epo3uja ce jaByBa Ha puaoBUTE Kaje LUTo
noBpLUMHaTa Ha 3emjaTa e M3NoXKeHa No Konanc Unn nuarake Ha 3eMjULLITETO Kako BMOOBU Ha
OBWXeHe Ha Maca, a NoToa co3fasa cuTyauuja WTo Npean3BUKyBa CnedHo ABUXKEHe Ha maca.
Bo oBue cuTyauum, Moxe fa ce cMeTa [ekKa ,epo3mjaTa Ha noBpLuMHaTa“ € egeH oa npouecute
Ha ,ABMKeHe Ha maca®“.

Ogn gpyra ctpaHa, Bo 3emjute og 3anageH bankaH, kako wto e CeBepHa MakeaoHuja,
nacuwiTata bune NCTOPUCKM NOMynapHKU, Taka LITO NacuTaTta ce LWMPOKO pacnpoCcTpaHeTy,
0cobeHo BO CpeaHMOT TEK Ha MaHMHCKUTE 06nacTu nomery WymnTe U HaceneHnTe MecTa.
OcobeHo Bo CeBepHa MakenoHuja, ypy U No He3aBMCHOCTa o nopaHellHa Jyrocnasuja, 90%



Of LWYMCKOTO 3eMjMLUTE OCTaHa Kako HauuoHarnHa wyma. Kako peaynrtaT Ha Toa, NoKanHute
XUTENU umaat penaTyMBHO NeceH npucTtan 4o WyMCKO 3eMjULLTe, a pasHOBUAHO LLUYMCKO
3eMjuLTe ce KopUCTn 3a nacewe. Kako pesyntaT Ha Toa, FOPHUOT CNoj Ha novsaTta BO TPEBHUTE
MOBPLLMHUN Ce HapyLlyBa O CTanankute Ha A0OUTOKOT BO LLUYMCKO 3eMjULLUTE CO NPEKYMepHa
ncnawa. JononHNTENHO, LYMCKUTE NoXapu 1 ANBUTE NOXapu, KOU YECTO ce CcriyvyyBaaTt BO
nepvoam Ha cnabm BpHEXM 1 eKCTPEMHU TeMnepaTypu BO NETO, NPMAOHECYBaaT 3a epo3uja Ha
noBpLUMHAaTa 1 NOCrefoBaTENTHO YHULLTYBaHe Ha WwymuTe. brnaejkm n onyctolwyBameTo n
eposujaTta ce rnegaat Hacekage Bo CeepHa MakegoHuja, OBOj NpupaYvHuK ja ondaka
~epo3njaTa Ha noBpLUMHaTa“ Kako egHa oopmMa Ha NPOU3BOACTBO Ha CeAUMEHT 3aefHo CO
~OBWXKene Ha maca.”

Land colapses at the heads of
the valleys (Mass movement)

Land colapses at sides
— of torrents

Cnuka 2-3 Npon3BoACTBO M TPAHCMOPT HA CEAUMEHT Of CnvB

2.2.1 ,ABuXeH-e Ha maca

30pyxeHneTo 3a npumeHeTa reonoruvja (JanoHuja) ro gedmHmpa ,ABMKEHETO Ha MacaTa“ Kako
,HadonHo OBmXerwe Ha CyncTaHuMuTe LITO ja COMMHyBaaT MOBpLUMHATA Ha 3emjaTa nopagu
AejcTBOTO Ha rpaButaumjata“. OBa nokaxkyBa Aeka rpytka 3emja U KaMeH Ha nagvHa ja ryoar
cBojaTa CTabUNHOCT Nopaaun CUeH AoX4 Unu 3emjoTpec, Taka LUTO ce Yp1Ba, Ce Nvara u ce ABWXMU
Hagony. KpyaeH n BapHec (1996) rm knacudmumpaat ceneuvnwitaTa (Kako ABMXKEHE Ha Maca)
cnopef hopmMaTa Ha OBWXKEHE HA CEQUMEHTOT, MaTepujanoT O CEAMMEHTOT WUTH. Kako LUTO e
MPpUKaXkaHo Ha criegHaTta Crivka.
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Cnuka 2-4 Kateropuu Ha cBrievuiTa (OBwkeHe Ha maca)
Knacudukaumja Ha ceneunwite cnopef KpyaeH u BapHec, 1996 rogmHa (npesemeHo o Be6-
CTpaHuuaTta Ha bpUTaHCKMOT reosioLWKN MHCTUTYT)



LANDFALL MOKLISTE

[Bwxetbe Ha Maca (CeneunwTe) Bo Moknuwte Oeuxerwe Ha maca (Ceneunwte) Bo MoknuwTe

Cnuka 2-5 MNpumepun Ha gBuxena Ha maca Bo CeBepHa MakenoHwuja
(BrnnHkos W., 2010 r., FnobanHoTo 3aTonnyBake, KNMMMaTCKUTE MPOMEHU U NPOLLECOT Ha
eposuja)

2.2.2. ,Epo3uja Ha noBpwMHa“

Eposuvja Ha noBpLluMHaTa HacTaHyBa Kora yaapHaTa cuna Ha Kankute AOXA4 LWTOo ja norogysaat
noBpLUMHaTa Ha 3emjaTa M Brie4yHaTa cuna Ha noBpLUMHCKaTa Boga NOYHyBaaT Aa ro ABmxaT
rOPHMOT CIoj Ha NoyBaTa U aa ro Hocat Hagony. (. Komamypa, 1978) YHuBep3anHata paBeHka
3a 3aryba Ha noyBa (USLE) e wmnpoko kopucteHa Bo CoeamHeTnTe AMepukaHcku [pxasu un
OCTaTOKOT 0, CBETOT 3a Aa Ce MPOoLEHM KoNnMYMHaTa Ha UcnylwTake Ha noysaTta nopagu
epo3ujaTa Ha NoBpLUMHaTa of naguHuTte. Bo oBaa cdopmyna, buaejku paktopmTe NoBp3aHu co
epo3ujata Ha NoBpLUMHATa Ce jaCHO NpUKaXkaHu co opMynaTa, PyHKUMOHANHNTE 04HOCK Ha
OHMe haKTopU KoM ja CouMHYyBaaT eposujaTa Ha nospLunHaTa MoxaTt 4obpo Aa ce pasbepaT co
oBaa dopmyna.

PaBeHkaTa e npeTcrtaBeHa Ha CrnegHNoT Ha4uH:

A=RXKXLXSxCxP PaBeHka 2-1

Kage:

A e npoceyHaTa roguviiHa 3aryba Ha noysaTta BO TOHWM MO XeKTap

R e Mepka 3a epo3vBHUTE CUMW HA BPHEXUTE U UCMyLUTaHETO Boda

K e chakTop Ha epoanbunHocCT Ha no4vBaTa - 6poj WTO ja ogpa3yBa NOANOXKHOCTa Ha TUNOT Ha
noyBa Ha epo3uja, T.e. Toa € peumnpoyHa OTNOPHOCT Ha MoYBaTa Ha epo3uja

L e dbakTOpoT Ha JOMKMHA, OOQHOC LUTO ja cnopeayBa 3arybata Ha noysaTa Co OHaa of none co
oAapeneHa gormkmHa og 22,6 metpu

S e dhakTopOT Ha NagmHa, ogHOC KOj ja cnopeayBa 3arybarta Ha noysaTa CoO OHaa of none co
oapeneH HaknoH og 9%

C e dakTop 3a ynpaByBahe CO KyNnTypuTe - COOAHOC LUTO ja cnopeayBa 3arybaTa Ha novearta co
OHaa oj HvBa nofd ctaHgapaHa obpaboTka Ha KynTuBMpaH yrap.

P e dakTop Ha npakTuKka Ha 3avyByBaHe - COOAHOC LUTO ja cnopegysa 3arybaTa Ha novsarta co
OHaa op nore 6e3 nNpakTuka Ha KoH3epBaLMja, T.€. Opakbe Harope 1 Hagony no nagvHara.

(PAO, 1993, Mepetbe Ha TepeH Ha epo3nja N uctekyBane Ha noysarta, BUJITEH 3A NMOYBA HA
®AO 6p.68)



Kako wTo ce rmega o oBaa paBeHkKa, MOBPLUMHCKaTa epo3uja € NoBp3aHa Co BPHEXNUTE,
OOIDKMHaTa Ha NaguHaTa, HaKMOHOT, CBOjCTBATA KaKo LUTO ce OONMKOT Ha 3pHaTa Ha noysara u
MoBpLUMHCKaTa NOKpMEHOCT (KynTypn). Moxe aa ce npeTnocTaBu Aeka epo3unjaTta Ha
noBpLUMHATa MOXe [a Ce Hamanu co KOHTponupare Ha Tve daKkTopMu.

» [loxxgoBHMUA: ro gMcnep3npa NPOTOKOT Ha A0XA0BHMUA. ANTepHATMBHO, A Ce BOBeAE BO
©e3beneH BoaeH nar.

» [lJomkmnHa Ha naguHa 1 KocuHa: Ja o4BojyBa A0S/PKMHATa Ha NnaguHaTta. HanpaseTe ja nagnHaTta
no6nara unu noctabunHa.

» Kapaktepnctuku Ha noyearta (rofleMmHa Ha YeCTUYKM Ha NoYvBaTa): MoYBa LUTO JIECHO UCTEKYBA
M ja NnokpuBa NoBpLUMHaTa of rnvHa. CTBpAHYBakwe Ha NoBpLUMHATa Ha noysarta.

LUTto ce ogHecyBa Ao edekTUTe 04 epo3unjaTa Ha NoBpLUMHATa Of BereTauumjaTta (apsja u
KynTypu), BO JanoHuja ce no3HaTu pasnvky BO KONMYMHaTa Ha epoavpaH CeaAMMEHT no BUAOBU
ApBja 1 ctapocHa knaca. Bo ogHoc Ha BugosuTe ApBja, LUMPOKONIMCHUTE ApBja reHeparnHo ce
nomarky noasioXxH1 Ha epo3uja o4 UIMONMCHUTE ApBja, a ce Benu Aeka ctapute LWwymm ce
noecpmkacHu Bo cnpedyBaweTo Ha eposujaTa. (P. Komamypa, 1978)

Kako LTo e npukaxkaHo BO kKapTaTa CO MOXEH UHTEH3UTET Ha epo3nja Ha CesepHa MakedoHuja
(BrnnHkos, WM. 2010 r., FmobanHoTo 3aTonsyBawe, KNMMaTCKUTE MPOMEHU 1 MPOLLECOT Ha
epo3uja), MOXe Ja ce Kaxe Aeka npubnmkHoO eqHa TPETUHA Of 3eMjaTta e NMOANOoXHAa Ha epo3uja
CO CpefieH Ao BMCOK NOoTeHuumjan.

Erosion Map -
> 1/3 of Macedonia e
prone to medium to :

hig erosion processes %
=

Macedonia

i Cnuka 2-6 Kapta Ha eposuja BO
W%E CeBepHa MakegoHuja

(BnnHkos W., 2010 r., FnobanHoTo
3aTonnyBake, KnnMMaTcKkuTe
NPOMEHM U NPOLIECOT Ha epo3uja)
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2.2.3 NojaBu No NOBpLUIMHCKA epo3unja Ha pua

Kora goxgoBHuUaTa ANPEKTHO ja epoaupa 3emjaTta goafa Ao edekt Ha muenwe of foxna. Kora
Joara [o eposuja Kora JOXA0T OUPEKTHO nara Ha 3emjaTta 1 ja OBWKU No4vBaTta, Toa Ce HapeKyBa
eposuja of npckawe. [pyr BUA Ha epo3uja € ABUXKEHE Ha MovBaTta nopagu SOXA0BHMLATA LWTO
Tede no 3emjaTta. Bogarta wTo Teye HM3 ronu naguHu 6e3 Beretaumja ce KOHLEHTPUpPA BO Manu,
nNUTKWU BAnabHaThHKM, CO LITO Ce co3gdaBaaTt TecHU 3aceum u eposuja. OBue manu 3aceum ce
HapekyBaaT 6pa3au. VIcTo Taka, oBME Manu OBWKEHa Ha Boda M TeCHUTE 3aceuu LITo ce
co3fgaBsaart npuv Toa ce KOHUEeHTpupaaT 1 npepacHyBaaT BO noronemu 3aceum (japyru). Osoj Bug
Ha epo3uja ce BUKa epo3uja Ha japyru.

pagexHuTe 3adhaTv 3a 3adyByBame Ha LUYMUTE MMaaT 3a Len Aa ri cnpeyart BakBUTE epo3nm
MpeKy KopuUCTere Ha pasnNnuHM MaTepujanu, a Kora ce nnaHMpaaT KOHTpamepKku 3a eposuja Ha
noBpLUMHAaTa, MOXe [a ce NOCTUrHe noedeKkTMBHA NpeBeHLMja Ha epo3unjaTta ako ce hokycmpame
Ha BoJaTa LUTO Ce CNUBa HU3 NaguHnTe.
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Cnuka 2-7 TpeBHM NOBPLUMHU M NOTEHLUMjanHa
epo3uja Ha pugoT Bo LeHTpanHa CesepHa MakegoHuja (bnvHkoe U., 2010 r., Mo6anHoTto
3aTonyBame, KNMMaTCcKMTe NPOMEHU 1 NPOLLECOT Ha epo3uja)

A,.‘ ! e

Japvru Mmoxe na ce
3abenexar EeIHAD 10
MOKapUTe Ha PHIOBUTE
Kame MTO C& MII0KEHH
MOBPIIMHMTE HA MOYBATA

Cnuka 2-8: Nojaea Ha japyrv no noxapwu

OpxaBHuoT yHuBep3uTeT Bo Konopago, 2018: KoHTpona Ha epoauja Ha no4saTta no LWyMCKu
noxap - 6.308

2.3 UcTtekyBame Ha BoAa BO CNuB

[en oag poxgosHMUATa LWITO Nara BO CIMBOT Ce NpurenysBa Ha ApBejaTa BO wWymaTa
LUTO ' NOKpMBa NaguHUTE, a Aes NPMBPEMEHO Ce CcKnaaupa BO BANlabHATUHN K
cnu4yHo. Vcto Taka, Mma ucnywtarwe Ha nog3eMHUTe BOAW, O KOV Aern npoaupaaTt
BO rno4BaTa v 3emjaTta 3a [a ja HaBnaxHaTt no4ysaTa, a Aes cTaHyBa nognaboka
nogs3emMHa Boja 1 HaBrerysa BO NoA3eMHUTe BOAHM 30HWU BO KaprnuTe U He cTaHyBa
NoBpLUMHCKa BOAa Ce 4O OCHOBHAaTa TOYKa BO CNMBOT. [1enoT o BPHEXUTE LTO He €
AVNPEKTHO NOBP3aH CO UCTEKYBaHETO BO OCHOBHATa TOYKa Ce HapekyBa 3aryba Ha
BpHexun. OCTaToKOT 04 JOXAO0BHMLUATa CTaHyBa NOBPLUMHCKA BO4a M Ce BfieBa BO
nopouTe 1 AOCTUrHyBa 40 OCHOBHATA TOYKa Kako MOBPLLUMHCKN UCTEK.
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Cnuka 2-9 : Xngponoruja Bo WwymaTta

Momery goxagoBHMUATA LITO NPOAMpa BO NoYyBaTa, AOKAOBHULATA KOja MIMTKO MPOHMKHYBA U
NMOBTOPHO Ke Ce NojaBu Ha NoBpLUMHATa Ha 3emjaTa 1 ke ucTeye BO NOPOMU Ce HapekyBa
NnocpeaHO UCTEKyBake (MNM NOANOBPLUMHCKO UCTEKYBakE). MocpeaHOTO NCTeKyBamE ja
OOCTMrHyBa OCHOBHATa TOYKa NoAoLHa 0of MOBPLUMHCKOTO NUCTeKyBake. VcTo Taka, noasemHuTe
BOAM KOU ce noanaboku of nocpeaHuTe BOAM Ce HapeKyBaaT OCHOBEH TEK KOj MOCTENEHO ce
BneBa BO nopoute BO cnueoT. OapeaeH Aen o noag3eMHUTE BOAM MCTEKyBa HaABOP Of CNMBOT
1 TMe He ce MojaByBaaT BO OCHOBHATa TOYKa.

OCHOBHMOT TEK € UCTEK KOj HE € ANPEKTHO NMOBP3aH CO NpeTxoaHnTe BpHexu. NoHaTtamy,
MOBPLLMHCKOTO UCTEKYBaHE 1 NOCPEOHOTO UCTEKYBaHE KONEKTMBHO Ce HapeKyBaaT ANPEKTHO
ucTekyBame. [JoxxgoBHMLATA LWITO TeYe NO NOBpLUMHATA Ce BreBa BO BNINCKUTE OONMHU, HU3 KOU
CTUrHyBa A0 OCHOBHaTa To4Ka Koja € NoCnegHUOT U3nes oA CnvBOT.

CnepgHuot Xxugporpam e Fpa(*)I/lK KOj ' NpukKaxxysa nNpoOMeHuUTe BO NCTEKYBaHETO CO TEKOT Ha
BPEMETO MO BpPHEXNTE BO LEJNINOT CIiMB BO OCHOBHAaTAa TOYKa Ha CIiMBOT.
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Cnuka 2-10 : KoHuenTtyaneH rpaduk Ha xmgporpam Bo Cnve
(Komamypa @., 1978; YucaH n Cabo nHXeHepuHr)

CnepHuWoT rpadhuk e KoHLENTyaneH Xxmaporpam 3a Aa ce Npukaxke TUMMYHa cuTyaumja kage LWwTo
MaKCMManHOTO UCTEKYBake € HamarneHo nopaan yHkumjaTa Ha WymuTe.

Watershed with less forests

Well-forested watershed

Cnuka 2-11: Cnopegba Ha xvaporpamu nomery 4o6po NOoLyMEH CrMB U CAMB CO NOMAarnKy LWyMu
(Komamypa @., 1978; YncaH n Cabo MHXKEHEPWHT)

Bo wymckn cnue, noTpebHo e noAonro Bpeme AoXAOBHMLUATA LWTO nara Bo CIMBOT Aa CTUTHe 0
OCHOBHAaTa TOYKa Ha CIMBOT KaKo AMPEKTHO UcTeKyBake. OBa ro nokaxysa edekToT Ha 3alTuTa

oA nonnaBwu Ha Wymarta.

2.4 Co3naBatbe Ha japyru

Kako crneaeH npouec Ha NOBPLUMHCKO UCTEKYBake, Ce pa3BmuBaarT japyri. Kako WTo Hanpeayea
eposujaTta Ha NOBpLUMHATA, Ha NagMHaTa MoXe Aa ce 3abenexart Manv HepaMHUHK Oypu U BO
pamHoTexa, n ce cbopmupaat dpasgu (Manu xxneboBm Kou ce NojaByBaat Ha naguHara). lNocne
TOa, egHa AOMUHaHTHa 6pasga ondhaka apyrm 6pasgm, a Hekonky 6pasgum ce crnojyBaaT 3a ga ro
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KOHUEeHTpMpaaT noBpLUMHCKUOT Tek. (Komamypa, ®., 1978) Kora BepTukanHaTta eposuja of
japyrata HanpeayBsa [0 oApefeH CTeneH, ce AoJaBa CTpaHUYHa eposuja Ha japyraTa, a
roreMvHaTa Ha japyrarta u KonnyuHaTta Ha eposmja Ha CeAUMEHTOT ce 3rofieMyBaar.

Bo cniyyaj Ha TpeBHM NOBPLUMHM UK ronn NoBpLUNHK 6e3 BereTaumcka NokpuBka, BogaTta Ha
nagmHaTa ce KOHLEHTpUpa 3a KpaToK BpeMEeHCKN Nepuos no BPHEXUTE n ce cobupa Bo
BaNnabHaTuHaTa, BanabHaTMHaTa Op30 epoampa BEPTUKANHO U XOPU3OHTAsIHO M NoToa ce

dopmupaar japyru.

Rill Erosion

Gully erosion

Cnuka 2-12 : Pa3Boj Ha japyru oa 6pasgu
(BrnnHkos W., 2010 r., FnobanHoTo 3aTonnyBawe, KNMMaTCKUTE MPOMEHU 1 MPOLLECOT Ha
eposuja)

2.5 KoHTpona Ha epo3uja Ha puaoBu: AKTUBHOCTU Ha puaoBuTe

Kako 1 npouecnTe Ha epo3nja Ha novBaTa BO MflaHMHa, NpeTxoaHo belle onuwiaHo Aeka
Npou3BOACTBOTO Ha CEAMMEHT O PUAOBUTE € NPeAN3BUKaHO o ABMXKEeHe Ha Macu
(nap/ceneunwiTe) nnn eposanja Ha NoBpLUMHAaTAa, Aeka o4 eposuvjaTta Ha noBpLunHaTa ce
dopmMmupaart japyrn n geka TakBata eposuvja € 3HauYMTEeNHO Nog BrvjaHMe Ha KonuymMHaTa u
OBWXEHETO Ha A0XO0BHULATA, COCToj0aTa Ha NaguHNTE 1 JOSMKUMHATA Ha NagUMHUTE Ha puaoT.
AKO M1 KOHTpONMpamMe TakBUTE €PO3nM Ha pUAOT Kaje LITO ce crydyBaaT, NoTpebHo e Tue
dakTopu Aa ce KOHTponMpaaTt Ha puaoT Ha CreAHUBE HAYMHU:

» NoxpoBHuua: PacnpcHyBake Ha NpOTOKOT Ha Bofda. (Cevere Ha NagnHUTE, CTEMNEHYBaHE,
paboTu 3a manu Tepacm)

Bopoere Ha noBpLUMHCKaTa Boaa Bo 6e30eneH BoaeH nat (n3rpagba Ha pyMACKW KaHar) unm
crpevyBakbe Ha OUPEKTHU Kanku JoXA Aa yapaT Ha noBpluMHaTa Ha noysarta (MOoKpuBaksE,
BereTauuja, cageme).

» [lomknHa Ha naguHa/ cTeneH Ha HakMoH: Ja oaBojyBa gomknHaTta Ha nagvHaTa. Hamanyeamwe
unun ctabunmnsmpare Ha NnagmMHaTa (KOHCTPYKUUK 3a 3agpKyBake Ha 3emjaTa,
obnukyBane/coronyBane, paboTa Ha Tepaca Co Manu ckanuna).
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» KapakTepucTukm Ha noysara (no4ysa co Marna rofieMmHa Ha YeCTUYKK): NoYBa LITO NECHO
NCTEeKyBa, NOKPMBaAjKkK ja NoBpLUMHATA Ha rmMuHaTa. CtepaHaT. (PaboTta co naramwe, npckame,
cagene Beretauuja)

[ononHuntenHu getanu 3a oBune noeguHeYHU akTUBHOCTU Ha pnaoT ce onnaHn BO I"Iornasje 3.

W OBMXeH-eTO Ha Maca 1 epo3ujaTta Ha NOBpLUMHATA Ce CryvyBaaT BO OApeAeH CTENeH Ha
oapeneHa obnact 1 komOMHaumja o4 0BME TEXHUKM YECTO CEe KOPUCTUM 3a KOHTpOSa Ha
NCTEKYBaHETO Ha CEAUMEHTOT U epo3unjaTa Ha NoBpLUMHaTa Bo obnacta. [IononHUTENHO, Kako
LUTO e crnoMeHaTo norope, Tonorpadujata Ha nagMHaTa Ha fiokauujaTta, gonvHaTa LWTo ja
cobupa BogaTa, cocTojbaTta Co UCTEKYBah€ Ha JOXAOBHULATA, NoYBaTa 1 reonornjata uTH.
cekorawl ce TeCHO NoBp3aHM CO epo3uvjaTa Ha novsaTta. 3a Aa ce KOHTponumpa eposujara co
3adhatv Ha puaoT Kaje LWTO ce cnydyBaaTt, NoTpebHO € NpBO a ce pa3Mncnn 3a
ctabunuanpare Ha naguHaTa, a NoToa KOHTPOa Ha Te hakTopu Ha CNEAHNOB HAYMH:

/ Main scarp Maisarp

Gullies

K Landfall
Landfall e '/ Side view

Plan view

Small
terracing
work )

Scarp and slope cutting \
Covering work \ W,;:‘*'"

Hillside channel work

Retaining wall —
work

Cnvka 2-13 : VigeeH upTex og nag v npuMepu 3a AM3ajH Ha LUpTexXun 3a 3adaTn Ha pug
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2.6 KoHTpona Ha epo3unja BO nopou: pabota co nopou

Kako WTo e onuwaHo, NocTojaTt HEeKONKY PYHKLUUKN 3a KOHTPONa Ha CeANUMEHTUTE, Kako LUTO €
dyHKUMjaTa 3a akyMyInMpawe Ha HECTabUIHU CEAMMEHTH LUITO TevaTt o4 puaoBUTE U
cBrevMwiTaTa Ha pugoBuTe, Co Manu 6paHn, NOOHOXHW rpeav 1 Apyru 3acdatn BO NopouTe;
dyHKUMja 3@ NnocTeneHo 1 6e36eHO Teyere Ha oapeaeH Aen o4 akyMynmMpaHuTe CEOUMEHTMH,
dyHKUMja 3a KOHTPONa Ha epo3njaTa o AHOTO U 04 CTPpaHMUTEe Ha NnaguHuTe. 3a ga ce nocTurHar
TMe YHKLMMW, HEONXOAHO € Aa Ce yTBpAW NOTEKMNOTO Ha epo3nunTe 1 ypuBarwarta Ha puaoBuTe u
npaBUUTE HA CEAMMEHTUTE LITO TevaT o NPBOOUTHUTE foKauumM 40 NOpouTe, KonyecTeaTa Ha
CeauMEHTHM onToBapyBaka LWTO Tpeba ga ce pewarT, a notoa Tpeba Aa ce pasrnega Kako ga ce
KOMOMHUpaaT COOABETHM rpadekHn paboTn Ha coogBeTHM Nokaumn. BakBuTte noeanHeYHM
BMOOBW Ha 3adhaTh BO NopouTe ce onuwaHu Bo lNornasje 4.

. Tree planting on the
Hillside Works’ St = \\\\\4 Simple terracing
i W S L)
Retaining waII;«;,_,r::./m,‘ ~

e

work

~,~ Simple terracing
/- work

Cnuka 2-14: KoHuenTyaneH upTex Ha 3achaTn BO Nopom BO KOMOUHaLUMja co 3adhath Ha
pvAa BO CNvB

2-7 EcpekTn Ha agpBaTa 1 WWyMUTE Ha NaaMHUTE 3a KOHTPONa Ha
epo3ujaTa

MoapacToT BO WymuTe 1 FyOpeTo LUTO Ce akyMynupaT Ha 3emMjaTta MOXe Aa ru nokpujar
3eMjeHunTe NOBPLUMHWN Ha NaguHUTE 1 Aa cnpedat eposuvja o4 AOXA, Kako U popMuparse Ha
japyru Ha naguHuTe. Kako pesynTtaT Ha OBa, MOXe [a ce cnpeyaT epo3unja Ha NoBpLUMHaTa U1
eposuja Bo japyrute.

WcTo Taka, KOPEHCKUOT CUCTEM Ha NoeanHevHuTe gpBa ja 3apobysa noyvsara, Nopaau LWTo e
TeLKOo noyeBaTa ga ce usmue of naguHata. [JononHMTENHO, Kako LITO e NpUKaXaHo Ha Ccrivka 2-
14, pusomuTte ce ucnpenneTeHn HU3 NOBPLUMHUTE LUTO Ce Nn3raat, nopaau LTO e TELUKO
noysara fa ce NU3He 1 Aa ce ypHe of naguHara.
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Cnuka 2-15: KOpeHOBVIOT CUCTeM Ha noegnHevHuTe pBa ro crnpedysa Jim3rabeTo Ha no4ysaTta

Ha nagnHute
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3 PABOTU 3A KOH3EPBALUWUJA HA LUYMATA: 3A®ATU HA PU[

AKTMBHOCT Ha pua € BMA Ha aKTUMBHOCT 3a u3rpagba Ha CTpykTypu Ha oOpylueHuTe u/vnu
epoaupaHuTe obnactum 3a ga ce cnpedyaT obnactute oA MoHaTamoOLLIHO ypuBake U [a ce
reHepupaat obnactu wro Tpeda fa ce obHOBAT CO BereTauuja.

Cnopeg Toa, akTUBHOCTUTE Ha puaoT MOXE Aa Ce KaTeropuanpaaT Kako TEMENHU 1 BereTaymucka
3acpatu:

a) TemenHu 3acpatv Ha pud « * + 3a CTabuMnManpame Ha NagMHUTE Ha CpyLleHnTe obnactu

1. pamHemnse (ceyere Ha naguHaTa )

2. KOHCTpYKUWW 3a 3agpXXyBar€e Ha 3emjaTa

3. wu3rpagba Ha puacku kaHanoT

4. Tlop3emHa noTnopHa paboTa

5. 3artpynaH oaBop (tbpaHLUyCcKku oaBoA;: 3akonaH OA4BOA4 UCMOSHET co Yakan / MNponycT)
6) aKTMBHOCTU 3a cajiere BereTaumja Ha pug + - * 3a peBereTauuja Ha CpyLleHN NaguHu co

cajere apBja n ceerbe TpeBu/gpsja
noctaByBah€ Ha orpaga
Tepacupamne

Pabota Ha BereTauucka NoKpuBka
ceerbe (BKIMYyYUTENHO M XMapoceere)
Capemwe

agrLONOE

Retaining work

Grading work (Cut
rk)

'\ Underground retaining
work

Drain pipe illside channel work

Buried drain
(French drain)

Cnuka 3-1 TemenHu 3acpatu Ha pua
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Hydroseeding work

Planting work

Cnuka 3-2 Cagemnse Beretauumja Ha pug

pagexHUTe paboTh MOXe reHepanHo aa ce knacuduumpaar crnopeg MaTtepujanuTe wrto Tpeba

Oa ce KopucTtart, Ha Tabenarta noaony ce npukakaHu MaTepMjanme LWTO OOMYHO ce KOopucTar.

Tabena 3-1: MaTepujanu WTO ce kopucTar 3a 3acaTtun Ha pug

(1) PamHemne

(2) KoHCTpyKuMK
3a 3agpXxyBaHe Ha
3emjaTta

(3) TlogsemHa
noTnopHa padora

(4) warpapgba Ha
BOAEH KaHan

(5) 3akonaH

oaBoa(dpaHuyckm
oAaBof /nponycT)

(6) nocrtaByBawe
orpaga

(7) (EgHocTaBHO)
Tepacupare

BeToH, yenuk, YennyHa LeBka, 6eToHcKkM 610K, rabuoH,
OETOHCKM paMKK, ronemMm 0rI0KOBU, YennyHa pamMka, UTH.

BeToH, 6eToHCkM Bnok, rabuoH, orpaga, UTH.

BeToH, nponycT, ueska Colgate, orpaga, rabuoH, 6yceH,
BPEKM CO NeCoK co ByceH UTH.

MabuoH (rabuoH Bo 06nuK Ha uMnuHaap/kyTunja), LeBka
(nepdopupaHa, HETOHCKa Mpexa) UTH.

dalwmHa, ApBO, Yerim4yHa nioYa, UTH.

TpeBa, npecyBaH 6nok o4 noyea, Tpynuu, Apyru
maTtepujanu 3a 3asefieHyBame
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(8) akTmBHOCTU CnameHa nognora, Mpexa, Tpynew, paMkn, TpeBHa TpeBa,

nokpuBake Ha ApYyr Mmatepujan 3a 3aserneHyBame

BereTauujaTta

(9) ceeme Ceetbe BO nHMja nnmn obnact, Aynk1 3a ceexe

(10) capemne Pacapg, pacag Bo cag, cedene, 3akonaHo ctebno, nexeuyko
cafeHe UTH.

3.1 PamHeme (ceyewe Ha NaguHa)

PamHeHr-eTO MMa 3a Len Aa cnpeyn Konanc unm npoLumMpyBakhe Ha ypMBaHheTO CO PpaMHEHE Ha
HepaMHX NaguHu 3a ga bugat ctabunHu.
PaboTarta 06u4HO ce nnaHupa BO Crie4HUBE Cry4vau:
e BO CIyyaj kora nagmHaTta nma BUCOKMU pu3num of konanc u Tpeba ga buage ctabunna.
e BO CIyyaj CeAMMEHTUTE Ja ocTaHaT BO HECTAOUIHM U HENPABWUIHU COCTOjOM okony
cpyLleHnTe obnacTtu, ocobeHo oKony ropHMOT pab Ha CTPMHa KOcuHa, a Tne Tpeba aa ce
OoTCTpaHarT 1 naguHata Tpeba fa ce nspamHum3a ga ce nocTurHaT ctabunHm cocTojom u

Oa ce cnpeyun wmnpewe Ha Konancor.

Cnuka 3-3 PamHetrbe: paboTa BO Tek (11eB0) U Mo 3aBpLUyBaHe (4eCHO)

KocuHu 3a ceverwe Ha nagmHa

KocuHuTe 3a cevene Ha naguHaTa ke ce onpedenar 3eMajku v npeaBua HeKornky baktopu, Kako
LUTO Ce CeralH1TE KOCMHW Ha NaguHaTa, CBojcTBaTa Ha novsaTa, TonorpadockuTe KapakTePUCTUKM
OKOINy nokauujata, KoMbMHMpaHaTa NoCTaBeHOCT Ha ApYru rpaaexxHu paboTtu u cn.

3a cTtabunusmpare Ha NagmMHaTa, uaeanHo e KocuHaTta Ha nagvHaTa ga ouae aron Ha MupyBamse.
CooaBeTHO Ha Toa, ako € MOXHOo, Tpeba aa ce uceve o arosor.

Cenak, obun4yHO € Telko nopagwn TonorpaddCckUTe MM YCrnoBUTE Ha Jlokauujata, Ha npumep,
aKTMBHOCTA 3a ceuete 400MBa OrpOMHN pasmMepu, cevereTo Tpeda aa rv ondaTtn n ctabunHuTe
BEreTupaHu MoBpLUMHK BO Onu3vHa, Npeau3BuKYyBajkM OFPOMHO KOMMYECTBO MCeYeHa MOo4Ba,
npeocTtaHaTa OrpoMHa KONMWYMHA UCevYeHa No4YBa Ha MNaguHaTa, WTO ja npaBuM naguHaTta
HecTabunHa, UTH.

3atoa, onwTo 3eMEHO, CEYEHETO Ha NaguHNTe Tpeba Ja € MMHUManHaTa HEONXOoAHa rpaaexHa
paboTa co pasrnegyBake Ha fokanHata Ttonorpadwmja, reonorvja u/vnm co nNpMMeHa Ha apyru
BMAOBKU Ha 3adaTu (KOHCTpyKUMja 3a 3adpKyBawe Ha 3emjata, oOHOByBare Ha Beretauuvjarta
UTH.) WTo Tpeba ga ce mM3BedyBaaT Kako 3adatv Ha puaoT. 3aToa, KOCMHUTE Ha MaguHaTta 3a
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cTabunusnpare Ha nagvHaTa Tpeba Ja ce ofgpenar 3a [a ce NOCTUIHAT KOHEYHUTE CTabumnHu
YCrOBW.

Rounding off

s

—=—— Cutting surface

S,
et
’

In case the upper part of slope is
steep and cutting soil volume is
large, retaining work shall be
planned.

In case the upper part of slope is
gentle and cutting soil volume is
small amount

Cnuka 3-4: PaboTHM meToam 3a paMHeHEe

Tabena 3-2: CtaHgapAHa KOCUHa Npuy ceverse Ha NnaamHu Bo Janoxuja (1)

Moisture Angle of Coefficient of Natural Weight

Dry 20° - 37° 0.36-0.75 1:2.8-1.3 1,200 - 1,700

Cray Less moist 40° - 45° 0.84 - 1.00 1:1.2-1.0 1,700 - 1,800
Moist 14° - 20° 0.25-0.36 1:40-2.8 1,800 - 1,900

Dry 27° - 40° 0.51-0.84 1:2.0-1.2 1,500 - 1,700

Sand Less moist 30° - 45° 0.58 - 1.00 1:1.7-1.0 1,700 - 1,800
Moist 20° - 30° 0.36-0.58 1:28-1.7 1,800 - 2,000

Dry 30° - 45° 0.58-1.00 1:1.7-1.0 1,600 - 1,800

Gravel Less moist 27° - 40° 0.51-0.84 1:2.0-1.2 1,700 - 1,800
Moist 25° - 30° 0.47 - 0.58 1:21-1.7 1,800 - 1,900

Pebbles - 35° - 48° 0.70-1.11 1:1.4-09 1,600 - 1,800
Dry 20° - 40° 0.36- 0.84 1:28-1.2 1,300 - 1,600

Soil Less moist 30° - 45° 0.58-1.00 1:17-1.0 1,400 - 1,700
Moist 14° - 27° 0.25-0.51 1:0.4-2.0 1,500 - 1,800
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Tabena 3-3: CTaHgapaHa KocuHa nNpu ceverbe Ha NagvMHu BO JanoHuja (2)

Hard rock 1:03 - 1:08
Soft rock 1:05-1:1.2
Sand 1:1.5~
Compacted Under 5m 1:0.8 - 1:1.0
) 5—-10m 1:1.0 - 1:1.2
Sandy soil
Not compacted Under 5m 1:1.0~1:1.2
5—-10m 1:1.2~1:15
Gravel or sandy Compacted or good Under 10m 1:0.8~1:1.0
soil mixed with homogenous of 10-15m 1:1.0~1:1.2
rocks particle
Not compacted or poor Under 10m 1:1.0~1:1.2
homogenous of 10—-15m 1:1.2~1:1.5
particle
Clayish soil or 0-10m 1:0.8~1:1.2
clay
Soil mixed with Under 5m 1:1.0~1:1.2
cobblestones 5-=10m 1:1.2~1:1.5

3.2  KoHcTpyKkuum 3a 3agpXXyBakwe Ha 3eMja (usrpagba Ha NOTNOPHMU
SUaoBM)

KoHCTpyKkUMMTe 3a 3apKyBare Ha 3emjaTa MMaaT 3a Len ga cnpeyart HecTabunHa noyea aa ce
OBWXW, Oa ja u3MeHaT KocvMHaTa Ha naguHaTa WM Aa NOoTTUKHaT pacTypake Ha NoBpLUMHCKaTa
npoToyHa Boaa. KoHCTpyKuMmTe pyHKLUMOHUPAaAT U Kako TEMEN 3a APYrv rpaaexHn paboTu 1 Kako
noTrnopa 3a BOAOBOAEH kKaHan n apyru paboTu.

KoHCTpyKUMMTE (hyHKLMOHMPAAT Kako pamMka 3a rpagba Ha pua co crnegHuTe Lenu;

(D Crabunusunpare Ha ocTaToLM 1 cevyeHa noysa,

@ WNameHa Ha naguHaTa 3a ga 6uae nobnara,

(@ Oa 6uaaT Temenu 3a nsrpaaba Ha KaHanv 1 3akonaHu o4soaW, UMK Aa v noaapxaT Tue paboTu
Ha NPECBPTHU TOYKMU,

TabenaTa nogony rv NpuKkaxkyea yCrnoBuTe U MPUMEHNMBUTE TUMOBU HA KOHCTPYKLUM Ha NOTMNOPHM
SWOOBW cropep yCrnoBuTe:
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Cnuka 3-5: MNoTnopeH sua Bo koMOMHauuja co orpaga u
CO KaHanv Ha pugoTt

Tabena 3-4: an/IMeHJ'II/IBI/I TUNOBWU Ha KOHCTPYKUMM Ha NOTNOPHU SUO0BU

Applicable condition

Construction condition

Target of
installation _Safety . Foundation CROLSHTE Foundation Combination JEIELE
against earth Height Structure
ground work works
pressure
1. Stabilizing Enough In principle, 4.0m | Strong - Concrete In case of By earth Also applicable as
unstable earth and stability is and less foundation soft ground, pressure the foundation
sand on the slope needed e it shall be ROk /e_arth calculationin for hillside
steel ) reinforced anchon_ng t_D embankment vegetation work
2. Stabilizing " Sfizepile by piling or L2 el and channel work
accumulated cut " Siizel [p il footing. iz )
soil
- Concrete+ Rock fall By earth
steel protection pressure and
work to be stress
applied calculations for
rock fall
Countermeasures Earth 4.0m and less Soft - Large block Base By earth Ditto
against landslides pressure to foundation - Steel frame concrete to pressure
be - Concrete be placed calculation
considered frame
Protection of cut Earth *4.0mand less Strong - Concrete In case of By earth Ditto
slopes pressure to for concrete foundation - Concrete soft ground, pressure
In case cutting be *3.0mand less block it shall be calculationin
slopes are stable considered for concrete - Concrete + reinforced cut soil
enough block steel by footing,
-2.0mand less ) wooden
for gabion Soft ) * Gabion box piling,
- 4.0m and less foundation - Steel frame gravel.
for large block,
etc.
1. Foundationsof | Earth About 1.0-2.0m Strong - Concrete
channel work, pressure not foundation - Concrete
buried (French) | to be block, etc.
drain work considered )
2. Being auxiliary specially Sl . " Galiteln s
s foundation - Wooden
work for (e
vegetation
work
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Cnuka 3-6: Bugosu maTepujany 3a noTnopHu suaosu: beToHckn notnopeH sug (neso) u MNoTnopHa
KOHCTpYyKUMja co BNaxkHa smaapuja co 6eToHCckn 6n1oKoBK (4ecHO)

ff’/"rﬂ"{: ?'A»g;rm,-.- ;
s ””’”‘fr "rfrfr 3

Cnwka 3-7: MaTepwujanu 3a NOTNOPHM SUAOBM: NOTNOPHA KOHCTPYKUMja Co BNaxHa snaapuja (neso)
1 NOTMOPEH SN CO Yenu4Ha pamMka

Cnuka 3-8: MaTtepujanu 3a NOTNOPHU SUAOBW: NOTNOPHU SUAOBW 0Of, rabVoHM (NEBO) N NOTNOPHU
SWAOBW O TPYNUM (AEeCHO)

Mo3numn n BUCOYMHU Ha KOHCTPYKLMM 3a 3apXKyBaH-€ NoYBa

Monox6ute 1 BUCOYMHUTE Ha MOTNOPHUTE paboTy ce oapedyBaaT Taka LITO Aa ja oApXKyBaaT
cTabunHocTa Ha maguHaTa M Oa ro crnpedaTt ypuvBameTo U OBMXKEHETO Ha naauHaTta. 3aToa,
HagoJhKHaTa NMHWja Ha NagvHaTa WTo ce NoBp3yBa 04 NOAHOXETO A0 BPBOT Ha OYeKyBaHaTa
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obnacT Ha ypuBake Tpeba aa ce hopmupa HenpeveHo 6e3 HUTY edeH HenpaBuneH Aen Kako
LenuHa.

