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PEY ITTABHOTI YPEJHVKA

I[TomToBaHe KONETMHNIIE 11 KOJIETe.

[TonoBuhy Hamucano y npormioM 6pojy jep ce oTaza Hyje HUIITA IPOMEHWIIO
ceM TOfIVHe.

Omer cMo cyoueHu ca npo6neMoM pUHAHNMCPamba M3laBamba YacoINCa, LITO
je YCTIOBUIIO 1heroBo Kallmewe. Haume, oBo je 6poj 3a 2018 ropgnuHy 1 HUCMO
MOIIN ia I'a IITaMIIaMO Ha BpeMe 300T HelocTaTKa GMHAHAHCYjCKUX CPeiCTaBa.
Osgaj nmpobnem ce nosehaBa 13 ropyHe y roguHy u Tpebano 6u na Yopyxeme
Oyjudapa Ha HeKM HauuH peuy Taj nmpobrnem. CmaTpaMm fa je Bpeme ja ce
oppxy CKYNIITMHA YApYyXemwa , IIe 61 ce Iopes oCTaINX TeMa U Impobiema
pasroBapajo 1 o mpobiemMy n3gaBama yacomuca ,Eposuja“

3HaM fia je cuTyanuja ca puHaHCKjaMa ,CJIOXKEHA , ITO OU peK/IN MOJIUTHYApH,
amys ;06py Bo/by MOI7IO 61 f1a ce Habe peltrerbe 11 3a Taj mpo67eM. Y TOM CMUCTY
alresryjeM Ha WIaHOBe YIIpaBHOI ofbopa Ha IITO Ipe 3akaxy CKyIIITHHY
yEpyXema u y3 ocrane Tekyhe ctBapu (opmpkaBame Cycpera Oyjudapa,
cTaTyc nuIeHe Oyjudapa, CTPyYHa M HayYHa IMTamkba Y Ip.) IOPa3roBapaMo I
qacomnucy ,,Eposnja“ u puHaHCHpa®my BHeroBor n3aBama.

[Tpod.np.Cranumup Kocrapnuos

Bojan Mihajlovski!, Ivan Minchev!, Ivan Blinkov! Bojan Simovski!
GEOMATIC TECHNIQUES FOR THE ENVIRONMENT

1*Ss. Cyril and Methodius” University in Skopje, Forestry faculty, 16-ta Makedonska brigada
No.1, 1000 Skopje, R. Macedonia

E-mail: mihajlovski.bojan1995@yahoo.com
ABSTRACT:

The main goal of this paper is to implement modern, up to date, geomatics techniques
and technologies in the environment. The entire database is made in GIS software, a GNSS
device is used to record detailed points on the field and for recording and preparing a new
orthophoto was used a modernly sophisticated drone (UAV) DJI Mavic Pro. QGIS (Quantum
Geographic Information System), as main software, was used for data processing and
implement measurements taken from the field, and other utility programs were used to perform
the tasks. The subject of the paper is the Promenade riverside Kumanovo, Macedonia, which is a
convenient place to try and implement this data processing method. First of all, it is a small area
with a pretty large scale which makes it easier to recognize and practically examine the details
on the field. Also this method can be applied in the forestry, agriculture, water management,
geodesy, spatial planning, sustainable development and environmental protection.

Keywords: QGIS, GNSS, UAV, inventory, geomatics techniques, remote sensing.




1. INTRODUCTION

The good appearance and preservation of nature is a wealth that needs to be passed on from
generation to generation. The care for the environment and the overall natural environment becomes
a moral responsibility of the whole community [3]. With the great advances in the technologies in
all spheres, as well as in forestry and urban areas, new transparent databases are created that will
make it easier, more effective and safer to manage the environment. In recent decades, remote
sensing techniques applied in forestry has been given an increased attention, which leads to the
ability of extracting important information for forest planning and sustainable management such as
the forest structure, composition, volume or growth [11]. In Finland, the City of Helsinki’s Street
and Park Division maintains a digital tree register (approximately 40,000 trees) that includes trees
that are situated at road sides and some of the trees in the parks. The tree-register data includes
information on the species, height, diameter-at-breast height (DBH), and geolocation.

The tree-register data are used in urban and environmental planning, in locating old
trees that are hazardous (for citizens), and in biodiversity monitoring [21]. In the last decade,
drones of different sizes, shapes and capabilities have grown rapidly and have acquired a
growing interest in civilian applications, as well as precision agriculture, forestry, biodiversity,
meteorology, emergency preparedness, so the drone revolution is already here [11]. It
represents a powerful technology that surely enters into everyday life. The progress of UAV is
growing with the progress of other technologies such as computing power, which is no longer
an obstacle, and the process of collecting and processing huge amounts of data is now much
easier [1]. A GNSS (GPS) or global navigation satellite systems is a very precise way to display
the desired location. The accuracy dependents on the device itself, or data available on the base
station, and of course the number of available satellites in the sky when the data is collected [2].
There is also a method of collecting data on the exact location of the trees with the so-called
Total Station. After the collecting of data is completed with this device they can be directly
downloaded into a computer and entered into GIS.

GIS or geographic information system gradually but surely becomes a valuable tool for
demonstrating how natural and human-produced components communicate with one another.
In many countries, GIS software is used as the main tool in many departments and sectors.

2. MATERIALS AND METHODS
2.1. Study Area Description

It is located 840 meters from the city
center of Kumanovo and represents one of the
newest built urban green areas occupying 45,200
square meters. On the north, this area is located
at the crossroads that connect the boulevard
Oktomvriska Revolucija and boulevard Gjorche
Petrov ; 42.13573, 21.72777 and 42.13579,
21.72853. On the south the coordinates are on the i =/
intersection that connects boulevard Oktomvriska s ik
Revolucija and boulevard Makedonska Udarna  Figure 1. Satellite image, the position of the

Brigada; 42.12597, 21.73119 and 42.12616, river bank Kumanovo
21.73225. (Google.Earth.2018)
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Figure 2. 3D projection aplication dronedeploy

2.2. Data Acquisition and Processing

This study started on August 1, 2018, and the entire database was developed in GIS
software, a GPS device was used to record detailed points on the ground, as well as for recording
and for making a new orthophoto recording with a modern sophisticated drone, DJI Mavic Pro,
was used. GIS will make it efficient, effective, executable and exemplary in designing, decision
making, action taking and evaluating park and recreation management services. Besides offering
better alternative for tree management system of Public Parks, it also can enhance the quality
of the parks by a proper maintenance where the standard system provides a framework for
periodically inspecting and evaluating the condition of the trees in the park. This park’s standard
maintenance system represents the attempt to clearly outline quality standards for all public parks
[23]. Positions of marked trees were individually recorded as waypoints using a Garmin GPS
receiver. The GPS receiver is small, handy, and easy to use; these features are suitable for forest
inventory [22]. In this case the details of the terrain are recorded with the Garmin Dakota 20 GPS
device, which is a sport model with good features. All the details of the terrain were recorded i.e.
the location of all trees was recorded, in this case, 647. At the same time, a collection of attributes
of the trees in this area has been carried out simultaneously. GIS software was also used in this
paper, Geographic Information Systems (GIS) use georeferenced (location based) data to visually
represent the dataset, which allows users to better understand and solve problems. GIS can be
defined as “A system for capturing, storing, checking, integrating, manipulating, analyzing, and
displaying data which are spatially referenced to the earth”[7].Similarly, the drone is useful. As
previously mentioned, Drone is an unmanned aircraft that is driven by ground. The very control
and management of the drone can be manual, that is, without a pre-made flight plan by which the
drone will be moving, or with the help of various applications that give the opportunity to create
a map or route for the drone to move.

The current use of drones in forestry applications is still at an experimental stage, but with
great potential in the near future [11]. The first step for using this new application is to install it
into a device (mobile phone/smartphone) that will be connected later with the drone controller.

Aplication is dronedeploy www.dronedeploy.com. It creates a profile of it and gives the
opportunity at any time to plan and edit new or old maps and flight plans. Flight Path Planning and
Data Acquisition After finalising and testing the components of the selected UAV, the next stage of




the training comes with planning the flight path and capturing the images. A flight-planning tool is
used to minimize the manual effort needed in flight planning processes such as overlapping of photo
imagery to guarantee appropriate overlapping coverage. The pilot from the ground control unit
then decides the region of interest on an interactive map, photo size and resolution, flight altitude
above the ground, flight speed, and longitudinal and traverse coverage of each photo for maximum
survey area coverage. The operator than finally defines the start and end points of the flight path to be
formulated [24]. In this case, it was recorded with a height of 100 meters with a pixel size of 3 cm,
overlap of shots of 70% and a maximum flight speed of 54.7 kilometers per hour. Recording of the
site lasted 21 minutes and 241 photos were taken. Lizarazo uses RGB photos to create 3D geometry
first because the spatial resolution tends to be more optimized than the infrared photos. In addition,
they developed algorithms and applied Wallis filters to successfully improve the accuracy of the final
product [19]. In addition to the orthophoto, the application also offers a 3D projection of the marked
space as well as photographs from the altitude, and pictures showing the state of the trees.

Figure 3. Dronedeploy aplication, create flight plan

2.3. Processing the collected field data

The processing of data collected from the field is carried out in the QGIS (Quantum
Geographic Information System) platform version 2.18.25. Geo-referencing of footage, processing of
collected GPS points (Waypoints), processing of excel tables, moving of GPS points was performed.
Georeferencing involves image alignment in a coordinate system. Is the stage at which the image
becomes a form of spatial data, since they are characterized by reference to a coordinate
system defined by parameters such as projection and point of origin (datum). For georeferencing a
map we need at least two pieces of information: a series of points easily identifiable on the map
whose location (latitude and longitude, rectangular coordinates) are precise (here the principle is:
“the more, the better”) and the projection system where the original map on paper was made.
When processing the collected GPS points (Waypoints), a database of information on individual
trees is created. This information includes tree location, diameter, height, canopy width, condition
[25]. As indicated in the GPS chapter and the GPS points collection, each recording makes a certain
“error” depending on the characteristics of the device itself.

The GPS device that it is used for this work has approximate accuracy of 3-10 m. With the
processing of the points, i.e. their input, as well as the input of the drone photos into the GIS software
it has come to an incomplete match of these two important elements. Specifically, the GPS device for

()

each point, in this case, the tree deviates for a certain distance. In order to complete this operation and
processing, the GIS software offers us the opportunity to move these points to the desired position.

3. RESULTS
3.1. Overview of the dendroflora on the river bank Kumanovo

With the inventory carried out in this area, a total of 647 trees were identified, a total
of 27 species of trees were recorded. In addition, a table from the entire dendroflora of the
river bank Kumanovo is presented. The complete tree inventory of public lands in river bank
Kumanovo showed a very diverse mixture of tree species. There were 27 species of trees present
(Table 1). Of these, five species represented the majority of the trees: Catalpa bignonioides (79
trees), Fraxinus Americana (170 trees), Thuja orientalis (78), Cupresuss arizonica (53), and
Salix matsudana (53 trees) [20].

Table 1. Dendroflora of the river bank Kumanovo shown in tabular form

Taxa Tree mark
Catalpa bignonioides 79
Acer platanoides

Celtis australis 5
Cupressocyparis x leylandi 22
Fraxinus americana 170
Juglans regia 1
Morus alba 6
Picea pungens 11
Thuja occidentalis ‘Smaragd 7
Tilia tomentosa 6
Prunus cerassifera ‘nigra 7
Koelreuteria paniculate 3
Thuja orientalis 78
Cupressus arizonica 53
Picea abies 37
Cedrus deodara 10
Quercus frainetto 2
Thuja occidentalis 19
Thuja plicata 3
Cupressus sempervirens

Pinus wallichiana 5
Cedrus atlantica 11
Juniperus sabina 1
Acer negundo 1
Salix babylonica 32
Salix matsudana 53
Acer dasycarpum 7
Total: 647

11
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3.2. Mapping Attributes in the GIS Platform

For the purpose of detailed and transparent presentation of the dendroflora and collected
attributes from the river bank, the GIS platform offers us various possibilities and benefits in
terms of mapping or creating maps. For this purpose, 5 maps were prepared:

* Map of species

* Map of diameters

* Map ,,Width of the canopy*

* Map of heights

* Map of damages

In the window Categorized we have an opportunity the previously arranged layer to be divided
by the input attributes. In this case, data are provided from which the maps themselves are made, ie the
type, diameter, canopy, height, damage. By opening one of the offered attributes and clicking Classify,
all of them are classified in different colors for different data. This operation completes the first stage
in making a thematic map. For example, a map of species will be presented (Figure 4).
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Figure 4. Map of species river bank Kumanovo
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3.3. Publishing thematic maps on a GIS platform

Once a GIS database is created composed of GPS points collected from the field and their
processing as well as the input of attributes, a DRON photo processed (geo-referenced) creates a
digital map i.e. a web page that provides forestry and horticultural data for the points that are the
subject of this paper. In this complete database GIS software gives us the opportunity through the
QGIS Cloud plug-in to create a web-based digital map of all trees on the river bank, which would
be accessible to all citizens. All citizens, visiting the river bank may have an overview of the trees
species, their condition, height and diameter for each tree separately [6].