'eHepanHo, Kako LWTO € MpuKaXKaHO Ha JecHaTa Crvka, BO Cryyaj Ha ypuBawe Ha KOHKaBHa
nagvHa, AONHWOT Aen o4 NuHujaTa Tpeba aa ce Hanpaewu nobnar Bo cnopeada co ropHUoT aen,
KOj ja 3agpkyBa popmaTta Ha KOHKaBHaTa naguHa. [NoTnopHUTe KOHCTPYKLMK ke Buaat ypeaeHu u
NPOEKTUPaHK CO LieN Ha KpajoT Aa ce peanuanpa TakBa oopma Ha naguHara.

Bo npuHUMN, NOXeNHO € BUCMHaTa Ha KOHCTPYKLMUTE 3a 3agpKyBare Ha 3emjaTa ga omgat 4 m
unn nomarnky 6uaejkm paborara obmMyHO ce n3seagyBa KOHTUHYMPAHO Ha HeCTabunHW NaguHn. 3a
cTabunuanpawe Ha nagvHaTa, CTaHOApAHOTO pacTojaHue Momery MOTNOPHUTE KOHCTPYKLUMK
Tpeba aa ouae 15 nnm 20 m. Bo cny4aj kora HaknoHOT € noman og 35 cTteneHu, pacTojaHMeTo
Tpeba ga 6uge 20 m. Bo cniyyaj kora HaknoHoT e 35 cteneHun 1 noseke, Toj Tpeba aa Guge 15 m.

The line connected the top of the wall

Spacing between each retaining wall shall be 15m or 20m as the standard to
stabilize the slope. In case the slope gradient is below 35° , spacing shall be
about 20m and when up to 35° , about 15m.

Cnuka 3-9: PactojaHune Ha NoTnopHM SUA0BKU Ha NaguHa

Hacoka Ha NoTnopHWN KOHCTPYKLINK

MoTnopHUTe KOHCTPYKUMM Tpeba ga ce nocraeaT BepTukanHo (90 cTeneHu) Ha nnaHupaHaTta
Hacoka Ha maguHaTa, a KpyHaTta u Tenoto Ha suaoT Tpeba ga bugat pamHu.

AKO e TellKo Aa ce nocTaeBaT Ha paMHO HMBO Mopaau nokauujata/TonorpaddckuTe ycriosu, Tve
MOXe [a ce HakocaT Co NpYMeHa Ha Apyrv rpagexHu paboTu 3a Aa ce cnpeym TpoLleke 1 epo3nja
LUTO Ce jaByBa O MOBpLUMHCKaTa BoAa Koja Teye BO 3aQHWOT Aen Ha SUaoT U No suaorT.

Cnuka 3-10: Hacoka Ha noTnopeH sug

NcnntyBame Ha cTabunHOCTa Ha NOTNOPHUTE KOHCTPYKLINK

Kaj noTnopHMTE KOHCTPYKLUMMKON MMaaT yriora Ha pamka 3a 3acdatute Ha puaoT 3a noaapLuka Ha
CTPYKTypHaTa CTabUMHOCT Ha LenH1oT pug, ce 6apa aa ce ucnuTaar crieqHuTe cTabunHocTy;

(1) CtabunHocT NpoTUB NPEeBPTYyBaH:E

Hema ga nojae oo npeBpTyBawe Ha /sugoT

(2) CTabunHoCT NPOTUB Nn3rame

Hema ga gojae oo nuarawbe Ha /sngoT

(3) CtabuneH NpoTMB YHULLTYBakE Ha SUOHOTO TENo
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TenoTo Ha suAoT He cMee Aa buae YHULITEHO 0 MaKCMMAIHOTO Hanperake Bp3 TENOTO.
(4) CtabunHocT Ha gejcTByBavkaTa nonoxba Ha pe3ynTaHTHaTa cuna LWTo AejCTBYBa Ha SMAoT
(5) CTabunHoCT Ha TEMENHOTO TIO
HocuBocta Ha ocHoBaTa Ha Temenute Tpeba ga 6uae OOBOMHa BO OQHOC Ha MakcumanHaTa
peakumMoHa cuna Ha smaor.

1. MNocTojaT ABa BMAA KOHCTPYKLMM 3a 3apKyBake Ha 3emjata. EQHMOT KOPUCTU MHOTY CUTYPHU,
CUMHMW U U3OPXKNNBU MaTepujanu Kako WTo € 6eToHOT. JpyrnoT KopucTn necHn matepujanu, Kako
LUTO ce rabuoHn 1 Tpynum.

MNpBaTa, nocunHaTa, ce KOpUCTM Ha MecTta BNMCKy A0 3aLUTUTHUTE LIeNnK, Kako LITO ce Xutenute
W jaBHUTE UHPPaCTPYKTYpW Nnn BO Cryyaj Ha hnKCUpare Ha rornemMo KonmyecTso no4vsa u Tanor
co3[afileHn Npu cevere Ha NaguHUTE UKW Kako OCHOBA 3a ApYru rpagexHu pabotu, utH. Cekako,
Heonxo4HO e TeMeNHO Aa ce ucnuta HerosaTa cTabunHocCT.

BTopuroT, nonecHnoT maTtepujan, ke ce BrpaJyBa Ha MecTa Kaje LUTO He ce akymynupa ronemMmo
KONM4eCcTBO MOoYBa U Tanor Ha 3agHWOT Aen o of NoTnopHaTa KOHCTpyKUMja Unu Ha MecTa Kage
WITO ce MpoueHyBa Jdeka 3agHaTta naguvHa Ha MOTMNOPHMOT SWUA CTaHyBa cTabwunHa nopagu
NPUPOAHO jakHEeHEe Ha TepeHOT M OOHOByBawe Ha Beretauvjata BO MOMEHTOT Kora CTaHyBa
BUANMBO BMOLUYBakeTO Ha ynoTpebeHuTe maTepujanu Ha pabortaTa. lMopagu oBaa npuymHa,
BOoOOMYaeHO € eMnUPUCKN a ce ogpedyBaaT BUCUHATa, CTPyKTypata UTH. 6e3 npecmeTku 3a
cTtabunHocT.

2. ctabvnHocTa Ha noTnopHaTa KOHCTPyKUMja Ce UCNUTyBa CO MpecMeTka Ha cTtabunHocTa, BO
crny4aj noTnopHaTta KOHCTpyKuuja Tpeba ga Guge ocHoBa Ha Apyru 3adaTu, BO Cry4aj Kora e
notpebHo da ce duKkeupaaT ronemMo Konm4yecTBo novsa U CeAUMEHTN HacTaHaTW CO ceyere Ha
naguHaTta unu Ha mecta 6nucky 0o 3aWTUTHUTE Lienu UTH.

(1) CtabunHocT NpoTUB NPEBPTYBaH:E

CteneHoT Ha cTabunHOCT Ha NPeBpPTYBaHETO Ha MOTMNOpHATa KOHCTPyKUMWja ce ogpedysa Co
pamMHoTexaTa noMery MOMEHTOT Ha NMPEBPTYBake U MOMEHTOT Ha OTMop.

MoMeHTOT Ha npeBpTyBakbe Ce onpedenyBa CO XOPM3OHTANHMOT MNPUTUCOK Ha 3emjaTa,
NPUTUCOKOT Ha BodaTa MTH., M Of TeXxuHaTta Ha NoTnopHaTa KOHCTpyKuuja, BEPTUKarNHWMOT
NPUTUCOK Ha 3emjaTa 1 NPUTUCOKOT Ha BoAaTa.

MoMeHTOT Ha npeBpTyBake Ce ofpedyBa Cropef XOPU3OHTANHWOT NMPUTUCOK Ha 3emjata U
NPUTUCOKOT Ha BOAATa, @ MOMEHTOT Ha OTNOp ce oApedyBa Cropef COMCTBeHaTa TeXWHa Ha
MOTNOPHWOT SuA Ha 3eMjaTa, BEPTUKANHNOT NPUTUCOK Ha 3emMjaTta 1 NPUTUCOKOT Ha Boaara.
Be3begHocHnot dhaktop (Fs) oa npeBpTyBake ce nNpecmeTyBa CO CregHaBa paBeHKa.
6e3begHocHMOT hakTop Tpeba aa Guae 1,5 unu noseke BoO cnyyaj paboTata fa e NpoeKkTMpaHa.
Bo cniyyaj oa ce 3eme npeasua CEN3MUYKOTO ABUMXKEHE, (DaKTOpPOT cenak Tpeda aa 6uge 1,2 unu
noBeke.

Fo= (Resistant Moment) _ W= atpry-b ——Equation

o (Overturning moment) Py h

W: ConcTteeHa TexuHa 1 ontoBapeHa TexuHa (KN/m)

A: XOpM30HTanHo pacTojaHue of NpenycToT Ha suaoT A0 TovkaTa Ha aejcteyBanse og W (m)
PV: BepTukanHa KOMMNOHEHTa Ha pe3ynTaHTHaTa cuna Ha NpuTUCOKOT Ha 3emjata (KN/m)

B : Xopun3oHTanHo pacrtojaHue o4 NpenycroT Ha suaoT 40 TovkaTa Ha gejcteo Ha PV(m)

PH: Xopu3oHTanHa KOMNOHEHTa Ha pe3ynTaHTHaTa cuna Ha NPUTUCOKOT Ha 3emjaTa (kN/m)
h: BepTrkanHo pacTojaHne o 4HOTO Ha SMAOT A0 ToYKaTa Ha AejctByBake PH (m)

(2) CTabunHoCT NPOTUB Nn3rake

CrabunHocTta npoTMB nu3rake ce oapedyBa CO paMHoTexaTta rnoMery cunarta Ha nuisrawe u
OTMOPHOCTAa Ha Nuarawe. Cunarta Ha nusrawe OOMK JONHAaTa NOBPLUMHA HA NOTMOPHUOT Sug e
XOPU3OHTaneH NPUTUCOK Ha 3emjaTa, a cunaTa Ha OTNopoT e TpaHcBep3anHa cuna uny cunara Ha
Tpuewe HacTaHana nomery gonHarta noBpLUMHA Ha SUAOT U 3emjaTa.
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MacMBHMOT NPUTUCOK Ha 3emjaTa rnaBHo Npean3BUKaH o/l 3eMjaTta Ha NpeaHUOT Aen Ha NpenycToT
He ce pasrneaysa 6uaejkv BO MHOTY Criydan He MOXe [a Ce OYeKyBa A0SIropoYHa CUMYpPHOCT.

Be3benHocHuoT dhakTop (Fs) 3a nu3srawe ce NnpecmMeTyBa CO cnegHaBa paBeHKka. Bo cnydaj ga
ce 3eMe npeaBna CeEM3MMYKOTO ABMKEHE, PaKkTopoT cenak Tpeba ga 6uge 1,2 unu noseke.

Fo—= (Resistant Force) . (W‘|‘ PX) ‘f+c"B ----Equation
S (Sliding force) Py

W: ConcTBeHa TexuHa 1 ontoBapeHa TexuHa (KN/m)

PV: BepTukanHa KOMMNOHEHTa Ha pe3ynTaHTHaTa cuna Ha nNpuMTUCoKoT Ha 3emjata (KN/m)
PH: XopuaoHTanHa kKOMMOHEHTA Ha pe3ynTaHTHaTa cuna Ha NPUTUCOKOT Ha 3eMjaTa (KN/m)
h: BepTukanHo pactojaHue of GHOTO Ha SMAOT A0 ToykaTa Ha aejctByBare PH (m)

(3) CTabunHOCT NPOTUB YHULLTYBaHE Ha SUOHOTO TENO

3a pa ce 3agoBONM CTabMNHOCTa O YHULLTYBaHE Ha NOTNOPHUOT SUA, HAMOHOT Ha MPUTUCOKOT U
HanoHOT Ha 3aTerHyBawe co3fjafeHn BO suaoT He Tpeba da ro HagMmuHyBaaT [AO3BOSIEHOTO
Hanperake Ha sugHWoT maTepujan. MeryTtoa, BO cnyyaj ga ce 3emart npenBug CEN3MUYKUTE
OBWXeHa, Toa MOXe [da ce CMeTa 3a CTabunHO ako BKYMHUTE ropeHaBedeHWn Hamperawa ce BO
pamkuTe Ha 1,5 natu o4 403BOMEHOTO Hanperawe. Bo cnyyaj Ha rpaBMTaLMCKU TUMN KaKo LUTO €
BGeToHCcKaTa KOHCTpyKUMja, OOKONKY € WCMONHeT ycrnoBoT nofdony (4), Moxe ga ce cMeTa 3a
CTabureH NpoTUB YHULUTYBake Ha BETOHCKOTO TENO.

(4) CtabunHocT Ha fgejcTByBaykaTa nonoxba Ha pesynTaHTHaTa cuna LTo AejcTByBa Ha suaoT
Ha ponHaTa noBpLUMHa Ha NOTNOPHWUOT SKA reHeparHo AejcTByBaaT OonToBapyBaka Kako LUTO ce
TeXuHaTa Ha SUAOT N NPUTUCOKOT Ha 3emjaTa. VIcTo Taka, ToukaTa Ha AejcTByBare Ha cunarta Ha
peakuujata Ha 3emjaTa Ha OHOTO Ha MOTMOPHWOT SWA Ce pasnuKyBa BO 3aBUCHOCT Of
€eKCLIEHTPUYHOTO pacTojaHMe Ha ToYKaTa Ha AejCTBO Ha pes3ynTaHTHaTa cuna. Bo ogHoc Ha oBa,
efeH of ycrnoBuTe 3a CTabUMNHOCT Ha MOTMNOPHMOT SUA € EKCLIEHTPUYHOTO pacTojaHue Aa He e
nperonemo. Co pgpyrn 300poBW, akuMoHaTa Mo3vumja Ha pesynTaHTHaTa cuna Ha
OMNTOBapyBaHe€TO MpecMeTaHa Co paBeHKaTa Ha creHaTa cTpaHvua mopa ga 6uae Bo oncer of
1/3 oag gonHaTa WwuprHa Ha NOTNOPHMOT sSK (KOj Ce HapeKyBa cpefHa TpPeTuMHa) o4 LeHTapoT. o4
JonHata wupuHa Ha sugoT (le |l = B//6).
Bo cnyyaj oa ce 3eme npeaBug CEN3MUYKOTO ABWXKEHE BO LEHTAPOT Ha JonHaTa LWMpuWHa Ha
3eMjeHVOT NOTMNOopeH sua, Toa Mopa Aa éuae Bo oncer oA 2/3 og AonHaTa WWpuHa Ha smaoT (| e
| =B/3).
Bo cny4aj Ha rpaBuTauucka 6eToHCKa KOHCTpYKUUja, ako akuuoHaTta nonoxba Ha pesynraTtckata
cuvria Ha onToBapyBaHEeTO ro 3a40BOMNyBa ropeHaBe4eHMOT YCIOB (BHATpe BO cpefHaTa TpeTuHa),
HanoHOT Ha 3aTerHyBake He JenyBa BO SMAOT, Taka LUTO MOXe [a Cce Kaxe Jeka e ctabuneH
NPOTUB YHULUTYBaHETO Ha SUAOT.

B pPv
<b P
e=6

R 57— PH

J
|VIVI|

Cnuka 3-11. HagBopeLuHUTe CUM U HUBHUTE aKLMOHW NIMHMKX 00 NOTNOPHMOT sug
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d = W-a+Py-b—Pg-h
o W+Py,

----Equation

e=—-—d

B
2
D: Xopwu3soHTanHo pactojaHue og NnpenycToT Ha SMAOT A0 ToukaTa Ha aejctsyBare R (m)

e: EkcueHTpu4HO pacTojaHme of ueHTapoT Ha AonHaTa LWnprHa Ao ToykaTta Ha aejcteo Ha R (m)
W: ConcTBeHa TexuHa 1 ontoBapeHa TexuHa (KN/m)

PV: BepTukanHa KoMNoHeHTa Ha pe3ynTaHTHaTa cuna Ha NnpuTuMcokoT Ha 3emjaTa (KN/m)

PH :Xopu3oHTanHa KOMNoHeHTa Ha cunara LWTo pe3ynTupa co NPUTUCOK Ha 3emjaTta (KN/m)

A: Xopu3oHTanHo pacTojaHue of NnpenycToT Ha SMAOT A0 ToykaTa Ha AejcteyBarbe og W (m)

b: XopusoHTanHo pacTojaHue of npenycToT Ha SMAOT A0 ToykaTa Ha AejcTBo Ha PV(m)

h: BepTukanHo pacTojaHune o 4HOTO Ha SMAOT A0 ToYKaTa Ha aejcteyBake PH (m)

b: [lonHa wnpnHa Ha NOTNOPHMOT sug, (m)

5) CTabunHoOCT Ha TEMENHOTO TNO

ToBapoT WTO AenyBa Ha NOTNopHaTa KOHCTPYKUMja € noaapkaH o ocHoBaTa. AKO HOCMBOCTA
Ha ocHoBaTa Ha TemenuTe e HeJOBOfHa, OCHOBaTa Ha TeMenuTe MoXe Aa ce YHULITU 1 fa ce
aecbopmmpa noTnopHaTa KOHCTpyKUKja.

MakcumanHata cuna Ha peakuuvja Ha 3emjaTa (q1) reHepupaHa Bo ocHOBaTa ce npecMeTyBa Co
crneaHaBa paBeHKa U He CMee [a ja HaAMUHe J03BofieHaTa HOCUBOCT (ga) Ha 3emjaTa (g1 < qa)
3a fga ce usberHaT TakBu YHULUTYBaka Ha 3eMjaTa 1 gedopmanmm Ha suaoT.

BO Cryyaj Aa ce 3emaT npeaBua Cen3MmYKuTe OBWDKEHA, MOXE a Ce CMeTa 3a CTabunHo ako
HanperawaTa ce BO pamkute Ha 1,5 naTu og [O3BONEHOTO Hanperawe.

@ Bo cnyyaj akumoHaTa nosuuuja Ha pesynTaHTHaTa cuna Ha ToBapoT Aa 6uae Bo
oncer oa 1/3 (cpeaHa TpeTvMHa) o4 AonHaTa WUpMHA Ha SUOO0T BO LEHTapOT.

Py+W 6e ----Equation
91 = 7p (1 T E) -
B Py+W (1 66) ----Equation
q: B B
2 Bo cnyuyaj akumoHaTa nonox6a Ha pesyntaHTHaTa

cvna Ha ToBapoT Aa buae Haaeop of onceroT oA 1/3 (cpegHa TpeTuHa) o4 AonHaTta
LUMpWHA Ha SNOoT BO LIEHTAPOT.

(lel >B./6)

----Equation

_ 2Py+w
(q,) = 22

g1: CunaTa Ha peakuuja Ha 3emjaTa ga AejcTByBa Ha NpeaHMoT npenyct Ha sngoT (KN/m)
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g2: CunaTa Ha peakuuja Ha 3emjaTta Aa AejcTByBa Ha neTuuaTa Ha suaoT (Unv Ha 3a4HUOT nanew)
(kN/m)

e: EkcueHTpu4HO pacTojaHvMe of UeHTapoT Ha JofiHaTa LWupuHa A0 Todkata Ha AejcTBO Ha
pe3ynTtaHTHaTa cuna (m)

W: ConcTtBeHa TexuHa n ontoBapeHa texunHa (kN/m)

PV: BepTukanHa KOMNOHEHTa Ha pe3ynTaHTHaTa cuna Ha NpMTUCOKOT Ha 3eMjaTa (KN/m)

B: [lonHa wupurHa Ha NoTnopHMOT sma (m)

es 8
Middle third !

Qz

Cnuka 3-12 HagBopeLuHu Cunm n HUBHUTE akLUWOHW NUHUKN BO cpeaHaTa TpeTuHa
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Mpumep 3a npecmeTka

GW—B Enbankment type
1 Load division chart

2 Dimensions

Wall Wall
Height Height of hasement Width |egradien| gradient
of t of of
of wall conereta ) .
crown | Valley | mountain
5ide side
h hy ha B b n m
2.5 0.3 0.2 0. 15 0. 50 0.3 0. 15

3 Conditions of design

D,
W TTTT,

Interna Accepta | Necessa | Necessa
Vol ume 1-'¢:llumt= slope _ I . Angle Fri l’.'1...]-t.1[] b ||l: ry ry
weight Wf‘lghl of Ft']r:t_m -n.f'_wall] rncfﬁu.wn hczarlr.u_{ safety | safety
of wall of hla-u.'k surface| ™ of [rictio L of capacll rate rate
s0il |° back n ground v of for for
50il ground | turnove | sliding
o] 5 Ji] & ot b [ Qa Ta [a
22.1 17,7 25 a0 8. 531 20 0,6 200 1.5 1.5
4 Earth pressure (EP}
Earth (€)= cos (g —a) ‘
Pressure

coefficient cos “a-cos (a+ a1+ cos (e +d) cos @ —ﬁ}[

= 0.61375

Earth pressure(EP) = WX 1/2xXsXc
2.5X2, 5x1/2x17. T+ 0.61375
33. 948 kN

Vertucal component of EP (Ey)= EX 51 nid+a)
= 33. 948 X 5in(20. 000+ 8. 531)

Holizontal component of EP [,|':|.]‘: E* cos [: 15 + 1k )

= 33, 948 ¥ cos (20. 000+ 8. 531)
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5 Culcuration chart

[tens . Lewad * . Arm Moment
Farmula Arm ealculation
kM (1] kN +m
) ® Uhehy ) ¥ 178 Bot2/3 % Cth=h,)
Bofn ! b 16045 | ' 0. 540 o, 67
L 3=2 22 21,/2x22. 1 0 15+2/3% 0. 3220
. | B (heh) = w Botn (h=h,) +1/2%b ]
: 24,310 1. 060 25. TES
0500 (2 5-0_3) %221 (O 15+, B3 2. 204 1,/2 50, 50
g ® (heh,) 5= /2% Botn (h=h) +b+1/3 = m* (h=h,]
Ba o ! - g0 | : : 1. 420 11. 391
O 15% 2 Bx2 21 /2x22 | 0 L5+, 3308, 30+, 50+ 17350, 1552 50
D, [rreml 3 theh b #h] 5 (h,-hyh o 12 w Bt 275 2 [ (netm) 2 Ch=h ) 4]
1. G6 - 1. 143 1. 851
(0, 4552, 240, 50} 30, |3 1,/2%22, | 0 15+2/3 % [0, 45 2. 2040, 50]
D, | (BB hy=hy) % 1725 w Bot1/3 % (BB, )
: 1. 663 0. 652 1. 0E4
1LG0GX0, 1% ],/2=22 1 0 15+1 /3% 1. 505
Dy | Be¥hXw 1/2 %k, i
0 9495 0. 075 0. 075
0 1h=0 3221 1/2 =0, 15
. | (BB ®he= Bot 172 (BB,
! 6. GRZ 0. 903 &, (07
15060 222 ] 0 15+1 /2% 1. 505
E+y Exsin(d+a) B (h/3d=hg} X m _ _
16. 215 1. 560 25, 2495
33, B8 > sin{20. GM0+E, 5310 I G655-0, B33 = 0. 15
Vertical component of earth . .
Total pressura 75. 548 Homent ?}i{ﬂ?nmmnl Al G
(Zy} N
E Exeos(d+a) 1/3=xh
20, 825 0. 833 24. B4
33, 948 = cos (20, MR, 5310 1/3=2 50
Horizontal component of _
o {‘élrihillru?‘ur{" 29, 825 Homent i"}ur{“l;“““"“ 24, 814
Zy
6 Width and section of wall base
(BY =B,+ (h—hy) *n+b+ [h—hy *m = 1,635 m
B,=(h—h.}®(n+ml+bh—p37= 1,165 m
(A) =Bxh+{B+B-B)x{h-hx1/2 = 0,36 nf
(A =(h-hJxBx1/g = 149 ni
7 The point of net load (d) and eccentric distance
(d) = (My—M,;) “E, = (80, 969 — 24, 844) 75, B4f = 0,743 m
(e) = Bs2—d = 0. 085 m

8 Subgrade reaction force (P12 (P2

(P = EWBx(+6e/B)

(Py) =

EwBx{l—6e/B) =

9 Safety rate for turnover and sliding
=8, 0% 7 24 844 =
=0, A= 75, bdR, 30, 825 =

My My, =
PR E A5, =

10 Result of stabilities
Apainst turning-over
Apainst sliding

Apainst sageing

Apminat inner stress

Tall.5) =

Fall.5) =

Cla=200 kN =

3. 259
1.519
P nax=58. 715 kN/ni

BO.T15 kN nf
31. 581 kNS ni

3. 259
1.51%

0K
0K
LS

It"s Ok, becouse addomicable stress for concrete is
prenty enough against inner stress
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(6) OpeHaxxa Ha NOTNOPHa KOHCTPYyKUMja

3a HenponycTNMBMOT TUM MOTMNOPHU KOHCTPYKUUK, reHepanHo Tpeba da ce obe3benaTt onosoaun
(oaBoOAHWM oynKkuW) 3a Aa ce enNMMUHMPA NpoTedeHaTa Boaa Ha 3afgHaTa naguHa Ha KoHCTpyKumjaTa.
Mpu npecmeTkaTa Ha cTabunHocTa, 0GUYHO He ce 3ema NpeaBua NopacToT Ha HUBOTO Ha BoAdaTta
BO NnoyBaTa Ha 3agHUTe NaauvHK Ha HeMnponycTNMBaTa KOHCTPYKLMja 3a 3aapXKyBare Ha 3emjaTa.
3aTo0a, cnpedyBareTO HAa HEOYEKYBAHOTO MokadvyBake Ha HMBOTO Ha BodaTa BO Mo4YBaTa Ha
3aHaTa MaaMHa Ha KOHCTpyKuumjaTa co oOBOAM MMa BaxHa (yHKUMja BO npecmeTkata Ha
ctabunHocTa.

1. 3a HenNpoNyCTNMBU KOHCTPYKLIMM 33 3apXXyBake Ha 3emjaTa, Kako LUTO ce BETOHCKN MOTMOPHM
KOHCTPYKLUMKX 1 NOTMOPHM KOHCTPYKLUUK CO BnaxkHa sugapwja, Tpeba aa ce obesbenar oasoaHu
KaHanu 3a ga ce cnpe4un akymyrauuja Ha Boda v 3rofieMyBah€ Ha HUBOTO Ha BodaTta BO no4ysarta
Ha KOHCTpyKuMjaTa. Toa e 3aToa LWITO ako NpoTeveHaTa BoAa MUIu NoA3eMHUTE BOAM OCTaHaT Ha
3aQHaTa nagvHa Ha KOHCTpyKuujaTa, MPUTUCOKOT Ha Bogata Ke [ernyBa Ha noTrnopHara
KOHCTpYyKLUWUja.

2. OgBoauTe ce NocTaByBaaT Co LEBKM CO Bnar HaknoH Hagony, of 3afHaTa KOH npeJHaTta cTpaHa
Ha noTnopHaTta KOHCTpPyKUuWja. BHaTpelwHnTe anjameTpu Ha ueBknTe Tpeba ga omuaaT reHepasnHo
op okony 50 go 100 mm u Tpeba ga ce BrpagyBaat Ha okony 1 Bo 3 m2 o4 NOTNOPHMOT sua.

Bo cnyyaj ga noctojat pu3num geka Bogata of noTouun UTH., Teye BO 3aHaTa CTpaHa Ha suaor,
Tpeba fa ce 3emar npeasua MepKM 3a crpedyBake Ha NMoBpPaTHMOT NPOTOK 3a Aa ce obesbenat
M Oa ce NpuuBpCTaT Ha OABOOHUTE LIEBKM.

3. Bo onwtu cnyyau, Tpeba na ce obe3benn Yakan 3a 3acunyBar-e 3a edukacHa apeHaka Ha
BOodaTa 1 cripevyBare Ha 04BOAHMTE AYNKU [1a Ce 3aTHaT CO 3eMja U MEeCoK.

(7 ) Yakanu 3a 3aTpnyBame

3a fa ce nsegHauv NPUTMCOKOT Ha 3eMjaTa U a ce ucuedm npotedeHaTa Boda of 3agHaTta cTpaHa
Ha KOHCTpyKumjaTa Tpeba oa ce o6e3benat yakanu 3a 3acunyBare.

1. YakanuTe 3a 3aTpnyBake rmaBHO ce 06e30eayBaaT 3a fa ce pacnpcHe NPUTUCOKOT Ha 3emjaTa
Ha 3agHaTa CTpaHa Ha HenponycTNMBMOT TUMN KOHCTPYyKUMja 3a Aa ce nogobpu ctabmnHocTa Ha
KOHCTpyKUMjaTa, Aa ce NOTTUKHE edrkacHO oABedyBaw€ Ha npoTedeHaTa BoAa M NoA3eMHUTE
BOAM M [a Ce Crpeym 3aTHyBakbEeTO Ha OABOAHMTE LIEBKM CO NMOYBa U NECOK.

2. 3a 3acvnyBane CO Yakan, CTpykTypaTta Ha noTnopHaTa KOHCTPYyKUMja, KBanuTeToT Ha novsaTa
Ha 3agHaTa CTpaHa Ha KOHCTpyKuujaTa, yCroBuTe 3a M3BOpPCKa BoAda WTH., Tpeba ga ce semat
npeasua M XOMOreHM 1 BUCOKOMPOMYCTNMBM MaTepumjanu Kako LUTO Ce Yakas, KpLUEeH KaMeH Koj e
W3APXKITUB HA BPEMEHCKMTE YCIOBU Ke Ce KOPUCTM MO JOBOJSHO HabuBare Ha TMe MaTepujanu Kako
CTaHZapgHa npouegypa.

Ako 3agHaTa cTpaHa Ha MoTnopHaTa KOHCTPYKLUuja e HamorHeTa co noyvea co Aobap KBanuteT u
NPUTUCOKOT Ha 3emjaTa ce MpeTnocTaByBa [Jeka PaMHOMEPHO AeNnyBa Ha MOTMNOPHUOT suf, a
0OBOAOT MCTO Taka ce odekyBa Jobpo Aa yHKUMOHUPa, Toraw Moxebu Hema aa buage notpebHo
Aa ce npasu oBa.

[PedbepeHua] Kako ga ce nssene norHeHeTo

Wmajkn rm npegsug ropeHaBefeHnTe Lenu, BO cryyaj Aa ce obe3beam Yakan 3a 3acunyBambe, TOj
Tpeba ga 6uae o6e3beneH n pacnopendeH co egHakea gebenuHa og 30 cm. kako ctaHgapa. Bo
crny4aj Aa MoXe fa ce NocTUrHe aucrnepsunja Ha NPUTUCOKOT, MaKo Ce yLITe ce o4vekyBa cnaba
NpPONyCTIAMBOCT CaMO CO MOJTHEHE CO YaKasl, MOXe Aa Ce pa3MUCIN 3a KOPUCTEHE Ha CEKYHOAPEH
nponseoa.

MononHyBaHeTO CO Yakan Tpeba Aa ce Hanpaewu of 6nunanHaTa Ha BPBOT Ha SUAOT A0 HAjHUCKUOT
onBog. Nopg Yakanute, 0GUYHO Ce KOPMCTM NOYBa CO HUCKA MPOMNYCTNNBOCT (FMHECTA).
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Sodding

Backfilling

Backfilling with
high permeability
materials such as
gravels

Backfilling with
low permeability
soil

\ Drain pipe

Cnuka 3-13 : KoHuenTyaneH upTerK Ha 3acunyBakbe Ha NOTNOPHUOT SUA,

3.3  WUsrpapba Ha puAacku KaHan

Kananot Ha pnaoT nma 3a uen ga cobupa u ncueam soga Ha pyaoT 3a a crnpeuu eposuja Ha
puaoT. Toa e 3aToa WITO JOXAOBHMLATA, M3BOpCKaTa BOA4A Wiy JOTeKHaTa Boda LTo fgoara oA
HaJBoOpelLHaTa CTpaHa Ha rpagunuluTeTo ce MHUNTpMpa BO NnoysaTta U Npeam3BrKyBa
3ronemMyBar€ Ha NPUTUCOKOT Ha MOopHaTa BoAa v Aerpajaumja Ha cunarta Ha nenewe Ha
noyeara. Ha kpajoT, MecToTo cTaHyBa NoAsoXHO Ha epo3un. Marpagbarta Ha kaHan Moxe ga
noMorHe Aa ce nsberHe cosgaBare TakBM YCMOBU CO OTCTPaHyBake Ha NOBPLUMHCKAaTa BoAa.

Puvacku kaHanum ke ce MHcTanmMpaart BO CriedgHuBeE crnyyau;

(1) Bo cnyyaj oa nma n3Bopcka Boda BO LENHUOT pug

(2) Bo cny4aj kora NOBPLUMHCKUTE BOAM NTECHO ce cobupaat o OKofMHaTa U ce cryliTaaT Bo
puaoT,

(3) Ookonky puaoT € Co AONMHCKN 0BMMK 1 BO HEro ce cobvpaat NoBPLUMHCKUTE BOAM

(4) Bo cnyu4aj kora puaoT e reonoLky cnab Ha epo3uun o NOBPLUNMHCKUTE BOAU

(5) Bo cnyyaj BogaTa ncuegeHa og, ppaHLyCcKMOT oABoL, Oa uanese u Bogata Tpeda ga ce
npeuncTn 3a 6e3beaHO Aa ce cnywTy Hagony.
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Cnuka 3-14 : U3rpagba Ha pMACKM KaHan

Factors

Type of collapses/
erosions

Geological features
of collapsed areas

Spring water

Catchment area

Longitudinal/
cross-sectional
shape

Relationships with
other works

Ta6ena 3-5: NMNoTpebHM nokaumm 3a puACKM KaHan

Channel work is required (in general)

1. Deep and seashell / spoon shaped
collapses caused by seepage/ ground
water, etc.

2. Collapses caused by gully erosions

1. Areas of easily eroded geological
compositions such as volcanic ash, fine
sand, mud and etc.

2. Areas consisted of terrace deposit or
impermeable composition layers such as
rock, etc.

1. Waterspringis all the time

2. Waterspring is only after raining

1. Wateris gathered in the collapsed
area from the outside of the area
2. Areais 0.1ha or more

1. Longitudinally Convex shaped line
slope

2. Horizontally concave shaped (valley
shaped)

Previously other works could not make
the site stable or regenerated vegetation
successfully

[naHvparke Ha puackn KaHan

Puackute kaHanu Tpeba aa ce NpoeKkTupaaTt Ha XOPU3OHTaNHO HajHUCKUTE MNO3ULMK Kafe LUTO

Channel work is not required

Shallow collapses of the
surface peeling type

1. Mudstone, etc. is exposed

2. Areas of geological
compositions unsusceptible to
erosions such as gravel,
cobbles, etc.

No water springs

1. No water coming from the
outside
2. Areaislessthan 0.1ha

1. Longitudinally graded
slope or concave shaped slope
2. Horizontally level shaped

Other works can make the site
stable/revegetated quickly

BogaTa ce cobupa HajecbekTmBHO Ha nagmHuTe. Bo ocHoBa, TpacupaneTo Tpeba aa buae
ON3ajHMpPaHo Ha CneaHNOB HauNH:

(D Bo cnyyaj noBpLUMHCKaTa BoAa Aa Teye BO NokauujaTa ogHaaBop, kaHanute Tpeba aa ce
Tpacupaart Ha HaJBoOpeLLHaTa CTpaHa 3a Aa ce cobepe BogaTa of Tamy. Bo 0Boj crniyyaj,
KaHanoT Tpeba ga ce MHCcTanMpa Ha penaTtMBHO pamMHO MECTO Of ropHaTa CcTpaHa Ha

nokauwjaTa.



@ Kawnanute 3a cobupare Boaa Tpeba Aa 6uaat noctaBeHu NonpeyYHo Ha nagvHaTta 3a ga ce
cobepaT NOBPLUMHCKMUTE BOAM KOJIKY LUTO € MOXHO MOBEKe.

(3 OgBoAHMOT KaHan 3a Boaa Tpeba Aa ce ypeam Taka LWTo ke ro 3a3eMe HajKpaTkoTo
pacTojaHue of LeHTPanH1oT KaHan 3a WwTo nobp3o ga ce ucueaun cobpaHarta Boga KOH HagBop.
@ Bo cnyyaj kora paboTHaTa NoBpLUMHA Ha puOOT e ronema, Tpeba aa ce opraHuampa
COO[BETEH KaHarcCKn cMcTem 3a cobupare 1 o4Boa Ha Boada, buaejkm eqeH kaHan He e
cnocobeH Aa ce cnpasu Co BogaTa Bo nororiema obnacr.

(® Mpw Tpacupare Ha kaHanuTe ke ce 3emMaT NpeaBua YCroBuTe Ha NaguHaTta u TonorpadgckmuTe
KapakTepucTukn npea/no narpagbarta. Toa e 3aToa LWITO MOXe € NOTPebHO Aa uma rnaBeH kaHan
N CNOPELHM KaHamnu, BO 3aBMCHOCT o, OOSIMKOT U YCIOBUTE Ha cpyLleHaTa obnact.

Ry Water collecting channel
on the terrace installed
6 outside of the site

Water collecting
channel installed
transversely

Water drainage channel
installed in concave
place of the slope

Cnuka 3-15 : MNnaHupame Ha PUACKM KaHanu

MNpukas Ha NnaH 1 NpukKas Ha HaZOIMKEH NMPEeCceK Ha KaHanoT

[n3ajHoT Ha kaHanoT TpeGa ga Ouae noctaBeH BO MMAHCKU MNpYKas CO MOBp3yBake Ha
XOPMW30HTANHO HajHUCKUTE MO3MLMKU Ha naguHaTta. TpacupaweTo Ha kaHanoT TpeGa aa 6uae
NPUPOAHO AM3ajHUPaHO o rope KOH Aony No nagvHaTta 3a BogaTta Bo KaHarnoT Aa Tede.

g longitudinal Cross-section view

T T A
Al <

Retaining work ~

74

‘ [ Concrete retaining work Channel work

Concrete
check dam

Cnuka 3-16: NnaHckM norneg, (neso) 1 nonpeyeH npecek (AecHo) Ha KaHaNoT Ha puaoT
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Mpecek Ha NPOTOK Ha BoAa Ha kaHarnoT

MpeceKkoT Ha NPOTOKOT Ha BoAa Ha KaHanoT Tpeba Aa 6uae ansajHMpaH Taka WTo Aa ce ucueam
[0BONHO 6e36eHO 3a MakcUMarnHaTta KonuyrHa Ha NpoTok Ha cobpaHaTa Boaa.

e B |
H.W.L

—L \_=/

]
4
fo—— Bi ——|

Cnuka 3-17: MNMpecek Ha NPOTOKOT Ha
BOJaA Ha KaHanot

JomknHa Ha efeH pacnoH Ha KaHanoTt

OnwTO 3eMEHO, CpyLUEHWTE NafauMHU Ce CTPMHM U BOOGMYaEHO He Ce O4ekyBa OCHoBaTa Ha
naguHaTta aa uma fobpu ycrnosu. 3aTtoa, ako efleH pacrnoH Ha KaHanoT 3a Boaa e AM3ajHupaH 3a
[loNnrv pacTojaHuja, MoXe Ja [ojae [0 HeeHAaKBO CrierHyBawbe U nuarakse nopagm corncreeHaTta
TEXUHa Ha kaHanoT. CooABeTHO Ha Toa, AOMKMHATa Ha pacrnoHoT Tpeba ga ce perynupa co
NoTNopHa KOHCTPYKUWMja Unn nparosu 3a okony 20 m Bo KocaTa AOIHKMHA Kako cTaHgapaHa.

Types of channel work (1/6)

Cross-sectional view

0.40
- Cobble stones concrete

Concrete channel constant water with high water discharge

(Unit : m)

Cross-sectional view

2.8
029 1.00
Concrete block |

,BIckﬂllmg concrete|

Drain pipe

1

Concrete block channel Main channel with high water discharge
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Types of channel work (2/6)

Cross-sectional view

— 62
[r0.22e+—0.39—fo—— 1 40————————<—0.33—+p0.22+| =
VE? 5 | 5| Rubble stones
\ a Gravels

% 8
=| Concrete
&
a—]
Unit:m

Wet masonry hillside channel: For locations with high volume constant water

Cross-sectional view

i 1.70
E.ou
T 0.27 1.00
7S Cobble stones
El [
o 8 Casted natural stones
S,
For hard ground areas with unit:m

o g

P SN

Typ of c

Al viimtnav Antnhhina At AvAa~

hannel work (3/6)

Cross-sectional view

Pile(pine wood $=0.1,L-2.0)

(Unit : m)

Gabion box channel: For locations with soft ground and little constant water

T SR,

R 70T Ty gl : Cross-sectional view

168

1.50 050

Wooden
)_— cross-member

‘Wooden pile

Gabion box
Steel pile

Cobble stones

Retaining sheet
' (Unit: m)

R S
Wooden fence channel: Itis compatible with vegetation work. Relatively low durable.
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Types of channel work (4/6)

Cross-sectional view
| 0.9 = 1.00 - 0.30 VX
T &
5 ™\_ Waring joint
waring

0.865

Corrugated flume

g > Beam
& ) [ Cobble stones
| %’%) q . b
:':':_— = %’7 i‘“ Water collection pipe
‘ (Unit:m)

Corrugated flume pipe channel:
For locations where flexibility in work needed such as landslide area, etc.

Cross-sectional view

| 1.0 |
. 0.60 ‘
; = Corrugated pipe
e ”(. Back filling stones
wire
8 Beam
=
7 (Unit: m)

Corrugated pipe channel:
Functions of the channel can be sustained even with ground deformation.

Types of channel work (5/6)

Cross-sectional view

0.40

1.0.09 |0-0 0.30 -05) 0.09,

1 Bl
EERE EEE]

| y

o
w

0.30

! Pre-casted
Reinforce
concrete

I~
Retaining sheet

I~ Cobble stones

Unit: m

Cross-sectional view

1= .13

Turfgrass

skewer

Sod covering channel: Suitable for gentle slopes with no constant water, low water
discharge, no sediment movement and rich soil for sod to grow
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Types of channel work (6/6)

& *W”}}Wﬁﬂ:w‘nwua eoTe
¢ z

Cross-sectional view

f 114

0.35
0.45

49
»
o
3
a
3
©
m
=

T—— Wooden
pile

0.40 Unit: m

1.50

Wire net

Unit: m

Sod /grass seeds are put in the mat

Wire net channel: Suitable rs opes with no constant water, low water discharge,
no sediment movement and rich soil for sod to grow.

Cnvka 3-18: BuaoBu pMACKN KaHanCKM KOHCTPYKLUMK

3.4 3akonaH oaBop (cppaHuycka apeHaxaal nponycTu)

3akonaHMoT ofBoA MMa 3a uen 6p3o ga ja ncueam nogseMHaTta Boga U/unuv npoteveHaTa Boga
HaaBOp Of fokauujaTa, WTO Ke ja Hamanu CoapXuHaTa Ha Boda U NpUTMCOKOT Ha NopHaTa BoAa
Ha no4yBaTta Ha NaguHUTe, ke CrpeYn OBMKEHE Ha MOYBEHUTE CITOEBU O NM3rake Ha 3eMjULITETO,

ke cnpeyn UcTekyBame Ha Nof3emMHaTa Boda Ha NoBpLUMHATA U ke Cnpeyy MeCTOTO NOBTOPHO Aa
konabvpa.
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Cross-sectional view

Retaining work
Hillside Channel work

/

Revetment
work

# Buried drain work

Cnuka 3-19: BugoBu Ha puaCKM KaHanu

MnaH 3a pacnopea 1 CTPYKTYpu Ha 3akonaH oaBoa,

3a pa ce nocturHe eqgekTMBHO cobuparwe M 0ABOA Ha BOAa, MO3ULUUTE U CTPYKTYpUTE Ha
3aKOMaHWOT KaHan ke ce onpegenart Bp3 OCHOBA Ha Ar1aboku 1 AOBOMHN TOMOrpadoCku U reosoLLIKK
UcTpaxxyBaha. 3akonaHuoT o4Bof ce NocTaByBa A0 AnaboynHaTa Ha HenponyCTNBUOT CIoj Unu
OPUWIMHANMHUOT 3EMjEeH CINoOj.

1. PaboTtara ce ypeayBa Ha BOAEHUTE U3BOPU 1 BOOAEHUTE MOBPLLMHMN.

2. Bo cnyyaj egHa og NpyymMHKTE 3a yprBake Ha NaguHUTE Aa ce UCTeUUTE Ha NoA3eMHUTe BOoaM,
3aKOMaHWOT OABO/ CeKorall ce nraHupa no JOBOSTHO UCMUTYBaka Ha nokauujaTa.

3. Ha cegumeHTHOTO nogpadyje Kafge WTO € cedeHa nagvHarta, NnoA3eMHaTa BoAa € CKIloHa ga ce
dopmmpa Ha rpaHuuarta nomery npBoOMTHaTa MOBPLUMHA Ha 3eMjaTa U CeaUMEHTHMOT MOYBEH
cnoj. 3aToa e HEONXO4HO Aa ce pasMUCNn Aa ce NocTaBaT 3akonaHu OA4BOAM Ha TakBU MO3ULNN.
4. Nokonky 3emjaTa e BogeHecTa 1 6apa nnaHmpame Ha ronema apeHaxa, ke ce nnaHvpa cuctem
3a 04BOAHA MpeXxa.

5. MNpu nnaHnpawe Ha paboTtata BO obnacTute Ha BOAHW M3BOPM, MPUKIYYOKOT 3a BOAA
(npukny4ok) 6e3 nctekyBame Ha Boga Tpeba fa buge cooaBeTHO AN3ajHMpPaH.

6. CTpykTypaTta Ha 3akonaHuoT oaBop Tpeba Aa duae AnsajHMpaHa Taka LWTo Aa He A03BoJyBa
cobpaHaTta Bofa Aa UCTekyBa 1 NOBTOPHO Aa HaBrese BO 3emjaTa.

7. CooaBeTHUTE TONEMMHM M OOIPKMHM Ha pacnoHOT Ha pabortata M LENUOT CUCTEM ce
oapenyBaat CornacHo ronemMmHarta Ha obnacra 3a cobupane Bofa co efeH oason.

Ycnosu Ha ApeHaxHa LieBka

OpBoaHaTa ueBka Ha 3akonaHuoT ofgof Tpeba Aa rv UCnonHyBa criedHVBE YCMNOBU:

1. [JoBONHa U3OpXnNMBOCT Ha TOBap, NPUTUCOKOT Ha 3eMjaTa U CMYHO O rOPHUOT Aer.

2. loBonHa cnocobHOCT 3a 04BOAHYBaHE.

3. lNoBp3aHocTa 1 n3gpXnueocTa ce 4odpu.

4. NarpagbaTa Ha KOHCTpyKUujaTa He e TeLlka.

5. Hanpe4yHnoT npecek Ha LeBKaTa € JOBOSIEH 3a Aa Ce Bree ogpeaeHa KonmynHa Ha Tanor.
lMocTojaT HEKONKY BMAOBU M CTPYKTYPU Ha 3aKonaHyn OABOOHU KOHCTPYKLMU, KaKo LWTO Ce, Yakarn,
hawmHu, rabrnonHn, 6eToHcku Lesku u cn. Nopaam noTewwkoTum co HabaskaTa BO NOCMELHO BpeMe
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KakKo " Mn3apXxxnmBocta n/vnun NPUMEHINTNBOCTA Ha oApeneHu MaTepI/IjaJ'II/I, 4eCTo Ce KopucTtat
CeKyHOapHu1 npon3sogn nnun KOMOMHaLMmn Mer'y rabuoHn n CeKyHOapHu1 npon3soan.

LLlemaTcku NprKasn Ha 3akonaHuoT 04Bo4

Bo cnyuaj mouBara nia e
HOpMaJTHa U BOJICHECTA,
WM aKO € TIOTpeOHO 1a ce
UCIIeTU BOJIA JI0
pENaTUBHO MOTA00KUOT
CJ10j

i T L —_—;L— Backfilling soil
B Textile mat to prevent
clogging
" Gravels
Drain pipe
Waterproof sheet

his same as diameter of the drain
pipe or less.

Textile mat is nor required
depending on soil conditions

BO clly4aj Aa ce Oapa
OJIBOJI Ha BOJIa CaMo J10
PETATUBHO TOILUTUTOK
CJI0j

- Backfilling soil
#— Textile mat to prevent clogging
~ Drain pipe

Waterproof sheet
h is same as diameter of the drain
pipe or less,

Bo ciyqaj na e motpe6HO
OJIBOJIHYBAHE J10
N0/UTa0OKHOT CJI0j 3apaju
CBIICYHIIITETO

Backfilling soil

Textile mat to prevent clogging

Gabion

Cobble stones
— Drain pipe

- Waterproof sheet
h is same as diameter of the drain
pipe or less.

Cnuka 3-20: LLlematckn npukasu Ha 3aTpynaHMoT o4Bos,
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(bpaHuyc Cross-sectional view
OBOJ Backfilling S
CO KoOpIia gravels 2 cabi
abion

on Cobble

stones
JKCJIC3Ha Sheet [
KHIa g

0.16 0.48 016 Un|t m
[ e

paniyc

Backfilling™/ /~=
o0aBOJI CO soil e ) S
cobupHa ioil drawn-out ' smose BN

revention YN

YA (XY
[ICBKa sheet o o
Filling gravels 1%
Drain pipe
i@
0.4
Unit: m

Cnuka 3-21: Bugosu Ha 3akonaHu OABOAHM KOHCTPYKLMMK

3.5 EpHocTaBHa Tepacupayka pa6oTta

EnHocTaBHa Tepacupayka pabota Boobu4aeHO ce nnaHvpa 3a ga ce pacnpcHe OoXAOBHMLUATA
Ha NaguHUTE Ha CpyLUEHUTE U/UNn epoanpaHuTe PULOBU U fa Ce Crpeydn epoanja Ha NoBpLUnHaTa
Ha pugosuTe. McTo Taka, Tpeba ga ce nogobpu BereTauMcKoTo XuBeanuwitTe Ha puaosuTe v ga
ce npomoBupa 6p30 06HOBYBaH€ Ha Beretauujata Ha naguHuTe.

Hekon B1aoBu Ha Tepacupadkm pabotu ce koMOmMHUpaaTt co Beretauucka paborta. Oa npegHata
CTpaHa e obe3befeHa oapeaeHa BereTaumja 1 ce nrnaHupa ga ce cnpeyart epo3MmnTe Ha BpBOT Ha
Tepacute 1 Ha noBpLMHaTa. TakBaTa Beretayncka pabota moxe ga cosgaje norogHa cpeavHa
3a 3acafeHu gpsja ga pactar gobpo.

CraHgapaHWOT MHTepBan nomMery NMHUUTE Ha Tepacupadkata paborta Tpeda ga 6uage 1,5 m no
BUCMWHA.

KaTeropum Ha TepacHu KOHCTPYKLMK
TepacHUTe KOHCTPYKLMM MOXe a ce kaTeropuanpaar Ha CNeaHNOB HauvH;

1. KoHCcTpyKLUMja 3a co3gaBarke cpeavHa 3a Aa ce OflecHM 3acafeHuTe Apsja ga pacrart nogobpo
CO HaTpynyBake CHOMOBMK (palLMHK, KaMersa U APYrM MaTepuvjany Hanpea u NOBTOPHO MOSHEHe
noysa No3aau 3a noyearta fa ocTaHe Tamy. * + -+ + Paborta co kameH, dhawmHa n/mnm 6yceHn
TpeBa.

2. PaboTa 3a 3acagyBarwe Ha €QHO WUIKM CHOM pacTeHuja Ha Tepacu WM UCKOMaHW POBOBM Ha
naguHu...Tepacu co kaguym/TpeBa 3a TPEBHULMN.

3. PaboTa 3a kopucTere Ha CekyHaapHW NPON3BOAN LLITO Ke COAPKAT PacTUTENHU CEMUHbA BHATPE
3a oOHOBYBat-€ Ha Beretaumja Ha naguHuTe. + « + + + - Tepaca CO KOPUCTEHE CEeKyHAapHU
npounssoamn
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Op ynotpeGa Ha CeKyHOapHM Npou3BOAM, MOXeE [da Ce O4vyeKyBaaT OBa Buaa edekT BO
rpagexHute pabotn. EAHMOT e edhekToT 3a oap)KyBare Ha MoKpueHaTa rno4ysa Ha naguHuTe, a
APYrvoT e 3aluTeaa Ha paboTHa cuna U cTaHaapAausnpare Ha cemabeHuTe onepaumn.

Types of terracing work (1/3)

Side view

Seedlings

Terracing
work using
stones

Seedlings
(Unit:m)

Side view

Seedlings

Terracing
work using
Pampas/
Miscanthus
grasses

o
%

(Unit:m)
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Types of terracing work (2/3)

/ ‘
Side view A Front view
Weeds and & Sl <
Terracin g Miscellaneous & 2 ‘WngL Branch Bundle
" e L i \ps 'il@\\@\"(\meanna
work using Boncn e =N L. e ee '
fascine Narrow space/road g ; " Compast; D.ID
A7 s Yo~ Rice straw v
S (Unit: m)
L——O‘BD
Side view Front view
1 10terraces
Terracing $— ’)-”1’ x_‘:: x:: h‘skﬁ\vels(wi{low 15cm)
work using T———7‘% [
ve g et atl on ‘ 5 /" Al several species of herbaceous seeds)
X Height B(Cytisus) A: Herbaceous seeds ve_gexation bag
materials 40m | . a5 8: Wood seeds vegetation bag
B(Robinia pseudoacacia)
Types of terracing work (3/3)
Terracing (Typ.e Ais mtroduced as
work fencmg work |.n the
using log following section.)
9
(D Cutting stairs (terrace) in
the 5|0pe 1. Sod rerracing wark with steps 2. 50d terracing work without steps
Cut Cut
- - - - sod
Terracing @ Without cutting stairs in
work the slope
using sod




3.6 ToctaByBamwe Ha orpaga

MocTaByBakeTO Ha Orpaga MoOXe Oa Ce KaTeropvaupa Kako efleH BUA edgHOCTaBHa TepacHa
KOHCTpyKUMja. KOHCTpympaHa e ga ro cnpeyn UCTeKyBaweTO Ha FOpPHMOT CIoj Ha mno4vsarta of
naguHuTe 1 ga cosnage AoGpy YCroBM 3a pacT Ha 3acafeHuTe apeja.

CTpyKkTypa Ha orpagaTa

3a nocTtaByBatb€ Ha orpagaTta, ApBEHM KONuUM ce 3abuBaaT BO NaguHaTta Ha puaoT BO MHTepBanu
on 0,5 oo 1,0 m no AormkMHaTa Ha KOHTYpHaTa NMHKja Ha PUOOT U LUMMKUTE CO BKPCTEHM Napyntba
ce nneTtar Unu ckronyeaar Nomery KonuMTe Co pasnuyHuM maTepuyjanu 3a ga dopmupaar SMgoBu.

OrpapaTa BoobryaeHo ce nnaHupa 3a a ce Crpeyn UCTEKYBakEe Ha nodBaTa U NecokoT 1 Aa ce
3anpe pasBojoT Ha japyrv co egHOCTaBHa KOHCTPYKLMja 3a 3aApXKyBare Ha 3eMja Ha CeAUMEHTHMU
nnun mekun nagnHn. MerfyToa, buaejkn matepmjanute WTO Ce KOpUCTaT 3a orpagm BoobuvaeHo 6p3o
ce pacnaraar, BUCMHaTa Ha suaoT Ha orpagarta Tpeba ga ouae orpaHunyeHa Ha 0,5 m unm nomarky,
a cageweto mnu ceumpbata Ha ByceH Tpeba ga ce BplM Nomery ckanute M Ha sugHuTe
matepujanu. Cnopef Toa, TakBaTa Beretauuja MoXe Aa Ce CMpaBM CO YHULLTYBawE€TO Ha
naguHuTe No pacnarakeTo Ha MaTepujanute o4 orpagara.

KonumTe ce cnpoTuBcTaByBaaT Ha MPUTMCOKOT Ha 3eMjaTa LUTO AernyBa Ha 3aAHUOT Aen o4 suaoT
Ha orpagarta v ro nogapxysaaT suaoT. 3aToa, AnaboynmHaTa Ha 3akonyBake Ha konuute Tpeba
Ja oupe 1,5 go 2 natv of BMCMHaTa Ha SUOOT.

Front view Side view
0.75 ' 0.75 , Cutting(willow tree etc.)

E__. < [ X l 8 & 5 jgz

{ | < _ g <

g l I % IS =§

( < | __0 LA iron wire __._< 5 ik

\\ Horizontal
/ b
Pile wood
8
% v s \/ (Unit : m)

Cnuka 3-22: BugoBu Ha Manu Tepacu
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Types of fence work (1/4)

Front view

Side view

—
-
Wicker
fence work e
B
(Unit:m) (Unit:m)
Front view Side view “
0.75 0.75 Cutting{willow tree etc.) ‘,” %
Log fence o i
work sy
T pile wood
(Unit: m)
Types of fence work (2/4)
Side view Front view
] 0.30m 1.00m 1.00m
|~ \ | lLz4f
Weed tree stock g W

Board fence
work

st2p widh
=30cm

B
AR e
: ) FSom L1 50m )

cedar board i
width1ocm,  — |
shickness 3cm

(N-75, 3 pieces
are used per 1
spot)

Steel frame
fence work

Vegetation net
terracing work

Vegetation net terracing work

Column

20cm
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Types of fence work (3/4)

Wire
netting
fence
work

-

1:: Standard
g l T
- ) 8 B =3~ 1
T o)\ § ::// 8
N g
— s 70(]7‘

i

500 200
{Unit: mm)

palyvinyl chloride coated iran wire net

| Connecting cable

Cannecting cable fix net

F—500— |
Cannecting cable : Skewer

parapet cap L

~100X75X 7 125 200

e e
Stud bolt e
O M- 125 1B M50 ]; i Expanded metal
Steel 506,592,800 w ;E;‘Z‘Z'i‘h" 1
S 1 o 3 YHS
fence g P cadd i JHW
work [, e [l
_L L {Unit : mm}
Types of fence work (4/4)
ieai g 4 Resin net with vegetation
Resin é
netting J
fence Vegetiiinnat g ok . $
work g

Cnuka 3-24 Orpagu Bo CeBepHa MakenoHwja, og nneTeHu npadku




double fence work double fence work
fulfilled with rocks

Cnuka 3-25 EguHeyHa v aBojHa orpaga

3.7 Pab6oTta co byceH

Mpwn nokpuBare co ByceH ce NpaBaT XOPU3OHTASHWU CKanu Ha UCEYeHV NagvHu U ce co3asaaT
cakcum co 6yceH Ha NPBOBGUTHOTO THO Ha ckanuTe, BO KOW ce cTasa 3eMja co fybpuBa 1 opmsosa
cnama v Tamy ce cagat cagHuuUM ApBa 3a NOBTOPHO Aa ce 0OHOBYM Beretauumjata Ha naguHuTe.

MokpuBameTo co ByceH € efHa of TEXHUKUTE pasBMEHW Of aKTMBHOCTMUTE 3a OGHOBYBak-€ Ha
COrofieHV MnaHuWHK (ronv nnaHuHu) Bo JanoHuja. PugoBute co cnabu XpaHnueu maTepun ce
uenHu obnactn Ha pabotaTa, BO KOM MOBpLUMHATA € eKCTPEMHO CyBa, NECHO Ce MojaByBaaT
Gpasau v japyru, a ropHUOT AeN o4 noYBaTa UCTO Taka JIECHO ce U3MUBA.

Types of sodding work (1/2)

Three sod sheets are used for
terracing

Side view Front view

Seedling

Sodding
work by
three
sheet

piling

Top grass
0.30x0.15

Bottom grass

om grass
0.30x0.15

(Unit:m)

Five sod sheets are used for
terracing

Side view Front view

s
Sodding L i @—T -
Work by - \ﬂ‘ on—flopﬁ .

five sheet g T é\q:\\\})@\ W
piling WA, %)

‘ Bottom grass 2
3 D SEN 0.3/
{ Fertilizer Bottom grass ! Grass- | Stick
0.3 omsiope
0.50~1.00

(Unit:m)
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Types of sodding work(2/2)

Straw and sod are used for
terracing Side view

Top grass Bottom straw:4 kg per 10 m
&

Straw % /
soddin ' e i
g Piled straw: S ’7k\ S Fertilizer:80 g per seedling
WOI’k 10kgper 10m > %
&) @ - L gl d straw:
Bottom straw: .. : 6kg per10m

Skgper10m H
0.0l H
———0.85———

Cnuka 3-26 Bugosu Ha paboTa co 6yceH

(Unit:m)

3.8 [lloctaByBaH-€ Ha Beretalucka NoKpmBKa

[MocTaByBare Ha BereTaumcka nokpmBeka ke ce nnaHupa 3a fa ce crnpeyart epo3mmTe 1 konancute
Ha ropHWOT Croj Ha NoyBaTa Nopaan BpPHEXNUTE M MPa3oT U Aa ce Nnoaobpu cpeamHaTta 3a pTere
N pacTewe Ha BereTauujara.

MocTaByBawe Ha BereTauuckaTa MOKPUBKA Ke ce MnaHuMpa 3a fa v 3awTutu naguHute u
nsrpageHata Beretauncka pabota og eposum 1 konanc. OBaa akTMBHOCT MOXe Aa Ce NMPUMEHM BO
crny4aj kora naguvHuTe ce og rpyba no4ysa u/vnm CTPMHU U U3rpadeHn Tepacu HajBepojaTHO ke
6upaTt yHuWTeHn nopaam nojaBa Ha 6pa3gun v japyrm Ha NagvHUTE NPeAM3BMKaHN 04 BPHEXN, U
BO Crfy4aj noBpLUMHCKaTa noysa Aa buae ckrnoHa Aa ce ypusa nopagu Kpesarwe Ha Mpas v apyru
NPUYMHN.

MocTaByBaweTO Ha Beretauuckata MOKPMBKA € MWCTO Taka MnaHupaHa 3a 3awTtuTa Ha
BereTaumjaTa o4 npeykn Ha pactoT. OBaa aKTMBHOCT MOXe Aa Ce MPUMEHN BO Cry4aj noceaHunTe
ceMuHba U XpaHnN1Bu MaTepun ga ucTekysaaT co 3eMja, a noceaHuUTe ceMurba 1 3acageHuTe gpeja
BEpOojaTHO ce COoYvyBaaT CO MPEeYKM 3a HUBHOTO pTEH-E U pacT.

Cnuka 3-27 PesyntaTtu og paboTa co Beretaumcka nokpmeka
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Kateropum Ha Beretaumcka nokpueka

Tabena 3-6 Bugosu Ha paboTa co NokpvBake Co Beretaumja

Twn MaTepumjan MpumeHa
BereTtauucka dawmrHa [lokonky e noTpebHOo fAa ce cnpeyaT epo3nn nnm
NMOKpMBKa CO ypvBaka Ha NagnHUTe Mery ckanuTte nopaau
dramHa HapacHyBak€ Ha Mpas 1 Apyrn NpUYMHKU, BO
cnyyaj maTtepujanuTe 3a pawmpare ga ce necHo
AO0CTarHu 1 Ha NaguHU KaZle WTO MOoXe flecHOo Aa
ce 3abuvjaTt konuw.
BereTtauucka CnameHa Bo naguHun co obuneH mpas, Bo cyBu obnacTtu, Bo
NMOKpMBKa CO nogsora obnactu co neceH n rpyb ropeH crnoj Ha noyeara,
cnamMmeHa UTH.
noasnora
BereTtauucka CnameHa Bo cnyuyaj kora e notpebHo 6p30 06HOBYBaH-e Ha
NoKpuBKa Co nognora koja | Beretauuwjata Bo obnactu kage LWTO ce nojaByBa
cnameHa coapxu Mpa3, BO 06nactu co noMarsky BPHEXM U CyBU UK
noasiora Koja ceMunkba u BO obnacTtu Kkage WTO ropHUOT Aer Ha noveaTa e
COApXn ceme un XpaHnmBu AOBOJSIHO neceH 1 rpyb 3a necHo ga epogupa.
XpaHnuneu mMaTepun
MaTepuun
BereTtaumcka Cnama Bo obnactu kage 6paHyBahe€TO € penaTuBHO
NMOKpMBKa CO HEXHO CO Nomarky BpHexu. AcTo Taka Bo obnactu
cnama Kaje LITO ropHNOT Aern of novsara e fecHa u
rpy6a.
Beretauucka Mpexa Bo nagnHuTe WITO ce cocTojaTt of Kapnu co Jobpo
NMOKpMBKa CO pasBMEHN NYKHATUHN N HUBHOTO NOBPLUMHCKO
Mpexa apmxene Tpeba aa ce cnpeyn n ga ce gomkempa
Beretaumjata Ha naguHute. Ha naguHuTte kage
LUTO e TELKOo Aa ce ussegart gpyrn pabotu 3a
Beretauuja n kora Tpeba ga ce cnpeym narawe Ha
noysaTta u kapnuTe.
CekyHaapHu CnameHa [MoKkpMBKK Ce KopUcTaT 3a Aa ce cnpeyn
npoussoau nognora/gpe | OBWXEH-ETO Ha FOPHWUOT Croj Ha noysaTa nopagum
€H mMaTepujan | HapacHyBahe Ha Mpa3s 1 CNIMYHO, Kako 1 aa ce
/nokpmBKa, 3alTuUTaT NoceaHnTe ceMuma of owTeTyBawa o4
XEMUCKN CYBOCT U1 CTyA, WITO € crnyHa PyHKuuja Ha
BnakHa/xxkene | pabotata co ynotpeba Ha cnameHu nognorn mn
3Ha Mpexa crnameHa nokpuBka. Bugosute mpexu ce kopuctat

rmaBHO 3a PMKCUpaH-e Ha MaTepujanoT 3a
npcKake, Kako LUTO ce MatepujanuTe 3a
xuapoceeme, 1 3a Aa ce crnpeydn naramwe un
ypvBane Ha kapnu. OBaa pyHKUMja € cnnyHa Ha
YHKUMNTE Ha 3ajakHYyBaYKUTE MPEXU U MPEXUTE
3a cnpeuvyBare Ha narawe Ha kapnute 3a paborta
CO Xngponpckarwe co Mmantep.
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CBojcTBa U NpyMeHa Ha MaTepujany 3a NOKpUBaH-e

Tabena 3-7: CBojcTBa M NpMMEHa Ha LLOKpPMBKaTa

Tun KapakrepucTtkal/llpumeHa
CnameHa | Cnamarta Tpeba fga ce nnete 3a Aa He npeyn Ha pTerweTo. Bo
noanora | oeaa cmucna, ynotpebata Ha cnama og 350 40 500 g/ mi e
HOpManHo cooapeTHa. BoobunyaeHara ronemmHa Ha nogsorarta e
co wupuHa og 1 m u gomkuHa og 10 go 20 m. buagejkn necHo ce
BKMOMyBa Ha NoBpLUMHATa Ha 3emjaTta, MMa edekTn 3a
crnpeyyBane Ha epo3sunja. Ncto Taka, 4obpo Bnmjae u 3a
3a[pXXyBak€e Ha Bnarata u TonnmHara, LTo ro npoMoBupa
pacToT.
Mpexa og | MpexaTa o4 XeMUCKN BNakHa € CO Mara TeXuUHa U MOXe NecHO
XeMUCKN | Oa ce pakyBa. Hekou BngoBu Ha paboTta MoxXe ga ce noceart u
BNakHa Aa ce nocrasaT NOKPUBKM NCTOBPEMEHO BuaejKn 0BOj BUA
npoun3Boamn coapxm ceMurba n rybpmea. Cenak, Tpeba ga ce
3abenexu geka epeKkTnTe Ha 3agpXKyBare Ha TONMMHa n
HaBna)xHyBar€ Ce Manu nopaan Mmanarta TexuHa.
[pBeHn Moxe fa ce oyekyBa matepujanuTe ga umaat paMHOMEpPHU
BakHa aaxesnu Ha ApBeHa Lenynosa, ceMutba 1 rydpmea n HUBHUTE

noBekekpaTHU ehbekTn Aa rm HagononHyBaaT XpaHMBuTe
mMaTtepun 3a manute cagHuuun. Matepujanot Tpeba ga nma
Aobpa MOoXHOCT 3a ynotpeba BO BoAa U paMHOMEPHO Aa ce
npcKka 1 aa He ro nonpevysa pTeHeTo AypuU M Kora ce KOpUCTU BO
ronema konnuuHa. Ke ce pasmucnu 3a ynotpe6a Ha maTepvjanm
3a 3aWTuTa 04 epo3nja buaejkm cogpxuHaTa Ha Boga BO
NMOBPLLMHCKNOT CMNoj MOXe Aa ce 3rofiemMm Kora ce npckaaTt
BMakHaTa, LUTO MOXe [a M 3rofieMu eposnmnTe 3a Bpeme Ha
BPHEXMTE.

Ke ce kopucTtat Hajmanky 150-200 g / nf og maTepujanoT 3a Aa
ce o4yekyBaaT noBeKkekpaTHN edpeKkTu.
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Types of vegetation cover work (1/2)

Plain view Side view
Veg. cover e i
work
using el
straw (Unit:m)
mats
Veg. Side view Plain view
cover
work
using
fascine
>\ (Unit:m)
Types of vegetation cover work (2/2)
(Left Photo)
Right after the
completion of the work
Veg. cover (Right photo)
work using 8 months after the
vegetation completion of the work
mat

Immediately after the completion 8 month after the completion

© Anchor steel bar 9x200 mm X Anchor pin 150 mm

Net
Fertilizer
bag

Cnuka 3-28: BuaoBu Ha Beretaumcky NOKPUBKK
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3.9 Xwungpoceemwe

Xugpoceewe 06MYHO ce NpUMEHYBa No n3rpagbara Ha TEMeNUTE Ha pUAOT BO penaTuBHO Graru
naguHuM Bo obnactu kage LWTO e JOMMHAHTHA COOoABETHa Mo4yBa 3a pacTerwe Ha Beretauuja.
PaboTarta BooOMYyaeHO ce NpumeHyBa CO Lief Aa ce 3awTeaun Tpya U ga ce HamarnaT TpowounTte
3a wmsrpagba. Cemumarta, rybpueaTa, mMaTepujanute 3a CTBpAyBake W MartepujanuTe 3a
nogobpyBake Ha noyBaTa ce MellaaTt co Boda M ce MpckaaT Co MallMHa 3a MpcKakbe CemMurba
(xngpoceau).

Xngpoceemwe Co Npenus Ha rnoysa

OBaa paboTa ce NnpumeHyBa 3a BOBeAyBak€ N reHepupare Ha Beretaumja Ha CTpMHM NaguHu co
nomMarky 3emja U/unu Ha UCeYeHn NaamHU Ha TBPAO TNO U crimyHo. CtabunusaTopuTe Ha noyesaTa
“ noysaTta obMYHO Ce MellaaT BO MartepujanvTe 3a Xxuapoceekwe U ce npckaaT Co MallmHa 3a
npckake mantep GeToH.

Standard thickness of Soil dressing

Rocks with less joints g~
Rocks with many
joints
Rocks with sediment
in joint

Cliff bank
Sediment with boulder
Sediment with gravel

Sediment pl

Average thickness of spray

Cnuka 3-29: CraHaapaHa aebennHa Ha obsiora Ha

Xugpoceene o4 BO3ayx

Bo3aylwHoTo xuapoceere ce NpMMeHyBa CO Npckake Ha PacTUTENHM CEMUHA U APYTU
BEreTauMcku MaTepujany co XenukonTepu, 3a 06HOBYBak€e Ha Beretauujata BO nponagHatute
obnactu. OBa ce NpMMeHyBa BO CIlyyaj kora ycrnosuTte 3a rpagba ce eKkCTpeMHO NOLLK, Kako Ha
npuMep BO oadarnedeHy o6nactv unm CTpMHU obracTu, BO Crlyyaj kora He ce NMPUMEHNNBY ApYrn
METOAM Ha peBereTauyja, BO Cryyaj kora uMa MHOTY rpafieXkHu Lienu LTO ce paLliTpKaHu, Kora
LienHaTa noepLuvHa 3a rpaaba e ronema, unum kora e notpebHa MTHa NoBTOpHa BereTauuja, Ha
npuMep, Ha MEeCTOTO Ha LYMCKU NoXap W CIIUYHO.
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Tabena 3-8 MaTtepujanu LUTO ce KOpUCTaT 3a BO3AYLLHO XMapoceere

Material for aerial hydroseeding work : Soil dressing hydroseeding work (per ha)

Type

Specification

Amount | unit Application

Asphalt emulsion

Cationic, PK—1

3,500 | kg | Dilutionratel:1

0
Mixed water Running water 3,500 Kg Strenﬁgth 25%
solution
Complex fertilizer N12 P8 K6 1,500 | Kg
Seed Various sorts 160 Kg
Repellent Iron oxide powder 1| ke
Remarks Herbaceous plants:Japanese knotweed(3.7). Japanese pampas grass(12.5),
Japanese mugwort(7.0). Festuca arundinacea (65.0), Eragrostis curvula(10.0).
Festuca rubra var. genuine Hack(21.8), Dactylis glomerata(20.0)
Woody plants: Pseudoacacia(6.8). Pepperbush(8.4). Alnus firma(4.8)
Unit: kg
Types of Hydroseeding (1/2)
Side view
Sprayed surface /
G
Standard \ L7
Seeds, fertilizer, curing compound etc. ”}
hydro- a
seeding \ =
a
work =
(T
%
/ F
Cross-sectional view
) ?;,I:(:;e::;r‘s% '::ﬁ)datmn with seeds
Soil wirenet
dressing 5y
hyd ro- Concrete peg
seeding Anchor peg
work
Aerial
hydro-
seeding
work

Cnuka 3-30 Bugosu paboTu 3a xmapoceere
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4 TPAOEXHWU PABOTU 3A 3A4YYBYBAHKE HA LUYMATA:
NMOPOJHU KOHCTPYKLUA

MopojHUTE KOHCTPYKLMK OBUYHO Ce n3BeAyBaaT BO ONYCTOLLUEHWUTE NOPOU UK MIaHWHCKU NOTOLM
CO Len Aa ce o6HOBAT yCroBUTE M UCTO Taka [a Ce Crpeyn NoHaTaMoLIHO yHuWTyBake. Ke ce
n3bepaT coOOABETHM TUMOBU HA MOPOjHWU KOHCTPYKLMU CMOpe[ YCIOBMUTE Ha MycToL BO nopouTe,
TonorpadpckMTe U/MNM reosoKNTE KapakTepuCTUKK, Kako 1 ycrioBuTe Ha LenuTe wTo Tpeba aa
ce 3alTuTaT BO HU3BOAHUTE 06NacTi Ha CNMBOT Ha NOPOjOT.

Kako rmaBHM MOPOjHM KOHCTPYKUMMM uMnnemeHTMpaHn Bo CeBepHa MakedoHuja, BO OBOj
NPUPaYHMK Ce NPETCTABEHMN M OMULLAHN TPW TUNA Ha NOPOjHU KOHCTPYKLIMN:

a. Hacvnana 6paHa (OpaHa 3a 3agp>KyBare Ha HaHOCK U 3eMjeH npar)
6. Kanancka koHCTpyKkuuja
B. obanoyTtepaa

4.1 HacunaHa 6paHa (6paHa 3a 3aap>XyBaH-€ Ha HAHOCU UNU
3eMjeH npar)

Cnuka 4-1 HacvnaHa 6paHa co rabroHu Bo J/incmnye u PagosuLl, U3rpageHn U NpUKaxkaHu BO PaMKu
Ha npoeKToT 3a Eko-HPK Bo CeBepHa MakeaoHuja

Cnuka 4-2 HacunaHu 6paHu co Manu cKanuna, HanpaBeHW o4 NPMPOAHM MaTepujann BO
CeBepHa MakenoHwuia
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CnuKa 4-3 KnacnyHa oTBOpeHa HacunaHa 6paHa Bo TeToBo (neBo) M KombUHUpaHa
HacunaHa 6paHa (aecHo)

4-1-1 Uenun Ha HacvnaHa GpaHaTa

naBHWTE Llenu 3a ua3rpagba Ha HacunaHa GpaHa ce Aa ce cTabunuanpa KOpUTOTO Ha NMOTOKOT U
NNaHWHCKOTO MOAHOXje, KaKko U A ce KOHTponupa

nenywTtabeTo Ha CeAMMEHTOT BO NMOTOKOT. moik%

HacunaHnte OpaHu OOWYHO M uUMaaTt criegHuTe ,_7; o
DyHKLMM: 5% / | W
(1) Oa rn ybnaxaT KOCUHWUTE Ha KOPUTOTO CO Len /"}7(\;’-‘\“3\ g

[a ce HamanaT BepTVKanHWTe W CTpaHudHuTe ~— L M

epo3m M pa ce ybnaxaT [ABWXKewarta Ha r;gream

CEOUMEHTOT BO KOPUTOTO.

(2) Oa ce ctabunmanpa NOQHOX|ETO Ha NnaHuHaTa
Ha CTpaHU4HUTE MafguHM Ha MOTOKOT M Aa ce
cnpeyn ypuBare Ha naguHara.

(3) Oa ce ybnaxu ABMXEHETO HA HECTAbMMHUTE CEANMEHTM aKyMynmpaHu BO KOPUTOTO.

(4) Oa ce cnpeyn yHMLITYBaH€ Ha NOTOKOT CO NPOTOK Ha OTNag 1 Aa ce KOHTponMpa ucnyLuTakheTo
Ha CeAMMEHTOT HU3BOAHO.

(5) Oa ce 6GanaHcMpa BONYMEHOT Ha
CeOUMEHTOT, T.e. NMPOTEKYBaHe Ha MECOK U
KaMeH co Boga BO HOpMariHa cutyaumja, Ho
3a BpeMe Ha nonnaeu, Aa ce nonpeyn
MPOTOKOT Ha 3emjaTa, MNEecokoT Wnu
O[HECEHO ApBO.

Figure 4-4 Design sediment gradient of Step
dams

Hacvunanute 6paHu cekoraw Tpe6Ga fa

“maart eaHa Uu noBeke LieNTHN OYHKLMM CO  sediment load behind the check dam can suppress
uen 6paHnTe Aa rv M3BpLUyBaaT YHKUMUTE  the vertical and rateral erosions, stabilize the toe part

Ha nokauuute kafe LWTO TMe PYHKUUM C€  and prevent both side slopes from collapsing.
notpebHu 3a Ja ce ybnaxu MycTowOT BO

NOTOKOT.

Cnuka 4-5: CnpeyyBarbe Ha BEPTUKANTHU U
CTPaHUYHU epo3nmn
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Check dam work stabilizes L
unstable sediments on the streambed. P 4

i A
&7 %

Cnuka 4-6: Ctabunumsmpare Ha NNaHNUHCKOTO
NnoaHOXje Co ceanmMeHTUTe Ha OpaHaTta

4-1-2 Jlokaumja Ha HacunaHa 6paHa

HacunaHute OpaHu ke ce nHcTanvpaat Ha COOABETHM floKaLuum BO NOPOM/NOTOLM BO COMNTACHOCT
CO HMBHUTE HaMEHW.