- O A e i
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Figure 5. Web-based digital map of all trees on the river bank Kumanovo

4. CONCLUSION

The need of our society for such devices and drones is necessary but there have always
been obstacles in the introduction of new technologies, primarily because of the funds, lack of
development strategy, lack of educated staff that will implement the reforms, but most of the
cases are from ignorance or insufficient information about the advantages of this technology.
The use of drone and the technology of drones besides that can and has a great application
for a variety of purposes has its advantages and disadvantages. As an advantage can be cited
surveillance and security. His ability to give an overview of the environment is one major
advantage of survival. You can easily identify what is happening in your area or if there are
some riots nearby. In addition, having airborne drones can help you investigate the damage
caused by storms or any natural disaster. The ability to control a drone from a distance allows
you to detect problems before reaching you without having to expose you to potential threats.
To identify and avoid objects in the flight path, you can add proximity sensors. When the battery
is low or the controller loses connectivity, the “return-to-base” function is a great asset. One of
the main advantages of the drone is that it is available to all users, that is, the prices are pretty
small for this kind of technology. A shortcoming is the short life of the battery, although drones
are suitable for use, they have short battery life. On average, the battery with a single charge
gives you the opportunity to use the drone 20-25 minutes depending on the drone itself and its
specifications. The drone used for this study can fly 27 minutes with one battery. One of the

{ =]




drawbacks of drones is that they can be shot down, trapped. Although the drone is considered
a technology that helps society to develop, in some cases this type of drone is used for terrorist
attacks or attacks that endanger the lives of the civilian population, ie it is a fairly cheap and
effective weapon. This paper presents how with the aid of modern geomatic techniques and
technologies we can greatly improve the environment. The inventory carried out on the green
area of the Kumanovo riverbank is a detailed overview of the urban dendroflora under the
jurisdiction of “JP Chistota i Zelenilo”, and as such it will be of great benefit to the same
company. In fact, that information or the census itself gives us the knowledge of what we
actually have and what we have on our disposal. What is significant is the result that 674 trees
have been recorded and 27 different types were encountered on such small space in an urban
environment. The prepared maps presented in the previous chapter are an example of many
large cities in Europe and the world about how a public company actually organizes managing
green areas. All 5 cards are 3 pixels high resolution and high-quality recordings shot by DRON.
The ultimate goal of this paper is to digitize the data collected from the field and to make them
available to the general public. By publishing the thematic maps in Gis Software, a complete
transparent digital map data has been obtained, with which each visitor on the page has an
overview of the overall dendroflora the processed area with all the attributes and information
gathered from the field.
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ANALIZA GODISNJEG OBIMA I TRENDA POSUMLJAVANJA
U REPUBLICI SRBIJI

Tatjana Cirkovi¢-Mitrovi¢', Dragica Viloti¢?, Ljiljana Brasanac-Bosanac', Dusan Jokanovic?,
Vesna Nikoli¢ Jokanovié?

Abstrakt: Pitanje godis$njeg obima poSumljavanja direktno uti¢e na

promene stepena Sumovitosti, koji u Republici Srbiji iznosi 29,1%, Zato su u radu analizirani

podaci o godiSnjem obimu i trendu posumljavanja za period 2003-2016. godina. Smanjenje
povrsina koje se poSumljavaju konstatovano je u celoj Srbiji. U poslednjih pet godina
analiziranog perioda prosec¢na godiSnje poSumljavanje i popunjavanje izvrSeno je na samo oko
2.000 ha godi$nje, uz prisutan negativni trend. Najvise se poSumljavalo smr¢om (preko 60%)
i crnim borom (oko 25%). U Centralnoj Srbiji su se za poSumljavanje liS¢arskim vrstama
najvise koristili hrstovi i bagrem, a u Vojvodini topole. Dosadasnjom dinamikom po§umljavanja
predvidena optimalna Sumovitost od 41% ne moze se posti¢i do 2050. godine. Analiza obima
i trenda poSumljavanja vazne su smernice pri planiranju i sprovodenju radova na podizanju
novih Suma i povecanje stepena Sumovitosti u buduénosti.

Kljuéne refi: Srbija, Sumovitost, trend poSumljavanja, obim poSumljavanja

ANALYSIS OF ANNUAL AFFORESTATION SIZE AND TREND IN REPUBLIC OF
SERBIA

Abstract: Annual afforestation size directly affects changes of forest cover grade, that is in Serbia
about 29.1 %. Therefore in the paper was analyzed data related to annual size and afforestation
trend for period 2003-2016. Decreasing of afforested area was recorded in a whole Serbia. In
the last five years within analyzed period an average anual afforestation was performed just at
area of 2.000 ha per year and negative trend was present. The greatest area was afforested with
spruce (over 60 %) and black pine (about 25 %). As for Central Serbia, the most used species
for afforestation were oaks and acacia, while in Vojvodina it was poplar. If we follow current
afforestation dynamics, predicted optimal forest cover of about 41 % can not be reached before
2050. Analysis of afforestation size and trend is of a great importance during making plans and
doing work related to new forests establishing and increasing of forest cover grade in the future.

Key words: Serbia, forest cover, afforestation trend, afforestation size

1. UVOD

Neracionalnost u strukturi iskori§¢avanja zemlji§nog prostora u Srbiji manifestuje se izmedu
ostalog i malim uceS¢em povrsina pod Sumom i visokim procentom ugrozenosti zemljista
vodnom i eolskom erozijom. Procenat Sumovitosti u Republici Srbiji iznosi oko 29,1% (u
Vojvodini 7,1%, au Centralnoj Srbiji 37,6%), §to je blizu svetskog, koji je 30%, a znatno nize od
evropskog, koji dostize 46% (Bankovi¢, 2009; Ivezi¢ et al., 2015). Na osnovu stanisnih prilika
i realne potrebe racionalnog korisé¢enja zemljista, procenjuje se da je optimalna Sumovitost oko
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41% (u Centralnoj Srbiji 49,8%, u Vojvodini 14,3%), pa je planirano da se poSumljavanjem i
prirodnom obnovom $uma Sumovitost povecéa do optimalne do 2050. godine.

Osnovni cilj ovih istrazivanja jeste da se utvrde tokovi i predvide trendovi kretanja obim
posumljavanja, kako bi se stekao uvid u dinamiku i dale smernice za planiranje i sprovodenje
radova na poSumljavanju, a sve do ostvarenja krajnjeg cilja — postizanja optimalne Sumovitosti.

2. METOD RADA

Osnovni princip na kom se ovo istrazivanje baziralo jeste da se analitiCko-sinteznim metodama,
izradom modela trenda sagleda pitanje znacaja intenziteta i obima poSumljavanja, ali i analizira
postojece 1 moguée stanje poSumljavanja unutar prostornih kompleksa i Sumskih ekosistema,
iz ¢ega bi proizasla adekvatna reSenja i predlozi o obimu posumljavanja.

Podaci o obraslim i neobraslim povr§inama u drzavnoj i privatnoj svojini i o obimu
posumljavanja dobijeni su na osnovu podataka iz Republickog zavoda za statistiku Republike
Srbije, JP ,,Srbijasume”, JP ,,Vojvodinasume, ali i odgovaraju¢ih nau¢nih radova, studija,
projekata i monografija koje se bave ovom problematikom.

Obrada dobijenih podataka izvr$ena je kori§¢enjem statistickog softvera Statistica 7 i
Microsoft Office paketa.

3. REZULTATI SA DISKUSIJOM

Dinamika poSumljavanja obeSumljenih i neobraslih povrsina pokazuje varijabilnost u razli¢itim
vremenskim periodima. Intenzivna poSumljavanja u Centralnoj Srbiji zapoceta su jo§ pocetkom
XIX veka (Drazi¢, 1992). Srbija je u to vreme procenat Sumovitosti oko 80%. Usled istorijskih
prilika, drustveno-politicke i ekonomske situacije na podru¢ju Balkana, Sumovitost se od tada
smanjivala, tako da je neposredno posle II svetskog rata tek prelazila 20%. Pedesetih i Sezdesetih
godina intenzivno se poSumljavalo, pa je Sumovitost 1961. godine dostigla 30% (Graph 1).
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Grafikon 1. Promena Sumovitosti Centralne Srbije
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U periodu izmedu 1945. i 1990. godine poumljeno je 519.824 ha (Drazié, 1992, Smit et al.,
1996), a prema podacima iz Programa zastite i unapredivanja Suma u periodu 1996-2000. godine
u Srbiji je do kraja 2001. godine poSumljeno i meliorisano 155.135 ha u drzavnom vlasnistvu,
od cega je 105.000 ha goleti (Medarevic et al., 2002). Prevelikom eksploatacijom s jedne, a
smanjenim obimom posumljavanja (za vise od 80% od 1982. godine do danas) s druge strane,
trend smanjenja povrsina pod Sumomse se nastavlja, narocito u poslednjih dvadesetak godina.

Prema Prostornom planu Republike Srbije od 2010 do 2020. god. (2010, SI. glasnik R. Srbije, br.
88/10), predvidene povrsine za poSumljavanje, kojima bi se Sumovitost priblizila optimalnoj ili
je dostigla, prikazane su u tabeli 1.

Tabela 1. Postojeca i planirana Sumovitost u Srbiji

Sume i Planiran obim
Teritorija Godina Sumsko zemljiste poSumljavanja
km? % km?
Republika Srbija 2010. 22.524 29,1
(bez podataka za 9.285
AP Kosovo i Metohija) 2020. 31.809 41,0

(Izvor: Prostorni plan R. Srbije od 2010 do 2020. godine)

Prema ovim podacima, predvidena dinamika poSumljavanja, odnosno proseéno godisnje
povecanje povrsine pod Sumom trebalo bi da iznosi 928.500 ha, do optimalne Sumovitosti. Sa
rokom postizanja optimalne Sumovitost do 2050. godine, godi$nje povecanje bi trebalo da bude
oko 23.250 ha. Zato se analizom obima posumljavanja u istrazivanom periodu moze predvideti
stepen realizacije, ako se nastavi sa ovim trendom.

Za izradu modela trenda poSumljavanja Centralne Srbije i Vojvodine u periodu 2003-2016.
godina kori$¢ena je polinomijalna regresiona funkcija drugog stepena (Graph 2).

Centralna Srbija = -3,1354E7+31264,3534*x-7,7933*x"2
Vojwodina = -1,0724E8+1,0694E5*x-26,6593*x"2
Vojwodina (without 2007.) = -4,3494E6+4454,339*x-1,1392*x"2
10000 T r

Centralna Srbija: r=-0,8086; p =0,0005; y = 1,1552E5 - 56,7956*x
Vojvodina: r=-0,3896; p = 0,1685; y = 4,155E5 - 205,9099*x
o Vojvodina (without 2007.): r=-0,6792; p =0,0107; y = 2,5059E5 - 124,1066*x
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Grafikon 2. Trend posumljavanja u Centralnoj Srbiji i Vojvodini (2003-2016)
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Statisticki elementi pokazatelji trenda kretanja poSumljavanja u Centralnoj Srbiji su
signifikantni na nivou znacéajnosti 0=0,05. Godisnja povrSina koja se poSumljavala u ovom
periodu smanjivala se prose¢no 56,92 ha/god. Cinjenica da je dinamika po$umljavanja na
godisnjem nivou oko 1.600 ha, sa tendencijom stalnog opadanja, zabrinjava, kako sa ekoloskog,
tako 1 sa socio-ckonomskog aspekta.

Sto se statistickih elemenata pokazatelja posumljavanja u Vojvodini ti¢e, oni nisu signifikantni
na nivou znacajnosti a=0,05, usled izuzetno visoke vrednosti parametra u 2007. godini. Uz
negativan trend, godi$nje prose¢no smanjenje obima poSumljavanja iznosi 203,73 ha. Ako se
izuzme 2007. godina, kao ekstremum, opadajuéi trend ostaje, samo je prose€no smanjenje
obima poSumljavanja tada 124,11 ha.