1 HacunaHaTa 6paHa Tpeba ga buae nocrtaBeHa Ha HajedpmMkacHaTa U HajeKOHOMMUYHA JoKaumja
BO LienHMTe 06nacTn Ha NOTOKOT 3a Aa MoXaT edUKacHO Aa v UCMOJSHW CBOUTE LiEeNW.

2 HacunaHaTa 6paHa Tpeba ga Guae noctaBeHa AUPEKTHO HM3BOAHO O LienHaTta obnact BO
MOTOKOT KaZe LITO € NoTpebHO aa ce cTabmnuampa NogHOXETO Ha NNaHMHATa Ha CTPaHUYHUTE
naguHU 1 ga ce crnpeyaTt HagoIMKHUTE U CTPaHUYHUTE epOo3uM U ABWKEHETO HA HECTabunHute
ceguUMEHTU Ha kopuToTo. Bo cniyyaj uenHaTta obnacTt fa e ganeky unm ako HaknoHOT Ha KOpUTOTO
€ BMCOK, HEKOWM HacunaHun 6paHu MoXe fa ce nogpenaT BO LWeMa Ha ckanu.

3 Bo nopowuTe Kage LITO eBEeHTyannHo MOXe Aa ce nojaBaTt TEKOBM Ha oTnag, Tpeba aa ce n3bepar
COOABETHM NoKauuK 3a NoctaByBake Ha OpaHaTa crnopen KapakTepUCTUMKUTE Ha mpouecute Ha
CEOUMEHTHO [OBWXEHEe Ha TEKOBUTE Ha OTNafdoT, Kako LUTO ce M3bMBamEeTO BO FOPHUOT TEK,
TEYEHETO HaZOoy BO CPEAHMOT TEK U CEAMMEHTOT Ha HU3BOAHO noapadje.

4-1-3 YcnoBwM Ha nokauujaTta 3a HacunaHa 6paHa

HacunaHata GpaHa Tpeba Aa ce nocTaBu Ha Nokauuu Ha LUBPCTO TNO BO KOPMTOTO M Ha ABaTta
6pera. Taa Tpeba na Guge ocnobopeHa oA pusnk o cnerHyBawbe Ha 3emMjata nopaaun He4oBOHA
HOCMBOCT, TPOLUEHE Ha MpenycTtoT Ha OpaHaTa BO HM3BoAHAaTa CTpaHa W YHULUTYBawe Of
CTpaHW4YHUTE AENoBU Ha TENOTO Ha OpaHaTa nopaau epo3umn Ha bperosuTe.

[okonky 3a MHcTanauuja Ha GpaHaTta He MoxXe Oa ce M3berHaT fiokauum co nomarna UBpCTUHAa Ha
TepeHoT, Toraw Tpeba ga ce npesemaTt COOOBETHM MEpPKM 3a 3ajakHyBare Ha crnabocTa Ha
3emjaTa, Kako LUTO ce TpeTupare Ha OCHOBaTa, CrpedvyBare Ha TPOLleHe Ha MpenycToT Ha
JorHaTa cTpaHa co 0b6e3benyBaHe Ha Hanep N KpUnHuTe 4enoBu og ABETe CTpaHu Ha GpaHaTa,
WTH.

lMpu nocTaByBare Ha OpaHaTa Tpeba aa ce n3berHyBaaT KpMBUTE OENOBK 0f, NOTOKOT. AKO He €
MOXXHO OBa [a ce n3berHe, HacokuTe Ha bpaHaTta Tpeba BHMMATENHO Aa Ce UCnuTaaT Kako LWTOo €
onuLIaHo BO MNOAOLIHEXHWOT AEN BO OBOj NPUpPaYHUK.
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) CIIMBOT
MecrtoTo Ha
Opanara ke

Ouie 0JIBOCHO r
Ha pevyucH 5
METpH 0]
BIHBOT
Cnuka 4-7: Jlokaumja Ha 6paHa nog, Cnvka 4-8: Jlokaumja Ha bpaHa nog yctune

yctune

HacunaHata GpaHata Tpeba ga ce NocTaBu Ha HM3BOAHATA CTpaHa Ha YCTMETO Kora MoToK ce
cnojyea co Apyr noTok. Toa e 3aToa LUTO CeaAMMEHTUTE M CTPaHUYHUTE epo3nK MMaaT TeHdeHuuja
[a ce nojaBaT Ha MecCTOTO Ha Brniesawe. Cenak, MHCTanauuvjata Ha GpaHarta Tpeba ga 6Guae
O[lBOEHa NnoBeke 04 5 M o4 MEecToTO Ha BrieBaH-e.

HajnocakyBaHa nokaumja Ha 6paHaTa e TeceH gen of NOTOKOT, CO NorofieMa WupmnHa Ha ropHaTta
CTpaHa Ha MOTOKOT 0f fokauujaTta 3a NoedeKTUBHO 1 MOEKOHOMMYHO Aa ce gobujat dyHKuunte
Ha bpaHaTa.

design sediment line of the dam
ittt

resent stream bed line

TecHa 7 |
2 Cnuka 4-10: Hekou ycnoBu 3a cKanecTtu

Cnuka 4-9: TeceH gen Kako 6paHu
coofBeTHa fokauuja Ha bpaHaTa

Bo cny4aj kora ce nnaHupaaT ckanectn 6paHu, OCHOBaTa Ha HajHMckaTa OpaHa BO MpuHUMN ce
6apa ga 6uae Ha uBpcTa nognora. [lokonky Hema uBpcTa nognora Ha no3uuujaTta, NPeaHuoT gen
Ha BpaHaTta Tpeba fa ce 3awWTUTM CO MOMOLU Ha KOHTpabpaHa, Hanep, BepTUKaneH sug u cr.
BpaHuTe Bo ropHmoT Tek Tpeba fa ce noumpaar Ha nosuumja kage LUTO KOCMHaTa Ha HM3BoaHaTa
OpaHa e NoHMCKa o, CeralHNOT HaKMOH Ha PeYHOTO KopuTo. MNMpegHuTe Npenyctn Ha OpaHuTe BO
ropHuUOT Tek Tpeba Aa Guaat nof NPOEeKTUPaHUTE TanoXHU NUHUK Ha BpaHnUTe HU3BOOHO.

4-1-4 Hacoka Ha HacunaHarta 6paHa

Buaejkn noctaByBaweTO Ha eauHeYHa GpaHa BO NpaBMOT TEK € OCHOBEH cryyaj, bpaHaTta Tpeba
na buge noctaBeHa Taka WITO LIEHTApoT Ha NonnaBHWOT nNaT Ha OpaHaTa aa 6uae BO LEHTapoT Ha
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npoeKkTnpaHaTa J'II/IHVIja Ha NMOTOKOT U cpeanllHaTa Tpaca Ha NnMueTo Ha 6paHaTa BEpPTUKariHO Ha
HU3BOAHATa UeHTpaliHa J'II/IHVIja.

Old streambed

bad
good

Centre line of the stream at the flood

\high water period

Stream width at the \
flood high water period

Cnuka 4-11: Hacoka Ha HacunaHa 6paHa Cnuka 4-12: bapatba 3a 3aKpuBeHa
NloKauumja

Installing dams on a concentric circle

Kora e noTpebHa e nHcTanaumja Ha HacMnaHa 6paHa BO 06r1acT CO 3aKpMBEH MNOTOK, BrpagdeHnoT
Aen op 6paHaTa Ha KpunaTta Ha GpaHaTa Tpeba ga buae CooABETHO 3alTUTEH CO CregHuTe
TpeTMaHu: NocTaByBawe Ha 06anoyTBPAM, NOCTaByBakEe Ha HAKMOHOT Ha KpunaTa Ha bpaHarta,
nogurake Ha BUCOUMHUTE Ha Kpunara UTH.

Bo cnyuaj kora e notpebHO nocTaByBawe Ha HeKonky OpaHu, TMe ce pacrnopegysBaaT BO
KOHLEHTPUYEH KPYr BO MOTOKOT.

4-1-5 NMpoeKkTpaHa KOCUHA Ha ceaAUMEHT Ha HacunaHa 6paHa

MpoekTnpaHaTa KOCMHA Ha cegUMMEHTOT Ha HacunaHaTa OpaHa ce oapeayBa 3eMajku v npeaBua
YCINOBUTE Ha CEQUMEHTOT Of KOPUTOTO M NPOTOKOT Ha Mo3uumjaTa Ha bpaHaTa, Kako 1 yCroBuTe
BO NpeTnocTaBeHUTe CTabunHm 4enosun Bo NOTOKOT. BoobmyaeHo, kocMHaTa Ha CEAUMEHTOT Ha
KoputaTa Ha NMOTOKOT M rofieMuHaTa Ha YeCcTUYKUTE, CeAMMEHTHUTE maTepujany n 6pavHaTta Ha
NMPOTOK Ce TECHO NMOBP3aHMW.

MpoeKTMpaHMOT CeaAMMEHT Ha HacunaHaTa 6paHa Moxe Aa ce oapeau Ha okony 1/2 op cerawHuTe
KOCMHM Ha cedVMeHTauuja Ha KOpUTOTO CO ynaTyBakwe Ha obracta co penaTuBHO MNomanu
NMPOMEHU BO KOPUTOTO BO Cryyaj Kora ABWKeH-aTa Ha CeAMMEHTUTE BO MOTOKOT CE rofieMm1 1 TEeLLKU
BO OMyCTOLLEH NOTOK UK Kora Bo 6rm3nHa HemMa HacunaHa 6paHa 3a pedpepeHua..

Cnuka 4-13 MNnaHnpaHa KOCMHA Ha CeAUMEHT
Ha CKanecTn HacMnaHu 6paHu
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CeaMMEeHTHUTE KopuTa Ha HacunaHute OpaHu obuMYHO dopMupaaT MoOCTPU KOCUMHM Ha
ceoUMEHTOT (rpafiMeHTU Ha NPOTOK Ha Boda o[ nonnaea) nopaau ceaMMeHTauujaTa no nonnaea
on ronemu pasmepwu. Mo HacTaHOT, ManuTe M cpegHWTE NOMMaBu NMOCTENEHO ro ybnaxysaaT
HaKMoHOT 1 ce npedpraaT Ha KOCUHUTE BO HOpMarHuTe YCrNoBM Ha KOPUTOTO, LUTO oAaroBapaat
Ha rorieMmHaTta Ha YeCTUYKUTE Ha COCTaBOT, CTarnkuTe Ha NPOTOK UTH. BO HOpMarHu yCroBu Ha
MPOTOK BO MOTOKOT.

Sediment line after a large scale flood

Adjustment volume of sediments

Sediment line in the normal stream condition

Cnuka 4-14 dyHKumja 3a npunarogysBare Ha KOCUHATa
Ha CeAMMEHTOT Ha HacunaHa bpaHa

4-1-6 BucmuHa Ha HacunaHa 6paHa

BucuHaTa Ha HacunaHaTta bpaHa, kako BepTuKanHa AOMKMHa Ha TenoTo Ha GpaHaTa nomery
OHOTO 1 BPBOT Ha NOMMaBHUOT NaT Ha GpaHaTa, ce ogpeayBa crnopef HameHuTe Ha bpaHaTa.
Toa e BaxeH hakTop Ha HacunaHata OpaHa duaejkn e TeCHO NOBP3aH CO NPOEKTUPAHUTE KOCUHU
Ha KOPUTOTO N BUCOUMHUTE Ha

HecTabunHUTe ceauMeHTH 3ag Side view

OpaHuTe.

ot
) iment gradie
Design sedife™

Mpumepun 3a ogpeayBawe Ha
BUCUHATA HA HAcuUNnaHaTta GpaHa H Unstable sediment from
hillside colapses and

erosions

L)

Kora Tpeba ga ce cnpeun
OBWXEHE HA HECTAOWUIHM
ceavMeHTU BO KoputaTa Ha
nopowre: 4
Axko uenta Ha 6paHaTta e Aa ro s oy AP I
cnpeyn ABUXKEHETO HA TEKOBHUOT R PR
HecTabuneH Tanor, BUCUHaTa
dopmmpaHa og HectabunHuTe Cnuka 4-15: BucmHa Ha 6paHa 3a ctabunusmpare
ceaAMMEeHTN Ha KOPUTOTO Ha Ha HecTabuneH cegunMeHT BO KOPUTOTO Ha I'IOpOjOT

MopojoT N NpoeKTUpaHaTa KOCUHa

Ha OpaHaTa ce rmaBHUTE haKToOpW 3a ogpeayBake Ha BUCUMHATa Ha bpaHaTa. (Bugn ja pecHarta
cnuvka 4-11)

Front view

Height of the dam shall be determined
based on the height of the unstable sediments

AKO HecTabMNHMOT Tamnor ce Haora Bo Aosra
obnacT BO NOpojoT, Toraw ke ce nnaHupaar
ckanecTun 6paHn Kako LUTO € Npuka)kaHo Ha
JecHaTa cnuka 4-12.

Cnuka 4-16 CKkanecty 6paHu 3a Aonra cekumja co
HecTabunHU ceaUMEHTM Ha AHOTO Ha NOpPojoT
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Bo cnyuaj kora Tpeba
Aa ce cnpeyar
HaJOJKHN 1
CTPaHU4HU epo31n BO
nopowm:
BucnHata Ha GpaHaTa ce
onpeaernysa Co orneg Ha
npoekTUpaHaTa KoCMHa Ha
KOPUTOTO Ha NOPOjoT U
KocuvHaTa Ha naguHnTe Ha
pugot. Bo cnyyaj genosute
Ha MopojoT Aa npeTpnene
BEPTUKAIHM U CTPaHWUYHU
€epo3nn, BUCUHCKOTO HMBO Ha
BpBOT Ha OpaHaTa Tpeba aa
ounge Ha ncTa BUCUHA Kako U
BMCMHATA Ha KOPUTOTO Ha

Hillside slopes in danger of collapsing due to vertical erosion

Torrent bed before
the vertical erosion

h W
Wi 4

H : Height of the dam
h

: Depth of vertical erosion
h': Depth of embedment

Torrent bed after
the vertical erosion

1|vertical erosion

2| Lateral erosion caused by

Cnuka 4-17 OppesyBatbe Ha BUCMHA HA BpaHaTa cnopep,
BEPTUKANHUTE U CTPAHUYHUTE €PO3UN HA KOPUTOTO

nopojoT npen epo3ujaTa. (BucuHata Ha 6paHata H = h + h')

[ononHntenHo, ako gen co BEPTUKarnH" n ctpaHn4Hn epo3nmn Oosnro ce npotera Bo I'IOpOjOT,

Tpeba ga ce pasMucnv 3a NPoeKTUpame Ha ckanecTn OpaHu co noManu BUCUHM Ha GpaHaTa,
KaKo LUTO ce rnefa Ha AgecHarta cnuka 4-12.

Bo cnyqaj Aa ce KOpUCTn HacunaHata 6paHa KaKo OCHOBa 3a pa6OTVI Ha pua:

rfiokaumjaTa n npoektTupaHarta
KOCMHa Ha CeaMMEHTOT Ha
OpaHaTa Tpeba na ce
npoeKkTMpaaT umajkm npeasug
Jeka TemenuTte Ha
obanoyTepauTe 1 Ha
NOTNOPHUTE SUOO0BU BO
NOAHOXjeTO Ha NAaAVHNUTE Ha
pVAOT He ce NPEMHOrY HUCKM
Aa ce TpoLuaT BO crny4aj ga ce

nocTaBu HacunaHa 6paHa kKako

OCHOBa Ha puaoT. paboTu.

Hillside works

Revetment

Hillside works

Dam

Cnuka 4-18: yTBpAyBate Ha BUCMHA Ha BpaHaTa
cnopes ¢yHKLMja Ha HacMnNaHaTa bpaHa Kako
OCHOBA 3a pPaboTu Ha pnaoT

4-1-7 TepMuHosoruvja 3a HacmnaHa 6paHa

Ha upTtexute nogony e npukaxaHa TepMmyHonorujata 3a 6eToHcka HacunaHa 6paHa.
BeToHcknTe BGpaHu ce cTaHaapa Ha HacunaHu 6paHa Bo JanoHwuja v onwTuTe CTPYKTYPU 1

pyHKUMK Cce AaeHn BO TUMOT.

3a
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Length of Dam |

Counter dam
or Vertical wall

Counter dam: Water is filled in the apron. Waterfall
impact energy is dissipated with the filling water.
Vertical wall: Water filling is not planned.

Cnuka 4-19: TepmumHo/IOMMja 32 HacunaHa 6paHa (6eToHcKa) (1)

Front view
Length of Dam

Al lowance height Wing incline  Level

Al lowance height /*

Effective height : Dam Height from the original ground height

Flat view

-

Length T Apron

. ! — Vertical wall

1
- suues
B masug
i
: =¥ Vertical wall apron side
Vertical wall apron protection work ]
protection work

Cnuka 4-20: TepMmunHoiorvja 3a HacunaHa 6paHa (beToHcKa) (2)
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4-1-8 UcnyceH aHan Ha HacunaHa 6paHa
Mosuumja Ha ncnyceH KaHan

OnpepenyBareTo Ha nonoxobaTta Ha UCMYCHUOT KaHarn Ha HacunaHa 6paHa ce BpLUM UMajkn
npeasua cnegHuBe YCroBu:

Monox0baTa Ha MCNYCHMOT KaHan Ha HacunaHaTta bpaHa ce onpefernysa cnopeg Tonorpadujara,
reosiorvjata, ycrioBute Ha 6peroT Ha pekarta, HacokaTa Ha TeYeHeTO Ha BoAaTa Ha MeCcToTO Ha
OpaHaTa UTH. 3a ja He Ce Brvjae Ha TpoLleHe Ha AOMHMOT npenycT Ha B6paHaTta, 1 of ycrnosuTe
Ha epo3uja Ha KpajopeXHUTe NaanHN BO3BOAHO M HU3BOLOHO..

Bo cniyyaj kora oBeTe CTpaHWYHM NaguMHU Ha NokauumjaTa Ha HacunaHata OpaHa nmaar CroeBm
o[, Yakan, UCNyCHUOT KaHan Ha BpaHaTa Ke ce onpeaenu 3emMajku rim npeasua yCnoBuTe Ha
MopojoT, NpaBeLOT Ha NPOTOKOT Ha BogaTa M CIIMYHO, CMPOTUBOAHO U HU3BOAHO Of fokauujata
Ha OpaHarTa.

Bo cniyyaj kora egHaTta cTpaHa o4 nokaumjata Ha 6GpaHaTta uma LBpCTOo TNo, AoJeka
CrnpoTMBHAaTa CTpaHa MMa Crnoj of Yakan v LieHTpanHaTta nuHuja Ha NnopojoT e npasa, Toralwl
nonoxo6arta Ha kaHanoT Tpeba aa ce Haora nobnmcky 4O CTpaHaTa KaJe LTo 3emjaTta e uBpcTa.
Ce yTBpayBa Aeka nonoxbarta Ha MCNYCHUOT KaHan e Nobnucky Ao uBpcTaTa cTpaHa Ha
3emjata. (Buagete Ha Cnivka 4-16 (1))

[okonky uma cpylleHa nagnHa Harope og MecToTo Ha OpaHaTta, nokauujata Ha UCMyCHUOT
KaHan ke ce onpeaenu Ha cnpoTMBHAaTa fiokauuja Ha ypMBaweTO, 3a Aa He Brvjae Ha NpOTOKOT
Ha BoJa BO 0OpyLLEHOTO MecTo (BUAM Ha cnvka 4-16 (3)).

Bo cniyyaj oa uma BaxkHW Lienu 3a 3a4vyByBame, Kako LUTO ce Hacenobm Aok ropHUOT UIn
OONHNOT TEK Ha NoKauujaTa Ha OpaHaTta, LeHTapoT Ha MOTOKOT 1 HacokaTa Ha bpaHaTa, kako 1
nonox6ara Ha kaHanoT ke GuaaTt NnocTaBeHn Taka LITO HEMa [a BNujae Ha 3a4yByBaHETO Ha
uenure.
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(1) (2)

Gravel laye r

| Soild rock
(3) (4)
Centre of stream
Centre of stream 7
Collapsed § A,
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A Floodway
L §Soi|d rock
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Floodway A House

(Protection targets)
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Cnvka 4-21: Tpacupatbe Ha UCMYCEH KaHan cropes OKONHUTE YCN0BM

Mpecek Ha vucnyceH kaHan:

HanpeyHnoT npecek (NoBpLUMHATa 3a NPOTEKyBaEe HA BogaTa) Ha UCMyCeH KaHan Ha HacunaHa
OGpaHa BO OcHOBa ce opeayBa CO NMPOEKTUPaHUOT BUCOK MCTEK HA BoAa Ha fnokauuvjaTta Ha
OpaHaTta. ObnacTta Ha kaHanoT € NOTPebHO Aa OBO3MOXW UCTEKYBaHE Ha ronemMaTa BoAa,
3aeJHO CO 404aTOKOT 3a NoYBa M Yakar, oTnagHo ApBO, MPOTOK Ha oTnaA, UTH . 3a Aa ce cnpeyun
3aTHyBah-e CO Yakan, Apea 1 Ap., MMHUManHaTa BUCUHA Ha UCMYCHUOT KaHan € eMnupucku
3eMeHa Kako 1 m 1 noBeke, a AormKMHaTa Ha OHOTO € o4 2 A0 3 M Unu noBeke.

MpoekTnpaH BUCOK UCTEK Ha BOAaA

MCTEKOT LUTO Ce KOPUCTY 3a OApeayBate Ha HaNPeYHNOT NPECEK Ha UCNYCHUOT KaHan Ha
OpaHaTa e NpoekTpaH BMCOK BOAEH NCTek (Q max) 1 ce npecMeTyBa CO KOpeKLMja o4,
MakcrmanHoTo ncTekyBame of nonnaea (Q) co pasrnegysame Ha Tparute og nonnaeun BO
LIEMNHMOT NOpPOj Kako AonyHaBedeHaTa paBeHKa:

Qmax=Qxfq (kopekuuja Ha MakcMMarHo UCTeKyBak€e 0 nornsasa)

Q max : NPOEKTnpaH BUCOK UCTEK Ha BOAaA

Q . MakcmmalHo Uctekyeawe o/ rnomnriasa
fq : (pbakTop Ha Kopekumja
fq = IIpecek Ha opoj criopen Tparu ox nomiasa (M2)

[Ipecek npecmeTan co MmakcumalieH uctek oj nmorwiasa(Q) (m2)
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MakcumanHoTo ncnywtarwe of nonnasa (Q) Ha MecToTo Ha BpaHaTa ce npecmeTyBa Cco
pauMoHanHaTa paBeHKa Kako LUTO criegysa:

M=1/360 xfxyx A  —-mmememememn PauunoHanHa paBeHka

Kape wro:
Q: BMCOK UCTEK Ha Bofa Ha fokauyjata Ha 6paHaTa (m/s)
F 1 KOedULUMNEHT Ha UCTEKyBaHe
Y : MIHTEH3UTET Ha BPHEXW BO BPEME KOra ke NoYHe nonnaeara
(Mnn KoHUeHTpupaHo Bpeme: mm/h)
A : cnueHa nospimHa (ha)

3a I : IHTeH3UTeTOT Ha BpPHEXWTE 3a [a ce NpecMeTa MakCMMarHoTo UCnyLUTake o nonnaea,

BooGUYaEHO ce KOpUCTK BepojaTHOCTa 3a BpHexu og 100 roguHu.

KoeduumeHT Ha ncTekyBakbe € cTankaTa Ha NpUcTMrHaTa KonmuyvMHa Ha Bofa U ce pasnukyBaaT

BP3 OCHOBA Ha NOBpLUMHATA W BEretauuckuTe YCroBu Ha PUAOBUTE KaKO LUTO € MPUKaXkaHo BO
Tabenata

Ta6ena 4-1 KoeduuneHT Ha UCTeKyBakbe Cropes YCroB1TE Ha NoBpLUMHaTa Ha 3emjaTa

Ground infiltration ior infiltration ground Moderate ground infiltration ground
condition / undulation Gentle Gentle Moderate Gentle
Forest b 0.45 0.35 0.35 0.25
Coarse woodland/ | 0.75 0.55 0.45 0.45 0.35
cultivation land
Grass land b 0.65 0.55 0.55 0.45

Rocky barren land ! 0.70 0.60 0.60 0.50
Urbanizing Urban area Residential Pavement Gravel road Grass / lawn Wood land Playground
condition road

BopaTta og goxa wro nara Bo
CNMBHOTO nogpavje e
KOHLEHTPMpaHa Ha MECTOTO Ha
OpaHaTta npeky nopojorT.

Catchment area

ConemuHaTta Ha UCMYCHUOT KaHar
mMopa aa 6uae A0BOMHO ronema 3a
[a Teye KopurupaHaTa Boaa.

|
) \

Check Dam

Cnuka 4-22 [JoxKA0BHULA BO CIMBHATA NOBPLUMHA
cobpaHa Ha nloKkaumjaTta Ha 6paHaTa
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lonemuHa Ha ncnyceH KaHan

OO6nMKOT M roneMmHaTa Ha UCNYCHUOT KaHarnoT Ha HacunaHa 6paHa ce npecMeTyBaaT Co ABa
MEeTOAM Ha NpecMeTKa Kako LITOo crieaysa:

a. Metog Ha GpaHa co CTecHeT NpPoToK
JloKOrKy BO3BOAHOTO KOPUTO Ha GpaHaTa e
MOHMCKO O/} KpyHaTa BO MOMEHTOT Ha
3aBplUyBaHe Ha BpaHaTa U ako ropHOTO
peYHO KOpUTO Ha GpaHaTa He ce HamnosHu

co
BOAa, Ke ce ycBoM METOAOT Ha BpaHa co
CTeCHeT MNPOTOK.

Cnuka 4-23 MeTtoga Ha 6paHa co cTeCHET NPOTOK
6. MeToa Ha OTBOPEH KaHar. =
AKO BO3BOAHO 0of1 OpaHaTa ce NosHM co 3emja ey no
OOBpLUYBakeTO Ha bpaHaTta u kpyHaTta Ha OpaHaTa
NpPOoAOKyBa 40 KOPUTOTO Ha pekaTa
BO3BOAHO, Toral ke ovae npoekTnpaHa Kako OTBOpEH
KaHan.

>

Cnunka 4-24 meTtopa, Ha OTBOPEH KaHan

Contracted flow weir method

Upstream of the dam is
not fully filled with soil

max:z.c. 2.0.(3.:B4+2-B h% + + + Trapezoidal overflow
15 4 1 2

welr equation

Herewith
Qmax : Quantity of maximum flood discharge o Bz !
C : Coefficientof discharge (Normally C=0.6)
g : gravitationalacceleration (9.8m/sec?) _\ /
BB, : Width of the bottom of the floodway (m)
B, : Width at the surface of the overflow (m)
h : Overflowdepth (m)

Incase C=0.6,m=0.5 f—— B1 ——|
3
Q'=.(0.71-h+1.77-B1)-hA + + + + < . «Equation
Incase C=0.6,m=1.0
3 . . . - L] . L] 1
Q= (1.42-11+1.77-Bl)-114 Equation

The overflow depth (h) is calculated from the High (maximum) flood
discharge as an overflow trapezoidal weir with no consideration of
approaching flow velocity.

The unit of overflow water depth (h) is rounded up to the nearest 0.01m
and calculated in the unit of 0.1m.

The bottom width of the water passageis set in 0.5 m units.
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Contracted flow weir method

The estimated quantity (Q) obtained from . B: !
the section area of the floodway and
calculated by the contracted weir method
will be approached to and more than the
planned maximum high water discharge of
Qmax.

Afterwards the size of the section of the
flood way will be determined.

a. Q= Qmax.
b. An allowance height (Ah) shall be considered.

Ahis as shown in the following table. Tab6ena 4-2 BucuHa Ha gogaTtok

Planned high water discharge Allowance height A
Qmax h

less than 50m?3/s 0.4 m more
50m3/s >= Qmax < 200m3/s 0.6m

200m3/s >= Qmax < 500m3/s 0.8m
500m3/s or more than 500m?3/s 1.0m

C ' Coefficient of discharge is an coefficient that is related with shrinking and
speed of the water flow. Accordingly it is

Open Channel Method -

If the dam is back-filled with soil completely when constructed,
It can be regarded as open channel type.
Accordingly the Manning equation can be applied as follow:

Qmax =V.- A4 Manning equation
_lp¥Aagh _A 2
V- R R=3 A=h-(B+m-h) P=B+2-hf{l+m?

. . ] . .
Q © Quantity of water flow (r/s) Manning’s Roughness coeffcient
V : Overflow velocity (m/s) -
n : Manning’s Roughness coefficient N o TS Roughness cooffcient
. g g IZ jeal * JEF & U{ B R Standard
R : Hydraulic mean depth (m) ange andar
I : Gradient of upstream sediments Natural Streams in Mountains, gravels, Cobble stones 0.030™0.050
A @ Section area of water flow (m?) rivers Streams in Mountains, Cobble stones, Boulders 0.040 and more
P | Wetted perimeter (m) Major rivers, clay and sandy soil 0.018~0.035
h : Planned High Water Level (m) Major revers, Square gravel 0.025™~0.040
B : Bottom width of water flow (m) Artificial Concrete artificial channel 0.014~~0.020
m - Incline of side section of channelother | Stone & gravels at the stream sides, soil channel bed 0.025
water flow (1:m) Mountain | Gravels, stones and 0.030~~0.050 0.040
. . 5 streams Stones and boulders on stream beds 0.040~0.070 0.050
Torrents 0.070
\ %‘// - Torrents in | D=0.5 m boulders scattered 0.080
X ‘fa / b mountains | D=0.3-0.5m stones and gravels scattered 0.070
RS ‘Well-maintained stream beds 0.060
\ / T d bed
e Bedrocks exposed due to frequent flushing water and soil 0.050

a. Floodwaysize shall be satisfy : Q=Q,..

b. Allowanceheightis same as contracted flow weir method as previous page.



4-1-9 YcnoBu 3a CTaOUITHOCT Ha HacunaHa 6paHa

MpaBuTauuckaTa HacunaHa 6paHa Tpeba Aa ce CNpOTUBCTaBU Ha HAaABOPELLHUTE CUIU KaKO LUTO
ce NPUTMCOKOT Ha BoaaTa v NPUTUCOKOT Ha 3emjaTa co concTBeHaTa TexuHa. Motpe6Ho e aa ce
ncronHaT crneaHuTe YeTupy YCroBu:

(1) CtabunHocT NpoTuB Nag

JINHMMTE Ha OejcTBO Ha pe3yNTaHTHUTE CUNWN HA BEPTUKANHUTE U XOPU3OHTanHuTe
onToBapyBaha Tpeba ga bugart Bo paMkuTe Ha QHOTO Ha OpaHaTa.

(2) CTabunHoCT NPOTUB NN3rake

BKynHMOT oTnop NpoTuB nusrake Mopa Aa buae noronem Mnu eAHaKoB Ha BKYMHUTE
XOPU3OHTaMHU CUMMW.

(3) CTtabunHocT NpoTUB YHMLITYBake Ha bpaHaTa

HunBoTO Ha Hanperawe Ha Cekoj Aen of TenoTo Ha bpaHaTta He Tpeba aa ro HagMUHyBa
[03BOMEHOTO HMBO Ha Hanperake Ha MatepujanuTe LWTO ro COMMHYBaaT CeKoj Aen Of
TenoTo Ha OpaHaTta. MeryToa, Kako onwTO NPaBuIio, He CO3AaBajTe Hanperake Ha
NCTErHyBake BO NOPHUOT TEK HA HOTO Ha GpaHaTa.

(4) CtabunHocT BO OOHOC Ha HOCMBOCTA Ha TeMenoT

MakcumanHaTa cuna Ha peakuuja Ha QHOTO Ha B6paHaTa He Tpeba aa ja HagMuHyBa
[03BOfeHaTa HOCMBOCT Ha TEMENOT.

(1) Stability against Fall
Pount of action of the

It is stable against a fall if the resultant force Resultantforces '\
action line of own weight of the dam and
various external forces are within the width of |
the dam bottom as long as the stress or reaction
torce due to the load does not exceed the -c=
permissible values of the dam body and the

tfoundation,

—B/2—1—B/2—

0<d<B =M/V ===+ = Equation 1

d: Distance from the intersection point of the action line of the resultant force of the
load and the downstream end of the dam bottom (m)

B: Width length of the Dam bottom (m)

M: Total load moment acting on the cross section per unit width with the fulcrum at
the downstream end of the dam bottom (KN * m / m)
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e=B,2 d » + + + + + +Equation 2
V: Total vertical component force acting on the cross section per unit

width (KN / m)
H: Total horizontal component force acting on the cross section per

unit width (KN / m)
e: Distance from the intersection point of the action line of the
resultant force of the load and the center of the dam bottom(m)

(2) Stable against Slide

The following conditions are required for the dam to be stable
against slide.

V-f=H=*==-=+++-Equation 3

Here. f: friction coetticient of the foundation

Tabena 4-4 Koedu1uUMEHT Ha Tpuewe Ha ocHoBaTa

v — condition coefficient

= Tightgravel and soil 0.7

F:Friction force
f :Friction coefficienct Tight soil 0.6

Note: Friction co-effient shall be treated as 0.7 and more in case
the foundation is hard rock
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(3) Stability against Destruction of the dam

The dam body 1s stable against the destruction stress as long as
the stress generated to the dam does not exceed the allowable
stress of the dam. However, in the case of concrete structures. mn
principle, the tensile stress shall not be generated even if 1t 1s

within the allowable value.

(a) e<B/6 (b) e=B,/b6

/ \ ek

P’LE‘TRJ . Ps ‘“-—T\M

\Ilf

B l——p—

P,

(¢c) e>B/6
ol Ak
T~
L

The resultant force acting position and stress

Cnuka 4-25 lNosunumjata n HanperakeTo Ha AejCTBOTO Ha pe3ynTaHTHaTa cuna

The resultant force acting position and stress

In the tigure, in case the vertical component force V acts on the point
where the distance from the center of the dam bottom 1is e, the stress
distribution at the dam bottom 1s as shown in P2 to P1.

The stresses P2 and P1 at the upper and lower ends of the dam bottom are

expressed by the following equations:

P,=V /B (1+6e/B)
P,=V/B(1—6e/B)

+ Equation 4

+ Equation 5

A

P,
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Ife —B/6 then P,—2V/B P2=0
e <B/6 (a) distribution
e =B/6 (b)
e >B/6  (c)

The upstream end of the dam bottom in the Figure (C) is a tensile stress.

The basic condition that no negative stress is generated in the dam
bottom is e < B / 6. Therefore it can be regarded that the dam body does
not generate negative stress and stable against destruction m case the
intersection point of the action line of the resultant force at the dam
bottom 1s within the middle third of the width of the dam bottom AB.

The allowable stress of a concrete gravity dam 1s as shown
the table: where the design standard strength 1s 18 N/ mm?2.

Tabena 4-5 [1o3BoneHn HanoHu Ha 6eTOoHCKN BpaHu

Allowable stress types Allowable stress (N/mm?)

Allowable stress 4.5

Allowable bending tensile 0.22

stress

Allowable bearing stress 5.4
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The stress (P) at the dam bottom 1s also the reaction force of the
foundation ground and if the maximum stress (P1) 1s smaller than the
bearing capacity of the foundation, the foundation 1s stable.

However, if there is a negative stress (-P) in the stress distribution
between P1 to P2 then there is no ground reaction force at that part. so
the maximum ground reaction force 1s calculated by the following

equation.
2V ..
P;= 3d here: d=B/2—e

+ + + + Equation 6

In addition, 1t the bearing capacity of the ground 1s not sufficient,
an appropriate foundation treatment 1s required.

The following table shows bearing capacities of ground conditions

of the foundation:

Tabena 4-6 HocuBocT Ha 3emjeHa LiBpCcTa noasiora

Ground condition

Hard Rock

Granite
( Flat/monolith condition with 3 m
thickness or more )

Porphyrite (Flat/monolith condition
with 3 m thickness or more)

Greywacke (Flat/monolith condition
with 3 m thickness or more)

Limestone (Flat/monolith condition with
3 m thickness or more)

Soft rock (tuff, sandstone, shale)

Agquatic rock layer (low consolidation)

Gravel layer (high degree of
consolidation)

Sand layer (high degree of
consolidation)

Bearing capacity

Ground Conditions

Bearing capacity

N/m® (tf/m) KN/ (tf/m)
2,000~-3,000 150200
{200~-300) Hard clay laver (15~20)
3,500~10,000 30100
(350~-1,000) Ordinary soil (3~10)
3,000~3,500 v
(300~~350) Clay layer (o)
1,500~6,000 50~-300
{150~600) Clay mixed with gravel (5~-30)
1,000~2,400 o050
{100~240) Gravel laver )
700~-1,500 200~—-500
(70~~-150) Gravel mixed with sand (20~-50)
500600 100400
(s0~60) Ordinary sand layer (10~40)
700800 200500
(70~80) Hard clay layer (20~50)
700800 150—200
(70~-80) Wet clay (15--20)
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(4) Foundation of Check Dam

a. The allowable bearing capacity of the foundation shall be greater
than the maximum reaction force generated at the dam bottom.

b.It is necessary to examine whether the frictional resistance of the
foundation is sufficient to the dam movement due to external force.

c. Scouring of the foundation shall be carefully considered since the
ground at the end of the downstream part of the dam is prone to be
destroyed by scouring of running water

d. It is also necessary to consider to protect the foundation from
destruction by seepage water (quicksand/Liquefaction and piping).

Depth of the penetration ot a check dam

a. Foundation of a check dam is prone to be unstable due to ground
inhomogeneity (especially in the gravel layer ). weathering for years and
by the scouring at the downstream foot of the dam by tloods and the
dam in those situations will be damaged easily. Therefore. it 1s
necessary to consider and determine the sufticient depth of penetration
of embedding in consideration of these factors.

b. The depth of the penetration of the bottom of the check dam varies

depending on local conditions such as the height of the dam and the

depth of overtlow water.

In the case of a single dam, the followimng is the standard of the depth:
Tabena 4-7 QnaboynHa Ha neHeTpaLmja Ha ocHoBaTa

(1) Disc-shaped hard rock in the state of fresh rock 0.5m approximately
(2) Rock 1.0m approx.
(3) Soft rock in the state prone to be weathered/
cracky rock conditions 1.5m approx.
(4) Gravel layers 2.0~3.0m approx.
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et Pl PR

Apron Bottom lining work [ e s pivsiny

Cnuka 4-26 KaHancka KoHCTpyKuuja

4.2 W3rpagba Ha KaHanwu

AKO BOieH NaT He € (PMKCMPaH Ha HajaONTHUOT CEAMMEHTEH e Of NopojoT, peYyHUTe Gperosu ke
GuaaT yHULITEHV UNy epoanpaHmn of CTPyM KO ce ABUXKaT U Toa MOXe [a NpeausBuka
oLITeTyBake Ha HU3BOAHOTO NoApadje. KaHanu ce nHcTanupaat Bo AOMHUOT TEK Ha TakBuTe
nopowu 3a Aa ce rnonpasu BOOHMOT Nart, ja ce crnpevyart BepTUKamnHU U CTPaHUYHM epo3un 1 aa ce
cTabunuanpa kaHamnoT Ha MOTOKOT.

Mpwu n3rpaa6a Ha kaHanu, o6anoyTBpaUTe 1 3EMjEeHUTE NParoBy ce rMaBHUTE KOMMOHEHTU
3ae/jHO CO nojacuTe Ha PEYHOTO KOPUTO M MOKPUBAHE Ha OHOTO.

4-2-1 Llenu Ha KaHanckaTa KOHCTpyKUuMja

LlenTta e ga ce perynupaat v cnpeyar BepTuKariHuTe U CTPaHUYHUTE epO3nM BO NMOPOUTE CO
hvKcrpare Ha KaHanoT U HamanyBake Ha HagoMmKHaTa KocuHa 3a fa ce cnpevat
TypOyneHumu.

KaHanckaTa koHCTpyKUMja BOOGUYaeHO HeMa (hyHKLMja 3a perynupame Ha CEOQUMEHTOT U
MocTOW pU3NK KaHanoT Aa buae 6rnoknpaH ako Teye ronema KonnynHa Ha cegumeHTu. Co uen ga
ce n3berHe TakBa cuTyaumja, nsrpagbarta Ha kaHanot Tpeba ga ce 3anovHe OTKaKo ke ce
3aBpLUaT HacunaHuTe 6paHun 1 apyrmte paboTu 3a KOHTPONa Ha epo3njaTa Ha noyesaTa BO
ropHOTO nogpavije.

Bo npuHuun, HacunaHuTe 6paHu Tpeba aa ce rpagat BO rOPHMOT TEK 04 LENHMOT KaHar.
Tpeba ga ce 06e36ean JOBONEH BOlYMEH HA UCMYLUTaKE 3a KaHarnckata KOHCTpyKuuja u
HaJormkHaTa KocuMHa Tpeba Aa ce onpefeny Taka LWTo Aa He ce Npeau3BuKa NOKaHO TpoLleHe
unu abHopMarnHa cegMMmeHTaumja.
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4-2-2 Tpacupare Ha KaHarickata KOHCTpyKuuja

1. TpacupareTo Ha KaHarnckaTa KOHCTpyKUuMja Tpeba aa buae KonKy LTO € MOXHO NOMa3sHO 1 Mo
MOXHOCT MPaBO 3a [a He ce NpeansBKKa foKanHo Tpuerwe, abHopManHa ceagMMeHTaumja nunm
nperneBawe Ha NPOTOYHa BoAa.

2. Bo cnyyaj na ce 6apa n3eenba Ha kaHanuv npea Aa ce ua3rpagat KOHCTPYKUUUTE 3a KOHTpona
Ha epo3ujaTa Ha No4yBaTa U HacunaHuTe OpaHn Ha BO3BOOHOTO Nogpadje, Tpacarta Ha
KaHarnckaTa KOHCTpyKumja Tpeba aa bmuae ncnpaBeHa KoMKy LWTO € MOXHO noseke. (MpBu4HoO,
nsrpagbarta ke 3anoyHe of ropHaTta KOHCTpyKuuja.)

3. [lokonky e noTpebHO Aa ce CBPTU MOTOKOT BO 06M1acT co ronema ynotpeba Ha 3emjuiTe,
paanycoT Ha UCKPUBYBaH-€ Ha KaHanoT Tpeba [a e KoKy LUTO € MOXHO Norosiem.

4. Bo cnyyaj Ha nNpuknydyBake Ha BOAHM NaTULITA U CIIMMHO CO APYrY NPOEKTU HU3BOAHO,
NpUKITy4oKOT Tpeba fa Guae maseH 3a ga MoXxe BogaTta Aa Teve 6e3 HUKaKBU MPeYki.

5. Bo cnyyaj rmaBHUOT TEK U NpUTOKaTa Aa ce cnojat, TpacuTe Ha ABaTa NoToumM ce noctaByBaar
[a ce crnojyBaaT nog ocTap aros KoJiKy LUTO € MOXHO NoBeke.

4-2-3 HaposmxeH npeceKk Ha KaHarickata KOHCTPyKLUMja

1. MNpodhunnoT Ha HagOIMKHMOT NPEeCceK Ha KaHarnckaTa KOHCTPYKLMja ce onpedenysa co orne Ha
HeroBMTe HaMEeHMW 1 NoKanHUTe YCrnoBW 3a Nopoj. 3aToa, HEONXo4HoO e ceondaTHo Aa ce
pasrrneaa pacnopefoT Ha 3eMjeHUTe NparoBy BO FOPHUOT M AOMHUOT TEK, MPOEKTUPAHNTE KOCUHU
Ha KOpMTOTO, MPOEKTUPAHMUTE BUCOUYUHM HA KOPUTOTO, MPUCYCTBOTO MITNM OTCYCTBOTO Ha NMOKPYBKa
Ha KOPUTOTO, UTH.

2. MpoeKTupaHnTe KOCUHM Ha KaHarnoT ce oapeayBaaT Co UCTPaXyBake Ha LUMPUHAUTE Ha
MOTOKOT, ANaboYnHMTE Ha BogaTa, KOCMHUTE Ha KopuTaTa, rofieMmHaTa Ha YeCTUYKUTE Ha
KaMeh,aTa 1 YakanuTe LTO r'v coumMHyBaaT koputaTta UTH. npeg nsrpagbaTta, 1 3emajku ja
npeasua ctabunHocta Ha kopuTaTta. [JONonHUTENHO, NOXENHO € NPOEKTUPAHMUTE KOCUHUN Ha
KOpMTOTO Aa dmaaT WTo € MOXHO nobnarw.

3. Bo npvHUmn, npoekTupaHnTe BUCUHM Ha KOPUTOTO Ha KaHanoT Tpeba Aa ce noctaBaT MOHNCKO
04 MOCTOjHOTO KOPUTO CO MCKOM.

4. OppXyBaHEeTO Ha MPOEKTUPAHUTE KOCUHW Ha KOPUTOTO BO KaHanuTe ce NocTUrHyBa co
cnpeyvyBak€e Ha epo3unja Ha KopuTaTa Co NoCTaByBake Ha 3eMjeHM NparoBu, BEpTUKAIHN SUO0BM
UNKn Co NOCTaByBak-€ Ha NOKPMBKa Ha OHOTO Ha kaHanuTe. Bo cnyyaj Ha nocTaByBake Ha
3emjeHu nparosu, Tve Tpeba ga ce nocTasaT BO ckanecTta Lema CO LITO € MOXHO noman nag.

5 Bo cnyyaj 4a ce MeHyBaaT KOCMHUTE Ha NPOEKTMpaHMTe KopuTa BO KaHanoT, BO MPUHLIM
Tpeba fa ce MHCTanupa 3emjeH npar Ha MecToTo Ha NPoMeHa Ha KocuHarta. lNoxenHo e ga uva
6rar HakmnoH o4 BO3BOAHO A0 HU3BOAHO.

6 Bo cnyyaj Kora npuToKa ce BrieBa BO [M1aBHUOT TeK, Hago/mKHaTa KOCUHA Ha npuTokaTta, BO
npuHumn, Tpeba Aa ogroBapa Ha KocMHaTa Ha rmaBHUOT Tek. Mopaam oBaa npuynHa, HEOMXOAHO
e [a ce npe3emMaTt MepKU Kako LUTO Ce NocTaByBare Ha 3eMjeHu NparoBu Ha npuTokaTa
OVPEKTHO BO3BOAHO OZ CMMBOT U KOPeKUMja Ha HaJoIMKHMOT HaKMOH Ha NpuTokaTta 3a fa ce
cnow.

4-2-4 KopuTo Ha KaHarickaTta KOHCTpyKLMja

KaHnanckaTta KOHCTpyKUpja, BO NpuHumn, Tpeba aa ce nnaHupa 6e3 gonHa obrnora, T.€.
OBOCTpaHa kaHaricka KoHCTpykuuja. MefyTtoa, gonHata obrora, T.e. TpUCTpaHaTa kaHaricka
KOHCTpYKUMja, € MPUMEHNTMBA KOra COCTaBHUTE MaTepujani Ha KOPMTOTO BO MMaHMPaHMOT Oen
Ha KaHanoT He ce JOBOITHO CUMHU 3a [a Ce OAPXW NPOoeKTMpaHaTa KOCMHA Ha KOpUTOTO.
OnwTo 3eMeHO, KOPUTOTO ce 0BMoXyBa BO CNeAHUBE Crydau:

(1) Bo cnyyaj kora npoekTnpaHaTa KOCMHa Ha KOPUTOTO € CTPMHa, a BrfeyHaTa cuna e Hag
KpUTM4YHaTa Bre4YHa cuna 3a NpoCeYHMOT anjameTap Ha KaMeHMOT Yakan LUTO o COYMHYBa
KOpPUTOTO Ha MOTOKOT.

(2) Bo cny4aj kora KOPUTOTO Ha KaHarnckaTa KOHCTpyKuuja e TECHO U CTPMHO, KOPUTOTO Ke ce
HapyLLX CO UCKOM Npu u3rpagbarta n He MOXe Aa ce oApXKyBa NPOeKTMpaHaTa BUCUHA Ha
KOpUTOTO.

72



(3) Bo cniyyaj kora epo3awjaTa o npoToyHa Boda Tpeba aa ce cnpeyun AUPEKTHO Co 06noxXyBare,
OGuaejkm KOPUTOTO € COCTaBEHO O Yakan n UHM YECTUYKM CO Mana cneunduyHa TeXnHa Kako
LUTO Ce ByJIKaHCKa NoyBa, HAHOCK Of ByJIKaHCKa nenen v cr.

(4) Bo cnyu4aj kora npMmMeHaTa Ha gonHarta obriora € NOEKOHOMMYHA OTKOJTKY NMPOMEHa Ha
KOCMHaTa Ha KOpUTOTO CO NOCTaByBak€ Ha 3EMjEH npar, Kako U Of NPOLLUMPYBaHe Ha NOTOKOT U
HamanyBame Ha grnaboynMHaTa Ha BogaTta WUTH.

OnwTo 3emeHo, BnevHaTa cuna U KpUuTMyHaTa BriedHa cuna ce gobueaat co AMMeEH3Nja Ha
Op3KHa Kako WTO ce Gp3nHaTa Ha Tpuehe U KpuTn4HaTa 6panHa Ha Tpuene. Kora kputnyHaTta
Op3rHa Ha Tpuere e noMana o 6p3anHaTa Ha Tpuewe, Tpeba ga ce McnutaaT NpoekTupaHaTa
KOCMHa Ha KOHCTpyKUMjaTa Ha KoputoTo 1 gnaboynHaTa Ha BogaTa 3a Ja ce Hamanar unm ga ce
pasMucrnn 3a noctaByBake obnorara Ha AHOTO.

[PedbepeHua]
Bp3nHa Ha Tpuene/ KpuTnyHa 6p3nHa Ha Tpuehe
Bp3vHaTa Ha Tpuene 1 KpuTUYHaTa 6p3nHa Ha Tpueke ce NpecMeTyBaaT Co criefHaBa

dopmyna:

@ dopmyna 3a 6p3vHa Ha Tpuere
U*= T0lp

U*:Friction velocity(cm/s)
To : Shear force works on streambed surface
To=p*g*R-le

p: Density of water (g/cm’)

g:Gravitational acceleration (980cm/s’)

R: Hydraulic radius (cm)

I,:Energy gradient (Design streambed gradient)

2 dopmyna 3a kpuTu4Ha 6p3rHa Ha Tpuewse (MBaraku dopmyna)

U*c’=0.05 (6/p-1)g-d

U*c: Critical friction velocity (cm/s)

o : Density of gravel (g/cm”)

p:Density of water (g/cm?)

6 /p=2.65 (Specificgravity of gravel)
g:Gravitational acceleration (980cm/s”)
d:Diameter of stone gravel (cm)
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4.3 O6anoyTBpam

4-3-1 Llen Ha obanoyTBpAm

O6anoyTtepanTe MMaarT 3a Lern Aa cnpedaT cTpaHu4YHa epoauja Ha 6perosnTe Ha NOTOLM nopaau
NPOTOYHa BOAA U ypuBak-€ Ha PUAOBUTE, UMW Ce KOPUCTAT Kako OCHOBA 3a 3adaTh Ha
puooBuTe.

OGanoyTepanTe NMaaT eqHa Unu NoBeKke HamMeHMW:

[la ce cnpe4n cTpaHu4Ha epo3uja Ha GperosuTe of NPOTOYHA BOAA.
[la ce cnpeyun Konanc Ha pngoT Nopaan TpoLleHe Ha MaHMHCKOTO NOAHOX|e CO NPOTOYHa BoAa.
[la ce KopucTK Kako OCHOBa 3a crnpoBefyBate 3acaTh Ha pua.

Ob6anoyTtepaute Tpeba aa buaaT gusajHnpaHu Kako TemMen 3a NNaHMHCKOTO NOAHOX|e ako
NPOTOYHa BOAA AUPEKTHO Ce CyApM U o TPOLUM BperoT Ha MOTOKOT UMK ako puaoT MOXe Aa ce
cpywu nopaau epo3mun. Merytoa, Bo MHOry crnydau, nokpaj HMB ce noctaByBaaTt U HacunaHu
OpaHun, buaejkm camo obanoyTepaaTa He e JOBOMHA 3a Aa ce cTabunmanpa nopojoT.
O6anoyTepaara, kako U HacuMNoT, MOXe Aa Ce An3ajHMpa ako ce nnaHupa ga ce cnpeyar
HaJOIDKHUTE N CTPaHWYHUTE epo3uK CO MPOMEHa Ha HacokaTa Ha noTokoT. Bo cnyyaj kora e
noTpebHo Aa ce HacoyaT TEKOBUTE Ha OTNAaAoT, MOXe Aa ce Au3ajHupa obanoyTepaa 3a ga v
HacoudyBa TUE OBWKEHA.

4-3-2 BupoBu Ha obanoyTtBpau
BupooBuTe Ha obanoyTepaa ce oapeayBaaTt Ha CredHUBE HaYMHU:

1 Bwpot Ha obanoyTtepAa wTo Tpeba ga ce nocTaeu Ha fokauujaTta ke ce onpeaenu cnopeg
YCIoBUTE Ha fnokauujaTa u ke ce nsdepe coogBeTHO Mery 6eToH, 6eToHCcKK 6ok, 6eToHCKa
pamka, YenuyHa pamMka, XernesHa XudyaHa koprna, ApBO UTH.

2 Twvnosu Ha 6eTOH MK 6eTOoHCKM BOK MOXe [a ce NpUMeHaT BO MOPOMU CO roriemMa KonmymHa
Ha NPOTOYHa BoAA M MPOTOYHM CEAMMEHTU 3a Aa HE CE YHULITAT.

Bo TakBu nopon MOXe Aa ce NpUMeHU 1 BnaxkHa smaapcka pabdoTa co 6eToHckn 6nokosu 1
6eTOH 3a nonHewe, Kako 1 6eTOH 3a NOMOoNHyBaH-E.

3 TwvnoBuTte Ha GeTOHCKa paMka Uiy YenmyHa pamka ke ce NpMMeHaT BO CMTyauumu kora
nopovTe nMaaT Marno BfvjaHne of NpoTOYHA BOA4A M TeYEHU CeQUMEHTU 1 Kafe LWTO OCHoBaTa
MMa HepaMHU Tanoxeha, kaJe WTo ce NOTpebHU apeHaxHW epeKkT Ha ceaUMEHTU 1 Hacunu u
Kafe WTo ApYyr BUOOBU TEXHUYKM HE CE MPMMEHYBaar. .

4  )KenesHa xu4yaHa kopna (rabuoH) unv gpeeH Tun Tpeba ga ce NpMMEeHU kora NopojoT nma
Grar HaKkMoH, HUCKa cTarnka Ha MPOTOK M Marn NPOTOK HA CEAUMEHTN.

4-3-3 NMo3uumja u HopmanHa nMHUja Ha obanoyTBpAaa

1. MosuuujaTta Ha obanoyTBpAaTa ke ce onpeaeny Kako HajedhekTnBHa 3a LenuTe Ha paboTaTta
Ha nokauujaTa, No UCNUTyBare Ha KOHUrypauujata Ha 3emjaTta, reonoLKNTEe KapakTepUCTUKA
Ha rpagunuwiTeTo, cocTojbaTa Ha cyamp Ha NPOToYHa BOAa, NPOLIEHETO BUCOKO HUBO Ha
ucnywtakwe Boja, NnaHupaHaTta BUCOUYMHA Ha APYrn KOHCTPYKLIMK 3a KOHTpOMa Ha eposuja,
KOCWHa Ha OMyCTOLLEHWUTE NaavHU, pearnHun YCroBKu Ha NOCTojHUTe 00anoyTBpan 1 Taka HaTamy.
2. ObanoyTtBpanTe Tpeba ga ce MHCTanMpaaT Ha MecTo Kaje LITOo yaupa Bogarta, unm Moxe ga
Aojaoe 0o pyliewe pya unv oo NpoluMpyBake Ha ypuBawara, 3a Aa ce 3adyBaaT TeMenuTe Ha
paboTuTe Ha puaoT v cn.

3. TpacupareTo Ha obanoyTBpAnTE NPOTMB Nponarake Ha 6peroT Ha MOTOKOT Ce NpaBu Ha
CNEeaHNOT Ha4UH:
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(1) Oa ce noctaBsu obanoyTBpAa BO cny4yaj kora Tpeba AMPeKTHO Aa ce 3alTUTU CTpaHudHaTa
epo3uja Ha NopojoT, Aa ce 3a4yBaaTt NaguHUTE Ha BPeroT Ha NOTOKOT CKIOHM KOH nponarake U
HUBHUTE nogHoxja, (Cnuka 4-18 (1))

(2) Oa ce nHcTanupa Ha NOHOXjeTO Ha CpyLUeHUTe NaanHU CNPOTMBOAHO Of HacunaHata
OpaHa 3a oa ce cnpeyn UCTEKyBake UK nponarake BO Cry4aj Aa ce nojaBu CTpaHu4yHa
epo3uja n Beke e 06e3beneHa HacunaHa 6paHa 3a ga ce cnpevar HagosimkHu eposuu, (Cnuka 4-
18 (2))

(3) Oa ce nocTaBm BO NOAHOX|ETO Ha cpyLleHaTa obnacT No OTCTPaHyBakETO HA KapnuTe U
npevkuTe, BO Cnyyaj Kapnute 1 ApyruTe Npeykn ga ro CMEHUIE LEHTAPOT Ha NOTOKOT M AOKOSKY
ce cospgarna cpyLlieHa noBpLUMHa Ha 6peroT Ha noTokoT, (Crnivka 4-18 (3))

(4) 3a ga ce nocTaBM Kako HopMarHa nuHuja Ha obanoyTepaa, Tpeba Aa ce AvsajHupa WwTo €
MOXHO MOHENpPEYEHO 3a Aa ce U3berHe NoBrieKkyBaHwe Ha CTPyUTE.

(1)

Boulder
needed to be
removed

AAAAAA Revetment work

Cnuka 4-27 Tpacupatrbe Ha obanoyTepau

4-3-4 CTpyKTypa Ha obanoyTBpaa

CTtpykTypaTa Ha obanoyTtBpaarta ke buae coonBeTHO n3bpaHa co pasrneayBake Ha pakTopu
Kako LUTO ce TonorpadujaTta v reonornjata AMPEKTHO 3a4 LienHaTa fokalmja Kako LWTo creaysa:
(1) M'paBuTaumMcka nnn HaeaneHa obanoyTeBpAa ce CMeTa Kako CTaHAapA NpU CTPMHM KOCUHW Ha
naguHuTe Ha NoTokoT. HaknoHeTnoT Tun (cnuka 4-19 (2)) moxxe ga ce NnpMMeHn camo Tamy Kage
LUTO CTPaHWYHNTE NagMHW Ha NOTOKOT UMaaT penaTtuBHO Grarn kKocMHu 1 obanoyTepaaTta
BepojaTHO Hema Aa duae yHuLWTeHa.

(2) M'paBuTaALMCKUTE UK HaBaneHnTe obanoyTepan of 6eTOH, BnaxHa sugapuvja u BnaxHu
H6eToHckn 6rokoBu Tpeba Aa ce NpoekTupaaT BO Cnyyaj Aa ce 3eme npeasug npuTMCoKOT Ha
3emjaTa oa3agu co HabrbydyBake Ha CBojcTBaTa Ha noyvsarta Ha nNaguHaTta Ha puaoT nosagw.
(3) Kora rpaBuTaumcka unu HaeaneHa obanoyTspaa ce NoCTaByBa Kako 3aliTUTa of MpUTUCOKOT
Ha 3emjaTa, NpeceKoT ce NPoeKTMpa Co NpecMeTka Ha cTabunHocTa Co UCTUOT MeToq Ha
npecMeTka Ha cTabunHoOCT 3a NoTnopHUTEe paboTn Bo paboTuTe Ha pUaoT.

(4) ObanoyTtBpaa of Koc TN 0bUYHO ce n3BegyBa CoO BraXkHa suagapuja, XXenesHu Xnu4eHu Kopnm
(rabuoH) 1 crn., BO KOM NPeCceKoT ce oapeayBa eMnupuckn, 6e3 npecMeTka Ha cTabunHocTa.
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Sloping type

At gentler slopes
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Cnuka 4-28 NabnoHcka obanoyTBpaa 1 HakoceHa obanoyTepaa
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Project on capacity building for Ecosystem
based Disaster Risk Reduction (Eco-DRR)
through sustainable forest management

orest Conservation

Inappropriate land use and management

* Intense ‘ [ Low
Environment allom ind. sulght | precipitation’
- ' 43 (approx. 600
mm/vear)

. Soul erosion by grazing of
livestock
(Heel er05|on marks)

Fence/Hedge Installation

Terracing + afforestation
Protects the vegetation in

Promotes vegetation recovery by
preventing erosion and creating
catchment areas

W p#ter channel construction |
events erosion caused by ;
runnlng water

Covermg work ", . g ] : <2 a2t Retaining wall construction
=4 prevents soil runoff and ¢ ' g, . | Prevents erosion, promotes slope

Gully plug COnStructlon
Prevents erosion, promotes 3|0pé'" |

Contact: Public Enterprise National Forests,
Department for Forest Management and Planning
http://www.mkdsumi.com.mk




List of introduced mountain control works

UTE2) Objectives Reference photo/drawing
works
Erosion- 1.Mitigate streambed gradient and | Gabion
control prevent vertical and horizontal erosion Work
dam (gully | 2.Fix the foot of the mountain to prevent
plug) collapse
3.Prevent the movement of unstable
sediment deposited on the streambed
4.Control downstream sediment
discharge
Retaining 1. Stabilize collapsed soil and cuttings
wall 2. Mitigate slope gradient
3. Create foundation and directional
support for canals and culverts
4. Disperse surface runoff
Water 1. Collect and drain water at a specific
channel location
2. Prevent mountainside erosion due to
rainwater, spring water, and external
water inflow
3. Prevent soil strength loss and pore
water pressure increase due to
infiltration
Terracing 1. Disperse rainwater on disturbed
work slopes
2. Create favorable growing conditions
for planted trees to promote early
introduction of vegetation
Covering 1. Prevent erosion and collapse of topsoil
work due to rainfall
2. Prepare the environment for plant
germination and growth
Seeds 1.Early greening by seeding on steep
spraying slopes with poor soil conditions

Contact: Public Enterprise National Forests,
Department for Forest Management and Planning
http://www.mkdsumi.com.mk
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Forestry Agency in Japan
January 2018

The Project on Capacity Building for Ecosystem
Based Disaster Risk Reduction through
Sustainable Forest Management in North
MACEDONIA (JICA Eco-DRR Project)
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~ As much of the planted forest becomes
available for full utilization, and as harvesting
is expected to increase, reliable post-harvest
reforestation and the provision of the
necessary seedlings are essential for the
multifunctional role of the forest and for
sustainable forest management.

Under such circumstances, the use of 5
containerized seedlings, which is expected to
reduce the cost of planting work and improve ‘E.
the efficiency of seedling production, in ©
addition to the conventional production of
bare seedlings, is considered important for the '

promotion of low-cost afforestation. S
Various studies have been conducted on 7y
container seedling production technology, i
and the latest technology has been k-

compiled based on the results obtained =
from these studies.
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1. What is container seedling ?

Rooted seedlings grown in containers that prevent
horizontal root rolling by providing ribs (longitudinal
striations) or elongated slits (vertical gaps) in the cavity
and by opening the bottom of the container to allow
vertical Xair-root cutting.

X The container has a hole in the bottom and the roots arriving at the bottom
of the container will naturally stop growing when exposed to air.

[ Characteristics of Container Seedlings]

! The elongated shape of the root pot
makes it easy to mold and handle when
planting.

The medium is an organic medium
based mainly on arrowroot hulls.

Ribs" prevent root deformation due to

" root curling. Roots stop growing when
they emerge into the air through holes
in the bottom or sides of the container,
allowing for natural root cutting (aerial
root cutting).

N '|Root roll

prevention

|

ayl

air-root cutting

: Bottom of
container
(released)

| .'- “‘ X "
ol ' “,'.'6
” Ry
. . [ N
Ribs, slits, etc., prevent
root curling and ensure

-1- a well-developed.




[Type of Container in Japan]

Container" is an abbreviation for "multi-cavity container," which
means "porous container. Containers currently in use include the
"JFA-150" and "JFA-300" containers developed by the Forestry
Agency and the "M-Star Container" developed by the Miyazaki
Prefectural Forestry Technology Center.

Developed by the Miyazaki Forestry Technology Center. Reusable
polyethylene sheets, which do not emit chlorine gas, are used to wrap
around the medium and young seedlings, which are then placed in
special trays for seedling growth. The size of the root pot can be
adjusted by rolling up or down the sheet. Seedlings can be easily
removed by simply unfolding the sheet.

[ "JFA-150" and
"JFA-300"
containers
developed by the | !
Forestry
Agency ]




2. Seedling breeding by container

[ Container Seedling breeding Process]

)

Sowng

Thinning

Watering
after
sowing
and trans
planting

8 Plug
3 ;
?',Q seedling

Fertilization

(1) Mixing and filling of medium Container Seedling

The recommended method is to fill the medium softly and maintain the shape of the root pot by
carefully managing water and fertilizer to keep the roots in the container. This ensures that the
root pot does not collapse and that the seedlings can be pulled

out without damaging the fine roots.

N

After filling the medium, make holes as
needed for seeding and transplanting.

cha e 0 o . A

AR £ ’

T Ak e Tk “When transplanting young seedlings,

Filled into container etc., be careful not to plant them too
deeply in the medium.

v o8

Stirred mixed medium

ey



In general, the medium should be lightweight, high porosity, and an artificial medium that
contains few harmful microorganisms. Since the basic material does not contain any
medium trace elements, it should be mixed with the original fertilizer. In addition, drainage
materials and other materials to adjust water retention and air permeability should be
used as necessary.

Basic Materials Basic fertilizer Drainage materials, etc.

Crushed coconut
palms, etc.

Fine grains are considered ' |n addition to the three elements

. ) o Perlite, vermiculite
- good for mixing well. 1 of nitrogen, phosphoric acid, and ’ ’
. Slow-release fertilizers are potassium, calcium, magnesium, etc.
desirable. ! iron, zinc, etc.

(2) Sowing and transplanting in containers

(i)Direct sowing
If the seed germination rate is high, direct sowing into containers is possible.
*Seeds may deteriorate during storage, so handle with care.

Sow a few seeds directly S :
into containers Thinning from multiple germinated cells Breeding seedlings in
greenhouses, etc.

Near-infrared seed identification technology

Seeds of cedar, cypress, and other species are often sterile seeds
that do not have the ability to germinate and have a low
germination rate.

The germination rate of these seeds is low. Therefore, a technology
has been developed to sort out only the healthy and substantial
heavy seeds by using the reflective characteristics of near-infrared
rays. The accuracy of this technology is over 90%.

If this technology becomes widely used, an efficient production
method using single seeding can be expected.

Front: Infrared camera
Back: Spectrometer

*Another simple method is to soak the seeds in fresh water and identify floating seeds as sterile and sinking
seeds as enhanced.

_4-



(ii)Transplanting

For tree species with low germination rates, young seedlings or hairy seedlings grown in
nurseries or greenhouses are transplanted into containers. In addition, young seedlings
(plug seedlings) sown and raised in nursery trays or multi-hole seedling trays are also

transplanted.

) o g T =
deing and breeding a Transplanting into containers
seedlings in nursery fields

(iii) Cutting

For some species, such as Japanese cedar, cuttings are
grown in areas where seedlings have been grown for a
long time (mainly in the Kyushu region). There are two
methods: direct insertion into the culture medium or
rooting in a nursery and transplanting.

What is a plug seedling?

Seedlings are sown
in multi-hole
seedling trays and
grown until ready
for transplanting.
Since the entire medium is
transplanted, a good root
system rate can be achieved.

....

Japanese cedar cuttings



3. Container Seedling Management

(1) Facilities

(i) Control of temperature and humidity by greenhouses, etc.

Container seedlings can be grown in greenhouses to shorten the seedling growing period
compared to conventional seedlings by adjusting the temperature. On the other hand,
when seedlings are grown in the open field, rain shades should be installed as necessary to
prevent the seeds from being washed away by raindrops. In both cases, it is advisable to
cover the seedlings with a sun shade to prevent sunburn for a while immediately after
germination.

_— e e — S S

fr”/ Breeding seedlings in ' - ———— \\ / , ; K - N\
open field. = ) F &Y T . Ll bl .

Installing sunshade, Breeding seedlings in
\ depend on necessary. /; L\%reen house. > g ..,/J
N 7 g . — — e— ——

e e e e - > S

It is expected to shorten the seedling growing period. In the Tohoku region, it takes three
years to grow bare root cedar seedlings, but this has been reduced to two years with
container seedlings.

/Example of breeding \

period (Japanese cedar)

1st year : 2nd year : 3rd year
I _ )
bare root seedlings SOWING IN g 11ONSPIANING fTOM 0 Planting in
o spring , ~ temporary nursery | spring
' S ]
_ _ Sowing in Transplanting from Planting in |
\ Contalner Seedl'ngs Spring — germination bed Autumn : /

(ii) Breeding in Benches

To promote aerial root cutting, containers must be suspended in the air, and the facility for

this purpose is called a Breeding in Bench. It is important to keep the bottom of the container

in the air to promote aerial root cutting. If seedlings are grown with the container in contact

with the ground, the roots will continue to grow without aerial root cutting, which may result

in an imbalance between the above-ground portion and the roots during shipping.

Coma e A0 \\\ [« The height at which containers \ - — - S [ 47 ,

are suspended should be
sufficient to ensure ventilation.
¢ Avoid placing containers in
such a way that they touch the
bottom of the container (e.g.,
directly on the ground).

-6Ioat in the air.

[ The bottom must




Moving bench

A movable special stand for seedling breeding with
container seedlings on it; one person can move and
manage about 1,500 container seedlings at a time and
work standing up, thus reducing labor burdens and
improving work efficiency.

Do not rely solely on regular irrigation, but if possible, check the
dryness of the soil as needed and irrigate thoroughly until water
flows down from the bottom of the container. Avoid watering for
one to two months prior to shipment to increase drought :
tolerance of the seedlings. There are also devices that allow e

remote operators to check the temperature and humidity in the fl s
facility with a smartphone or other device. } &

Mliee 7
LY

i

* When using an automatic irrigation system, the water
droplets must be fine, especially in the early stages of
seedling growth, or the media and seeds may run off.

* The timing of irrigation can be determined by the weight of
the container.

* Insufficient irrigation may increase the concentration of
liquid fertilizer in the medium, or may cause the roots of
young seedlings to make a U-turn upward in search of
water, which is dangerous.

(2) Nutrient management

The original fertilizer mixed into the medium will lose its effect in a few months, so a dilute liquid fertilizer
diluted 1,000 to 2,000 times or a slow-release fertilizer should be applied as a follow-up fertilizer. For
additional fertilizer, use a compound fertilizer containing the medium trace elements (calcium, magnesium,
iron, zinc, etc. in addition to the three elements of nitrogen, phosphoric acid, and potassium) that were
initially mixed into the medium.

* The effect of the original fertilizer lasts for a long time, so the timing of additional
fertilizer should be considered according to the fertilizer applied.

* Excessive application of fertilizers can cause fertilizer burn (i.e., the roots are
damaged and die due to high concentrations of fertilizers), and can also lead to
excessive growth.

* The appropriate fertilizer combination and amount will vary depending on the
tree species and growing environment.

* For cedar seedlings, it is
recommended to use more nitrogen
in the first half of the growing
season and more potassium in the
second half. Too much nitrogenin
the second half of the growing
season tends to make the seedlings
soft and weak.

* Pines absorb large amounts of
nitrogen in summer and autumn.




4. Loading and transporting container

seedlings
(1) How to load Seedlings

Loading should be made only after the root system of the seedlings has fully developed in the root pot and
the medium does not collapse when removed from the container.

* Currently, the most common method of
transportation is to pull the seedlings out of the
container and use cardboard boxes or nets. In this
case, the rootballs may dry out and be damaged, so
plastic wrap or plastic bags are used to protect them.

* When using cardboard boxes, it is necessary to take
measures such as lining the inner surface with plastic
sheet to prevent the box from losing its strength due
to the moisture in the rootballs.

Overseas Transportation Methods

Specialized trucks that transport plants in containers
are in widespread use overseas. Containers are
transported to the site in order to protect the root pots
from drying out and to increase the rate of
establishment. However, there are some drawbacks:
space efficiency during transportation is low, and it is
time-consuming to pull seedlings out of containers on
site.

After pulling from the container, it is important to plant as soon as possible!

(2) Method of transportation to the planting site

As a method of transporting containerized seedlings to planting locations, seedling sacks are used, as
well as special backpacks for transporting the seedlings as containers.

In addition, by using a forwarder, etc., which is used to carry out timber, to transport the seedlings to the
planting site, labor burden and cost reductions can be expected.

Seedlings transportation
by using a forwarder

Seedling sacks

ﬂSpeciaI backpacks

' Seedling sacks

_8-



5. Container seedling planting equipment

Container seedlings should be planted using a Chinese shovel or a special tool. Select the
appropriate equipment depending on the local slope, terrain, soil type, ground cover, and
other conditions.

The use of specialized equipment does not require skill.

[ Special tools]

The tip is shaped like a container rootball and
can be pushed into the soil to make a planting
hole, allowing for efficient operation. However,
it is difficult to pierce in dense soil or soil with
a lot of gravel, rhizomes, etc. Several sizes are
available to fit the root pots of container
seedlings.

It is quite heavy because the tip is not hollow.

[Spade]

There are several shapes, but they are mainly
pointed and edged. A foot is placed on the bar
and thrust into the soil, and the hole is drilled
by moving the bar back and forth to the left or
right of the stone.

Where there are many rhizomes, etc., the tip
can be used to cut them off and can be used in
somewhat tight and dense soils.

.Sharp an: pointy

[Planting tube]

foot-hanging bar

The tip is closed and inserted into the soil, the
pedal is pressed to open the tip, and the seedling @
is dropped in from the top for planting. The 2
operator does not need to bend over or bend at
the waist, which reduces the labor load.

The tip is closed and inserted into the soil, the
pedal is pressed to open the tip, and the seedling
is dropped in from the top for planting. The
operator does not need to bend over or bend at
the waist, which reduces the labor load.

open/close pedal

Seedlings fall from here.

Others have developed devices with modified shapes or used existing machines.

Dipple with
pointed tip for
easy insertion

Precautions for planting
* Do not over-compact
the soil with equipment.

Digging
planting holes
using an earth »

into soil auger (a piece * Make sure that there
of construction are no gaps between the
/ ok, equipment, a rootball and the soil, and
[Planting tool in abroad] hole digger) that they are well
Tip is th B “ W Planting tool by LIECO sersel

Plant at the proper
depth so that the root
pot does not rise up.

(Austria)




6. Properties and utilization of container
seedlings

[ Expectations for Cost Reduction by Using the property of Container Seedlings ]

Nursery level .
(1) No root cutting required . i

(2) Easy weeding !

(3) Shortening of seedling growing period is possible, ' \ ]
depending on the way of growing, for example, in
plastic greenhouses. » Labor and cost savings

(4) Mechanization of seedling production can reduce in seedling production
the labor required for seedling cultivation, and mass
production can be expected at low cost by expanding
the scale of production.

(5) Compared to bare root seedlings, a larger number of
seedlings can be produced in a smaller area (30-50
bare root seedlings per square meter, 100-300
container seedlings per square meter).

Planting level * Improved efficiency of
(6) Easy storage and handling at the planting site. » planting process
(7) Planting time can be shortened by using special * Integrated logging and
planting equipment. Also, planting does not require afforestation

skill. operations are possible
(8) Expected to expand the planting period.

b Integrated logging and afforestation operations are possible

[ Integrated logging and afforestation system]
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T © operation (grapple, etc.)
: (harvester, etc.) — (forwarder, etc.)
Mutual use Mutual use
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“Expect to improve Use gf machinery .used in TranspgrtatiQn of seedlings Planting container seedlings, which
*efficiency of ground timber collection to the site using a forwarder is expected to expand the planting

- preparation work f

b Reduction of reforestation costs by carrying out mechanical land preparation and
planting at the same time 3 5ging and hauling out



/. Tests and surveys on container
seedlings

[ Survival rate of container seedlings ]

Containerized seedlings are still under study, and we aim to establish the technology through continued research.

Seedling type Number of seedling (Unit: seedling)
Planted Survive
August Container seedling 365 344 21 94.2%
October Container seedling 351 348 3 99.1%
December Container seedling 343 341 2 99.4%
February Container seedling 323 316 7 UL
February Bare root seedling 357 342 15 95.8%
May Container seedling 366 351 15 95.9%

* The survey results in the table above show that the live-planting rate was 94% or higher at all times,
which is the same or higher than the 95.8% live-planting rate of bare seedlings planted in February, the
optimal planting period (the optimal planting period in Miyazaki Prefecture is generally around February).

* Onthe other hand, even container seedlings are exposed to strong drought stress for about two weeks
immediately after planting, and in snowy regions, cold winds and freezing can reduce survival rates.

* Although the planting period is expected to be extended, be careful of dry weather before and after
planting and cold winds in snowy regions.

[ Growth of container seedlings ]

A comparison of trial data collected across the country shows that the average growth rate of container
seedlings, both by tree species and overall, is not different from that of bareroot seedlings.

Total ‘ Abies ‘ Larch Larix | Japanese cedar | | Japanese cypress

200 1 [ 1 r -
Container seedling =
. _ o
Bare root seedling =
150 2
— -
'_'L ﬁ
8 100 ®

~~
& o
3 =
B S 200+ g
= 3
§ ¢ 2
o o 1504 e
© =
“ 7 =
¢ 2
> 100 ?

Growth Rate Comparison of Container Seedlings

L Initial growth of container seedlings is not different from that of bare seedlings.
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8. Container seedling production in Sveti
Nikole

The Project on Capacity Building for Ecosystem Based Disaster
Risk Reduction through Sustainable Forest Management in North
MACEDONIA (JICA Eco-DRR Project) provided nursery equipment
for container seedling production to Sveti Nikole nursery.

1 A’\ X >/

l(\j/

Green house with irrigation system

Contamer for broad leaf tree seedlanZContalner for conlfer tree seedllng



9. For future nursery tree production

[ Improve container seedling production process ]

whnipaw 40} ss9204d
8uijjiy pue Suxin (T)

Enhanced seed identification

tehnology Seeder

Use of high germination rate Improved fﬁciency of
seeds seeding operations

A. direct sowing

8unuejdsueuy 4o 3uipass Jaureiuo) ()

.' (4) Transportation of containers to planting site by trucks
(3) Grow seedlings in
greenhouses, etc. (about 6
months to 1.5 years)

Special truck with container racks

Reduction of watering labor

e
Container seedlings can be shipped with their root pots
protected from drying out

Additional fertilizer (as needed)/
= o
b4

W R W
A)

(5) transportation to
mountain

Use of forwarders, power
haulers, etc. (use of integrated
work systems)

Improved efficiency of planting
operations through the use of
appropriate specialized
equipment

() Plantingcontier seedlings Reduced transportation labor  (6) transportation to planting site

13-



[ Matters requiring further study, investigation, or consideration ]

1) Container seedling standards
Appropriate rootstock diameter
Seedling length and shape ratio

(2) About container
Multi-cavity container shape

(3) Improvement of specialized
planting equipment
Verification of equipment suited to
Japanese soil and topography

(4) Optimization of seedling conditions
(uniform germination)

(5) Shortening of container seedling
growing period

Further research
and investigation
on container
seedlings is
needed to
establish the
technology.

_14-
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This document summarizes the latest
container seedling production technologies

based on the results of research conducted to

- date. \
-~ These are general production technologies,

:M and research is underway to develop optimal

s;;‘ production technologies for each region and

} for each tree species, depending on

;e( differences in climate and other environmental

Il A 11

conditions .
The production technology for container

seedlings, which contributes to low-cost

afforestation, is still in its infancy, and we will

continue to promote its development and
dissemination in order to establish it.
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OcHOBHM NO3HaBakba 32 KOHTEJHEPCKHU
pacag

AreHumja 3a WymapcTeo Ha JanoHwuja jaHyapu 2018 .

[pOEeKT 3a rpagere KanaumTeT 3a EKOCUCTEMCKM
6a3npaHO HaMmanyBaH € Ha PU3MKOT O, KaTacTpodu
NPEKY OAPKANBO YNpaByBatbe CO LUYMUTE BO
CeBepHa MakepoHuja (MpoekT Ha JICA Eko-HPK)



Kako WwTto ronem gen oA nocageHaTa LWyma
Ke CTaHe A0oCTanHa 3a LesiocHOo
NCKOPUCTYBaHE N buaejkn ce o4eKyBa
ceyaTta [a ce 3roJleMu, HEONXOAHW Ce
nowymyBam€ no ce4yaTta n obesbegysame Ha
cagHuuuTe NnoTpebHm 33
MYATUPYHKLMOHAMHATA Y/10ra Ha LWYMUTE U
33 O PK/INBO yNpaByBatbe CO LWyMUTe.