U istrazivanjima Rankovi¢ (2009), navodi se da obim poSumljavanja u Srbiji u periodu 2000-2007.
godina karakteriSe eksponencijalni rast, sa povecanjem poSumljene povrsine na godisnjem nivou
od 804 ha (prosecna godi$nja stopa rasta 17,4%). Uzrok ove razlike u rezultatima istrazivanja
upravo je ekstremna 2007. godina, u kojoj je obim posumljavanja bio visestruko veci od proseka
za poslednjih dvadesetak godina. Od oko 10.500 ha povrSine posumljene u 2007. godini,
¢ak 9.500 ha je poSumljeno u Vojvodini (najvise topolama i bagremom). Visegodisnji prosek
godi$njeg obima poSumljavanja u ovoj pokrajini inace iznosi oko 1.000 ha.

U pogledu zastupljenosti lis¢arskih i Cetinarskih vrsta koris¢enih za poSumljavanje, prose¢no
65% povrsine u posmatranom periodu poSumljeno je lis¢arima (Graph 3), i to topolom
(39,9%), bagremom (20,1%) i hrastovima (18,3%). Najzastupljenija Cetinarska vrsta koris¢ena
za poSumljavanje je smréa (62,3%), zatim crni bor (24,8%) i beli bor (10,8%). Opadajuéi
trend karakteriSe poSumljavanje i liS¢arima i Cetinarima, ali je kod poSumljavanja lis¢arima
izrazenije godi$nje opadanje ovog parametra.
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Grafikon 3. Trend poSumljavanja lis¢arskim i ¢etinarskim vrstama u Srbiji (2003-2016)

Na grafikonu 4 i1 5 prikazani su trendovi promene povrSina poSumljenih najvise za tu svrhu
koriS¢enim Cetinarskim i lis¢arskim vrstama drveca.
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Spruce = -3,6874E7+36761,7324*x-9,1621*x"2
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Grafikon 4. Trend poSumljavanja smréom, crnim i belim borom u Srbiji (2003-2016)

Oaks = -3,1675E7+31536,8477*x-7,8496*x"2
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3500 r T r r

o

3000 Oaks: r=-0,1865; p = 0,5232; y =21810,1604 - 10,6462"x
o Acacia: r=-0,2484; p =0,3919; y = 90268,1209 - 44,6923*x
Poplar: r=-0,5858; p =0,0277; y =2,3261E5 - 115,3033*x
2500
2000

1500

1000

500

afforestation and reforestation area (ha)

o Oaks

-500 ~
2002 2004 2006 2008 2010 2012 2014 2016 201812“322?

year
Grafikon 5. Trend poSumljavanja topolom, bagremom i hrastovima u Srbiji (2003-2016)

Za izradu modela trenda poSumljavanja smréom, crnim i belim borom, koriS¢ene su
polinomijalne regresione funkcije drugog stepena. Kretanje veli¢ine povrSine poSumljene
smrc¢om karakterise prosecno godiSnje poSumljavanje na 1.165 ha, sa povecanjem od oko 30
ha/god. do 2006. godine, nakon ¢ega dolazi do promene smera iz rasta u pad ovog trenda,
prosec¢no oko 90ha/god. Prose¢no godisnje posumljavanje belim borom izvedeno je na povrsini
od 316 ha. Kretanje veli¢ine povrSine posumljene belim borom pokazuje blagi pad u celom

()

posmatranom periodu (10 ha/god.). Prose¢an godis$nji obim poSumljavanja crnim borom iznosi
oko 345 ha. Trend promene povrsine poSumljene crnim borom pokazuje smanjenje do 2009.
godine (oko 30 ha/ god.), nakon ¢ega se godisnja povrsina poSumljena ovom vrstom povecava
za prosecno 15 ha po godini.

Za izradu modela trenda poSumljavanja topolom i bagremom kori$¢ene su eksponencijalne,
a hrastovima polinomijalna funkcija drugog stepena. Zbog ekstremnog skoka u 2007.
godini parametri su statisticki nesignifikantni kod poSumljavanja topolama i bagremom. Za
posumljavanje hrastovima karakteristicno je povecanje poSumljene povrSine do 2009. godine
prosecno za 45 ha/god., nakon ¢ega se obim poSumljavanja ovom vrstom smanjuje za prosecno
60 ha na godiSnjem nivou. Prose¢na godiSnja povrSina poSumljena bagremom iznosi oko 275
ha, sa tendencijom opadanja oko 16 ha/god., a prosecna povrsina koja se posSumljava topolom
je 862 ha/god., ali sa godi$njim smanjenjem od oko 115 ha.

Analizom trenda promene, kako ukupne posumljene povrsine, tako i po pojedinim
vrstama, moZe se konstatovati smanjenje ove povrsine, izuzev kod crnog bora, $to se moze
objasniti koriS¢enjem ove vrste za posumljavanje ekstremnih stanista, odnosno stanista losijih
proizvodnih karakteristika. Prema IzveStaju o ostvarivanju prostornog plana Republike Srbije 1
stanju prostornog razvoja 2013. god. ,,...U odnosu na planirani obim bioloskih i ostalih radova
u oblasti Suma i Sumarstva u ukupnom iznosu od oko 93 milijarde dinara, u 2013. godini
radovi su finansirani u ukupnom iznosu od cca 516 miliona dinara (0,5%), Sto je onemogucilo
odgovarajucu implementaciju ciljeva Strategije razvoja Sumarstva...”“. Finansiranje radova
vezanih za poSumljavanje verovatno je uticalo na smanjenje obima poSumljavanja.

4. ZAKLJUCCI
Neki od najvaznijih zakljuc¢aka koji se mogu izvesti su sledeci:

— trendovi su jasno izrazeni, a za njihove modele koris¢ene su polinomijalne regresione
funkcije drugog stepena i eksponencijalne funkcije;

— trend smanjenja povrSina koje se poSumljavaju primetan je kako u Centralnoj Srbiji, tako
iu Vojvodini, gde je jaCe izrazen;

— opadajuci trend karakteri$e poSumljavanje i lis¢arima i etinarima, ali je kod poSumljavanja
lis¢arima izrazenije godiSnje opadanje ovog parametra;

— analizom trenda promene, kako ukupne poSumljene povrsine, tako i po pojedinim vrstama,
moze se konstatovati smanjenje ove povrsine, izuzev kod crnog bora, §to se moze objasniti
kori§¢enjem ove vrste za poSumljavanje ekstremnih staniSta, odnosno staniSta loSijih
proizvodnih karakteristika.

Prema Strategiji prostornog razvoja Republike Srbije 2009-2013-202,0 u oblasti Suma i
Sumskog zemljista ciljevi su ostvareni samo manjim delom, kao i planirane implementacijske
mere. Planski cilj poSumljavanja izvrSen je samo sa oko 14%. Ekonomska, socijalna i politicka
situacija uticala je na smanjenje finansiranja i podsticajnih mera, koje bi dale pozitivan efekat
u pogledu povecanja obima poSumljavanja, samim tim i Sumovitosti Republike Srbije. Zato
je neophodno isplanirati adekvatna sredstva i mere kako bi ovi negativni trendovi obima
posumljavanja promenili svoj smer.
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AIICTPAKT

Bereranuja moxe nosehar cTaOMIHOCT KIM3HIITA YTHIA]€éM KOPEHOBOT CHCTEMA, TTOTIPABKOM
(M3HYKO-MEXaHUUKMX 0COOMHA 3eMJBHINTA. Y THIA] KOPEHA IIPHIMKOM padyHarmbha CTaOMITHOCTH
HaJJMHa U3pakeH je MPEKo KoXe3uje ,,0M0-apMHUpaHOr ™ 3eMJbHIITA. Y pajly Cy IpUKa3aHe aHaJIn3e
CTabMITHOCTH KJIM3MIITa ,,Pakipa®, 6e3 n ca ytuinajem Ouo-apMupama 3emsbuinta. Codreep
32 TEOTEXHWYKO HyMepHuko Monenupame-GeoStudio 2007 je xopumheHu 3a cBe aHaiIm3e
CTaOMIIHOCTH KJIM3WINTA, MeTojfoM Janbu-a. YTHIaja KOpEHOBOT cHcTeMa Ha CTaOMIIHOCT
KIIM3UIITA j€ aHaJIM3MpaH Kao jlaMena ca I0jeMHaYHUM aHKEPUCAHHUM ,,0MO-IIHIIOM", KOJH je
neduHnCcaH MonenoM 3a CBaKy onaOpaHy OMJbHY BpcTy. Mogen OWommmna je mojesbeH y ABe
30He OMO-apMHparba U CUMYJIUpPaH Y KOHKPETHUM yCJIOBUMA CpeuHe. AHAIIM30M CTaOMITHOCTH
KIM3UITa ,,Pakspa“ nzabpaHe cy Tpu KapakTepHCTHYHE KIIM3HE PABHH, KOj€ HE HCITYHHaBajy yCIIOB
crabunHoctu Fs > 1,5. Hakon Ono-apMupama 3eMJbHINTa KOSPUIMjEHT (pakTopa CHUIYpPHOCTH
nosehan je kox cBMX W3abpaHmX KiW3HMX paBHH. Kim3He paBHU Koje canpike >55% Owmo-
apMHUpPAHOT 3eMJBUINTA, Y OAHOCY HA LeNy KJIM3HY TOBPILIHMHY, HCITYHaBajy YCIOB CTAOMIHOCTH.
[pukazanu pe3ynrary NpeACTaBIbajy JONPHHOC Y POHATAKEHY aJJeKBaTHUX pelleHha CaHaIlH]je
KJIM3UIITA TPUMEHOM OMONOLIKHX Mepa.

KibyuHe peun: KIm3uiITe, KOPEHOB CUCTEM, KOXE3Hja ,,0M0-apMUpPaHOT"* 3eMJBHUINTA, aHAIN32
cTaOWITHOCTH, BereTanyja

EFFECT OF BIO-REINFORCED SOIL ON STABILITY OF THE “RAKLJA”
LANDSLIDE

ABSTRACT

Vegetation can increase stability of landslides by the influence of the root system, by
improvement physical-mechanical properties of soil. The influence of root in calculating slope
stability is expressed through root cohesion. In this paper are presented stability analysis of
the ,,Raklja” landslide, before and after bio-reinforcement of soil. Software for geotechnical
numerical modeling-GeoStudio 2007 was used for all landslide stability analyzes, by the Janbu
method. The influence of root system on landslide stability was analyzed as a slice with a single
anchored ,,bio-pile”, which is defined by the model for each selected tree/shrubs species. The
biopile model is divided into two bio-reinforcement zones and simulated in real conditions. By
analyzing stability of the “Raklja” landslides, three characteristic shear planes were selected,
which do not fulfill stability condition Fs > 1.5. Shear plane containing >55% bio-reinforced
soils, in relation to entire slip surface, fulfill the stability condition. After bio-reinforcement of
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soil, coefficient of factor of safety of shear plane 1 was increased by 0,3, at shear plane 2 by
0,4 and shear plane 3 by 0,4. Results presented represent a contribution in finding adequate
solutions to landslide rehabilitation using biological measures.

Key words: landslide, root system, root cohesion, stability analysis, vegetation
YBO/J

Knusuiira HacTana yTHIajeM MPUPOAHUX WM aHTPOIOreHHX (akTopa, MMajy MOTCHIHja
cTabuIM3alyje IPUMEHOM OHOJIOIIKMX Mepa Kao pelewa. [IpucycTBo Bereraiyje 10MpuHOCH
CTaOMITHOCTH TepeHa W CIpedyaBamy HACTAHKA MOBPIIMHCKAX W YHYTPalllbHX OONHKA
€pO3UOHUX Tpolieca (Crupama, Opasze, japyre, KIU3MIITA, ONPOHH, yieruyha, cydosuja u ci.)
Ha HECTAOMJIHUM M YCIIOBHO CTa0MJIHUM TepeHUMa. BereTaiyja uMa BUILIECTPYKH yTHUIIA] HA
CTabMITHOCT TEPEeHa, KOji OCTBAPYje CBOjUM TOBPIIMHCKAM U TIOA3eMHIM JeioBuMa. KopeHos
CHUCTEM MOXC JIa YTUYEC Ha CTa6I/IHHOCT KJIM3UIITAa, IIOIIPaBKOM q)HSI/I‘IKO-MeXaHI/I‘IKI/IX OCO6I/IH3
3eMJbHUIITA Ha KOojeM ce pa3uja (Wu 1976, Ziemer 1981). Teneniuja kopeHa aa 301ja 4eCTUIIC
3eMJBHUINTA Y jEAHY MOHOJMTHY Macy JIOMPHHOCH MMoBehamy OTIOPHOCTH 3€MJBHINTA, MPE
cBera KoxesHje, kKoja ce HasuB Koxesuja ,,0uo-apMupanor™ semibuinra (c). buo-apmupano
3eMJBHIIITE Y HOXKHITK KiTu3uiTa Moke moBeharu crabmmHoct 3a 10% (Stokes 2004). YV mymama
Ha MaguHaMa, MpuMeneHo je 1a ce IUIMTKA KIU3UINTA jaBJbajy Ha MECTHMA TI¢ HHje PUCYTHA
Bereraifja Wim je u3BpiueHa npopena mryme (Roering et al., 2003). Pa3sujeHOCT, MOI0Ka]
MopGosiorrja KOpeHOBOr cucteMa omapel)yjy Koimuko ehuKacHO KOPEH Jeyje Ha CTaOMITHOCT
KJIM3HUINTA W OTIIOPHOCT Ha aectabumusyjyhe cuie. BusbHe BpcTe Majy Tpu miaBHa 00iHKa
KOPEHOBOT CHCTEMa: TAbHPACT, CPLUACT U u3pakeHoM cpuyanuiioM (Kostler 1968). V canaruju
KJIU3HUINTA, KOPUCTE CE Pas3aHMuuTe OWUJBbHE BPCTE KOje MOpajy OWTH IpuiaroljeHe ycioBuMa
TEepPEHa U TUILY CaHaIlHje.