Bo BakBW OKO/IHOCTHU, yrnoTpebaTta Ha
CaAHMUN BO KOHTEjHEpPMK, LUTO Ce OYEeKyBa Aa
'M HaMa/in TpoLloumnTe 33 cagere 1 Aa ja
nonobpu epnKacHoOCTa Ha NPOU3BOACTBO HA
cagHMUN, NOKPAj KOHBEHLUMOHANHOTO

NPOM3BOACTBO Ha CaZHULM CO rON KOPEH, ce i+
CMETa 3a Ba)KHO yHanpeayBarbe Ha 3
MoLIYMYyBaHb€ CO Maan TPOLLOLM.

HanpaBeHu ce noBeKke cTyanm 3a
TeXHON0rujaTa 3a NPON3BOACTBO HA CaAHULUM &8
BO KOHTejHepu, a HajHOBaTa TeXHO10ruja e
HanpaBeHa cnopej pesyntatute fobuenn og M8
oBUe CTyaAUM. 2




CoAapXnHa

Bosep

LLITO € KOHTejHepCKu pacag, ?
PasmHOKyBate Ha CaaHULM BO KOHTejHep
YnpasyBate CO KOHTEeJHEePCKU cagHnLUU
TpaHCNOPT Ha KOHTEjHEePCKM cCaaHULMU

O 60 OO W k-

Cager-e Ha KOHTeJHepCKKU cagHnum
KapaKTepunCTUKN Ha KOHTejHepCKuTe cagHmnum 10
TecTnparba CO KOHTEJHEPCKM CaaHMNLN 11

© N O U A WDNhRE

[1pon3BOACTBO HA KOHTEjHEPCKK pacas BO
Csetn HnKone 12

9. 3anaHo Nnpon3BOACTBO Ha ApPBa BO pacagHUK 13
[lorosop 15



1. llTo e KOHTEjHEepCKK pacan?

CagHuumM co KopeH oarnegaHn BO KOHTEJHEPU WITO
cnpevyyBaaT XOPM30HTA/IHO BUTKaHE Ha KOperaTa TaKa WTo
obe3benyBaaT pebpa (xopmnsoHTanHu bpasgn) nam
N300/1I’KEHN OTBOPU (BEPTUKANHU AYNKKN) BO OTBOPOT M NPEKY
OTBOpPakbe Ha AHOTO HA KOHTEjHEPOT 33 Aa Ce OBO3MOKHMU
BePTMKaNHO X ceyerbe Ha BO3AYLWHUTE KOPEHW.

¢ KoHTejHepoT nma AynKa Ha AHOTO M KOpeHUTe WTo Ke A40jAaT A0 AHOTO Ha
KOHTEjHepOoT NPUPOAHO Ke NpecTaHaT Aa pacTaT Kora Ke 6uaaT U3IoXKeHU Ha
BO3AYX.

[ KapakTepucTuku Ha KOHTejHepcKUTe caaHnLn]

" J MNopaau n3pomKeHnoT obnuk Ha cagoT 3a
" | KOpEeHOT, fnecHo e aa ce obnvkysa 1 aa ce

pakyBa npu cagewe

[MoanoraTa e opraHcka 1 ce 3acHoBa

NPEeTEXHO oA NyLNU o4 MapaHTa.

" .| PebpaTta cnpedvyBaat gedpopmalmja Ha

' L KOPEHOT nopaaun Butkawe. KopeHnte

~ 7 npecTaHyBaaT Aa pacTarT Kora Ke nsnesar

_ Ha BO34yX HU3 OTBOPUTE Ha AHOTO U 04

T e CTpaHUTE Ha KOHTEjHepPOT, LITO

OBO3MOXYBa NPUPOAHO CeYer-e Ha

KOPEHOT (Ceyere Ha BO3aYyLIHN KOPEHMN)..

KOpeH

CnpeuyBa
BUTKaHE Ha
KopeHoT
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[1HOTO Ha
~ KOHTEjHepoT

(oTBOpEHO) Pe6parta, 3aceuuTe, UTH.
CrpeyyBaaT BUTKarbe Ha
KOPEHOT 1 0BO3MOXYyBaaT
-1- nobpo pa3BMEH KOpPEH.

BO3A4YLUEH KOPEH

equ'Sé'ﬁ‘a C !



[BraooBu Ha koHTejHepu Bo JanoHuja)

,ROHTEjHep” e KpaTeHKa 3a , KOHTejHep co NoBeKe OTBOpU“, WITO
3Hauu ,NOPO3€eH KOHTejHep . KOHTejHepu WTO CeE MOMEHTA/IHO BO
ynoTtpeba ce JFA-150 n JFA-300, co3paneHn oa AreHumjaTa 3a
LLYMApPCTBO, U KOHTejHepoT M-Crap, co3gaaeH oa LleHTapoT 3a
LUYMapCKa TeXHONOrMja Bo npedektypata Mujasaku.

. -
| DRSS e (T . L

- { B ol
NMpounsseneH o LleHTapoT 3a wWymapcka TexHonoruja Bo Mujasaku.
MonnetnneHcka tTabna, 3a noBekeKpaTHa ynotpeba, WTO HE EMUTYBA
XJ10p, C€ KOPWUCTU 3a Aa ce 06BMTKa nogsiorata U MaaauTe cagHuum,
KOW NOTOa Ce CTaBaaT BO creumjaiHM Tabau 3a pacTerbe Ha cagHuumTe.
fonemmnHaTa Ha CagoT 3a KOPEHOT MOXKE A3 Ce NpMaarogm co BUTKare
Ha nnoyvata. CagHMUMTE MOXKE NEeCHO Aa Ce OTCTPaHaT Cco
OABUTKYyBakb€ Ha Na04aTa.

[ JFA-150 1
JFA-300
KOHTejHepu
npousseaeHun og,
AreHumjaTta 3a
LYMapcTBO ]

W
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J FA—300 JFA—1850



2. PaamHOXyBatbe Ha caaHMUM BO
KOHTejHep

)

cagere npopeTyyBarbe

mMelake Ha nosiHekwe Co e

HasoaHys
noanaorata nognora | arbe no
cagere u
npecasysa
e

8 Plug
2
1 canrny

fybpere

(1) Mewame n nonHere co nogjaora canrnua 8o
KOHTEjHEep

MpenopayaH MeToA e NoA/iorata HeXKHO Aa Ce HaMoAHM 1 Aa ce 3a4pKn 061MKOT Ha cadoT 3a
KOPEHOT TaKa LITO BHUMaTE/IHO Ke ce KOpUCcTu Boaa 1 fybpuBo, 3a KOpeHUTe Aa OCTaHaT BO
KOHTejHepoT. Ha 0BOj HauMH cagoT HeMa Aa ce 3rMeyn 1 CaaHu

UMTE Ke MOXe A3 ce nssnedat b6e3

Mo cTaBakbe Ha NnoanoraTa, HanpaseTe AyNuYnHba

v AR ¢ l
W3mewaHa mewana L AT A ot Tk “When transplanting young seedlings,

nognora

Hae B KHTejHepOT etc., be careful not to plant them too
deeply in the medium.



FeHepanHo, noanorata Tpeba ga buae necHa, co ronema NOPO3HOCT U Aa UMa BELUTAYKO
CPeACTBO WTO COAPXKM MAKY LUTETHU MUKPOOPraHM3MKU. buaejkm oCHOBHMOT maTepujan
He COApPXKM TParoBm oA, eNIeMeHTU Ha NoAsioraTta, Toj Tpeba Aa ce 3mella co
OopurMHanHoTo Fybpmeo. UcTo TaKa, no notpeba Tpeba Aa ce KOPUCTU APEHANKEH U ApYrT
MmaTepujan, 3a Aa ce Nnpunaroam 3a4pKyBarbeTo Ha BogaTta U NPonyCcT/IMBOCTa Ha BO3AyX.

OCHOBHM MaTepujanu OcHoBHO FybpunBo APEHAXKeH maTepujan, UTH.

-

5 .| (¢

Crushed coconut
palms, etc.

CuTHUTe 3pHUA ce cmeTaaTt i
pHL, ; MNoKpaj TpuTe enemeHTH asor, NepANT, BEPMUKY/IT,
A06py 3a mewarve. i dochopHa KNCENNHA U KAaNUyMm, UTH
MoskenHo e fybpueo co KasiuMym, MarHesuym, xeneso,
6aBHO ocnoboayBame. 4 LMHK, UTH..

(2) Ceembe 1 npecagyBare BO KOHTEjHEPU

(i) AnpeKkTHO ceeme
AKO cTankarta Ha 'anVIBOCT Ha CeMeTo € BUCOKa, MOXXHO € ANPEKTHO ceere BO KOHTEjHepVI.
*CemeTo MoKe da Cce OWTEeTU Npun CKnagunpame, 3atoa Tpe6a BHMUMaATE/IHO Aa Ceé pPaKyBa CO Hero.

‘& : g : *‘A; | ands A
g 1— 2 ' X
MocejTe HEKO/IKY CEMUHbA

AONPEKTHO BO I'IpopeT!-lyBal-be o4 noseke NU3PTEHU KNETKU Op,neryBaH;-e Ha CagHuuUu BO
KOHTejHepMTe nnacteHnun, NTH.

Bancky nHppaypBeHa TeXHONOIMja 3a MAEHTUPMKALMja Ha C

m—

EMUbA

=

CemurbaTa of Kegap, Yemnpec v Apyru BUA0BM YeCcTo naTu ce
CTEPUIHU U HEMAAT CNOCOBHOCT 3a ‘pTeHE U UMAAT HUCKA CTanKa
Ha ‘pTAmMBOCT. CTanKkaTa Ha ‘PT/IMBOCT HA OBME CEMMHA € HUCKA, Na
3aToa e pa3BMeHa TEXHO/IOMMja 3a Aa Ce CopTMpaaT CaMo 34paBuTe
N JOBOJIHO TELKN CEMUHA, CO KOPUCTEHE HA pedieKCUBHUTE
KapaKTePUCTUKM HA BMCKY MHOpaupBeHn 3paum. MNpeumsHocTa Ha
OBaa TexHonoruja e norosema og, 90%. [JOKO/IKy oBaa TEXHO/IOrMja
MOYHe LWMPOKO Aa ce NPUMEHYBA, MOXKe Aa ce 04eKyBa epuKaceH
NPOW3BOACTBEH METO, CO KOPUCTEHE HA €4HO Cafere.

Hanpeg; nHdpaupseHa
Kamepa
MNo3agun: cnekTtpomeTtap

*[lpyra eAHOCTaBHa MeTOAa e Aa Ce HAaTonaT CEMMHbATA BO BOAA M CEMETO LITO Ke UCN/IMBA Ce CMeTa 3a
CTEPWJIHO, @ OHME WTO Ke NajHaT Ha AHOTO 3a Aobpw.

_4-



(ii) NpecagyBatrbe

3a BM40BU ApBa CO HN3OK CTEMNEeH Ha ‘PTANBOCT, MIaAUTe CagHULUM MU BNAKHECTUTE
cagHVUUM OArneAaHn BO pacagHuUUM M NAAcTeHMLUM ce npecaayBaaT BO KOHTejHepu. UcTo
Taka, MnaguTe cagHuumM NocajeHn n oarnefaHun Bo rajou nnam tabam co noseke oTBoOpY,
MCTO TaKa, ce npecaaysaar.

LLITo e mnaga cagHumua?

CagHuumTe ce caaaT BO
Tabaum co noseke
OTBOPW U pacTaT
AOJEKa ce cnpemMHu 3a

npecagyeame.

' ... Buaejkun ce npecasysa Lenata Noaa0ra, Moxe
Caperse v oarneaysarbe MpecaaysBarbe BO KOHTejHepU | Aa ce Aobue nobap KOPEHCKU CUCTEM.
Ha pacagHuWuUM BO

pacagHU4YKN NONNHA

(iii) Ceuerve

3a oapeneHn BUAOBM, KaKo janoHCKKU Kedap, pesHuumTe
ce oArneaysBaaT BO MecTa Kaje WTo A0ATo Bpeme ce
oArnenysaaT cagHuumM (NpeTexHo Bo pernoHoT Kjyuy).
MocTojaT ABe MeTOAN: AUPEKTHO MUKMPaHE BO

noasioraTa UM OXWyBake BO PacaZiHUK U NpecagyBatbe.

Pe3HnuM oA janoHCKKU Kedap




3. YnpaByBarbe CO KOHTEJHEePCKMN caaHNUU

(1) NpocTopumn

(i) KoHTpona Ha TemnepaTypa 1 BNaXKHOCT BO NAACTEHULM, UTH.

KOHTejHepCKMTe CaaHULKN MOXKe Oa ce oarnenysaat Bo naaCteHMUM 3a a ce CKpaTtu
nepmnoaoT Ha pacterwe BO crlope,u,6a CO KOHBEHUMOHA/MHUTE CagHNUWN, TaKa WUTO Ke ce
npunarogun temnepartyparta. 0] Apyra CtpaHa, Kora cagHmnuun ce oarneaysaat Ha OTBOPEHO,
Tpe6a Aa ce NOoCTaBaT uepaan 3a 3aluTtnta o4 40X/ 3a Aad Ce Cnpedn UsmmBarbe Ha CEMETO
o4 AoXaoT. U Bo ABaTta cnydau, ce npenopadysa cCagHnuuTe Aa ce I'IOKpMjaT CO mMmpeKa 3a
3aCeHa 3a 4a He U3ropat Ha COHUETO ANPEKTHO NO lpTEI-beTO.

B— — - EEE—— - —— — — — e e e T K o ————
- . g
e

4 ) . \,\ V4 B :\s
f Oprnepysarbe Ha = e R \ / , : — \
CaZHWLN Ha OTBOPEHO K F L s e { ' "

Opgrnepysame Ha
cafiHMUM BO
naacTeHMUM.

MocTaByBaHe HA MpeEXKU
3a 3aceHa no noTpeba

/

- <e: - - e ———
— — L mm— e e e e— - — C———= == -

Ce Oo4yeKyBa Aa Ce CKpaThn nepnoaoT Ha pacterhe Ha CaagHULUTE. Bo PermnoHoT TOXOKy
I'IOTpE6HM ce Tpu rognHn 3a da NopacHAT Keaposn CaaHULKM CO ros1 KOpPEH, a OBOj nepmnops
€ HaMaJleH Ha ABe roanHu Kaj KOHTEjHepCKMTe caaHunun.

Mpumep 3a nepunog Ha \
pacTeme (janoHCKu
kenap) MpBa rognHa : BTopa roauHa : Tpeta roguHa
i npecagyBawe |
(K:Oa;"eHHV'IL!M coron Cﬂepeoigmo ————4-& oA npmsypewneH -——i-¢ NpPosieTHO
.,  pacagHuk ! cagemwe
KorTe: MponetHo “ MNpecapyBate o _, €CEHCKO |
\ OHTEjHEepCKN cagHULn ceetrbe nea sa ‘prete caneie 4 )

(ii) OarnepnyBame Ha KAynu
3a ga ce noao6pu cevyereTo Ha BO3AYLIHM KOPEHW, KOHTejHepuTe mopa A4a buaat noTKpeHaTm
o4 3EMja, LUTO Ceé HapeKyBa oAarneaysarbe BO Kaynu. BaxxHo e AHOTO Ha KOHTEjHepOT Aa 6M,CI,e BO
BO34YyX 3a Aa Ce 0/21eCHUN Ce4YerEeTO Ha BO3AYLWWHNTE KOPEHW. ,D,OKOI'IKy CaaHULUNTE pPacTaT BO
KOHTEejHep WTOo ja AonMpa 3emjaTa, KoperaTta Ke NpoaoaKaT ga pacTtaT be3 cevere Ha
BO3AYLUHUTE KOPEHMW, LLUTO MOXKe A0BeAe A0 HEPAMHOTEKA Mefy Ha3eMHUOT AeN U KoperaTa
npwv TPaHCNopT.

* BucuHaTa Ha Koja Tpeba aa ce
MOTKpeHaT KoHTejHepuTe Tpeba aa
e [0BO/HA 33 @ MMa BeHTMaumja.

* He rv nocrasyBajTe
KOHTEjHepuTe TaKa LTo Ke ro
40MMpPaaT AHOTO Ha KOHTEjHepoT
(Ha Np. ANPEKTHO Ha 3emja).

[_@Ae BO BO34yX




MNoaBuXKHaA KNyna

CneunjanHa noABUXKHA KAyna 3a oArnenysambe
CaAHUNLM CO KOHTEjHEepPCKM CafHUNLN; efeH YOBEK MOXKe
03 ABUXKM 1 ynpaByBa co oKony 1500 KOHTejHepCKu
CagHULM BO UCTO BpeMe U Aa paboTu CToejKun, Co WTo ce
Hama/nyBa TPyAoT u ce nogobpysa paboTHaTa
edMKaCHOCT.

(iii) YnpaByBatbe co BOAa NPEKY CUCTEMM 33 HABOAHYBakbe, UTH.

He ce noTnupajTe UCKAYYMBO Ha pefoBHO HAaBOAHYBae, TYKY, p —
[OKOJ/IKY € MOKHO, NMPOBEPYBajTe ja CyBOCTa Ha noysaTa Nno '
noTpeba n ybaBo HaBafeTe A0A€EKa He NOYHe Aa Teye Boda 04,
[AHOTO Ha KOHTejHepoT. M36erHyBajTe HaBoAHYBakb€ eAeH A0 ABa
meceuM npea TpaHCNopT 3a Aa ce NoAobpu TonepaHumjaTa Ha
cagHuMuMTe Ha cywa. MNocTojaT n ypean LWTO OBO3MOXKYBaaT 04,
[aneyvHa aa ce NpoBepu TemnepaTypaTta U Baarata Bo
npocropujaTa npeKky nameTeH TenedoH Uan apyr ypea.

eKora ce KOpUCTU aBTOMATCKU CUCTEM 33 HaBOAHYBaHbE,
BOAHUTE KanKku mopa Aa buaat cutHm, ocobeHo BO paHuTe
¢$a3m Ha pacT Ha CagHULUTE, MHAKY NOANOraTa U CEMETO MOXKe
Aa ce n3mujar.

*BpemeTo 33 HaBOAHYBaHE MOMKe A3 Ce yTBpAM cnopes,
TeXMHaTa Ha KOHTEjHepoT.

*Hen0BOIHO HAaBOAHYBaHE MOMXKE A3 ja 3rofemm
KOHLLeHTpauujaTa Ha Te4Ho fybpMBO BO NoAsioraTa Uan MoXKe
[a Npegm3BMKa KOPEHUTE Ha M1aauTe CagHULM fa ce cBpTaT
Harope BO NMoTpara no BoAa, WTO € OnacHo.

(2) YnpaByBaH€ CO XpaH/IMBU COCTOjKM

MpBUYHOTO FYBPUBO M3MeELLIAHO BO Noasiorata Ke ro 3arybu epeKkToT no HEKOJIKY MeceLm, na 3aToa
pa3peneHo Te4yHo FybpuBo, paspegeHo 1.000 go 2.000 natu, unm fybpmeo co 6aBHO ocnoboayBate Tpeba
[ ce CTaBM JOMNONHUTENHO. 33 JOMNONHUTENHO FyBPUBO KOPUCTETE CNOXKEHO FyOPUBO COCTaBEHO Of,
e/leMeHTH o4 nognorata (Kanunym, marHesmym, Keneso, UMHK, UTH. MOKPaj TpUTe eleMeHTH a3or,
docdopHa KMCeNUHA M KasiMyM) LITO Ce NPBUYHO BMELLaHW BO nogaoraTa.

* (EeKToT 04, NPBUYHOTO FyBPMBO Tpae A0ATO BpeMe, Na 3aToa BpemMeTo Ha
npMmeHa Ha gonosHUTeNHo fybpueo Tpeba fa ce oapeam cnopesmn BUAOT Ha
ynotpebeHo fybpuso.

* [pekymepHa ynotpeba Ha fybpuBo MoXe Aa AoBeae 40 ,ropere” (T.e. KOpeHoT
ce owWwTeTyBa M U3yMUpa NOpaan roNneMm KOHLEHTpauumn Ha fybpuso) u Ao
npeKymepeH pacr.

* CoopBeTHaTa KOMBMHAUM]ja M KONMYMHA Ha FyBPUBO Ke BapMpa BO 3aBUCHOCT 04,

BMAOT Ha APBOTO U CpeAnHaTa Kaje LTOo pacTe.

* 3a KeagpoBW cagHULM Ce Npenopavysa
[la Ce KOpUCTM noBeKe a30T BO NpBaTa
NOJIOBUHA 04, CE30HATa Ha pacTere U
noseKe KaJyum BO BTOpaTa NoJIOBUHa.
MpemHory a3oT Bo BTopaTa Nos0BMHa
O/, Ce3oHaTa rv npaBsu cagHuuuTe
MeKU 1 cnabu.

* bBoposuTe ancopbupaaT ronemm
KONMYecTBa a30T BO /IEeTO U eCeH.

_7-




4. ToBapare U TPAHCNOPT HAa KOHTEJHEePCKU
CaaHUUM
(1) Kako aa ce HaToBapaT cagHUUUTE

ToBaparbe Tpeba Aa ce HanpaBW CaMO OTKAaKO KOPEHCKMOT CUCTEM Ha CaAHULMTE € L,e/IOCHO Pa3BUEH BO
CaZloT 332 KOPEHU M NoaJsioraTa HeEMa 4a ce pacnagHe Kora Ke buae oTcTpaHeTa o4, KOHTejHepoT.

* MoMeHTaHO HajBoobMYaeH MeToZ Ha TPaHCMNopPT e Aa
Ce M3B/IeYaT CagHUuMUTE 0f, KOHTEjHEePOT M A3 ce
KOPWCTAT KaPTOHCKMU KYTUM UM MpeXkn. Bo 0Boj cayuaj,
HYyCeHOT MOXKe 43 Ce UCYLIW M OWTEeTH, Na 3aToa ce
KOPWCTM NaacTuYHa $osiMja AW NNACTUYHM Kecu 3a aa
ce 3alWTUTH.

* Kora ce KopucTaT KapTOHCKM KyTuM, NOTpebHo e aa ce
npesemart MepKM 1 Aa ce NocTasu naacTuyHa donuja
BO BHaTpELIHOCTa 3a A3 He ce pacnagHe KyTujaTa
nopaam Bnarata BO KOPeHoT.

MeToau 3a TpaHCMNOpPT A0 3emjaTa

LLinpoKo pacnpoctpaHeTa e ynotpebaTta Ha
cneunjanmsnpaHn KAaMMOHM 3a TPAHCNOPT Ha pacTeHuja
BO KOHTejHepu. KoHTejHepuTe ce TpaHCNOpPTUpPaaT 40
JIOKauMjaTa 3a Aa ce CNpeymn CyLeHe Ha CafoBUTE 33
KOpeHuTe 1 [a ce 3ronemu cTankaTa Ha ¢paKare. Ho,
UMa ogpeneHn HEraTUBHU CTPAHM: Mana NPOCTOpHa
edMKaCcHOCT Npu TPAHCNOPT U NOTPebHOo e AoCTa Bpeme
03 ce n3BneyaT CagHULUTE 04 KOHTEjHepUTe Ha
NoKaymjaTa.

Mo Bagere 0f, KOHTEjHEPOT, Ba*KHO € a Ce MocaaT WTO € MOXHO nobpso!

(2) MeTop, 3a TPaHCMOPT 40 MECTOTO 3a 3acajyBatbe

KaKko meToz, 3a TPaHCNOPT Ha KOHTEjHEPCKM CaaHULM [0 /I0KauuMmuTe 3a 3acafyBakbe ce KopucTaT BpeKku
3a CafHULM KaKo W CreumjaiHn paHLM 3a MPEeHOC Ha cagHuuuTe.

McTo TaKa, co Kopuctere Ha popBapaep, KOj Ce KOPUCTU 3a TPAHCMOPT Ha CEYEHM APBa, 3a TPAHCNOPT Ha
cagHuuMTe A0 NoKauuMjaTa 3a cafere ce 0YeKyBa a ce Hamasiv NoTPe6bHUOT TpyA U TpoluouuTe.

TpaHcnopT Ha cagHULUM Co
dopsapaep

Bpeku 3a cagHuum

Bpeku 3a
cagHuum

1 CneunjanHu paHum i
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5. Container seedling planting equipment

KoHTejHepckuTe cagHmnum Tpeba Aa ce cagaTt co KOPUCTEHE Ha KMHECKA onaTa unm
cneunjanHa anatka. OabepeTe ja coogBeTHaTa onpema BO 3aBUCHOCT 04, KOCUHATA Ha
MeCTOTO, TEPEHOT, BUAOT Ha MOYBA, 3eMjeHaTa MOKPUBKA N APYIX YCAOBU. 32 KOPUCTEHE Ha
cneumjanHaTta onpema He e noTpebHa nocebHa BewWTHHa.

[Cneumnjanen anat]

BpBoT e BO popma Ha byceH n moxe aa ce
NPUTMCHE BO MOYBATA 3a Aa Ce HanpaBu AynkKa
3a caferbe, WTO OBO3MOMKYBa epUuKacHa
paboTa. Ho, TewwkKo e aa ce npobue rycra
noyBa WM NOYBa CO MHOTY YaKas, pu3omMu,
UTH. MocTojaT HEKONKY rONEMUHU, COOABETHM
3@ CaKCUUTE CO KOHTEjHEPCKU CagHULM.
MPUANYHO e TEXXOK buaejkn BpBOT He e
LWynaunB.

[Awos]

M MMa BO HEKO/IKY 06/1MLM, HO Ce FNaBHO
LIMNEeCTN N ocTpu. HoraTa ce cTaBa Ha
rasuiuTeTo M Cce NpUMTUCKa BO NOYBaTa, a
AynKaTa ce NpaBu Taka LITO rasuwTeTo ce
MpAa HanpeAa-Ha3aj Uau NeBO-AECHO Of,
KameHoT.

Kora ma mHOry pusomu 1 C/1. MOKe Aa ce
nceyaT Co BPBOT M MOKE Aa Ce KopucTaT BO
[0CTa ryctv 1 36MeHu noysu.

OcCTpo 1 WwnnecTo

[capgunka] rasuiTe

BpBOT ce 3aTBOpa M ce CTaBa BO No4YBaTa, Ce
npuUTUCKa NeganaTa 3a 4a ce OTBOPM BPBOT, a
cagHuMLaTa ce CTaBa OZ FOPHMOT Kpaj 3a caaerbe.
PaboOTHMKOT He MOpa 4a ce HaBeAHYyBa HUTY Aa
K/JIeKHYBa, CO WTO ce onecHyBa paboTaTa.

negana 3a
oTBOpaHe
/3aTBOpake

CapgHuuaTa mnarneryea of oBae.

HanpaBeHu ce 1 anaTkn co moamnduLmpaH o6aMK UK ce KopUCTaT BeKe NOCTOEYKN MALLMHMW..

AnaTKka co Konare Ha MepKM Ha NpeTnasnBoCT
3alnneH AYyNKW 3a npu cagere
BPB 3a /IECHO cajeme co * MNoyBaTta ga He buae
Ayn4yanka 3a npemHory HabmeHa co
CTaBaHbe BO semja onpema.
no4ea ) (rpapeskHa * He Tpeba ga uma
[ AnaTtku 3a caperse Bo apyru 3emju] onpema 3a LG e npocrtop nomery byceHot
Bpsot e:" ,? L x&.; } AnaTka 3a cagerbe Ha LIECO Konarbe ,El,yrlKM) M noysata, Tpeba Aa ce
; s W (AscTpuja) [06po noBp3aHw.
M . S— - CagereTo aa ce
M3BPLUM HA COOABETHA
AN1aboyMHa 33 KOpPEeHoT Aa
-O- He ce KpeHe




6. KapaKTepUCTUKU N NPUMEHA Ha
KOHTEeJHEepPCKN caaHnLUMU

[ ce ouekyBaaT nomasnn TpowoumM Nopaam cBojcTBaTa Ha KOHTEjHepCKUTe cagHMLm ]

HunBo Ha pacagHuK
(1) He e noTpebHO ceyerbe Ha KOpeHUTE V, TRt \
(2) NecHo nnesere : [ /]

l

(3) MoxHo e aa ce ckpaTu NepmnoaoT Ha pacTere Ha v ‘ ’
cagHuuUMTE, BO 3aBUCHOCT O, HAYMHOT Ha OArneayBarbe, Ha Y ;

npumep BO NNaCTUYHU NaaCTeHUUN. 3awTena Ha TpyA U
(4) MexaHu3aumjaTa Ha NPOM3BOACTBOTO Ha CaAHULM » TpOLOUM BO

MOKe Aa ro Hamanu TPyAoT noTpebeH 3a oAarneayBakbe NpPoun3BOACTBOTO Ha
CaZHMUM, @ TPOLLOLMTE 332 MAaCOBHO NPOM3BOACTBO MOXKe Aa caaHUUM

ce HaManaT co 3rosieMyBakbe Ha 06eMOT Ha NPOMN3BOACTBO.
(5) Bo cnopeaba co cagHUUMTE CO rON1 KOPEH, NOrosiem
6poj Ha cagHULM MOXKe Aa ce Npou3BeaaT Ha Nomana
nospwuHa (30-50 cagHMLM CO FON KOPEH Ha MeTap
kBagpateH, 100-300 KOHTEejHEPCKN CagHULUM Ha METap

KBaZpaTeH).

Huneo Ha cagere * no,a,06pa edunKacHoCT
(6) JlecHo cknagupatrbe 1 paKysakbe Ha N0KaumjaTa 3a » npu cagere

cagjeme. ® MOXHMU ce

(7) Bpemeto n0Tpe6H0 3a Cagerkbe MOoXKe aa ce CKpaTu Co MHTEerpmpaHu
KOpUCTeme Ha CI'IeLI,MjanHa onpema. 3aoBaHee HOTDE6Ha onepaumun co ceveme
nocebHa BeLWTHUHA. MMNoLWwyMyBatb€e

(8) Ce ouekyBa ga ce NPOAO/IKM NEPUOAOT Ha Caaetbe.

b MOXHU Ce UHTErpnpaHn onepaunn 3a cevebe U nowymyBsambe

[ MuTerpupan cucrem 3a ceverbe u nowymysarse J

M A e ¥ al ] > Tk~ 3 ' ' iz
) Sl : ; T < L R B e
o ‘ A
[ : oo by \ / el s i
= 2 e , 7 } § Lo
m > \ 2% , ‘-.",u : 2 ~
o @ ; PRI A
5 =
k8 o Ceva (apBoceyeH Cobuparbe Ha Mpesos (popsBapaep, u
oI KoMbajH) nceyeHun gpea (KpaH) cn)
3aemHa ynoTpeba 3aeMHa ynoTtpeba
o i : PasRe R
T M E e |
S - |
= 8 _ |
5 R ' == 3
°Cw S = |
g = I T v
© 3 3 g 3
o — 8 O
: L |
S OUEKYBa NOFO/IEM3 M;(r;?_rfgsamﬂaasa TpaHcnopT Ha cagHULM 40 Caperbe Ha KOHTejHePCKM cagHULM,
ednKacHOCT Ha co6wparb(|;"pj,psa nokauujaTta co popsapaep CO WITO Ce OYEeKyBa Aa Ce NPOAO/IKM

cagererto
HaMaHYBal-be Ha TpOLLIOLI,MTi)aAHOLIJyMYBaI-be NpPeKy mexaHM4Ka noaoroTeka Ha

paboTuTte 3a NoAroTeka
«. HaTepeHoT 7

3emjaTta u cagemre BO UCTO € CO ceYdyaTa U TPaHCNOoPTOT



Cnopenba Ha pacT mefy KOHTEJHEPCKU CaHULN

/. TecTmpamba M UCTPaXKyBaka CO
KOHTeJHepCKn caaHnuUm

[ Cranka Ha npexkuByBatbe Ha KOHTejHepcKuTe caaHMum ]

KOHTejHepCKuTe cagHULUM ce yiTe ce NpoyyysaaT M Halla Len e Aa ja yTBpaAnume TeXHO0rmjaTta npeky
KOHTMHYMPAHO UCTParKyBaHe.

Bpeme Ha Bupa Ha cagHuUua Bpoj Ha cagHMum (eanHMUA: caAHWUUA) | Cranka Ha
capgere pexuByBame

nocafileHn  MpexkmMBeaHu yruHaty (%)
aBrycr KoHTejHepcka cagHMUa 365 344 21 94.2%
OKTOMBpPMU KoHTejHepcka cagHuua 351 348 3 99.1%
AeKemBpH KoHTejHepcKa cagHuua 343 341 2 99.4%
deBpyapu KoHTejHepcKa cagHuua 323 316 7 97.8%
despyapu CapHwuua co ron 357 342 15 95.8%
KOpeH
maj KoHTejHepcka caaHuua 366 351 15 95.9%

* Pe3ynTatuTe of, UCTPaXKyBakETO BO ropHaTa Tabena noka)kyBaaT AeKa CTankaTa Ha npexuByBarbe 6una
94% nnn NOBMCOKA BO CEKOj Nepuoa, WTO € UCTa UAn NOBUCOKaA oa 95,8% 3a nocageHuTe cagHUUmM Co
ron KopeH Bo ¢eBpyapu, ONTUMAHMOT Nepuros, 3a cagere (oNTMMaJIHMOT Nepuoa, 3a cajere Bo
npedeKktypata Mujasaku obudHo e okony despyapu).

* Op apyra cTpaHa, Aypy N KOHTEjHEPCKUTE CagHULLM Ce U3/TI0XKEHW Ha CUJIEH CYLLUEH CTPec OKoay ABe
HeAenu BeAHall MO CafeHeTOo, a BO CHEXHUTE PETMOHM CTYAEHNOT BETEP M 3aMP3HYBaHETO MOXKe Aa U
HamManaT CTanKUTE Ha NPeXXMBYBaHE.

* WMaKo ce oyeKkyBa NepmnoaoT Ha cadetbe Aa ce NPOoAO0/IKW, BHUMABAjTe Ha CYBOTO Bpeme npea 1 no
CafleHeTo U Ha CTY[leHM BETPOBM BO CHEXKHU PETUOHMU.

[ PacT Ha KoHTejHepcku cagHMum ]

CnopepbaTa Ha nogaToumTe cCObpaHM o4 LenaTa 3emMja NoKaxKyBa AeKa NpoceyHaTa cTanka Ha pacT Ha

KOHTEjHEpPCKUTE CagHULM, KaKo crnopes BUAOT Ha APBO TaKa U reHepasiHO, He Ce Pas3/IMKyBa 04, cagHuMuuTe

CO o/l KOPEH.

BKkynHO ‘ ena ‘ apvw apuw janoHCKM Kegap | | janoHcku kegap
200 1 [ 1
. o
1 KOHTejHepcka cagHuua :
cafiH1La Co ron KopeH =
150 S
,ﬂ? (@]
I =
- 3
o
. g 100
& &
g = -
= o 200 - Q
e = q
o e o ®
o o
< E =
g & 150+ =
= 2
=8 -1 ()
S 3
= 100 =

h . MOYETHNOT pacT Ha CafHMLM 04, KOHTEjHEPU HE Ce Pa3/IMKyBa O OHOj HA ro/IUTe CagHUUM
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3. [1pon3BoaCcTBO HA KOHTEJHEPCKU pacaa
BO CBetn HMKone

MpoeKToT 3a rpagete KanaumMTeTm 3a eKOCUCTEMCKN-6a3npaHo
HaMa/lyBak€ Ha PU3MKOT OZ KaTacTpodu NpeKy oapKANBO
ynpasyBakbe co wymuTte Bo CeBepHa MaKegoHuja (npoekToT EKo-
HPK Ha Llajka) o6e3bean onpema 3a pacagHUK 3a NPOM3BOACTBO
Ha KOHTEjHepPCKK pacapg 3a pacagHUKoT Bo CeeTn Hukone.




9. 3a naHO NpPon3BOACTBO Ha ApBa BO
pacagHUNK

[ Ja ce nopobpu npouecot Ha NPOM3BOACTBO Ha KOHTEjHEPCKM pacaa, )

elelolr'rou eH

SHIHLOU U dHEeMIW
eH 2anody] (1)

exHosiormja 3a nogobpa
MAeHTUdUKaLMja Ha ceme

cea/ika

Kopucretbe Ha ceme co MNoronema eduracHocT
BMCOKa CTanka Ha ‘PT/IMBOCT  npwu ceetrse

A. DUPEKTHO ceerbe

9HegAresadu
UM 3HI3D OXId3H[aLHOY ()

b. MpecagyBare Ha M1agm cagHULm

ABTOMATCKM MPCKaKN (4) TpaHcNOPT Ha KOHTEjHEPU A0 NOKauMja 3a

A

(3) oarneaysare pacag Bo 3acanvBarbe CO KAMUOHU
CneumjaneH KAMUOH CO CTalaXKuM 33 KOHTejHepH

nnacteHuum (oKony 6
meceuu go 1,5 roauHa)

.

Momanky Tpya 3a
HaBOAHYBare

JononHutenHo ryépmseo
(no notpeba)

R

KoHTejHepcKUTe cagHuLLM MoKe Aa ce TpaHcnopTupaat
CO CafoBUTE 3a KOPEHUTE 3a Aa He ce Ucywat
(5) TpaHcnopT go
naaHuHA

YnoTpeba Ha bopBapaepu,
KaMMWOHWU, 1 CA. (MHTEerpupaHm
paboTHU cuctemm)

Moronema epukacHocT npu : ¥
CafieHbeTO CO KOPUCTEHE HA — —
coongetHa cneuvjanuampana  (7) Caperbe Ha KoHTejHepcKu

onpema , pacaa

(6) TpaHcnopT A0 MecTo 3a
HamaneH Tpya 3a TpaHcnopt capetve

13-



[ npawara wro Tpeba gononHMTENHO Aa ce npoyyaT M ucTpakar )

(1) Cranpapam 3a KOHTejHepPCKK pacaz
CoopBeTeH aAnjameTap Ha byceH
CooaHOC Ha AONXKUHA M 0BIUK Ha
cagHuua

(2) 3a KOHTejHEpPOT

O6/1MK Ha KOHTejHepPOoT Co NoBeKe OTBOPYU
(3) da ce noaobpu cneunjannsmpaHaTa
onpema 3a cagere

BepudunKaumja Ha onpema noroaHa 3a
janoHCKa noyBa u Tonorpaduja

(4) OnTMMKM3aumja Ha ychoBuTe 3a cafeH
maTtepujan (eaHoobpasHo ‘pTemse)

(5) [a ce ckpaTh NepmnoaoT Ha pacTerbe 33
KOHTEjHepPCKNOT pacaj,

MoTpebHu ce
AOMNONHUTENHMU
MCTPaArXKyBaka Kaj
KOHTEeJHEepPCKMOT
pacapg 3a aa ce
yT8pAm
TexHo/Iornjata

_14-




Nl

’:. S

‘ *-v—"h o, o 1
_)"2'.!“ RV I ' -"*“%«.'.."K :

[~

TBO 0BOj AOKYMEHT € AafeHo pe3nMe Ha
HajHOBUTE TEXHOMOIMMN 3a NPOU3BOACTBO Ha
KOHTEjHEepCKN pacap corfiacHo pesynratute o
gocera CnpoBefeHUTe UCTpaXKyBaH-a.

OBa ce onwT¥ NPOM3BOLHU TEXHOMOIMMN U BO TEK
Ce UCTpaxkyBar-a 3a [a ce pasBujaT onTUMarnHu
NPON3BOLHN TEXHOMNOMMK 3a CEKOj PErnoH 1 3a
CEKoj BUA Ha ApBO, BO 3aBUCHOCT 0f,
KIMMMaTCKUTE pasfiuki U Opyrm eKOSTOLKM YCIOBM.
[MponsBogHaTa TeXHOSOrMja 3a KOHTEjHEPCKMN .
pacag, WTo npuaoHecysa 3a ePTHHO

noLwymyBah€, € Ce yLITe BO 3apoauLl, N H1e Ke
NpoaosmKMMe Aa ro NnpoMoBMpaMe Hej3SUHMNOT

pa3Boj U AucemMmnHaumja 3a norosieMa npumeHa.




aBTop :
[pyna 3a maTtepujanu 3a NOWymMyBakbe,
KaHuenapwuja 3a nowymyBsarbe 1 NpopeTyyBame
Opnen 3a oapKyBare Wymy,
MWHNCTEPCTBO 3a WWYMAPCTBO,
AreHumja 3a WymapCcTBO BO JanoHuja

( ten) 03-3591-5893
NNomow npu ypenysame:
NHCTUTYT 33 LLYMapPCTBO U UCTPaXKyBake Ha LWYMCKHU
npon3sBoau
[NpeBoa n Komnunaymja:
[MTpoeKT 3a rpagerbe KanaumteTy 3a eKOCUCTEMCKM-
6a3MpaHO HamanyBarbe Ha PMU3ULM NPEKY OAPXKINBO
ynpasyBame co wymmte Bo CesepHa MakenoHuja
(MpoekT EKo-HPK Ha JICA)




The Project on Capacity Building for Ecosystem Based Disaster Risk Reduction(Eco-DRR) through
Sustainable Forest Management in North Macedonia (Project Eco-DRR in North Macedonia)

Introduced container seedling and improved nursery technique

[ Improve container seedling production process ]

wnjpaw
10} ss@30.d Sulj|i}
pue Suxi (1)

Enhanced seed identification

technology Seeder

Improved efficiency of
seeding operations

Use of High gé}n{ination rate
seeds

A. direct sowing

Sunue|dsueusy 10 Suipass Jaurejuo) (z)

' (4) Transportation of containers to planting site by trucks

(3) Grow seedlings in
greenhouses, etc. (about 6
months to 1.5 years)

Special truck with container racks

S o
Container seedlings can be shipped with their root pots
protected from drying out

(5) transportation to
mountain

Use of forwarders, power
haulers, etc. (use of integrated
work systems)

Improved efficiency of planting

operations through the use of (7) Planting container seedlings
appropriate specialized equipment

Reduced transportation labor  (6) transportation to planting site



Container seedling production in Sveti Nikole

The Project on Capacity Building for Ecosystem Based Disaster Risk
Reduction(Eco-DRR) through Sustainable Forest Management in
North Macedonia (Project Eco-DRR in North Macedonia) provided
nursery equipment for container seedling production to Sveti Nikole
nursery of Public Enterprise National Forest.

T i A V

/

l(\j/

Green house with irrigation system

Contamer for broad leaf tree seedling Contalner for conlfer tree seedllng



Hydro-seeding
manual
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1. What is Hydro -seeding

1.1 Early-slope greening work

1) Purpose of Early-slope greening work

Soil erosion can lead to slope failure and
Bare land Crop land Forestland

runoff soil can accumulate in riverbeds

and cause flooding. The amount of soil
erosion depends on the condition of the
soil surface. Experiments conducted in
Japan have shown that bare lands run off
307 tons of soil per year, agricultural
lands 1b5tons, and forest 2 tons. Early
greening work is a kind of ecological Figure 1. Change in soil runoff due to land cover
slope protection work that can effectively

protect exposed slopes. It restores vegetation on slopes at an early stage, prevents soil erosion,

as well as improves the environment and landscape.

8

Photo 2. Before the early-slope greenig

2) Method of early-slope greening work

Early-slope greening work methods can be broadly classified into mechanical methods (hydro-
seeding, spraying of soil, and spraying of vegetative substrate, etc.) and manual methods

(vegetative sheeting, vegetative matting, vegetative sandbags, etc. ).

Photo 4. Spraying of soil Photo 3. Vegetation matting

B P



1.2 Early-slope greening work by mechanical method

1) Type of mechanical method

Early slope greening methods using machinery can be divided into three main types, depending

on the machinery used.

(a) Hydro-seeding

This is the simplest and most economical method of slope
greening, and can be applied to a wide area. Seeds,
fertilizer, wood fiber, soil, water, and a bonding agent are
put into a tank and mixed. The mixed material is sucked

up by a power pump and sprayed onto the slope. Soil
thickness can be sprayed up to 3 cm. It can also be

installed without soil because the wood pulp serves as a
. Ph .H - i

growing base for seeds. The work can be done more oto 5. Hydro-seeding
inexpensively without soil. On the other hand, germination and growth will be better if soil is

added. Determine whether to add soil or not, depending on the budget and slope conditions.
(b) Spraying of soil

This method is used where the soil on the slope is hard
and germination is not possible with hydro-seeding.
Sand is added to the materials used for Hydro-seeding.
Compressor is used for spraying. Net or wire mesh is
often used in combination to hold the sprayed material

in place. Soil thickness can be sprayed up to 5 cm and
not only grasses but also trees can be introduced.

Because of the weight of the mixture of sand and water,
there is a risk that the sprayed materials and equipment
will flow if heavy rain falls immediately after installation.

(c) Spraying of vegetation substrate

A wire mesh is attached to the base, and seeds, fertilizer,
glue, and bark compost are sprayed on top of the mesh
using a compressor for mortar spraying . Since water is
not used, there is low risk of the sprayed materials
flowing away due to rain, etc. Soil thickness can be

sprayed up to 10 cm. Vegetation can be established in

rocky or hard soil areas as long as there are cracks Yl 5 o YD)
where roots can grow. Photo 7. Spraying of vegetation
substrate



2) Applicable area

The selection flow for each method for early-slope greening is shown below. Hydro-seeding is applied to banked slope or cut slope with softer

sandy soils.
-Start
Yes — ?
No —
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than 4.0 of soil acidity
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Slopes slower .| Introduction of slope modification
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Figure 2. Selection flow for early slope greening

This manual is for implementing the hydro-seeding method, one of the early greening methods by machine described above.



2. Preparation of Hydro-seeding

2.1 Preliminary study
1) Condition of the slope

(a) Slope type

Applicable slopes include road slopes, soil failure
surfaces, and river embankments, etc. Slopes that
are shaped by embankment are called
embankment slopes, and slopes that are shaped
by cutting soil are called cut slopes. Embankment
slopes are soft and prone to dryness, while cut

slopes are hard and low in soil nutrients.

(b) Slope Inclination

Cut slope

Embankment
slope

Figure 3. Embankment slope and Cut slope

Angle of repose is the angle of the slope when the soil is stable without collapsing. The angle of

repose depends on the soil type, but is generally 30 degrees for embankment slopes and 45

degrees for cut slopes. Slopes steeper than the angle of repose should be wire netted before

introducing the greening works to prevent soil movement. It should be noted that as the slope

becomes steeper, the soil becomes firmer and the plants that can be introduced change. Below

are some guidelines for introduced plants by each slope inclination.

Table 1. Vegetation according to slope inclination

Slope inclination

introduced vegetation

All vegetation growth is good, once the vegetative cover is
Less than 35° complete, surface erosion will be virtually eliminated. Native

species can easily invade from the surrounding area.

1:1.4 to 1:1 Medium-sized shrubs and bushes predominate, and grasses can
35° -45° create vegetation covering the lower layers.
15° - BQ° When the soil hardness is 27 to 30 mm in sandiness, it is possible
to establish vegetation consisting of shrubs and grasses.
Vegetation can be applied only when the stability of the slope is
More than 50° high or when stability is ensured by the structure. The limit slope

for overall greening is around 1:0.5 (60 degrees).




2) Condition of the soil

(a) Soil type

Sandy Soi’I

o

o)

The soils that form the slope are &=
classified as sandy soil, clay, hard
soil, and soft rock. With hydro-

seeding, greening is possible in

sandy soils and clays. Vegetation Hard Soil
growth is affected by soil hardness SEESESSEEEEEEE > 0,55?33?”"} hon g T
and acidity. Below are some K A . o

guidelines for vegetation growth

relative to soil hardness and acidity.

(b) Soil hardness

Soil hardness is measured using a Yamanaka soil hardness tester. When a cone of the Yamanaka
soil hardness tester is pressed vertically into a flattened cross section, both the depth of cone
penetration and the corresponding reaction force (spring contraction) of the soil are
simultaneously measured as variables, from which a theoretical value of hardness (kg/cm?2) is
calculated. Hardness is indicated by a hardness index ranging from 0 to 40 mm.

o L B N 4
Photo 10. Yamanaka soil Hardness tester Photo 9. Measuring soil hardness

£

Table 2. Vegetation according to soil hardness

Soil hardness Vegetation condition
Less than 10mm Poor germination due to dryness
Clay 10-23mm Growth of the root system will be good. Suitable for planting

Sandy soil 10- 27mm | trees.

Clay 23-30mm Except for some tree species, the growth of the root system is
Sandy soil 27- 30mm | disturbed.

Growth of the root system is almost impossible.

More than 30mm

In the presence of cracks in the rock, the elongation of the root
(Soft rock. Hard rock) P &

system of tree species is possible

(c) Soil acidity

In general, when soil acidity is outside the pH range of 4 to 8, neutralization treatment or other



measures are required. Weathered soils of mudstone and shale, volcanic and hot spring areas,
etc. may show acidity. In addition, the soil may show alkalinity when cement or lime amendments

are used on the slope of embankment.

3) Climate conditions

The growth of vegetation is strongly influenced by temperature and the amount of available

moisture.

In areas with abundant annual precipitation and mean annual temperatures of -5°C or higher,
tree-dominated forests can be established. Coniferous forests can be established even in
environments with little precipitation (300 mm/year) because the subarctic region has little
evapotranspiration due to low solar radiation and low temperatures, and the soil contains enough
moisture to allow trees to grow. In semi-arid areas with low precipitation, there is not enough

water for trees to grow, and grasslands are dominated by herbaceous vegetation. In tropical

regions with high average annual temperatures,

even if annual precipitation is 1000 mm, o o
evapotranspiration is high due to high solar w°c _ 72
radiation, resulting in grasslands rather than - /,/j \\....\ 60
forests. In areas where precipitation is extremely / \

low or temperatures do not reach -5°C, the land o / \'k o ,T
becomes a sparse wasteland where only plants L / \\ wmm £
adapted to severe drought and low temperatures - /.,/ \. -
grow sparsely. For this reason, revegetation in .

such areas is difficult. North Macedonia does not o e
fall into an area of extremely low rainfall or low s B B EEEENENEENRS.: omm
temperatures, so greening is possible. However, FELEAF TIPS

for good germination and growth, it is necessary o e Meeremperstare 8 Heemperate

to do greening work so at the appropriate time. Figure 4. Monthly Climatology of North

The conditions for the appropriate period are Macedonia (1991-2020) (reference; WB
listed bel Climate change knowledge Portal)
isted below.

Seed germination conditions
< Days with an average temperatureis 5°C to 10°C or higher (28°C or lower) for 1 to 2 weeks.

< Maximum temperature is 30°C or below.

Growth conditions
<% Days with an average temperature of 5 °C to 10°C(28°C or lower) for 2 to 3 months.

< No snow cover.
Note that immediately after spraying, the material tends to flow easily. For this reason, Hydro-

seeding should not be performed before and during heavy rains.



2.2 Seed blending

1) Selection of seed blends

The seed blending is determined by taking into consideration the purpose of hydro-seeding and
the soil and weather conditions of the site where the hydro-seeding work is to be implemented.
The purpose of hydro-seeding is early greening, so several fast germinating and growing grass
species should be mixed with one or two legume species that make the soil fertile. If tree species
are to be included, reduce the amount of this grass and legume seed and add additional tree
species. However, in some places, such as national parks and protected areas, where ecological
conservation is more important, in some cases only native seeds or tree seed are used. In this
case, it is difficult to achieve the same early greening effect as with normal blending. For this
reason, it is important to select seeds that are suitable for the intended purpose.

Table 3. Seeds commonly used in hydro-seeding work
English name: Tall Fescue

Name o )
Scientific name: Festuca arundinacea

- Perennial grass
Fertility

- Comparatively long life
characteristic

Deep root system

Grass high 50cm

English name: Perennial Ryegrass
Name o )
Scientific name: Lolium perenne

- Perennial grass
Fertility

- Comparatively short life
characteristic

Deep root system

Grass high 30cm

English name: Kentucky Bluegrass
Name o )
Scientific name: Poa pratensis

- Perennial grass
Fertility

- Comparatively long life
characteristic

Shallow root system

Grass high 15cm
English name: White Clover
Name
Scientific name: Trifolium repens
Perennial grass
Fertility

o Comparatively long life
characteristic
Shallow root system, stolon

Grass high 15cm




2) Calculation of seed blends

The amount of seeds to be blended is calculated by setting the number of each grass and tree to

be established per square meter at the site in the future. The expected total number of plants
established per 1m? used to be about 10,000 with pasture grasses, but in recent years, the

number has been reduced to 1,000 to 5,000 to facilitate vegetation succession. The following

formula is used to calculate the amount of seeding for each seed used. Corrections are also made

based on implementation and location conditions.

G
W:—
(S X P xB)

XA+CH)x(A+Cp)

W: Amount of seeding per species used (g/m)

G: Expected number of germination(plants/m)

S: Number of unit grains of seed used (seeds/g)

P: Purity of seeds used

B: Germination rate of seeds used

C,: Correction rate for implementation conditions

C,: Correction rate for location

formula 1. Calculation of seeding quantity

Correction values shall be set using the following tables as a standard.

Table 4. Correction rate for implementation conditions (%)

Condition Correction value Remarks
Implementation season +30 | Summer, Winter
Thickness of soil to be sprayed +30~50 | Spraying thickness is more than 3 cm
Type of seed used -30~70 | When using only tree seeds

Table 5. Correction rate for location (%)

Condition Correction value
Areas with large amounts of gravel and rocks +20
Locations with high soil hardness +10
Very barren land +20
Very arid areas +20
Very wet areas +10
Highly acidic land +20
Very steep slope +20
Little amounts of gravel and rocks —10
Very fertile soil -30
Good weather conditions -20
Flat, very gently sloping -10




3. Implementation of Hydro-seeding

3.1 Preparation of equipment and materials

1) Preparation of equipment

The hydro-seeding works mixes the material in a tank, which is then sucked up by a motor pump

and sprayed onto the slope. The equipment required for hydro-seeding is listed below.

Table 6. List of equipment

Equipment | Amount Remark Photo
Water tank 02 One to mix materials, the other to carry
1,000L water
Water tank

01 |-
300L
Plastic hose 01| 2-inch x 7m, Transparence
Fire hose 04 | 2-inch x 15m
Fire hose
01 | 2-inches
Nozzle
Pliers, screwdrivers, scissors, cutters,
Toolbox 02 ]
wrenches, nippers, etc.
Agitator 01 | Stirring rod lengthened to about 1.5 m
Max. delivery height 11.5 m
Max. delivery pressure 1.15 bar
Max. delivery rate 16000 I/h

_ Max. foreign body size 35 mm
Dirty  water Max. immersion depth 7m
pump(Motor 01 | Max. water temperature 35° C
type) Min. water level pump start 230 mm

Power 900 W

Power cable length 10 m

Pressure connection type 59,6mm (2" IG)
Shallow suction up to 75 mm




Water
pump(Engine
type)

01

Inlet/Outlet Diameter
Total Head Lift (max.)
Suction Head Lift (max.)
Max.1 Pumping Capacity

50 mm or 2 inch

50 mm
45 mm
450L/min

Engine Type 4-Stroke, overhead cam
single cylinder(OHV)

Bore x Stroke 68 x 45 mm

Displacement 163 cm3

Net Power 3.6kw —5.5HP/3,600 rpm/min
Starting system Recoil starter

Active output power: 5000 W
Max. output power: 5400 W
Voltage: 2 x 230V~50 Hz

Power 01 Rated current: 22 A
generator Engine type: DH420, 4-stroke
Max. engine capacity: 9 kW
Engine displacement: 420 cm?®
ldling speeds: 3200/min
Extension 01 for outdoor use
cord 15m
Chair for
_ Installed on top of the tank to secure the
agitator 01 ]
agitator
installation
Gasoline tank 01| 20L
1.2m
Ladder 01
Rope 01| ¢ 8 mmx30m, Fixing of equipment, etc.
Fixing band 02 | Load capacity of 2 tons or more
Rake 02 | Used to clean slopes before hydro-seeding
Shovel 01|-

10




2) Preparation of materials

As Hydro-seeding materials, in addition to seeds,
prepare water soluble wood pulp, high quality

compound chemical fertilizers, liquid glue, powdered

glue, colored powder (green) and fine bark compost. if !

water-soluble pulp is not available, use the most water-
soluble toilet paper available. High quality compound
chemical fertilizers should be granular and contain

nitrogen, phosphorus, and potash in a 15:15:15 ratio.

Photo 11. Testing the water solubility
of toilet paper

For liquid and powdered glues, prepare glues that meet the following conditions.

Table 7. Quality required for each type of glue

1. Type

Type Powder Adhesive / Glue

Liquid Adhesive / Glue

2. Physical Property

Shape White granular powder White emulsion liquid
Water-Soluble Synthetic polymer | Synthetic resins

Component ) i S )
(Polyacrylamide-based) Vinyl acetate acrylic acid resin

pH(20°C) 6.0~8.0 (0.4 % Aqueous Solution) | 5.0~7.0 Undiluted solution

200 ~ 500 mPa-s (0.4 % Aqueous

Viscosity (30°C)

10 ~ 400 mPa - s (cp)

Solution)
Bulk Density 0.65 ~ 0.85 -
Specific gravity (23 °C) - 1.03 ~ 1.06
3. Safety

Hazardous heavy metals | Not Detected (Below detection limit)

PRTR (Pollutant Release

_ Not applicable
and Transfer Register)

Hormone-disrupting

chemicals

disrupting properties are used.

No chemicals suspected of having endocrine

When hydro-seeding is done without soil, colored
powder(green) is used because it is difficult to tell
where the material has been sprayed. The color does
not have to be green, but it should be a color that is
easy to recognize where it has been sprayed and blends
in naturally. Colored powder may be food coloring.
However, choose pure colored powder as it may contain

other ingredients such as salt. Wood pulp, glue, and

11

selected materials




colored powder shall be tested for germination failure or

other adverse effects prior to doing hydro-seeding. On

the other hand, germination rates and vegetative growth

conditions are better when soil is added to hydro-

seeding. However, bark compost which is used as soil |

tends to clog the pump which is used for hydro-seeding.

Therefore, only fine bark should be used. The bark

compost available at the store is including small or big

-
4 8.

rk

i e

Photo 13 ’Preparation of fiﬁe b

compost

clods and wood fibers, so it is necessary to prepare a fine bark compost by sifting it through a 2

mm mesh net. Burke compost that does not pass through a 2 mm mesh should not be used as it

may clog the pump.

The amount of material required per 100 m?is shown below. Note that a 1,000L tank can prepare

about 100 to 125 m? of material for Hydro-seeding.
Table 8 Material for Hydro -seeding (per 1,000L tank)

Material Amount Remark Photo

Calculated based on seed

seed - kg ) ]
blends determined in 2-2

Water soluble 1roll = 100g,

wood Pulp 10kg )

(Toilet paper) 100roll/1tank/125m

High quality

compound

] 10kg N:P:K 15:15:15

chemical

fertilizers
1pak = 1kg,

Liquid glue 10kg 5
10pak/1tank/125m

12




1box=150g,
Powder glue 0.3kg )
2Box=0.3kg/1tank/125m

3g  /lpak, 33pak=
Green powder 0.1kg )
1kg/tank/125m

Only fine compost less
Compost 300-500L | than 2 mm,
1bag=50L,6-10bag/1tank

Water 1,000L - -

3.2 Implementation of Hydro-seeding

The hydro-seeding operation should have a minimum of four workers: a worker to mix the
materials, a worker to do hydro-seeding (nozzle man), an assistant worker of the nozzle man who
moves and adjusts the spraying hose behind the sprayer, and a worker to manage the electricity
to run the equipment next to the generator.

1) Transportation

To transport heavy equipment and materials, prepare a
truck larger than a 2-ton truck. Load the tanks on a truck
and secure them with ropes. If there is no water around
the site where hydro-seeding will be conducted, fill the

tanks with water at a river, pond, or town along the way.

The wood pulp (toilet paper) used for hydro-seeding is K g 8
placed in the tank in advance. Note that if the toilet paper Photo 14. Loading tanks onto truck
core is not water soluble, remove the core before putting them into the tank. By filling the tanks
with water and toilet paper in advance, the toilet paper will dissolve during the transportation and
another material can be added as soon as it arrives at the site. Using the list of equipment, etc.
attached to the Annex, load the necessary materials and equipment into the truck so that nothing
is forgotten and travel to the hydro-seeding site. Move slowly so that equipment and materials

do not fall or topple over.

13



2) Preparation of the slope

Remove fallen leaves and branches from the slope to be
carried out hydro-seeding so that the material to be sprayed
by hydro-seeding will stick well to the ground. If the slope

has any gouges or other erosion problems, fill them in with

soil to flatten the entire slope.

oto 15. Slope Iean
3) Setting of equipment

Once on site, set up the equipment. Consider the size and shape of the slope to be sprayed and

the length of the hose to be used to determine where the equipment should be installed.

Seeds, fertilizers,
wood fiber, glue,
etc.

Fire hose

| Generator

Figure 5. Machines to be used and images of their arrangement

Install an agitator in a tank containing wood
pulp(toilet paper) and water. At this time, space
should be reserved between the tank and the
agitator for other materials. Also, the tip blade of
the agitator should be positioned the bottom of the

tank to ensure that the materials in the tank are

S e
thoroughly mixed. But this tip must not hit the Photo 16. Agitator installed on top of tank

bottom of the tank. The position of the agitator is very important, so set it carefully

o -<

2

Photo 17. Equipment installation condition Photo ‘18. Installation of pumps in tanké

‘s

14



3) Mixing of materials

First, mix water and wood pulp (toilet paper)
well with an agitator. Agitate until the wood pulp
(toilet paper) is no longer in its original form and
becomes a sludge. After dissolving the wood

pulp (toilet paper), the materials are added in the

following order. Be careful not to put the

Photo 19. Wood pulp (toilet paper) that has
been stirred and turned into sludge
Table 9. Order of inputting materials

materials in the wrong order, as they will solidify

before they are fully mixed.

Hydro seeding without soil Hydro seeding with soil

1. Wood pulp (Toilet paper without core) 1. Wood pulp (Toilet paper without core)
2. Fertilizer 2. Fertilizer

3. Seeds 3. Seeds

4. Liquid glue 4. Compost

5. Powder glue 5. Liquid glue

6. Green powder 6. Powder glue

The agitator should remain in operation until the
hydro-seeding is completed. This is because
when the agitator is stopped, the heavier material
separates at the bottom and the lighter material
at the top in the tank.

The operation of agitators is an accident-prone
operation in the implementation of the hydro- .
seeding. Be aware of the placement so as not to Photo 20. Soil being stirred
stumble over the power cord of the agitator.

Also, do not put your hands in the tank while the agitator is running because the agitator rotates

at high speed and is dangerous.

4) Hydro-seeding

Hydro-seeding should be done from the edge of the slope, moving gradually to ensure that the
material is evenly distributed. The nozzle man holds the hose around his shoulder. Also, control
the nozzle mouth with his finger so that the material to be sprayed is spread out.

15



Photo 22. Hydo-seein

Hose of hydro-seeding is heavy. Also, if the
hose is kinked or fold, the material will clog in
the hose. To avoid this situation, the assistant
of the nozzleman moves the hose in advance
along the direction in which the nozzleman is

moving and support the nozzleman to facilitate

his work. All materials mixed in the tanks

Photo 21. Nozzleman's assistant adjusting
hose position

should be used up on that slope. This is
because once the agitator is stopped and the

materials are separated, they do not mix evenly when agitated again.

5) Cleaning and storage of equipment

Once hydro-seeding is complete, the tanks and hoses are flushed through fresh water through
water to prevent glue from adhering to the interior. Pumps and agitators are also washed out with

water. After washing the equipment, store them in an appropriate location.

6) Safety Management

To perform the work safely, the following points should be considered.

e When transporting the equipment, fix the tank securely to the truck with bands to prevent it

from collapsing.
e For safety purposes, workers should wear helmets, goggles, and gloves.

e A worker is placed next to the generator to control the operation of the machine so that it

can be stopped immediately if necessary.
e Ensure that there are no power supply cords extending into the worker's flow line.
e Do not put the hand in the tank while the agitator is running.

e |f something is wrong with the machine, turn it off immediately.

16



4. Maintenance of Hydro seeding area

4.1 Germination and growth

Germination begins about 1 to 2 weeks after the hydro-seeding works. When the roots are short
just after germination, continued dryness may cause the roots to die before they are established.
Therefore, if it does not rain for more than 10 days after germination and the weather is

persistently dry, it is advisable to implement watering.

Xt

" Photo 24. 5 days after hdo-seedig Photo 25. 10 days after hydro-seeding
4.2 Maintenance for forest fire

In areas at considerable risk of fire, mow the grass before the start of the dry season so that fires
are less likely to spread.

17



Annex

Annex-1 Equipment List (For 200m?)

No. Equipment Amount Remark

01 | Water tank 1,000L 2 Put it on the truck and secure it with
'Sl'tf?enngi‘ill with water.
In the tank, put 10 bags of coreless toilet
paper.

02 | Water tank 300L 1 -

03 | Plastic hose 1 Carry while still attached to tank

04 | Fire hose 4 -

05 | Nozzle 1 -

06 | Water pump(Motor type) 1 -

07 | Water pump(Engine type) 1 -

08 | Agitator 1 Etr:fr?rzz ’E)haar’ft there is a feathered rod and

08 | Power generator 1 -

09 | extension cord 1 -

10 | Chair for agitator installation 1 -

11 | Wood for agitator installation 1 -

12 | Ladder 1 -

13 | Gasoline tank 1 Filling up with gasoline.

14 | Toolbox 2 -

15 | Rake 2 -

16 | Shovel 1 -

17 | garbage bag 1 -

18 | Megaphone 1 -

18




Annex-2 Material List (For 200m?)

No. Material Amount Remark
01 | Toilet paper 200 rolls | Remove the core

1lbag 10 rolls

100 rolls/1tank/100m?
02 | Fertilizer 20kg 10kg/1tank/100m?
03 | Mix Seed 2 boxes 1Box/1tank/100m?
04 | White clover Seed 2 bags 70g/1tank/100m?, 1bag is 70g

Perennial Ryegrass Seed 1 bag 350g/1tank/100m?, 1bag is 1kg

05 | Liquid glue 20pak 10kg/1tank/100m?, 1pak is 1kg
06 | Powder glue 3box 100g/1tank/100m?, 1box is 75g
07 | Green powder 6box 0.1kg /1tank/100m? 1box is 1kg
08 | Compost 7 2x70L, 5x50L, 300-400L/1tank/100m?,

Annex-3 Safety management List (for 4 workers)

No. Material Amount Remark
01 | Helmet 6 Including spare
02 | Gloves 6 Including spare
03 | Goggles 6 Including spare

19



Annex-4 Example of seed blending

Seed G C.| C | B S P Per 100 m
Tall Fescue 4,765| 0.7 0.7 0.7| 450| 09| 105 g/m | 1.050 | kg
(Festuca arundinacea)
Perennial ryegrass 2,770 | 0.7 07| 0.7] 500| 09| 55 g/m | 0.550| kg
(Lolium perenne)
Kentucky bluegrass 4500 | 0.7 0.7 0.7 | 3000 | 0.9 15 g/m | 0.150 | kg
(Poa pratensis L.)
White clover 1,060 | 0.7 0.7 | 0.7 | 1500 | 0.8 0.7 g/m | 0.070| kg
(Trifolium repens)
Total 13,095

G: Expected number of germination(plants/m)

C.: Correction rate for location

C,: Correction rate for implementation conditions

B: Germination rate of seeds used

S: Number of unit grains of seed used (seeds/g)

P: Purity of seeds used

W: Amount of seeding per species used (g/m)

20
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1. lLto e xnapo ceere

1.1 3a3eneHyBarbe Ha KOCMHW BO NoYeTHa $as3a
1) Koja e uenTta Ha 3a3esieHyBatbe Ha KOCUHM BO NoyeTHa ¢a3a

Epo3ujaTa Ha noyBaTa MoOXe Aa Josede A0
nocesu
0bpyllyBatbe Ha KOCUHUTE @ HAaHOCHMOT NOYBEH m -
4 Y ,

MaTepujan MoKe Aa ce aKymMmy/ampa BO peyHuTe

Koputa M ga  npeausBMKa  NOMIaBu. K
Ko/iM4yecTBOoTO Ha epoaMpaHa no4ysa 3aBUCK Of ~——

coctojbata Ha XymycoT. EKcnepumeHTUTe
cnpoBeAeHVW BO JanoHMWja MoKaskaa feKka Ha
ronmHute epoampaat 307 TOHM NoyBa roguLIHO,

Ha 3emjo4enckute moBpwuHM 15 ToHK, a BO

Wymute 2 TOHa. 3a3eNeHyBareTO BO NOYETHa Cnuka 1. Npomenn Kaj eposuja Ha nousa nopaam
3eMjuLllHaTa NOKPUBKa
da3a e egeH BMA HA EKONOLWKa 3alWTUTa Ha ) P

KOCMHUTE LUTO MOKe ePpUKacHO Aa MM 3aLUTUTU U3/I0KEHUTE KOCUHU. BereTaumjata Ha KocMHUTe ce 06HOBYBA

BO noyeTHa ¢asa, ce cnpeyysBa epo3uja Ha No4yBaTa U ce NoAobpysa KMBOTHATA CPEeAMHA U MejcaKoT.

dorto 1. MNpep 3aseneHyBarbe Ha KOCMHUTE BO doto 2. Nocne 3a3eneHysare Ha KOCUHUTE BO
noyetHa dasa noyetHa dasa

2) MeTopA Ha 3a3e/ieHyBakbe Ha KOCMHM BO NovyeTHa ¢asa

MeToauTe 3a 3a3e/eHyBatbe Ha KOCMHMTE BO MoYeTHa $pasa MOXKe Aa ce KnacuduumpaaTt BO MeXaHUYKM
meToaun (Xnapo-ceerbe, HaHeCYBak-€ MOYBA CO NPCKakbe M NPCKakbe Ha BeretaTUBeH CyncTpar, UTH) 1

pauHu meToay (BereTaumMcKka NpPeKpUBKa, BEreTalMCKM BPeKM CO NecoK, UTH.)

doto 4. HaHecyBarbe nousa co NpcKare dorto 3: Beretauucka npekpusKa



1.2 MpumeHa Ha MexaHM4YKa MeToAa 3a 3e/IeHyBatbe Ha KOCUHU BO
noyeTHa dasa

1) Bua Ha mexaHW4YKa meToaa

3a3eneHyBare Ha KOCMHW BO MOYeTHa d>a3a CO NpUMEHa Ha MeXaHM3aunXa MmoXKe Oa ce noae/ I Ha TPpU
rNasHM BUAA, BO 3aBMCHOCT 04, KOPUCTEHATa MeXaHu3auumja.

(a) Xuapo-ceere

OBa e Haje,ﬂ,HOCTaBHMOT n HajEKOHOMVI‘-IHVIOT mMmeTod, Ha
3a3eieHyBakbe Ha KOCUHU U MOXKe Aa Ce NMPUMEHU Ha WUNPOK
NpPOCTOP. Bo pe3epBOapoOT Ce CTaBaaT U meLllaaT. ceme, fy6pV|B0,
ApPBEHM BNakHa, no4ysa, BoAa W CpeacTBO 3a Bp3yBare. Co
npuMmeHa Ha nymna melwaBuHaTa ce UMcnymnyBa U HaHecCyBa Ha
KOCHUHaTa. ,El,e6enMHaTa Ha no4yBeHaTa MelwaBWHa MOXXe [da ce

nsHecysa 10 3 cM. Moxe aa ce HaHece u 6e3 nousa, buaejkun

[ApBeHaTa Mynmna CAyXM Kako 6asa 3a pacTerbe Ha CemeTo.
doto 5. Xugpo-ceere

MpouecoT 6e3 npumeHa Ha Noyea e noesTMH. Og, Apyra cTpaHa,

‘pTeHETOo M pacToT ke buaaT nogobpn AOKOJKY ce NPUMEHU 1 Noysa. Bo 3aBUCHOCT 04, yCNOBUTE HA KOCUHaTA

n duHaHCKUCKaTa coctojba ce 4OoHecyBa OA/lyKa 33 NPMMEHA Ha MoYBa BO MeLLaBMHaTa.

(6) HaHecyBarbe NouBa co Npckame

OBaa mMeToZa ce MPMMEHYBa Kora NMOBPLUMHCKMOT C/10j Ha
no4ysaTa Kaj KOCMHaTa € TBPAa M HE € MOMHO ‘pTerbe Co

XMapo-ceerse. Bo MelaBMHaTa Koja ce KOPUCTU 3a NpcKatbe
ce 00AaBa U NecoK. 3a NpcKakbe ce KOPUCTU KoMMpecop.
YecTo BO KOMBMHaUMja ce KOPUCTU NAATHEHA MpeXKa Uan
KMUQA 33 Aa ro 3a4pXM UCNPCKaHUOT maTtepujan. CnojoT og,
MellaBMHaTa Koja ce MpcKa moxe Aa uma aebenmHa go b cm

M NoKpaj Tpebn moxKe Aa ce HaHecaT U apea. MNojaBaTta Ha

I'IOpOjHM AO0OXO0BU o 3ronemysa pU3nMKOT o4 Ucnepysarbe Ha
CBEXO HaHeCeHaTa MelWaBMHAaTa o4 Necok U BoAda

(8) Mpckare Ha BereTaumncKu cyncrpat

Ha ocHoBaTa ce 3akauyyBa XM4YeHa Mpexa U ceme, fybpuso,
Nenak M KOMMOCT Of, KOpa Ce HaHecyBaaT CO NpCKake Bp3
MpeKaTa CO KOpPUCTEHE Ha KOMMPECOP 33 MANTEpPUCyBakE.
Bugejkn He ce KopucTM BOAA, Man € PU3IMKOT HaHeceHuTe
MaTepujaan fa ucteyat npu AoXKA U cn. MNoyBaTa MoxKe Aa ce

HaHece ao gebenuHa og 10 cm. BereTtaumjata oxke ga ce

npuMmeHa Kaj Kapnectn nam no4vsum CO TBpA NOBPLUMHCKK CI'IOj
AOKOJKRY I'IOCTOjaT NYKHAaTUHN Kaje WTO KOpPeHuTe moXxXe Aa

u3pacrar. dorto 1. Npckare Ha BereTaumckm cyncrpat



2) CooaBeTHM mecTa 3a NPUMEHA

I'Iop,ony € NPUKaxaH peaocnenotT cnopes KOj ce npasu CEI'IEKLI,Mja 3a ceKoja o4 MmeToauTe Ha 3a3esieHyBatbe Ha KOCUMHUTE BO NOYETHA d>a3a. XMApO*CQEI—be ce

npmnmeHyBa Ha KOCMHU 04 HacuUN UK 3aCeK CO NOMEKU NMeCOoK/IMBUN NOoYBMU.

Ja —
He — pH nousatae .| TpermaHn 3a HeyTpanusauuja
noronema og 4,0 - Ha KMcenocTa Ha noysaTta
[ 1 Npumennus obem Ha ]
MEeTOoAO0T 3a 3a3e/ieHyBakbe -
Ha NaguHuTe HacmnaHa naguHa Bua Ha naguHa 3aceyeHa naguHa
¥ v
. Ce uzepluyeaaTt pabotu 3a
MaTi[:;zj::Vl 3a MapguHm nomanu oA, > MoAndMKaLM]a AN
I '|’ crabunuzaumja Ha naguHaTta
leHepanHo HadpneHn TepauHa Ha TepauHa Ha TepamHa Ha
nousa Kamekba noysata 23 mm nam noysata 27 mm unm no4ysarta 30 Mm UM
noseke noseke noeeke
CreneH Ha CreneH Ha
Aerpagaumja aerpagaumja
1 T
N h 4 ¢ + ¢ ¢ ‘L
Danne [eHepanHo Hekown genosun [eHepanHo Hekou genosm He e
lMoanoxHa Ha AerpagupaH ce AerpaaupaH ce
eposuja —>| moxHO aa ce Bwua Ha no4sa Bupa Ha noysa i AerpaanpaH P ferpaanpaHm Aerpagup
AOA:.ACI.EE rC";qBa UCMYKaHO M UCNYKaHW MCNyKaHo M MCNYKaHU aHo
HaTpyna? ‘l’ ‘l’ ‘lf *l' ¥ "’
necokn T WHTepBanoT Ha WHTepeanot Ha
o rnHa ea rvHa NYKHaTUHK e 10 cm NyKHaTHUHKW e 10 cm
WK noseke WK NoBeke
F—=t=1] U 1)
W ¥ W W +
LLinperse Ha ceme O O
Elg:%‘xaa?:’ee no4sa O (2em) O (lem) O (2em) O (2cm)
Mpckare Ha
O O O
23;%:2';:“3“" O (3em) O (2ecm) O (3em) (3~Bem) (4~Bem) (6~T0cm)

Cnuka 2. U36op Ha meToaa 3a 3a3eneHyBarbe Ha KOCUHM BO nouyeTHa ¢dasa

MpupadyHMKOT e 3a meTogaTta 3a XMApo-ceere, eaeH o4 MmeToauTe 3a 3a3esieHyBakbe Ha KOCUHU CO NOoYeTHa ¢a3a co Mexanaau,Mja onuulaH norope.
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2. [loarotoBKu 3a xmapo-ceere

2.1 MpenmnHapHa ctyguja

1) CocTtojBa Ha KOCMHaTa

(a) Bua Ha KocuHa

KocMHUTe 33 npumeHa ce NOKpaj naT, obpyweHu

NOBPLWWHM, PEYHU  HAHOCKU, WUTH. KocuHUTe
obpa3oBaHK oA, HanuneH maTepujan ce HapeKyBaaT
HAaCUMHU KOCUHMU, @ KOCUHUTE KOj ce 0b6MKyBaHM co
3aceyyBarbe Ha noysaTa Ce HapeKyBaaT KOCUHMU BO Hacun
3acek. HacunHWTe KOCMHM Ce MeKM U CKNOHM Ha

cywa, Aofieka KOCUHUTE BO 3eceKk ce TBpAM U CO

MaJia BPpeaAHOCT Ha XpPaHAUBU maTepun BO Noysata

(6) HaknoH Ha KOocuHaTa

Cnuka 3. KocuHm Bo 3acek M Hacun

Arosl Ha MPUPOAEH HAK/JOH € aro/ioT Ha KOCWHAaTa Kaj ctabunHa noysa 6e3 obpywyBarbe. ArosiotT Ha

npmnpogeH HakK/IOH 3aBUCKM O4 BMAOT Ha NOYBaTa, HO reHepasiHoO e 30 cTteneHn 3a KOCMHM BO Hacun n 45

CTeNeHM 3a KOCMHM BO 3acek. KOCMHUM KoM ce NOCTPMHM O4 aronoT Ha nNpupoaeH HaKIOH Tpe6a Aa ce

06/10KaT €O KUYEHMU MpeXHn npeg Aa Cce 3ano4yHe CO 3a3esieHyBambe 3a da Ce cnpeyu o6pyLuyBa|-be Ha

MOBPLUMHCKMOT Mo4BeH cnoj. Tpeba Aa ce HanoMeHe [eKa KOJIKYy € KOCMHaTa MOCTPMHa, Taka Mpaso

nponopynoHaaAHO No4YBaTa CTaHyBa NOUBPCTA U Ceé MeHYBaaT paCTeHMjaTa LWITO MOXKaT Aa ce nocagat. Nogony

ce HaBeaeHU HAaCOKK 3a CaaeHe Ha paCTeHMja COrnacCHoO Hak/IOHOT Ha KOCUHaTa.

Ta6ena 1. Beretaumja cornacHo HaKNOHOT Ha KOCMHaTa

HaknoH Ha KocuHaTa

BOBeAeHa Beretauuja

Moman op 35°

Job6ap e pacToT Ha CeKaKkBa Beretaumja, OTKaKo Ke ce KomnaeTnpa
BereTaLMcKaTa NOKPMUBKA, NOBPLUMHCKATa epo3unja Ke buage NpakTUYHo
eIMMUHMpPaHa. ABTOXOTOHU BUAOBU NECHO MOMKe [ia Ce palumnpar o4
OKOJIHWUTE MecTa.

1:1,4 po 1:1 HajsactaneHu ce cpegHO ronemm rpMyLLKN U KOYHOBM, a TPEBUTE MOXKe A3
35°-45° dopmmrpaaT NOKpUBKA BO NOTEHKM CNOEBW.
45°- 50° Kora ugpctnHata Ha noysata e 27 A0 30 MM NeCcoKANBOCT, MOXKHO e Aa ce

BOCMOCTaBW BereTalmja o4 rpmyLIKK, }KOYHOBK 1 TpeBM.

Moronem og, 50°

MorKe fa ce 3acaam BereTalmja camo Kora CTabuaHocTa Ha KOCMHaTa e
ronema mau Kora ctabunHocta e o6esbeneHa co KOHCTpyKuUMja. [paHMYHaTa
KOCWMHa 3a 3a3e/1eHyBakbe reHepanHo e okoy 1:0,5 (60 cteneHn).




2) Coctojba Ha noysaTa

(a) Bua Ha nouBa

Mecoknusa noysa

MouBMTE LWITO ja COMMHYBAaT KOCMHATa ce —
== o
KNacudULMpPaHM KaKo NECOKMBM MOYBK, [ i 2

rMMHA, TBpAA No4ysBa U meKa Kapna. Co
XMapo-ceewe 3a3esieHyBakbe € MOXKHO

Ha MecoKJMBM WU T[AMHEeCTM noysu. Ha

pacToT Ha Beretaumjata B/AWjae

LUBpCTMHATA M KMCenoCcTa Ha noysaTa.
MNogony ce
oArnenysame

HaBegeHM HacoKkM  3a
Ha Beretauumja cnopeg

UBPCTUHATA U KMCENOCTa Ha no4BaTa.