VY oBOM pajy NpHKazaHe Cy aHaJIN3e IPOMEHE CTAOMJIHOCTH Ha HOAPYYjy HCTPaKUBamba
KIM3uITa ,,Pakipa‘, mpe 1 HakoH OMo-apMupama 3emsbHITa. LMb pana je ma ce pasmoTpu
MoryhHOCT mpuMeHe OHOJIONIKMX Mepa y CaHalMju KIU3UIITa Kao IPEBEHTUBHHUX U
CTaOMIIM3aMOHNX Mepa WM Y KOMOMHAIM]H ca TEXHUYKUM Mepama.

MATEPHUJAJ U METOJ
Monpyyje ucTpaxkuBama

Ha npxasuum mmyty 11 A 6poj 207 neonuna Anekcanaposai-Jomannuka bama, ko cena Pakiba,
TOKOM 3uMe 1 tposicha 2006. ronune, HACHTH(HUKOBAHH CY TPOICCH HECTAOMITHOCTH Ha TCPCHY.
Kimkeme je 00yxXBaTHIIO TPyl IyTa W OKOJIHW TEPEH M3HAJ U HMCIIOJ MyTa Ha IOBPLIMHHU OKO
1 ha. 3anpemuna mokpeHnyTor Marepujana je pema Benuunde oko 30.000 m®. Jlepopmanuje Ha
KJIM3UIITY CY Y XOPHU30HTAJIHOM IIPaBIly JI0 2 m, a y BepTHKaiHoM oko 1 m. KiusHa nosprimna
ce ¢popmupa Ha nyOuHM 3-4 m O MOBpUIMHE TepeHa, Harub kmmsminra je 18°. Jledopmanuje
Cy Haju3pakeHHje Ha NPHUPOIHOj MaJWHU UCHOJ IyTa, y BUAY yinerHyha, 3aTanacaHocT TepeHa
n nykoruHa (Mwmuh u gp. 2007). Ha couim 1 mpukasaH je reoTeXHMYKH IIPECEK TepeHa.
leoTexHuuku Mozes TepeHa je neUHIUCcaH Ha OCHOBY OJIroBapajyhix TepeHCKUX HCTPaKUBaba U
n1ab0paToOpPHjCKUX MCITUTHBAKA (Tadbena 1). Jlo akThBUparma KIN3UIITA ,,Pakiba‘“ 01O je ycue
Bojio3aculickha TepeHa, KOje je M3a3BaHO BEJIMKOM KOJMYMHOM IaJaBUHA, HATIMM TOIJBCH-CM
CHEra 1 BEJINKUM NPHJIMBOM TI0J3EMHUX BOJa U3 3aieha.
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Crnuka 1: ['eoTeXHHYKY Mpecek KIM3HUIITa ,,Pakipa“ (nu3Bop: UHCTUTYT 32 myTeBe)

Tepen y xome je ¢opMupaHo kiusuinTe ,,Pakiba®, nsrpaljen je y MOBpPIIMHCKOM [Ny O
DJIMHOBUTHX MPAIIMHACTUX-NIECKOBA M IIMHOBUTHX IPAIIMHACTHX-IJbYHKOBA, JAEITYBH]jaIHOT
U JIeJTyBHjaHO-TIPOTYBHjaJIHOT TOpeKia, 1youHe o 3 10 5 m. OcHOBY TepeHa, 10 1yOuHe
oko 15 m, u3rpal)yje Bpio XeTeporeH KOMIUIEKC je3ePCKUX CEAMMEHATa, y TOPSHEM CIIOjy
MPE/ICTaBIbEH JIATOPOBUTHM [IMHAMA U MTPAIIMHACTHM IMHOBUTHM-TIeckoBuMa (GL;Pr,P), a'y
1y6JbHMM CIIOjEBHMA JIAIIOPOBUTHM MECKOBMMA H IIJbYHKOBMMA H reckoBuMa (Lp;Sp,Pr).

Tabena 1: ®u3n4IKo-MeXaHUYKE BPSAHOCTH 3eMJBHUINTA KIM3UIITA ,,Pakipa‘

CrnojeBu 3eMJbHINTA 3225;1\:;“(%(& Yrang:I};;p(z:pL;uLer Koxeswuja (c)
[MunHa npammHacTo-mecKOBUTA 19 kN/m? 17° 10 kPa
I'muna npammHacTo-IIbYHKOBHUTA 19 kN/m? 19° 9 kPa
[IpammHa rMUHOBUTO TIECKOBUTA 19 kN/m? 17° 10 kPa
[uHa JarnopoBuTa 19 kN/m? 15° 13 kPa
JIanopoBHT Tiecak 20 kN/m? 21° 10 kPa

(u3BOp: MHCTHUTYT 32 mMyTeBe)
Mopen Onomumna

Ca acriekra yTHIaja BereTalyje Ha CTaOMIHOCT KIM3UILTA, aHAIM3MpaHa jé KOPEHOB CUCTEM
Kao JIamMena ca I0jeAMHAYHNAM IIHIIOM, OJJHOCHO aHKEPUCAHUM ,,0HO-IIUIOM . BHO-IIHIOBH Cy
NOCTaBJbCHH Ha HAjyTPOXKEHUjeM ey KIM3HUINTA, Ha TTaAnHU Ucrof myTa. [lnanu u pacmopen
cajibe je mpuKazaH Ha ciui 2. Epo3uBHH NMPOIECH MOTY Ce MOjaBUTH KOJ BEJMKUX pa3Maka
mamehy camuuna (Brang et al., 2006, Brett and Klinka 1998), maxmarckum pacriopenom
caJiibe MOT'y Ce CIIPEYUTH OBHU Mpolecu. Y Jamenama ca ouommumnoM mosehana je koxesuja 36or
yTHIaja KopeHoBor cucteMa. OOIHK 1 AUMEH3Hje KOPEHOBOT CHCTEMa YCBOjEHE Cy Ha OCHOBY
Mopdonoruje ogadpannx 6mibHUX Bpcta (Kokutse et al. 2006.) Cornus mas, Pinus nigra,
Quercus petraea, Xoju cy neduHUCaHU MozeIoM Ouormma (ciauka 3). YV nuipy 100Hjama IITo
BEPOMIOCTOJHHJUX PE3yiiTara, MOJECH je MOJCJbEH y JBE 30HC OHMO-apMUpama U CUMYIUpPaH Y
KOHKPETHHUM yCIIOBUMa CpErHE.
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Cnuka 2: [1nan u pacropen caame Ha KIH3HIITY ,,Pakipa’ (M3BOp: ayTop)

Bpennoctu 3atesHe uBpcrohe kopeHa (t ) ce Mepe onUTHMAa JUpeKTHOr cMuameM (Turmanina
1965, Burroughs and Thomas 1976, Gray 1978). IIpuMeHOM mnoiyeMOHUpHCKe jeHAYUHE,
3aTe3Hy 4YBpPCTONYy KOpeHa INpeTBapaMo y KOXe3Hjy ,,0MO-apMHUpaHOr 3embMiuTa (C)
(Hausmann 1978, Wu 1984).

¢, = t(cosO tang+sin0)

C- KOXe3Mjy ,,0M0-apMHUpaHOr" 3eMJBHINTA, t- CPela BPEJHOCTH 3aTe3He uBpTohe KopeHa
0 jeJIMHUITN MOBPIIMHE 3eMJbHINTA, O- yrao mpecenama KOpeHa U 30HE CMUIAmba, (- yrao
YHYTpAIIBET TPCHa

Uctpaxusamem Coppins and Richards (1990) BpenHOCTH KOXE3H]Y ,,0M0-apMHUPAHOT** 3eMIBHIIITA
cyon 1,0 mo 17,5 kPa. 3a anami3e crabmimHOCTH TarHe TIOJ YTUIIajM KopeHoBor crctema Holsworth
(2014) je xopucro Bpennoct ¢ =10 kPa 3a cBe m3abpane OnbHe BpcTe. BpennocTy ¢ omamajy ca
mopactoM IyouHe ,,0mo-apMupanor 3emypuira (Mao et al., 2012). 3a motpede oBOT pama ycBojeHe
Cy BPEITHOCTH ,,0H0-apMHpaHor semsbHnTa C, 30Ha 1=15 kPa n 3oma 2=5 kPa. Canadell et al.
(1996) cy yrepmamy, na 80-90% rnaBHa Oromace KopeHa ce Hanasu Ha ayounu o 0,9 m. 3ony |
YHMHH ITIaBHA OroMaca KOpEeHOBOT cucteMa Ha younu ox 0 m 10 0,9 m. bro-apmupamem 3eMipHIIITa
noBehaBa ce cTaOMITHOCT KOJI KIIM3UINTA TyOuHe 2-3 m, Ko AyOJpHX KIM3UINTA KOja ce Hajla3e BaH
30HE KOPEHOBOT CHCTEMa, yTHIaj Ono-apMupama je 3anemapibuB (Norris et al., 2008). ¥ 3onu 2
KOPEHOB CHCTEM j€ Marbe pHCyTaH Ha xyounu o 0,9 m 1o 2-3 m, 3aBUCHO o1 OMJEHE BPCTE.

0,0 Z== =m=a¥ 30Ha 1

F o P N

.« 30Ha 2

Cruka 3: Mogen 6uommmna 3a Cornus mas (M3BOp: ayTop)
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Codraep 3a reoTeXHWYKO HyMepHUKo Moxenupame-GeoStudio 2007 je xopuinheHu 3a cBe
aHayIM3e CTAOWIHOCTH KIHM3MINTA, MeTomoM Janbu-a. Meroma HpeACTaBiba AHAITUTHYKO
pellee MEeTo/e JlaMelia 3a MOBPIIMHE KIW3ama MPOM3BOJHOT 00nnka. Merona Janbu nma
LIMPY U 3HAYajHy IPUMEHY [PU UCIHUTHBAY MaJANHA y MOIIEAY IPOMEHE PABHOTEIKHOT CTabha
U nocTojelie paBHOTEXKHE cTama maauHe. Ha Taj HauMH MOXe ce MPATHUTH OJHOC Y CTENeHY
1000JbIIAKA, OJHOCHO HOrOpIIaBakha YCIO0BA CTAOWIHOCTH. 32 CBAKH CJOj Y JATOM MOJEIY
YHOCE C€ TapaMeTpH OTIIOPHOCTH 3EMJBUILTA Ha CMHULIAE, 3alIPEMHHCKE TeXKUHE (IPUPOIHE,
3acuhene, MOTONIBEHE), JIOK j€ HUBO MOJ3EMHE BOJIE YCBOjE€H Ha J[yOMHU 0[] 2 M O] OBPIIHHE
tepena. CodTBep pasmarpa BHILEC IOTCHIMjATHUX KIM3HUX PAaBHU Yy 33/1aTOM MOJEIy U Jaje
KPUTHYHY KITU3HY PaBaH ca HajMamuM (HaKTOPOM CHUTYPHOCTH.

AHanm3a cTaOMITHOCTH TaJWHE M3BPIICHA j€ 32 TPU KapaKTePUCTHYHE KIM3HE PaBHU, ca U
0e3 yruuaja Bereranuje. Knusna paBan 1 3axBara KOHCTPYKIH]y caoOpahajHulle W NaguHy
UCIOJ| TIyTa, KJIM3HA paBaH 2 3axBara WBHUIly caoOpahajHUIle W MaguHy HCIOA MyTa JOK je
KJIM3HA paBaH 3 Ha caMoj KOCHHU HcHof ImyTa. Kimzame ce oqBHja Ty)k KOHTAKTa IIMHOBUTO
NpaNIMHACTHX-IIECKOBA 10 IIMHOBHUTO MPAIIMHACTUX-IIIJBYHKOBA H JIATIOPOBUTUX CEANMEHAaTa
KOJI CBE TPH KJIM3HE PAaBHU.