(6) JakocT Ha nouBa

JaKocT Ha noysaTa ce Mepu CO KOPUCTEHE Ha MHCTPYMEHT JamaHaka. Kora KOHYCOT 04, UHCTPYMEHTOT JamaHaka
3a Mepetrbe Ha jJakoCT Ha NoYBaTa ce NPUTUCHE BEePTUKANIHO, HOPMaHO Ha NOMpPEeYHNOT npecek, gnaboynHara
Ha neHeTpauMja Ha KOHYCOT M COOABETHATa peakTUBHa cuna (KOHTPaKLMja Ha NPY»KMHA) Ha noysaTta ce mepat
MCTOBPEMEHO KaKO NMPOMEH/IMBM, OF, WITO Ce NpecmeTyBa TeopeTcKaTa BpeAHOCT Ha jakocTa (Kr/cm2). JakocTa

ce U3pasyBa Co MHAEKC Ha uBpcTuHa o, 0 go 40 mm.

®oto 10: UHcTpymeHT JamaHaKa 3a mepetrbe
Ha LBPCTUHA Ha noysaTa

Tab6ena 2. Beretayuja cnopeg, UBpcTUHA

¥ D iiae G

aky

T 2
doto0 9: mepere Ha UBpPCTUHA Ha no4Ba

Ha no4ysaTa

JaKkocT Ha no4Ba

CocToj6a Ha BereTauuja

Momanky og, 10 mm Cnaba ‘pTanBocT nopaam cyBocT

FnnHa 10-23 mm

[Mecoknumea no4ysa 10-27 mm

KopeHoBmoT cuctem fo6po Ke pacre. NoroaHa 3a cagere Apsa.

FnnHa 23-30 mm

MNecoknuea noysa 27-30 mm nonpeveH.

OcBeH 3a oapeneHn sMaosu gpBa, PacTtoT Ha KOPEHOBUOT CUCTEM €

., PacToT Ha KOpeHOBMOT cUCTEM €
MoseKke og, 30 MM (MeKM Kapnu,

TBPAM Kapnu)

[OKONKY MMa NMYKHAaTUHW BO KapnaTta, MOXKHO € U3J0/13KyBatbe Ha

KOPEHOBMOT CUCTEM Ha oApeneHN BUAOBM ApBa.

pevYncn HeBO3MOXKEH.

(8) Kucenocr Ha nouBaTta

leHepanHo, Kora KMcenocta Ha nouysaTa e Hagsop og pH oncerot oa 4 o 8, notpebeH e TpeTmaH 3a
HeyTpanusaumja MAn ApYrn MepKu. BuaomsmeHeTH noysu of nanopel, U WKpuUael, BYAKaHCKU npeaenm u



TOMNU U3BOPU UTH. MOXXe Aa MOKa)KyBaaT KNCENOCT. NcTo Taka, noysaTa mMorKe Aa 6VI,CI,e dJIKaJ/iIHa KOra Ha
nagnHata Ha HACUNOT Ce€ KOPUCTU UEMEHT NN BAPOBHMUK.

3) KAMmMaTCKM KapaKTePUCTUKM

PactoT Ha BereTau,MjaTa e nojg CUMNHo Bl'IMjaHMe Ha TemMmnepartypata n Ha KOJIMYNHATa Ha AO0CTalnHa BAara.

Bo 061acTh CO M30O6UAHM FTOAULLIHU BPHEXKM U NPOCEYHU FOAULLHM TEMNEPATYPU o4, -5°C UAn NOBUCOKK, MOXKe
Aa ce GopMMpaaT WymK BO KOM AOMUHMPAAT ApBa. 3MM3E/IeHN WYMN MoKe Aa ce dopmupaaT Aypu v BO
CpeAvHM €O  ManKky BpHexu (300 mMm/roguwHo) 6uAejkM  CyBapKTUUKMOT PerMoH uma Mana
eBanoTpaHcnMpauunja nopagmM MassoTo COHYEBO 3payerbe M HUCKUTE TemnepaTypu, a Mo4ysaTa COLPMKMU
[0BOJIHO B/flara 3a pacT Ha gpeaTta. Bo nonycysuTe o6nacT co Mmanu BpHEXM, HEMa A0BOJIHO BOAa 3a pacT

Ha ApBa, Nnopaan WTO CO TpeBHUUNTE AOMUHUPA 3e}1jECTa BeFETaLI,Mja. Bo Tponckute perMoHn co BMCOKU

MpPoOCeYHM TroAMLIHM  Temnepatypu, AOypu  MaKo
36 °C B4 mm
roguiiHmTe BPHEXMU ce 1000 MM,
eBanoTpaHcnMpaumjata e rosema nopagu rosemoTto w°c 72 mm
COHYEBO 3payerbe, LWTO Pe3yATMpa CO TPEBHUUM AN
HamecTo WymKn. Bo obnacTtute Kage LITO BPHEXUTE ce 24°C "\h\ 60 mm
E€KCTPEMHO Manu WAM Kage LTOo TemnepaTypuTe He /
pocturHyeaat -5°C, 3emjaTa cTaHyBa nycTenuja kage | 5 °° / \ 8mm 2
LUTO PETKO pacTaT Camo pacTeHuja LWTOo ce npuaaroanne 8

Ha TelkKa cywa M HUCKKM TemnepaTtypu. Mopaam osa e / \.\ o
TEWKO Aa ce BPWKM peBeretauunja Bo oBue obnactu. - /_, N .
CeBepHa MaKeaoHMja He e 061aCT CO eKCTPEMHO Manu . |
BPHEXWN HUTY HACKM TEMMEPATYpWu, Na 3a3eNeHyBareTo bee

e MOHo. Ho, 3a gobpo ‘prere M pacT, noTpebHo e
3a3e/1eHyBarbETO [a Ce M3BPLUM BO COOABETHO BpeMe. gl B B H EEEEEEGBEBE R
YcnoBute Ha COOABETHMOT Mepuos Cce HaBeaeHu P R R i e Yy
nogony.

ature

Tempe
uonend

12 mm

Min-Temperature Mean-Temperature & Max-Temperature
Precipitation

YcnoBu 3a 'pTEI-be Ha ceme

<~ [deHoBu co npoceyHa TemnepaTtypa oz 5 °C n010°C
unm nosucoka (28°C wnm noHucka) 3a 1 go 2
Heaenu.

Cnunka 4. MeceuHa Knumaronoruja so
CesepHa Makeponuja (1991-2020)
(pedepeHua: noptan Ha Cb 33 KAMMATCKN NPOMEHM)

< MaKcumanHata temnepatypa e 30°C nam noHucKa.

Ycnosu 3a pacr

<~ [eHoBu co npoceyHa Temnepatypa o4 5 °C o 10°C (28°C mam noHuckKa) 3a 2 4o 3 meceum.

<> be3 cHe)Ha NoKpuBKa.

Tpeba aa ce HanomeHe AeKa BeAHall MO NPCKakbeTo, MaTepujanoT NecHo Uctekysa. Mopaam oBa, He Tpeba aa
ce BpLWW XMApOo-ceerbe Npea 1 3a Bpeme Ha NoPojHU A0XKA0BMU.




2.2 MewaBuHa 3a ceme

1) U360p Ha melaBMHa 04 ceme

MelwaBMHaTa 3a ceme ce oapeayBa cnope, LenTta Ha Xuapo-CceereTo, NOYBEHUTE U BPEMEHCKUTE YCNOBU
Ha JIoKauujaTa Kafe WTo Ke ce BPLW XMApo-ceereTo. Llenta Ha XMApo-CeereTo e 3a3e/ieHyBakbe BO
noyetHa ¢dasa, na 3atoa Tpeba Ja ce MamellaaT HEKO/IKY BMA0BM TpeBa WTo BP30 ‘praT U pactaT co efeH
WNW ABa BUAA Ha MELYHKAcTU pacTeHuja KoM ja npasaT nouysaTta nnogHa. JJOKOMKy ce BKAyYaT U BUAOBM Ha
ApBa, Toraw Tpeba fa ce Hama v KOYEeCTBOTO Ha Ceme O/, TPEBU M MELLIYHKACTU pacTeHunja 1 Aa ce aogaaat
[ONONHUTENHN BUAOBM ApBa. HO, Ha HEKOW MECTa, KaKo HaLlMOHaIHM NapKOBM U 3aWITUTEHN 061aCTH, Kage
LITO eKONOLWIKaTa KOH3epBaLmja € NoBaKHa, BO OApeAeHMN Cydan ce KOPUCTaT CaMoO aBTOXTOHU CEMUHbA UK
ApBa. Bo 0BOj C/lyyaj, TELKO e Aa ce MOCTUTHE UCTMOT edeKT Ha 3a3esieHyBarbe BO MouyeTHa $as3a KaKko Co

HOPpMa/iIHa MellaBUHa. Op oBaa NPpU4YnHa, Ba*XHO € Aa ce M36epaT CeEMUHbA WITO Ce COOABETHU 3a HAMEHaATA.

Ta6ena 3. Cemurba WITO BOOGMUAEHO C€ KOPUCTAT NPU XUAPO-CeeHE

Ume MaKegOoHCKO ume: 6apcKku BUYK
HayuHo nme: Festuca arundinacea
MNosekeroauiuHa Tpesa
PenaTMBHO J0AT XXMBOT
KapaKktepuctunku
[JnaboK KopeHCKM cuctem
50 cm
BucuHa Ha TpeBa
MaKeAO0HCKO MMe: NoBEKeroAMLWHa NMjaHKa
Ume HayuyHo ume: Lolium perenne
MoseKeroamiiHa Tpesa
PenatMBHO KpaTOK XMBOT
KapakTtepuctunkm
[JnaboK KOPEHCKM cUCTEM
BucuHa Ha 30 cm
Tpesa
Ume MaKkef0HCKO nme: NpaBa MBagapKa
HayyHo nme: Poa pratensis
MoseKeroamiiHa Tpesa
PenatmeHO oonr KmMsoT
KapakTtepuctunkm
NJNTOK KOPEHCKU CUCTEM
BucuHa Ha 15cm
Tpesa
Ume MakeaoHCKo UMe: bena getenvHa
HayuHo ume: Trifolium repens
MoseKeroauiiHa Tpesa
PenaTuBHO oOANT XMBOT
KapaKktepuctunku
NJINTOK KOPEHCKKN CUCTEM, CTOJIOH
BucnHa Ha 15cm
Tpesa




2) NpecmeTKa 3a MeLlaBMHa 3a ceme

KonnyectBoto Ha mellaBMHa 3a ceme WTO Tpeba Aa ce M3Mella ce MPecMeTyBa Taka WITO Ke ce oapeam

KOJIKY TpeBa U ApBa Ke ce nocagaTt Ha KBagpaTteH MeTap Ha ﬂOKaLI,MjaTa BO UOHWHaA. I'IopaHo, OYeKYBaAHUOT

BKyNneH 6poj Ha pacTeHMja nocafeHn Ha meTap KBaapaTeH Hewe okony 10.000 co TpeBM 3a nNacuwTa, HO BO

NOHOBO BpeMe, 0Boj 6poj e HamaneH Ha 1.000 go 5.000 3a ga ce NOMOrHe YCMELWHMOT pacT Ha BereTaumjaTta.

CnepgHarta d)opmyna Ce KOPUCTK 3a NpeCMETKA Ha KONIMYECTBOTO Ha MeLWlaBUNHA 3a CeMEeE 3a CeK0j BUA CEMUbA.

KOpEKLI,VIVI Cce npasaT COrnaCcHO HAa4YMHOT Ha cagere U yCNOoBUTE Ha ﬂOKaLI,MjaTa.

W:mX(l‘FCI)X(l-FCL)

W: KonunuecTso Ha ynotpebeHo ceme no sug, (g/m)
G: o4eKyBaH b6poj Ha npopTyBakbe (pacTeHuja/ M)

S: 6poj Ha 3pHa ceme yrnoTpebeHn (ceme/r)

P: ynctnHa Ha KopuUCTeHN ceMmnba

B: cTanka Ha ‘pTerbe Ha KOPUCTEHUTE CEMUHbA

Ci: Kopekuuja 3a ycnosute
CL: KOpeKuuja 3a noKaymjaTa

dopmyna 1. NMpecmeTtKa 3a KOAMYECTBO MelLaBUHa 3a ceme

KopeKktnsHu BpeagHocTu Tpeba Aa ce oapeaat cnopes cnefHnTe Tabenun Kako ctaHaapa,.

Ta6ena 4. KopeKTMBHa BpegHOCT BO OQHOC Ha ycn0BUTe Ha Kopucterbe (%)

Ycnosu

Kopekuuja 3abenellka

Ce30Ha Ha npMMmeHa

+30 | NleTo, 3MMa

AebenvHa Ha noyBa WTO Ke ce +30~50 | JebennnHata e noronema oa 3 cm

HaHecCe CO NpCKame

Bua Ha KopucteHo ceme

-30~70 Kora ce KopucTaT camo ceMumba 3a 4pBa

Ta6ena 5. KopekTuBHa BpeaHOCT BO 0aHOC Ha noKauujata (%)

Ycnosu BpeaHoCT Ha
KOpeKLMja
Mpeaenu co MHOry Yakan U Kamekra +20
Jlokaumm co mHOry TBpAa No4Ba +10
MHory janosa 3emja +20
MHory cysu npegenu +20
MHory BnaxHu npegenu +10
MHory kKucena 3emja +20
MHory cTpMHa KocuHa +20
Manky Yakan n Kamera —-10
MHory nnogHa noysa —-30
[o6pn BpemeHCKM ycnoBu —-20
PamHa, mHory 6nara KocuMHa —-10




3. Kako ce Bpwun xnapo-ceere

3.1 lNMNoaroToBKa Ha onpemaTta U matepujanute

1) NoaroToBKa Ha onpemaTa

Mpy XMapo-ceere MmaTepujasoT ce Mella BO pe3epBoap, a NoToa Toj Ce UCMYyMMNyBa CO MOTOPHa Nymna 1 ce

HaHceyBa Ha KocuHaTa. Onpemarta noTpebHa 3a XMApo-ceerbe € HaBeaeHa Noaony.

Ta6ena 6: /lucra Ha onpema

Onpema KonnunnHa 3abenellKa doTorpaduja
PpesepBoap 3a 02 EneH 3a melarbe Ha maTepujanuTte, Apyr 3a
soga 1,000 n HOCeH€e Ha BOAaA
PesepBoap 3a 01| -

Boga 300 n
MnactnyHo 01 5cm x 7 m, nposupHo
Lpeso
XMAPAHTCKO 04 5cmx15m
Lpeso
MnasHuum 3a
XUAPAHTCKO 01|{5cm
Lpeso
KyTwja co anat 02 KnewTtn, wrpadumrepn, HOXKULM, CEKauMy,
KNy4eBU, MOTOPLAHT/IU, UTH.
Mwukcep 01 Mpayka 3a mewakre npogonxKeHa Ha okoay 1,5
(melwanka) M
MakKc. BUCMHa Ha uchpnare  11,5m
Makc. npuTncok 1,15 6apu
Makc. cTanka Ha paborta 16000 n/u
Makc. ronemumHa Ha Tyfo Teno 35 mm
Makc. gnaboymHa Ha noTonysarbe 7 M
Mymna 3a .
BanKaHa BoAa 01 Makc. TemnepaTtypa HaBoga 35°C
(MoTopHa) MVII:I. HMBO Ha Boga 3a nymna 230 mm
MOKHOCT 900 W
[O0JIKMHA Ha Kaben 10m
BM/, Ha KOHKETOp noA NpUTUCOK 59,6 mm (2"
IG)
NANTKO BLUMYKYBakbe A0 75 mm




MNymna 3a Boga
(pauHa)

01

Onjametap Ha usnes 50 mm man 2 nH4a
[Job6asHa BUCKHA (MaKC.) 50 mm

BucMHa Ha WMyKakbe (Makc.) 45 mm

Makc.1 KanauuTeT Ha nymnarbe 450 n/m

Bua Ha moTop 4-TakTteH, OXB eanHeueH
unnunHgep (OHV)

Ounjametap x AnaboymHa Ha Kaun 68 x 45 mm
obem 163 cm3

HeTto mokHoct  3.6kw — 5.5HP/3,600 rpm/min
CrapTeH cuctem PayHo nanemwe

[eHepaTop Ha

AKTMBHa MoKHoCT: 5000 W
MakKc. MoKHocT: 5400 W
BonTaxka: 2 x 230V~50 Hz
HomwuHanHa ctpyja: 22 A

eNeKTPUYHaA 01
. Bua Ha moTtop: DH420, 4-TakTeH

eHepruja

MakKc. KanaumTeT Ha moTop: 9 kW

O6em Ha moTop: 420 cm?

bp3uHa Bo npaseH oa; 3200/MuH
MpoponKeH 3a HagBopellHa ynotpeba

01

Kaben 15m
Apay 3a MHcTannpaH Ha pe3epBoapoT 33 Aa ja ApXKK
WMHCTaNInpame 01 P pesepsoap Ad Ja Ap

MeLlasikaTa
Ha MeLuasiKa
PesepBoap 3a 01|20 n
6eH3MH

1,2 m
Ckana 01
Jaxe 01 | P8mm x 30 m, 3a dUKcMparbe Ha onpema u ch.
PemeH 3a .

02 | KanauuTteT Ha ToBap 2 TOHa UK NOBEKe

Bp3yBae
lpebno 02 | 3a uncTerse Ha NagMHUTe Npej Xnapo-ceere
JlonaTa 011l-
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2) MoarotoBKa Ha maTepujanute

MNMoKpaj melwaBMHaTa 3a ceme, 3a XMApPO-ceerbe Tpeba aa ce
noAroTBM BOAOPACTBOPAMBA ApPBHA NyAna, KBA/JUTETHU
XeMUCKM fybpuBa, TEYUHO Nennno, Nennio Bo npas, oboeH npas
(3eneH) u cuTeH KomnocT og, Kopa. [JOKONKy He e gocTanHa
BOAOPACTBOP/AMBA NyANa, KOPUCTETE TOANETHA XapTHja WTO e
HajMHOry pacTBopaAMBa BO BOZa. KBa/AUTETHUTE XEMMUCKM
fybpuea Tpeba Aa 6uaaTt rpaHynapHU U Aa COAPKaT asorT,
docdop 1 MUHEPANU CO Kannym Bo coogHoc 15:15:15. 3a TeuHu
fenuna v nenuna BO Mpas, NoOAroTBeTe Jenwuna LWTo M
WCNONHYBaaT C/IeAHUTE YC/I0BMU.

oo 0 73 - A\\egro- Vev Ser

doto 11. Tectupare Ha

BOA,0PACTBOP/IMBOCTA Ha TOa/IeTHA XapTuja

Tabena 7. Ksanutet notpebeH 3a ceKoj BUA Ha N1ennuno

1. Bug,
Beug ‘ Jlennno Bo npas TeyHo nenuno
2. PU3NYKM CBOjCTBA
06nuk ben rpaHynapeH npas Bena emynsncka Te4yHocT
Boaopacrteopauns CUHTETUYKM
CMHTETUYKM CMOIU
KomnoHeHTa noanMmep (Ha 6asa Ha
BUHWMA aueTaT akKpWUIHA KMCeNnHa
noAnakpunamma,)
pH(20°C) 6,0~8,0 (0,4 % BoaeH pacTBop) 5,0~7,0 HepacTBOpPEH pacTBOp

BuckosHoct (30°C)
pacTBop)

200 ~ 500 mPas (0,4 % BopgeH

10 ~ 400 mPa - s (cp)

BonymeHcKa ryctuHa 0,65 ~ 0,85

PenatusHa ryctuHa (23 °C) -

1,03 ~ 1,06

3. besbegHoCT

OnacHu TelWwKn metanm

He e oTKpueHo (noa rpaHuuaTa 3a getekuuja)

PUN3 (PerucTep Ha
ncnylTarbe U NPeHoC Ha
3aragyBaum)

He e npumeHnnBo

Xemukanum wTo rm

XOPMOHM.
HapyLyBaaT XOPMOHUTE

He ce KopucTaT XeMMKaiMmM CO CBOjCTBA LUTO BM v HapyLluuie eHOOKPUHUTE

Kora ce npumeHyBa xnapo-ceeweto 6e3 noysa, ce KopucTu
o6oeH npas (3eneH) 6UaejkM e TelwKo Ja ce UaeHTUdUKYBa
Kafle e HaHeceH maTtepujanoT. bojata He mopa pa 6uge
3eneHa, Ho Tpeba Aa e 60ja WTO e SIeCHO 3a Npeno3HaBakbe U
npupoaHo ce Bknonyea. OBoj NpaB morke Aa buae 6oja opf
npexpaHbeHa wuHAaycTpuja. Opbepete uuct 0b6oeH npas
6MAejkM MOKe 4a COAPKM U APYrM COCTOjKM, Kako con. Mpea,

Ja Ce V3BpWM XMAPO-Ceere, APBHATA Ny/ana, SenuaoTo M
oboeHuMoOT npaB Tpeba ga ce TeCTMpaaT 3a HeCcyneLwHo ‘prere

doto 12: Tecr 3a ‘pTAmnsocT co
KopucTerbe Ha oabpaHu maTtepujanm

WAW 33 ApYrM HecakaHu edektn. Oa Apyra cTpaHa, ‘PT/IMBOCTA M YCNOBUTE 3a pacT ce noaobpu Kora npu
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XMApPO-CeeHeTo ce AoAaBa Nnoysa. 3atoa Tpeba fa ce Kopuctu
caMO CUTHa Kopa. KomMnoctoT of Kopa WTO r0 MMa BO

npoaaxba coapKM Manmn A roNemmn rpyTkn 1 APBHU BAaKHa,
na 3aTtoa Tpeba Aa ce NOAroTBM CUTEH KOMMOCT O, Kopa co
ceerbe HU3 CUTO €O OTBOP o4 2 mm. He Tpeba aa ce KopucTu

KOMMNOCT 04 KOpa WTO HE NMOMWHYBA HU3 CUTO CO OTBOP OA4 2

-

doto 13: Noaroroska Ha

MM BMAEjKM MOXKe Aa ja 3aTHe nymnarta.

Konnuyectsoto Ha matepujan notpebeH 3a 100 KBagpaTHU CUTEH KOMMNOCT 04, Kopa
MeTpPU e NpUKaxKaHo nogony. Tpeba Aa ce HanomeHe Aeka Bo pesepsoap oa 1.000 n moxe fa ce NoaroTsu
maTepujan 3a xuapo-ceerbe Ha 100 go 120 m2.

Ta6ena 8 Marepujan 3a xugpo-ceetwe (3a pesepsoap og 1.000 n)

Martepumjan Konunuectso 3abenelukKa dortorpaduja

HDECMeTaHO cnoped melwaBuHa 3a

Ceme - Kr

ceme ogpeaeHa Bo 2-2
BopopacTtBopausa
ApPBHa nynna 10 kr 1 ponHa=100r,
(ToanetHa 100ponHu/1pesepsoap/125m?
XapTtuja)
KBanutetHu

, 10 kr N:P:K 15:15:15
XeMUCKM fybpuBa

1 nakyBakbe = 1 Kr,

TeuHo nenuno 10 kr 10 nakyBatba/1 pesepsoap/125m?

1 ky™nja=150r,

Jlenuno go npas 0,3 kr 2 kytnn=0,3 Kr/1 pesepsoap/125m

2

12



3rp/1nakyBarbe
3eneH npas 0,1 kr 33nakyBara=1kr/pesepsoap/125m?
CaMo cUTEH KOMMOCT Mog, 2 MM,
Komnocr 300-500 n 1Bpeka=501,6-10 Bpekun/1peseBoap
Boaa 1.000n |- _

3.2 N3BpluyBare Ha XMApo-ceere

3a M3BpLIYBakbe Ha aKTUBHOCTUTE 33 XMAPO-Ceerbe NOTPe6HM ce Hajmasiky YeTBopuua paboTHUUM: edeH

[a TV U3Mella MaTepujanuTe, efeH paboTHUK Aa ro U3BPLUM XMAPO-ceetbeTo (Ke paKyBa co LPEeBOTO), eAeH
MOMOLLHMK LITO Ke Ce ABMMKM W Ke ro mpuaarodysa LpeBoTo 334 paboTHMKOT WTO MNpcKa U eaeH paboTHMK
3a[l0/1KeH 3a ynpaByBakbe CO efleKTpMYHaTa eHeprnja oj reHepaTopT noTpebHa 3a onpemara.

1) TpaHcnopT

3a TpaHCMOPT Ha TewkKa onpema WM matepujanu Tpeba Aa
NOAroTBUTE KaMMOH CO HOCMBOCT norosema o4 2 TOHa.
HaToBopeTe rv pesepBoapuTe Ha KAMWOHOT M 3auUBpCTeTe M Co
jaskurba/Kauwum. [IOKONKY BO BAM3MHA Ha NoKauujaTa Kage LTo

Ke ce BpLUM XMAPO-CEEHE HEMA M3BOP CO BOAA, HaMoJIHETE M

pesepBoapuTe CO BOAA O PeKa, e3epue Wau og, HeKoj rpag no

nat. [peHaTa nynna (ToaneTHaTa xapTuja) LITO Ce KOPUCTU 3a

doto 14: Yrosap Ha
XWAPO-Ceere oAHanpes ce CTaBa BO pe3epBoapoT. [LOKO/IKY pe3epBoapuTe Ha KAMMOH

KapTOHCKMOT NPCTEH BO BHATPELWHOCTa Ha ToaneTHaTa XapTuja

He e BogopacTeopuA, Tpeba Aa ce OTCTpaHW Npea Aa CTaBu BO pe3epBoapoT. Kora pesepBoapuTe ogHanpes,
Ke ce HamnoaHaT co BoAa M ToaseTHa XapTuja, ToaseTHaTa XapTija Ke ce pacTBOpM 3a Bpeme Ha TPaHCMopToT
W opyr matepujan Ke Moxe Aa ce AoAaje BegHall WTOM ce MPUCTUIHe Ha NoKauwmjaTa. JluctaTa co onpema
KOja WITO e NpuKayeHa BO AHEKCOT, Ce KOPUCTU KaKo KOHTPOJa Npu TOBapeke Ha NoTpebHUTe MaTepujanu
M onpema BO NPeBO3HOTO CPEACTBO CO Len Aa He ce 3abopaBu HeKoj gen. MoToa ynateTe ce KOH NoKauujaTa
3a xupgpo-ceere co b6p3MHA Koja € COOABETHA Ha ycnoBuTe 3a 6e3beAHO ABWXKeHe Ha onpemaTta wu

mMmaTepujanunte NpoTMB NPEBPTYBaAHLE.
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2) MoarotoBKa Ha KocMHaTa

OTcTpaHeTe rM nagHaTuTe IMcja U rpaHKK o, KOCMHaTa 3a
noaobpo HaHecyBakbe U ienere Ha MaTepujanoT o4 XMapo-
ceerbe €O 3emjaTa. [lOKONIKY Ha KOCMHATa MMa MYKHaTUHWU MK
Apyrv npobaemu co eposuja, HanoaHeTe v Co NoYyBa 3a 4a ce
M3PaMHMU LefaTa KoCKHa.

3) MoarotoBKa Ha onpemara

—y

doro 15: Pacuncrysare Ha KocuHata

MoaroTeeTe ja onpemaTta WTo Ke NPUCTUrHETe Ha NoKalujaTa.

3emerTe rm BO npegsua roneMmnHaTta 1 o0buKoT

Ha KOCMHaTa Kaje Ke ce HaHeCyBa U JONXKWNHATA Ha UpPeBOTO, 3a Aa Ce YyTBpAU Kaae Ke ce nocTaeu onpemara.

Ceme, fy6Gpuea,
[IPBHU BNAKHa, Nenakx,
KOMMNOCT, UTH..

Mewanka

MnactuuHo

LpeBo
Pesepsoap 3a
B0OA2 3a NpcKarbe

NoTucHa nymna
(moTopHa)

Peaepeoap 33
BOja 33
Mewaroe

Cnuka 5. MawmuHm wTo Ke ce Kopuctat U

MocTaseTe ro muKcepoT (MellankaTa) BO pe3epBoapoT
co apsHa nynna (ToaneTHa xapTuja) 1 Boga. Tpeba Aa
ce OCTaBW NPOCTOP Mefy Pe3epBoapoT M MeluasKaTa 3a
APy maTepujanu. UcTo Taka, MUKcepoT Tpeba aa ce
NOCTaBM Ha [HOTO Ha Pe3epBOapoT 3a MaTepujanute
[06p0 Aa ce uameluaat. MUKCEpPOT He cMee Ja ro yAupa

OHOTO Ha pes3epBoapoT. lo3uumjaTa Ha MUKCEpPOT e

MHOTY Ba*Ha, 3aTOa NocCTtaBeTe ja BHUMaATENHO.

doto 17: Ycnosu 3a nocrasaysarbe

Ha onpemarTta

14

KaKo ga ce nogpegar

dorvo 18: Nocrasysarbea Ha nymnu 8o
pesepBoapure



3) Mewatbe Ha maTepujanute

MpBo, obpo M3MellajTe M BOAATA U APBHATA Nyana
(ToanetHarta xapTMja) CO MUMKcepoT. MelajTe goaekKa
[pBHaTa nyana (ToaneTHaTa xapTuja) noseke He e BO
NpPBUYHMOT 06K, TYKy 0bpasysa Kawa. Mo
pacTBOparbe Ha ApBHaTa nynna (toanetHata xapTuja),

mMmaTepujanute ce AoAaBaaT Mo CAeAHMOT peaociea.
BHMMaBajTe Aa He rv CTaBuTe maTepujanuTe no

norpeleH pegocnes, buaejkn ke ce cTBpAHaT npeg,

n3mellaHa U npeTesopeHa BO Kalua

LLeNNI0CHO Aa Ce nimelwlaar.

Tabena 9: Pepocnen Ha popasarbe Ha maTepujanute

Xuapo ceerse 6e3 nousa Xuppo ceere co nousa

1. apBHa nynna (ToaneTHa xapTuja 6e3 Ty6a) 1. apBHa nynna (ToaneTHa xapTuja 6e3 Ty6a)
2. fybpuso 2. fybpuso

3. ceme 3. ceme

4. Te4yHO nenuno 4. komnocTt

5. nenuno Bo npas 5. TeyHo nenunno

6. 3eneH npas 6. nennno Bo npas

MuKcepoT Tpeba ga paboTu foaeKa XMAPO-CeeHeTo
3aBpwun. Kora mewankata Ke npectaHe ga pabotwy,

MOTEWKNOT MaTepujan ce TajaoXW Ha AHOTO, AoAeka
NoAecHMOT MmaTepujan oOCTaHyBa Ha BPBOT 0f4,
pesepBoaporT.

Mpu uM3BpLIYBatbe Ha XMAPO-CEEHE MOXKe fa ce

CNy4yaT He3roam BO pPakKyBakbeToO CO MeELllanKaTta.

BHMMaBajTe Kako Ke ja moctaBuTe 3a Aa ce usberHe e R
doto 20: mewarse Ha nousa
COMHyBake 0f, Kabenot Ha mellankaTta. UcTo Taka,

npu paboTta Ha MMKCeEpPOT, He 1 CTaBajTe paLeTe BO pe3epBoapoT buaejkm MUKCepoT BPTM CO rosiema 6p3nHa

N MoXe aa buge onacHo no 6esbegHocTa U 34paBjeTo Ha PaKyBayoT.

4) Xuppo-ceeme

Xugpo-ceereto Tpeba Aa ce M3BpLwM o4 paboTa 04, KOCMHATA, CO NOCTENEHO ABUMNKEHE Aa Ce OCUTypa AeKa
LUeAnoT matepujan e paMHOMEpPHO pacnopegeH. PaboTHUKOT ro ApsKK LPEBOTO Hag, pamoTo. McTo Taka co

NPCTOT rO KOHTPO/IMPA OTBOPOT Kaj M/Ia3HML,ATA 38 COOABETHO MPCKatbe Ha MaTepujanorT.
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doto 21: Xugpo-ceere

LlpeBoTO 3a xuapo-ceerwe € TelwKo. [OKONKy
LpEeBOTO € CBUTKAHO WAW UCKPUBEHO, maTepujanot
Ke ce 3arnaBsu BO LpeBoTO. 3a ga ce usberHe BakBa

CUTyauMja, NOMOLUHMKOT O MOMECTYBa LPEBOTO
oAHanpes BO HacoKaTa BO Koja ce ABWXKM
paboTHMKOT M My gaBa noagplka npu paboraTa.
Cute mMmaTepuvjanu uM3MellaHW BO pe3epBoapuTe

Tpeba [4a ce MCKOPUCTAT Ha KOCMHaTa, nopaau Toa . ¢ e n :
doto 23: MNomowHMKOT ja Nnpunarogysa nosmumjarta
Ha LpeBoTo

WTO OTKAKO Ke npectaHe MelaskaTa co pabota u
maTtepujanute Ke ce 04BojaT, MpU NOBTOPHO

melwlarbe UCTUTE HEMA PaMHOMEPHO da Cce Uu3mellaar.

5) Yucterbe n cknaaupare Ha onpemaTa

OTKaKo Ke 3aBpLUM XMAPO-CEEHETO, Pe3epBOapuTe 1 LpeBaTa ce M3IMMBAAT CO BOAA 3a /IENUNOTO Aa He ce
3anenu 3a BHaTpewHocTa. MymnuTe M Melwasnkara, UCTO TaKa, Ce NIaKHaT co BoAa. Mo muerbe Ha onpemara,

MCTaTa CKAaanpajTe ja Ha cooaBeTHa NOKauMja.

6) YnpaByBare co 6e3b6egHoOCT

3a 6e3begHo BpLere Ha paboTaTta Tpeba ga ce 3emat npeasus ciegHuse paboTu:

e  [lpu TpaHCNOPT Ha onpemaTa, 6e3begHO NPULBPCTETE FO PE3EPBOAPOT 33 KAMUOHOT CO PeMeHM 3a Aa

He ce NpeBpTy.
e  Op 6e3begHOCHM NPUYNHK paboTHMUUTE Tpeba Aa HOCaT WAeM, 04K/ U PaKaBULLK.

o EpneH pa6OTHMK CTOM A0 reHepaTopoT 3a Aa ro KOHTPO/INPa pa60Te|-beTo Ha MallMHaTa, 3a Taa Aa

MOXKe BefHalw Aa ce CTonupa ako Mma notpeba.
e  BHMMaBajTe eNeKTPMUYHN Kabnu ga He My npeyat Ha paboTHMKOT BO paboTaTa.
e He cTaBajTe paka BO pe3epBOapoT AoAeKa mMellankaTta paboTtu.

e  JIOKOJ/IKY HELITO He e BO pej, CO MaluMHaTa, BeAHal UCKAyYeTe ja.
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4. OapKyBarbe Ha I0KaLUMjaTa 3a XMapo-ceerbe

4.1 ‘PTerse n pact

‘PremeTo NOYHyBa 1 oo 2 Hepenn no XnApo-ceereTo. Kora KOpeHraTa Ce KpPaTkn BeAdHalw no IpTEI-bETO,
noaonropo4vyHa CyBOCT MOXKe Oda AoBeae A0 U3ymnparbe Ha KopeHuTte. 3aroa, AOKOJIKY He BpHE noseke o4

10 aeHa no ‘pTereTo U BPEMETO e CyBO NOAOAT NMepuoj, ce npenopadysa HaBoAHYBakbeE.

Y > 3 S i S

doto 25: NMer (5) gena no xuapo-ceere doro 26: Aecer (10) aena no xuapo-ceere

4.2 OpprKyBake BO CAyYaj Ha WYMCKU NOXKapu

Bo obnactu Kage WTo MMa 3HauYnTeneH pn3nK og noxkap, NCKkocerte ja TpesBaTa npej NOYETOKOT HA CyBaTa
CE30Ha 3a Aa Ce HamanaTt WaHCUTe 3a Wnpere Ha NoXKapu.
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AHeKcC

AHeKc 1 — /lucTa Ha onpema (3a 200m?)

bp. onpema €AVH. 3abeneluKka

01 PesepBoap 3a Boga 1000 n 2 HaTtoBapeTe ro Ha KAMMOHOT U 3auBpcTeTe T
CO jaxke.
MoToa HanonHeTe ro co Boaa.
Bo pe3epsoapoT ctaBeTe 10 nakyBaka
TOa/IeTHA XapThja 6e3 KapTOHCKa PoJHa.

02 Pesepsoap 3a Boga 300 n 1 -

03 MnactnyHo upeso 1 Ce HOCK ofeKa e NPUKAYeHO 3a pe3epBoapoT

04 XMAPAHTHO LpeBO 4 -

05 Mna3Huua 1 -

06 | NMymna 3a BoAa (MoTopHa) 1 -

07 | Nymna 3a Boa (payHa) 1 -

08 Mukcep (MeLwanka) 1 Tpeba ga ce cocTomn oA ApLUKa U Aen 3a
Mellakbe

08 [eHepaTop 3a eNeKTpUYHa eHepruja 1 -

09 | NpoaonxeH Kaben 1 -

10 | Cronye 3a UHCTasNaLMja HA MeLlanKa 1 -

11 [pB0O 33 MHCTanaumja Ha meLlanka 1 -

12 Ckana 1 -

13 PesepBoap 3a 6eH3uH 1 HanonHet co 6eH3uH

14 KyTnja co anar 2 -

15 pebno 2 -

16 | Jlonara 1 -

17 | Keca 3a fybpe 1 -

18 | MeragoH 1 -
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AHeKc 2 — Jlucta Ha maTepujanu (3a 200m?)

6p. maTtepumjan eauHUUa 3abeneluka

01 | ToaneTtHa xapTuja 200 ponHn | OTcTpaHeTe ja KapTOHCKaTa Tyb6a

1nakyBarbe 10 ponHu
100 ponHun/1 pesepsoap/100m?

02 | l'y6puso 20 Kr 10 kr/1 pe3epsoap/100m?

03 | MewaBKHa o4, ceMUHba 2 KyTuu 1 KyTnja/1 pesepsoap/100m?

04 Ceme op 6ena aetennHa 2 Kecnyku 70 r/1 pesepBoap/100m?, 1 kecnuka e 70 1
Ceme og, noBeKkeroauiLHa 1 Keca 350 r/1 pesepsoap/100m?, 1 keca e 1 Kkr
nujaHKa

05 TeyHo nenunno 20 nakyBsarba | 10 Kkr/1 pe3sepsoap/100m?, 1 nakysarbe e 1 Kr

06 | Jlennno Bo npas 3 KyTnun 100 r/1 pe3epsoap/100m?, 1 kytuja e 75 rp

07 3eneH npas 6 KyTnmn 0,1 kr/1 pe3sepsoap/100m?, 1 kyTuja e 1 Kr

08 Komnoct 7 2x70 n, 5x50 n, 300-400n/1 pesepsoap/100m?,

AHeKc 3 — JlicTa 3a ynpaByBatkbe co be3beaHocT (3a 4 paboTHUUM)
6p. marepujan eauHULa 3abeneluKka

01 waem 6 CO pe3epBeH

02 paKkasuum 6 CO pe3epBHU

03 ounna 6 CO pe3epBHMU
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AHeKkc 4 — [pumep 3a cmeca o4 ceMUtba

ceme G c.| G B S P Ha 100 m
Tpckacrta Bnacyna 4765 | 0,7| 0,7 | 0,7 450 | 09| 105 g/m 1,050 | kg
(Festuca arundinacea)

MNoBeKkeroamwHa NMjaHKa 2770| 0,7 | 0,7 | 0,7 500 | 0,9 5,5 g/m 0,550 kg
(Lolium perenne)

MpaBa nnBagapka 4500 0,7 0,7| 0,7 | 3000 | 0,9 1,5 g/mz 0,150 kg
(Poa pratensis L.)

bena petennHa 1.060| 0,7| 0,7 0,7 | 1500 | 0,8 0,7 g/mz 0,070 kg
(Trifolium repens)

BKYMNHO 13,095

G: o4eKyBaHo ‘pTerve (pacteHuja/m)

C.: KopeKuuja 3a noKaumja

Ci: KOpeKLUyja 3a YC/I0BUTE Ha TEPEH

B: cTanKa Ha ‘pTeme 3a ynotpebeHo ceme
S: 6poj Ha eanHMum ynoTpebeHo ceme (ceme/rp)
P: ynctoTa Ha ynotpebeHo ceme

W: KOIMYECTBO Ha ceetbe No ynotpebeH Bug g/m )
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