PE3VJITATU U JTUCKYCHUJA

AHaNMM30M CTaOMITHOCTH KIHU3UINTA ,,Pak/ba“, 3a m3abpaHe TPU KapaKTCPUCTHUHE KIIM3HE
paBHH, Koje 00yxBarajy IyT, TPyl IyTa M MOBPIIMHY MCHOX IyTa, Oe3 yTHIaja BereTaluje
YCTaHOBJBCHO je Jia CBE TPHM KJIM3HE PaBHU HE UCIyHaBajy ycioB cradbunHoctd Fs > 1,5,
®daxkTop curypHocTH 3a Ku3Hy paBHa | mznocu Fs=1,1 (cnuka 3 a), kiau3ny pasan 2 Fs=1,2
(cmuka 3 0) u wim3Hy paBad 3 Fs=1,3 (ciuka 3 B). Hajuuxka BpeaHOCT (aKTOpa CUTYPHOCTH
Jno0OujaHa je 3a KIM3Hy paBaH 1.

Cnnka 4: AHanu3a cTabuIHOCTH KIU3HIITA ,,Paksba“: a) Kitnsna pasHa 1, 6) KimsHa paBan 2,
B) Kimm3na pasna 3 (u3Bop: ayTop)

YBohemeM OHO-IIMIIOBa Y MOZIEN TePEeHa M M3BPILIEHOM aHAJIM30M CTaOWIHOCTH J00HujaHe cy
BPEAHOCTH (haKTOpa CUTYPHOCTH 32 Kin3Hy paBHa 1 Fs=1,4 (cnuka 4 a), knmusHy paBas 2 Fs=1,6
(cmuka 4 0) w xu3HY paBaH 3 Fs=1,7 (cnuka 4 B). YnopeqHoM aHau3oM (pakropa CUTYpHOCTH,
0e3 yTuIlaj ¥ ca yTulajeM Beretanuje, GakTOpyu CUTYPHOCTH Cy IoBehiaH! KOJl CBUX M3a0paHuX
KJIM3HUX paBHU (ciuKa 5). dakTop CUrypHOCTH KiIM3HE paBHH 1 je nosehad 3a 0,3, ko Kiu3HE
paBuu 2 u 3 3a BpeanocT 0,4. [lorehame (akTOopa CUTYpPHOCTH KON KIU3HUX paBHHU 2 H 3
j€ JOBOJBHO 3a NMOCTU3alkhe CTAOMIHOCTU MaJHHe, JOK KOJ KJIM3HE paBHH | TO HUje Cilyyaj.
[IpouenTyanuu canpkaj OMO-apMUPAHOT 3€MJBHIITA y OJHOCY Ha LENy KJIW3HY MOBPIIMHY,
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HajMam1 je Ko Kiau3He paBHU | 1 n3Hocu 41,88%, nok kox kim3He paBHH 2 u 3 u3HOCH >55%.
Knusna paBan 1 nopex HajMame NPOIEHTYalIHE 3aCTYIJbEHOCTH OMO-apMUPAHOT 3eMJBHILTA,
y 30HU HajBehiMX HAllOHA CMHUIAFha KIU3HOT TEa, HeMa YTHUIla] OHMO-apMHUPAHOT 3eMJBUIITA,
Te cTora MMa HajMame noBehame (akropa cUrypHOCTH. [IpukasaHu pesynrTatd (akropa
CUT'YPHOCTH yKa3yjy ia j€ pacropes Caiihe Ha YCIOBHO CTA0MIHUM U HeCTaOWIIHUM MainHaMa
O]l BEJIMKOT 3Hayaja 3a IMOCTU3ame MyHOI eeKTa OMo-apMHUPaHOT 3eMJBUINTA Ha CTAOMIIHOCT
naiuHa.

1
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Cruka 5: AHanu3a cTabMITHOCTH KITM3HLITA ,,Pakiba“ HAKOH OHO-apMHUpara 3eMJBHIITA:
a) Knnsna pasna 1, 6) Knusna pasan 2, B) Knusna pasHa 3 (u3Bop: ayTop)
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Cruka 6: YopenHa aHanu3a (pakTopa CHIYPHOCTH IIPE U HAKOH OHO-apMUpamka 3eMJBUILTA
(u3BOD: ayTop)

Bereranunja npezncTaBiba XHBH CHCTEM KOjU C€ pa3BHja Yy BPEMEHY M IIPOCTOpY. Y NpBHM
ToIMHaMa, Bereranuja Ha HecraOwiHNM TepeHMMa Hehe matm mormyH edekar nmosehaBama
crabuinHocTH. Ha myropounoM HHBOY Tpeba padyHary Ha moBehame cTaOMITHOCT MajuHe, aKo
ce OMJbKe OfipkaBajy M HEOMETaHO pa3Bujajy. [IpiMeHa OnooIKuX Mepa caHalje KITM3UIITa
je HajboJBe pe3ynTare MoKaszaja Kao MPeBEHTHBHA MEpa, ITPe HaCTaHKa KIIMDKerma U popMHUpama
xmumra (Lewis 2000). Ha HecraOwiHNM TepeHMMa MOTY ce NPUMEHHUTH OAToBapajyhe
TEXHUYKE Mepe Koje 00e30el)yjy cTabmrHoCT y KOMOMHAIIN] U ca OMOJIOIIKIM MepaMa CaHaluje.
VY najeehem Opojy ciydajeBa y moueTHO] a3y IIaBHY yIOTy MMajy TeXHHYKe Mepe. Hakon
ozpel)eHor BpeMeHCKOT epro/ia yCIOCTaB/bEeH CUCTEM BETeTallje T0CTaje IpuMapaH 1 MOXe
Ce pauyHaTH Ha CMambeme PU3HKA O] MOHOBHOT KiM3ama. [IpuMena OMoIonIKe KOMIIOHEHTE
y CaHaIMjM KJIM3UINTA, KOje BpEMEHOM OCTBapyjy Behy GyHKIHjy y crabmnnsanuju najauHe,
omoryhaBajy 1a ce TUMEH3MOHHCAhE TEXHUIKHUX 00jeKaTa MOXKe BPIINTH Ca TIPUMEHOM MambHX
(haxTOpa CUTYPHOCTH, YMME CE€ TIOCTHKE PallMOHANN3AIH]a.

3AK/bYYAK

Ha npxasuum nyty II A 6poj 207 neonmua Anekcaniposai-Jomannuka bama, ko cena
Paksba, uneHTH(GUKOBaHU Cy IPOILIECH HECTAOMIIHOCTU Ha TepeHy. Kikeme je 00yXBaTHIIO
TPYII IIyTa U TePEH UCIIOA ITyTa. AHAJIM30M CTAaOMIIHOCTH KIIM3UIITA ,,Pakiba‘ uzabpane cy Tpu
KapakTepUCTHYHE KIM3HE paBHU. DakTop curypHoCcTH 3a Kiu3Hy paBHa 1 je Fs=1,1, knu3ny
pasan 2 Fs=1,2 u xiau3ny paBaH 3 Fs=1,3. Moxe ce 3akJbyuuTH Ja HUjEJHA KIN3HA paBaH He
UCIyHaBa ycioB cradbuiHoctH Fs > 1,5.

YBohemeM OHMO-apMHpaHOT 3EMJBHINTA Yy aHAIH3y CTaOWIHOCTH TaguHe, OOOHjeHe Cy
BpenHOCTH (aKTopa CHUTYpHOCTH 3a Kinu3Hy paBaH | Fs=1,4, xmmsny paBan 2 Fs=1,6 u
xmm3Hy paBaH 3 Fs=1,7. YmopennoM ananm3oMm (akropa CUTYpHOCTH, HAKOH OHO-apMHUpama
3eMJbUIITa (PaKTOp CUTYPHOCTH Kiu3He paBHH | je mosehan 3a 0,3, xon xnm3He pasHE 2 3a 0,4
" KIn3He paBHU 3 3a 0,4.

[IpouenTyannu caapxaj OMO-apMUPAHOT 3eMJBHILTA KOJI KJIM3HE PaBHU 1 y OTHOCY Ha KIIU3HY
noBpiuHY je 41,88% u ycnos crabuimHOCT HUje ucnymeH. Kisne pasau 2 u 3 cagpxe >55%
010-apMHUpPaHOT 3eMJBHIITA U UCITYyHHaBajy YCIIOB CTAOMIHOCTH.

Moxe ce 3aKJby4HTH Ja IIPUMEHa OMO-apMHUPaHOI 3eMJBHMIITA MMa yTHIaja Ha noBehame
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(l)aKTOpa CUT'YPHOCTH U 1a Y MHOI'OME 3aBUCH O[] pacriopcia caimbE U MMPOLUCHTYaJIHOT yqemha
6I/IO—apMI/IpaHOI‘ 3€MJbUIITA Y KIIU3HOM TECITY.

W3Bprienum aHanm3ama yTBpheHo je aa 6u ce IpuMEHOM BereTalyje, OIHOCHO yTHIlajeM OHo-
apMHUpPaHOT 3eMJBHIITA Ha IOAPYYje NCTPaXKUBambha KIM3HIITA ,,Pakiba®, moCcTHIIO y onpelheHom
BPEMEHCKOM IIePHOIy TOTPEOHOM 3a pa3Boj KOPEHOBOT CHCTEMa, TTOBehame CTaOMITHOCTH.
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AHAJIM3A O®OU3NYKO-MEXAHUYKUX KAPAKTEPUCTUKA KAMEHA VY
CPBHJU 3A ITIOTPEBE ITPOTUBEPO3NOHUX PAJIOBA

MacT. MHK. myM. Bykamua Ponuesuh!*, Mact. umk. mym. Hukona XXuanosuh!,
ap I'posnana ajuh!
"Vuusepsurer y beorpany, lllymapcku dakynrer
*yukasin.roncevic@sfb.bg.ac.rs

AIICTPAKT: Ilompydje CpOuje je IeoJOIIKH BeoMa PasHOBPCHO M 0Oraro, IITO Mpyxka
MoryhHOCT ekcIuioaranuje, HCIUTHBaka U NPUMEHE Pa3IMYUTUX rpal)eBUHCKUX Marepujaia
HEMETAJIMYHOT MOpeKia, KOoju ce mo0Hujajy O YBPCTHX, HEBE3aHHWX U IONYBE3aHHX CTEHA.
Kao HemsocraBan rpal)eBUHCKHM MaTrepujajl, HEMETAJIUYHOT IOPEKJa, KOjH Ce NMPHMEHY]je
y TPOTHBEPO3HMOHMM paJOBUMa, U3/Baja ce rpaljeBuHCKM KameH. ['paljeBUHCKM KaMeH ce
y CpOuju KOpPUCTH, Y NPOTHBEPO3MOHUM paJOBUMa, Ipe CBEra Kao TEXHWYKH KaMeH, a y
HE3HATHO] MepU M Kao yKpacHH (apXUTEKTOHCKH KaMeH). Y InJby aJleKBaTHOT ojabupa
u ymorpebe rpaljeBUHCKOI KaMeHa, y OOJacTH MPOTHBEPO3MOHHMX paJoBa, HEOIXOIHO j€
YTBPIUTH HEroBa MHHEPOJIOIIKO-TIeTporpadceka, GU3NIKO-MeXaHW4Ka U 1MoceOHa CBOjCTBA.
Y pagy je mnpencraBbeHa yropenHa aHanu3a (U3NYKO-MEXaHWYKHX KapaKTEepUCTHKA
rpaheBunckor kameHa y CpOuju, NOPEKIOM O]l XeMOT€HHX M OpPraHOT€HHX CEIMMEHTHHX
CTEHa, U YTHIaja yCJoBa CPEAMHE HAa TPAJHOCT KaMeHa, ca MPUMapHUM IHUJbEM a/IeKBaTHOT
onabupa rpal)eBUHCKOT KaMeHa 32 MPOTUBEPO3UOHE PaIOBE.

Kibyune peun: cenumMeHTHe cTeHe, rpal)eBUHCKH KaMeH, PU3NUKO-MeXaHHYKe KAPAKTEPUCTHUKE,
MIPOTUBEPO3NOHU PaJIOBU

ANALYSIS OF PHYSICO-MECHANICAL CHARACTERISTICS OF STONE IN
SERBIA FOR THE NEEDS OF EROSION CONTROL WORKS
MSc Vukagin Rongevié'*, MSc Nikola Zivanovi¢!, dr Grozdana Gaji¢!
"University of Belgrade, Faculty of Forestry
*yukasin.roncevic@sfb.bg.ac.rs

ABSTRACT: The area of Serbia is geologically very diverse and rich, which provides the
possibility of exploitation, examination and application of various construction materials of
non-metallic origin, which are obtained from solid, unbound and semi-bound rocks. As an
essential construction material of non-metallic origin, which is applied in erosion control
works, a building stone is distinguished. In Serbia, construction stone is used in erosion control
works, primarily as a technical stone, and to a slight extent, as decorative (architectural stone).
In order to adequately select and use the building stone, in the field of erosion control works, it
is necessary to determine its mineral-petrographic, physico-mechanical and special properties.
The paper presents a comparative analysis of the physico-mechanical characteristics of the
building stone in Serbia, originating from the hemogenic and organogenic sedimentary rocks,
and the influence of the environment on the durability of the stone, with the primary goal of
adequately selecting the construction stone for erosion control works.

Key words: sedimentary rocks, building stone, physico-mechanical characteristics, antierosion
works
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YBoa

I'paheBuHCKHM KaMeH je jemaH o MaTepHjalia KOju ce Hajuemhe KOpHCTE 3a MOTpede
MPOTUBEPO3NOHNX pajioBa Ha noApydjy Cpbuje. C 063upoM Ha ycIIOBEe CpeluHEe y KOjuMa ce
npUMemYje, KaMeH Mopa 3aI0BOJEUTH ofpeljeHe KpuTeprjyMe Kako Ou ce o0e30eamia \eropa
TpajHOCT. 3Ha4yajaH (aKTOp KOjH yTHYE Ha TPajHOCT KaMEHa jecTe aJleKBaTaH oabup KaMeHa
(Winkler, 1973). IIpema HaBommma Bilbije (1984) TpajHocT Hekor rpal)eBHHCKOT KaMeHa
IPE/ICTaBJba MEPy HHETOBE CIIOCOOHOCTH Jla C€ OAylpe IMpOoNafamy M CaMHM THM 33JpKU
MIOYETHY BEJINUMHY, O0JIMK, YBPCTHUHY 1 H3IVIE TOKOM JTy>KET BpEMEHCKOT IepHo/ia. YHYTPALIBU
Y CIIOJBAIM YMHUOLM YTHYY Ha TPajHOCT KaMeHa. [lon yHyTpalmbiuM YMHUOLMMA MHUCIIH
Ce Ha MOPO3HOCT KaMEeHa, OIHOC KaMeHa IpeMa BOAM, TOIUIOTHO INUPEHE M CKYIJbame
KaMeHa, JIOK MO CIIOJhallllheé YMHHMOLE chajajy arMocdepa u arMocgepcku 3araljuaun,
pasapajyhe nenoBame Mpasza, HAU3MEHHYHO CyIIEeHa M BIaXKeHha KaMeHa, paCTBOPJHUBE COJIH,
(u3nuKo pacnagame Moj yTHIajeM TeMIlepaType M JIeJIOBahE )KUBUX OpraHn3amMa Ha KaMeH.
Onabup rpalheBUHCKOT KaMeHa ca aclleKTa TPajHOCTH je 3aCHOBaH IIpe CBEra IpemMa TOMeE
Kako Ce I0Ka3ao y MPOIUIOCTH M MpeMa pe3yinTatuMma cTanmapaaux tectoBa (Bell, 1993).
I'paheBHHCKOM KaMeH KOjH je MOPEKIIOM Off XeMOTeHHUX M OPIaHOTCHUX CEANMEHTHHX CTEHa,
a KOjH ce MpUMemY]je 3a U3TrPaamy y MPOTHBEPO3NOHNM panoBuMa y CpOuju, jecTe TEXHUUKH
KaMeH ozapeheHuX (U3MUKO-MEXaHWYKHX KapaKTepUCTHKA, AOK C€ YKPAacHH KaMeH BpJIO
petko xKopucTH. TeXHHYKH KaMeH ce y NMPOTHBEPO3MOHUM paJOBUMa KOPHCTH Ipe CBera Kao
MarepHjaj WM KOHCTPYKTHBHH €JIEMEHT Y OKBHUPY CHCTEMa MHTETPAIHOr ypehema CIMBHUX
MOZIpyYja YTPOXKEHNX €pO3NOHUM MPOoLecHMa U OyjUYHUM MOIUIaBaMa.

Marepujaja u MeToq

[Ipema mocrojehuMm casHamMMa W pe3ydTaTUMa HCIHMTHBama KBalIUTeTa kameHa MHcTUTyTa
3a ucnuTHBame Matepujana Cpbuje, oOjaBibeHIM y myOnukamjama y mepuony 1956-1962
roguHe u CTyauje o BpcTama, KBAIUTETY M pe3epBamMa TeXHHUYKOI TpaljeBHHCKOI KaMeHa y
Cpbuju y mocrojehnm xamenonomuma (Bilbija u Spasojevi¢, 1959, 1961 u 1964), u3Bpmiena
je ymopemHa aHanmm3a (U3WIKO-MEXaHMYKHX KapaKTepHCTHKa rpa)eBHHCKOT KaMeHa Yy
Cpbuju, y mwby ameKkBaTHOr omabmpa KaMeHa 3a MoTpede MPOTHBEPO3HOHHX pamoBa. Y
aHAIIN3Y Cy YBPIITEHH Y30pLH U3 275 aKTHBHHUX KaMeHolioMa y nepuoay 1956-1962 ronune,
Ha Teputopuju Cpouje. JJoOujeHe BpeIHOCTH MCIUTHBAmka KaMeHa 3HadajHE Cy ca acleKkTa
MMO3HaBamka KBAJIWTETa KaMeHa M3 MocTojehnx HamasumrTa win 3a moTpede oTBapama HOBHUX
kameHosoMma. KaMeH je mo0ujeH U3 CeMMMEeHTHUX CTeHa XeMOT€HOT U OpTaHOTEHOT TIopekia. Y
rpyIy cTeHa oOyxBaheHIX aHaII30M CIIafajy Kpeumak, JOJIOMUT, TPABepTHH, OUTap U OHUKC.
DuznuKo-MeXaHHIKe 0COOHHE Tpal)eBHHCKOT KaMeHa aHAIM3UpaHe y paly puKa3aHe cy Kpo3
BPEIHOCTH:

1. uBpcrohe kameHa Ha IPUTHCAK:
1) ycyBoM cTamy,
2) y BoaOM 3acMNEHOM CTamy H
3) mocie xejcTBa Mpasa,
2. OTHOPHOCTH KaMeHa IpeMa xabamy CTpyTameM,

3. ymnujama Boje,
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4. 1OCT0jaHOCTH KaMeHa Ha Mpa3y,
5. 3ampeMHHCKE Mace KaMeHa:
1) camynsprHaMa U opama u
2) 06e3 OIyIUbMHA U 1IOpa,
6. TIOpO3HOCTH KaMeHa.

Jasba aHanu3a oOyxBara carieiaBame JIeNI0oBamba ycI0Ba CpejuHe Ha KaMeH, y KOjUMa ce KaMeH
y CpOuju KOpUCTH 3a IPOTUBEPO3UOHE PajioBe. 300r BOJE Ka0 OCHOBHOT YMHHOLA pa3apama
CT€Ha, YCJIOBU CPEHHE Y KOjUMa Ce MPUMEbYje KaMEeH Cy MOAEJbeHH NpeMa Y4ecTaloCTH U
Tpajamy BilaXKela KaMeHa Ha 3 KaTeropuje:

1. kareropwmja - yCIOBH y KOjuMa c€ KaMEH KBacH ITaJjaBHaMa ¥ BehWHOM BpeMeHa je
TOJ] TUPEKTHIM YTHIAjeM aTMOC(hEepHiIrja N BpEMEHCKHX IIPIITHKA,

2.  KaTeropwuja- yCJIOBH Y KOjHMa je KAMEH Y 30HH CTATHE OCITUIIAIN] € BOJE, HAN3MEHIUYHO
TIOJ] BOJIOM U TIOJT TUPEKTHUM YTHIIajeM aTMochepriiija 1 BpeMEHCKIX ITPHITHKA,

3. Kareropwja - yCJIOBH Yy KOjUMa je KaMeH YBEK IOl BOAOM, OCHM Y H3Yy3EeTHHM
MpUINKaMa, ¥ PEeTKO TOJA IWPEKTHHM YTHIajeM arMoc(epmirja W BPEMEHCKUX
TIPUITHKA.

Ha ocHoBy ananmm3e (U3MUYKO-MEXaHWYKHX KapaKTepHCTHKa KaMeHa W YCJIOBAa CpEIHHE
Yy KojuMa ce KOPHCTH, yTBpl)eHe Cy MOTOAHOCTH KaMeHa 3a yHnoTpely y HMpOTHBEPO3HOHUM
pamoBuma y Cpbuju.

Pesynararu u quckycuja

CenmMeHTHE CTEHEe IpeMa CBOjOj HAMEHHM M BPETHOCTH MMajy naneko Behwm 3Ha4aj of
MarMarckux u MeramoppHmHx crteHa. CemTMMEHTHE CTeHe uYpHe BuIe ox 75% 3eMIbuHE
NOBpIIMHE, MehyTHM, O TOr IPOLEHTa, CEAUMEHTHE CTEHE XEMOICHOI ¥ OpIraHOTeHOT
Nopekya yuecTByjy ca mame of 10%. Kamen oOyxsahen ananuzom noOHjeH je ol KallujyM-
kapOOHaTHe CTEHe, M TO Kpeumaka, JIOJIOMHTa, TpaBepTHHA, OUrpa M OHUKCA. Y OCHOBH Ce
ope crene cactoje ox CaCO, u npyrux npuMeca, Ipy YeMy €€ JOJOMUT OIJIUKYj€ U BUCOKHM
cagpxkajem MgCO, (Bilbija, 2009). Ibuxose (H3MYIKO-MEXaHUUKE KapPaKTEPHUCTUKE HMMajy
BEJIMKH 3Ha4aj MPIJIMKOM opmabupa 3a morpede rpamme, mMeh)yTum Tpeba y3eTu y o03mp H
XEeMHUjCKe areHce KOju yTUdy Ha KapOOHaTHE CTeHe, KOjU MOTY YTHUIIaTH 3HaYajHO Ha POMEHY
IUXOBHUX (PH3MUKO-MEXaHWYKHX KapakTepucThka. KameH moOHjeH o7 MOMEHYTHX CTEHa je
KJ1acU()UKOBAH Ha OCHOBY BPEIHOCTH HETOBUX (DM3HYKO-MEXaHNUKMX KapaKTepHCTHKA IIpeMa
OIIITHM KpuTeprjymuMa (Tabemna 1).

Uspcroha kameHa Ha MPUTHCAK

Uspcroha kamMeHa Ha IIPUTUCAK C€ KOPUCTU Ka0 KBAHTUTATHBHU MI0KA3aTesb yOTPEOJbUBOCTH.
CrBapHa ontepelielba KaMeHa Cy YBEK 3HATHO HCIOA TPAHHYHUX BPEIHOCTH YBpcTOhe.
Uspcroha Ha npuTHcak HajBeher Opoja cTeHa BuIla je of uBpcToha OeToHa, oreke u JIpBeTa.
IIpema BpeanocTH npuTHCHE uBpcTohiec kKameHa y pacmony ox 250-150 Mpa, kpeumak craaa y
rpyIy cTeHa BHCOKe YBpcTohe, U jaBibajy ce y 46% y3opaka, 0K Ce KPEUmhaK CPEIbe BHCOKE
yBpcrohe, ca BpegrocTrmMa ox 100-150 Mpa, jaBisa y 54% y3opaka. Jlakie pajau ce 0 yMepeHo
MOPO3HOM M KOMIIAKTHOM jeZpoM Kpeumaky. Kox monomura Te BpemHocTH ce kpehy u3Haj
250 Mpa y 14%, nok y rpymy creHa BHCOKE M Cpe/ihe BHCOKe uBpcTohe cnana 65% u 21%

{ )

nonomuTta. Uspcroha TpaBepTrHa 1 6urpa ce kpehy y rpanuniama BpeJHOCTH 3a CTEHE yMEpeHe
yBpcrohe 50-100 Mpa, a cpenme BUCOKe UBpcTOhie 32 OHUKC, IITO je ¥ O4eKHBaHO. TpaBepTHH
npema yBpcTohu criaga y rpymy Bpio Bucoke (>250 Mpa), Bucoke (150-200 Mpa) u cpenme
Bucoke uBpcrohe (100-150 Mpa) ca yuenthem ox 14, 65 n 21%, penom. burap nocenyje Hucky
yBpcrohy Ha mputucak (10-50 Mpa), 1ok oHuKC ca 67% y30paka Ma cpe/mhe BUCOKY, a ca 33%
yMmepeHy uBpcTohy. UBpcroha Kpeumaka, 10IOMUTa, OUrpa M OHUKCA Ha MPUTHCAK Cy Mambe
KaJia ce CTEeHa JIOBE/Ie Y BOAOM 3acHheHo cTame M HaKOH 3aMp3aBama, JOK je KO TpaBepTHHA
3a0enexeHo noBehame OTIIOPHOCTH CTEHE Ha MPUTHCAK HAKOH 3aMpP3aBamba.

OTHIOpPHOCTH KaMeHa npema xalbarwby CTpyrambeM

HcnutiBame OTIOPHOCTH KaMeHa IpeMa Xabamy cTpyrameM oMoryhaBa ja ce CTeKHE YBHI
0 TpajHOCTH ¥ MoryheM xabamy KaMeHa TOKOM BpeMeHa. Mel)yTHM BaKHO je TOMEHYTH Jia ce
3a KaMEH ca MCTOT JIOKAJIUTeTa U U3 UCTE JIabopaTopHje y KOjoj je UCTIMTHBAH, y PasInduTAM
BPEMEHCKUM Pazfgo0spiMa MOTY JTOOUTH M 10 25% pas3iu4uTH Pe3ysTaTd TecTa OTHOPHOCTH
Ha xabame Bohme-a. Cmarpa ce &1a oBakBe pasiuKe Npousmiase U3 HemoryhHoctn na ce
OCTBape MCTH YCJIOBH HCTIIHTHBama. Kpedmak ce Ha OCHOBY pe3yiTara TeCTa OTIIOPHOCTH Ha
xabame cTpyrameM kiacudukyje y 3% y3opaka Kao M3y3eTHO TBpA, Y 77% Kao BpJIO TBPI U
y 20% y30paka Kao TBpJ, IITO OJIroBapa HEIITO BUIINM BPETHOCTHMA OTHOPHOCTH Ha Xa0ame
Kpeumaka Hero mrTo je yoondajeHo metogoM Bohme-a. BpenHocty ucnuraHor pojiomMura ce
kpehy y omcery kxareropuje Bpio TBpAor (9%) u tBpaor xkamena (91%) mTo je u 04eKuBaHO
npema HaBozxmma Bilbije (2009). Bpennoctn otnoprocTn Ha xabame TpaBepTrHa ce kpehy y
pacrioHy o1 yMepeHo TBpJOT, 67%, 1o u3pasuto mekaHor, 33%. Onukc je ymepeHe TBpaohe.

Vrujame Bojie U IOCTOjaHOCT HA Mpasy

Kpeumak, 1o10oMHT 1 OHUKC yTIHjajy Bpio Maiio Boae y 94, 79 u 100% y3opaxa, oK je yrujame
BOJIC KOJ TpaBepTHWHa HewTo Behe, Te ce meroBe BpeqHOCTH Kpelly y paclioHy on Major
ynujama, 17%, ymepeHor ynujama, 33%, 10 oceTHOT ynujama y 9ak 50% y3opaxa. burap nma
CII0COOHOCT BPJIO BEJUKOT yIHjama Boze. CBe CTeHe Cy IpeMa CIPOBEICHUM HCITUTHBAbHMA
MIOCTOjaHe Ha MpPa3y.

3aﬂpeMI/IHCKa Maca KaM€Ha

BpexHocTH 3ampeMHHCKe Mace ca IopaMa Kpedmaka, JOJIOMHTa U OHHKCA CBPCTaBajy MX y
TPyIly CTEHA BHCOKE 3alPEMHUHCKE Mace ca mopama y pactoHy ox 2,5-3 g/cm?’. TpaBepTuH
Toce/Iyje HElITo Marby 3allpeMHHCKY Macy U oHa ce kpehe y omcery on 2,2-2,5 g/cm?, mrTo ra
CBpCTaBa y IPyIy CPEIbUX BPEJHOCTH 3allpeMHHCKE Mace. burap uMa HUCKY 3allpeMUHCKY
Macy 300r Benuke mopo3Hoctd. Cnennduanae 3ampeMUHCKe Mace Cy He3HaTHO Behe Kol CBUX
CTeHa, OCHM KOJ OMTrpa KOJ KOjer je pasiiKa y Macd 3HadajHa. [IpuimkoM rpamme yBeK ce
MPEIHOCT [aje KaMeHy OpojuaHo Behe BpemHOCTH 3ampeMHUHCKE Mace ca Imopama.

HOpO3HOCT KaMCHa

ITopozHocT Kpeumaka ce kpehe y rpaHunama of KOMIAKTHOT Y 45% y3opaka, IpeKo Majo
noposHor y 44% no ymepeHo noposHor y 11% ysopaka. IlopozHoct nonomura ce kpehe y
rpaHULaMa KOMIIAaKTHOIL, IIPEKO MaJI0 HOPO3HOT 10 YMEPeHO MOpO3HOr ca yyemheM II0
kareropujama ox 57%, 29% u 14%. Kox tpaBepTuHa ce oBe BpeIHOCTH Kpehy y omcery of
3HATHO MOPO3HOT A0 MOpo3HOT KameHa y 33% u 67% ciyuajeBa. OHUKC je KOMITAaKTaH J0
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33% 33% 17% 0% Iopen Qu3muKO-MEXaHWIKUX KapaKTePHCTHKA KaMeHa, Kao 3HadajaH (akTop TPajHOCTH
- Bpuio El EXCTPEeMHO KaMeHa, B)KHO j¢ HABECTH YTHIIA] yCI0BA CpEINHE Y KOjUMa ce KaMeH MMPUMEHYje i MEXaHH3aM
= Hucka Hucka Hucka S Hucka
=1 (10-50) (10-50) (10-50) / BEJINKO 5 (1,0-1,5) 2,7 nopo3aH BUXOBOT I€JIOBaKkha HA KAMCH.
3 (15-30) = e (>20)
Cpembe | Cpembe | Cpemme VY nmoxpydjuma rie ce KaMeH KBacu HCK/bYYHBO aTMOC(epPCKUM NMaJaBUHAMA, Y OJICYCTBY
BHCOKa | BHCOKa [ BucOKa BoZie kameH he OWTH M3NIOKEH Ipe cBera pasapajyhem nenoBamy IpoMEHa TeMIIepaTrype
o (10607-01/50) (10303-01/50) (10303.01/50) YMTZ;;ZHO Bpito Maso § Bucoxa mlz/rl)z’;‘;n KOja Y3pOKYyjy YHYTpallkhe Halpe3ame KaMeHa. Hanpesafba ce jaBJpajy Kao IOCIenuIa
g I 0 o o (2040, (<0,5) 5 [253,0] 27 <1 3allPEMUHCKUX MPOMEHA, Pa3InYUTUX MUHEpAJIa KOJU CaYUH-aBa]y CTEHY, TOKOM 3arpeBamba
~ (=]
YMmepena | Ymepena | Ymepena | 5 oo, 100% = | 100% 100% U xialjerma, Kao u 300T pasiiiKe y TeMITepaTypH MOBPIIMHCKOT M YHYTPAIILET JIejla KaMeHa.
(5(3)'3})?0) (52'7})?0) (52'7;)0) VY ToMm morieay 3HaYajHO je 0JadpaTH Kpeumak W JOJIOMHT Ca INTO Mame IMpUMeca IPYrux
0 0 0
MUHEepaJia, HAPOYUTO OHUX Ca MambOM YBPCTONOM 01 OCHOBHE cTeHe. Takohe ABHUYAPCKAM
> >y

* PacnoH y KoMe ce jaBJbajy Bp E€QHOCTH MOjeIUHHUX (HU3UUKO-MEXaHNYKNUX OCOOMHA KaMeHa.

nozapydjuma Oe3 nM3pa)keHe Bereralyje, KaMeH je YeCTO M3JIOKEH YTHUIajy €OoJICKe epo3Hje,
IIpH YeMY Cc€ HeTOBE BPEIHOCTH OTIIOPHOCTH Ha Xabame MOTY Y3€TH Kao IO0Ka3aTesb HEeroBe
MOCTOjaHOCTH TP TaKBUM YCIOBHMA. BpeqHOCTH OTIOPHOCTH Kpedmhaka W JOJIOMHTAa Ha
xabame Cy TaKBe J1a CTiafajy y TPyITy N3y3eTHO TBPIOT, BPJIO TBPJAOT U TBPIOT KaMeHa, T€ UX je
UsBop: ayTop. CXOIHO TOME MPETNOPYUIHUBO KOPHUCTUTH y IOMEHYTUM YCIIOBHMA.

( )

** TlpoueHrtyanHo yudemhe y30paka KaMeHa oArosap ajy iem pacnoty Bp eqHOCTH (pU3HUKO-MEXaHMYKHX OCOOHHA.

Tabena 1. Knacugukainuja BpeAHOCTH PU3NIKO-MEXaHHUKHX KapaKTEPUCTHKA Y30PKOBAHOT KaMeHa y
Cp0uju , mpema OIIITO] MOMEITH.
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HauzmeHH4YHO moOTamamke M M3jlarambe KaMeHa arMoc(epuianjaMa W BpPeMeHCKHX
NPHJIMKAMa Ce jaBjba Kao MOCIeuIa PUCYCTBA BOJE Y Ba3MyXy M HEMOCPETHOT KOHTAKTa
KaMmeHa ca TeKyhoM mwin crajahoM NOBPIIHHCKOM HJIHM MOA3EMHOM BOJOM Y 30HH OCIIMJNIALIN]jE
HUBOA Bojie. PacTBapame kameHa ce jqoraha y mepuojy 3aapiKaBarba BOJIE Y KaMEHY, IOK Ce
pacrajiame AeliaBa TOKOM Mpolieca CyIIeha, IPU YeMy CaAMO HATalambe HUje TOIUKO [ITETHO.
Y oBakBUM ycioBHMa, omreherma KaMeHa ce jaBJbajy Kao IMOCIEANIIA [T0jaBe HAIIOHA Y KaMeHY,
KBaIlICEEM U 3a/p)KaBarbeM BOIC Y KaMEHY, JeJI0Bamba Mpasa i Kpucranusaiuje coiu (Bilbija
1984). OcHOoBHH MOKa3aTe/bU OTIOPHOCTH KaMEHa Ha OBAKBO JICJCTBO BOJAE CY MOPO3HOCT
KaMeHa, HEroBa CIOCOOHOCT ymujama Bome M uBpcroha Ha mpuTHCaK. [IOpO3HOCT KameHa
onpelyje BeroBy CriocoOHOCT Ja yIHje BOMY, M 3aBUCH O BEIMYHHE U MeljyCOOHE ITOBE3aHOCT
opa, Tako Jia YKyIHa MOPO3HOCT MOXKe OWTH BENIMKA, a YIHUjae BOJE Majo U 00parHo, y
OIHOCY Ha MPOLIEHAT YKYIHE MOPO3HOCTH CTeHe. Takolje je Ba)KHO HABECTH W KalHJIapHO
LIMPeE BOJIE KPO3 CTEHCKe mope. Hanu3MeHHYHO BIaKeme U CyLICHe KaMeHa U JIEIOBambe
Mpasa yTu4y Ha moBeharme NOpO3HOCTH U cliabiberbe YBpeTolic cTeHe Ha mpuTHcak. Kpedumak u
nonoMuT 00yxBaheHH aHATU30M KOMIIAKTHHU CYy M MaJjie MOPO3HOCTH, TO 00e30ehyje muxoBy
Tpajuoct. Takolje MMajy W BUCOK CTereH uBpcTOolie Ha MPHUTHCAK, YaK M HAKOH BIAXKEHA U
3aMp3aBarba TaKo Ja He MOUIEKY JaKko (HU3HUKOM PacIajamy.

[loceban Bua pacmajama KapaKTepHUCTHYaH 3a 30HY HAW3MEHHYHOT KBalllelkha U CyIIeHha
KaMeHa jeCTe XeMHUjCKO paciajamke KO KOjer A0Ja3H JI0 pacTBapama KpeumaKa HiTi JOJIOMHTA
Y YHYTPAIIE-0CTH KameHa 1 u3Homewma CaCO, u Mg CO, pacTBopa Ha NMOBPUIMHY TJI€ JA0Na3U
JI0 MCIIBETaBamka M OYBpIINaBama COMH, IIITO IOBOMH J0 3aTBaparba mopa ouBprrhaBama KaMeHa
y T0j 30HU. OBO MelyyTHM JOBOIH U A0 CITa0Jhekha OTIIOPHOCTH KaMeHa Ha IIPUTHCHY YBpcTohy.
[IputncHa uBpcroha kameHa He O6u cMena na maaae ucnox 80 Mpa y xuaporpagmu (Bilbija,
2009), mTo oxmrorapa yclioBUMa KakBW Hajuenihe Bianajy y MPOTHBEPO3UOHHMM DPaJOBHUMA,
LITO KpeumhaK M JOJIOMHT, y TIOINIeNy uBpcTohie, CBpPCTaBa y KaMeH MOBOJbAH 32 Ipaliby y
IIOMEHYTUM yCJIOBUMA.

Kamen moromsbeH y Boau 3amrulieH je ox atMochepuinja, MehyTuM NoaokaH je ITETHOM
JIeJI0Bamby HaHOCA KOJU BOZA HOCH W KOjH TPOLIM KaMeH, T€ C TOr'a HEeroBa OTIOPHOCT Ha
xabarme y TAKBHM YCJIOBHMA MMa 3HaudajHy yiaory. Takole BakKHO je HABECTH M yTHUIIA] yaapa
KPYIHUjUX KOMaJa HaHOCa HOIICHHX BOJIOM, O KaMeH yrpaljeH y pa3nuuuTe MpoTUBEPO3NOHE
o0jexre, 3a Koju OM OWJIO 3HAYajHO YTBPAMTH BPEIHOCTH OTIIOPHOCTH KaMeHa Ha yaap. 3a
JIOMJbEH KaMeH KOjU ce HaCHUIa y AHy PEYHHX M OyjHYHHX TOKOBa Ba)XXHO je ncTahw, mopen
BEJIMYMHE, U BPEIHOCT 3alIPEMUHCKUX TeXKWHA KaMeHa ca rmopama, 30or Belie OTIIOPHOCTH Ha
MTOKpEeTarke YKOIHUKO je KaMeH Behe 3anmpeMHUHCKe TeXKUHE ca Imopama, 9rje Cy BPEIHOCTH yCKO
BE€3aHO ca nopo3Homhy kameHa. Kpeumak 1 JOJIOMHT HMajy BUCOKE BPEAHOCTHU 3alPEeMUHCKE
TEKHUHE IITO UX CBPCTaBa y MOBOJbAH MaTepHjall 3a IPHUMEHY Y IOMEHYTHM YCJIOBUMA, Y BUAY
JIOMJBEHOT KaMeHa.

3ak/by4uu

Ha ocHoBy anHanu3e (GM3MYKO-MEXaHMUYKHX KapaKTEePUCTHKA Ipal)eBUHCKOT KaMeHa IOPEeKIOM
O/l CEIMMEHTHUX CTE€Ha XEMOTEHOT M OPTaHOTeHOT TOpEeKiIa, MPUIMKOM Koje je M3BpIICHA
KaTeropusaiuja BpeJHOCTH (PU3NYKO-MEXaHMIKUX OCOOHMHA MpeMa OIIIITO] KJIACH(PHKAIHU]H,
YTBpheHa je MOrOTHOCT NMpUMEHE KaMeHa y MPOTUBEpO3NOHUM pajgoBuma y CpOuju. Ilopen
TPIXKHIIIHE BPEIHOCTH CaMOI' KAMEHA W MaJlor Opoja y30paka, KOju MPEeBaCXOJHO UCKIBYUYjy
TPEBEpPTHH, OUTap M OHHUKC M3 yNOTpede y MPOTHBEPO3HOHHM pPaJOBHMMa, caMa aHAIH3a je
IOKa3aja Ja Cy Kpeumhak M JOJOMUT O0JbHX (PU3HUKO-MEXaHHYKUX KapaKTepPUCTHUKA HEro
TpEBEpTHH, OUrap u oHHMKC. Takolje, M3BOjeHE Cy TP Kareropuje ycjaoBa CpeJiHe y KojuMa
ce KaMeH MpHUMebYje 3a IPOTUBEPO3HOHE pajoBe y CpOujH 1 Koje yTHIy Ha HETOBY TPajHOCT,

{ )

npeMa yYecTaloCTH U Tpajamby BIaXKekha KaMeHa. 3a CBaKy Ol Kareropmja H3IBOjeHE Cy
(bU3HYKO-MeXaHIYKe KapaKTePUCTHKE KaMEHa, 3Ha4YajHe 3a TPAjHOCT KaMeHa y OAroBapajyhum
yCIOBUMA CPEIMHE, TPEMa MEXaHU3MY JIEJI0BAha YCIIOBA CPEIMHE U KAPAKTEPHUCTHKAMA CAMOT
kameHa. Ha OCHOBY aHanM3MpaHUX BPEIHOCTH MOMEHYTHX OCOOMHA KaMEHa, 32 Pa3IHYUTe
YCIIOBE CpeauHe, yTBPHEHO je aa ce Kpeumak U H0JoMuT y CpOuju mpernopydyjy 3a MpUMeHy
y TIPOTUBEPO3HOHUM pamoBuMa. CBakako, y [HIbY MITO 60JbEr omabupa KaMeHa 3a MPUMEHY
y MPOTHUBEPO3HOHUM DPAZOBHMa, TOpEN Y Paay HCTPAXKCHHX, HEOMXOAHO je CIPOBECTH H
HCTPaKUBaKa OCTAIHX 3HAYAjHUX MOKa3aTesba KBAJIUTeTa KAMEHA U (paKTopa yCJioBa CpeHHE
KOjH yTHYY Ha H-ETOBY TPAjHOCT.
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ABSTRACT: Modification of the landscape started with anthropogenic pressure, resulted
in a series of negative effects on the landscape, and therefore its abiotic and biotic factors.
The ability of nature to adapt and respond to changes that occur, alternate and spread rapidly
is considerably reduced. Relevant solution is in the implementation of green infrastructure
with the purpose of improving green areas and environmental quality, which is of particular
importance for urban areas. Application of modern methods and principles of planning using
the potential or/and adding new elements of green infrastructure, enables the formation of
a strong and stable network of green infrastructure and sustainable systems. Such systems
are capable to respond with their ecosystem services to today’s global problems: reduction
of biodiversity, climate change, flooding, etc. Green infrastructure has been defined as a
strategically planned network of natural and semi-natural areas, designed and managed to
deliver a wide range of ecosystem services and protect biodiversity. Well-being and human
health depend on ecosystem services, which in turn are dependent on biodiversity. Globally
urbanization and climate change posing a significant threat to biodiversity. The relationship
of biodiversity, ecosystem services and climate change shows unbreakable connection. Green
infrastructure is multifunctional system with abilities to respond, reduce and even neutralize
on going changes. Except that, green infrastructure besides ecological benefits, provides a wide
spectrum of social and economic benefits for human, and has a very large aesthetic significance
in open space.

Key words: green infrastructure, biodiversity, ecosystem services, climate change, landscape
planning

INTRODUCTION

Challenges which the 21st century placed in front of humanity are increasing every day.
The enormous growth and development of technology and society caused by the Industrial
Revolution has significantly and forever changed the landscape (Mamford, 2006). High degree
of urbanization and continuous anthropogenic pressuring have resulted in series of negative
effects on the abiotic and biotic factors of the landscape and have led to fragmentation of
habitats and loss of biodiversity.

Changes in the structure of the landscape and the speed they are happening directly
affected the degree of adaptation to modified living conditions to be lower. Some species
managed to adapt to new changes, while others succumbed to pressure and disappeared forever
(Kerpman, 2016). The result is the loss and extinction of a large number species of flora and
fauna on the territory of Serbia, but also around the world.

The diversity of flora and fauna ensures the stability of the ecosystem, and also the
existence of human. Numerous species are forced to search for new habitats, because of the

{ )

reduction and modification of existing biotopes, which is equivalent to reducing the biocenosis.
All this leads to the loss of numerous ecosystems, which are a product of biotope and biocenosis,
and a total reduction in the biological diversity of the landscape.

The negative influence of human on the landscape in the present is very obvious, and
such a continuous influence in the future can bring to the complete loss and degradation of
natural areas which are a treasure of biodiversity in the 21st century and of great importance in
the fight with climate change. The changes that human made create completely new, unnatural
conditions for the life, work and health of human.

Uncontrolled and excessive use of natural resources has led to the development
of humanity, industry and generally modern civilization. Consequences such as species
disappearance, an increasing number of species threatened by disappearance, fragmentation
and disappearance of habitats and ecosystems are the result of increasing degradation of the
landscape.

Green infrastructure is an alternative solution to restore balance and respond to climate
change, using natural resources through networking to support the environment created by
human, providing such economic, environmental and social benefits.

MATERIAL AND METHODS

The research beginning with the searching of published papers and other bibliographic
units. It was started search according to key terms related to the thematic which being
investigated, but also according to the terms connected to them.

Method is based on analysis, systematization and classification of papers published
in leading international journals (which is referred in the Web of Science) and the other
bibliographic units.

In the first phase, the search of published papers according to key terms relating to the
issue of research. Primarily, the published papers that contained the terms: “green infrastructure”,
“biodiversity” and “climate change” in the abstract, title or as a keyword were collected. Then,
the research of collected works had been execute in combination with the terms: “ecosystem”,
“ecosystem services”, “habitats”, “landscape planning”, “climate”, “temperature change”,

“global climate change”, “diversity”, “biological diversity”, “heterogeneity”, “landscape”,
“landscape planning”.

In the second phase, the works were classified in four categories: 1) green infrastructure,
2) biodiversity, 3) ecosystem services and 4) climate change.

Farther research has been concentrate on the published paper and bibliographic units
which results are in the highest correlation with the purpose of the research theme.
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RESULTS AND DISCUSSION
Green Infrastructure

“Green infrastructure” is a term that appears more and more frequently in land
conservation and development discussions across the country and around the world. Green
infrastructure means different things to different people depend on the context in which it is
used (Benedict and McMahon, 2002).

As a concept, it began to be used more intensively in the late nineties of the 20th century,
in order to take a leading position in the last few years with planners and designers dealing with
spatial development (Florida Greenways Commission, 1994). With the increasing use of the
term, there was a need for defining green infrastructure. It can be concluded that the definition
exists in the same number as the authors dealing with the concept of green infrastructure.

Sublimation of the most important items from some of the known definitions, the green
infrastructure would be:

Strategic planning of a high quality network which connects natural areas, but also other
open spaces, with the concept based on the establishment of a national or European Ecological
Network (NATURA 2000, Emerald) in rural and urban environments, to preserve the values
and functions of natural ecosystems, whose ecosystem services enable reduction and adaptation
to climate change, while at the same time providing a wide range of environmental, economic
and social benefits (Benedict and McMahon, 2006; Ahern, 2007; European Commission, 2013;
Bacwmesnh et al., 2014).

However, from all definitions, the definition of the European Commission can be
distinguished, as definition which is complete: Green Infrastructure can be broadly defined
as a strategically planned network of high quality natural and semi-natural areas with other
environmental features, which is designed and managed to deliver a wide range of ecosystem
services and protect biodiversity in both rural and urban settings (European Commission,
2013).

The significance and essence of green infrastructure is sublimated in the above
definitions. However, the maximum benefit will be provided if been following and respecting
the ten principles of green infrastructure.

Next ten guiding principles and strategies have been identified as crucial to the success
of green infrastructure initiatives. These principles together provide a strategic approach and
framework for conservation that can advance the sustainable use of land while ensuring an
interconnected system of green spaces that benefit people, wildlife and the economy (Benedict
and McMahon, 2002; Benedict and McMahon, 2006).

Ten principles of green infrastructure according to Benedict and McMahon (2006) are:

1. Connectivity is key: Linkage is essential for natural systems to function properly and
for wildlife to thrive, has demonstrated by Conservation Biology. The strategic connection
of ecosystem components is crucial to maintaining the values and ecosystem services of
natural systems and to maintaining the health and diversity of wildlife populations. Vital to
success also is linkages between the staff and programs of different agencies involved in green
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infrastructure planning (Benedict and McMahon, 2006; Coastal Regional Commission, 2014).

2. Context matters: Predicting and understanding change in native ecosystems and
landscapes require analysis of the context in which exist ecosystems - the physical and
biological factors of the surrounding area. Nothing happen in a vacuum and that the study
of content alone is not enough when dealing with natural systems, emphasizes by landscape
ecology (Benedict and McMahon, 2006; Coastal Regional Commission, 2014).

3. Green infrastructure should be grounded in sound science and land-use planning
theory and practice: From the theories and practices of disciplines such as landscape ecology,
conservation biology, landscape architecture, urban and regional planning, geography and civil
engineering ensures an appropriately balanced and integrated ecological, social, cultural and
practical basis for any green infrastructure initiative (Benedict and McMahon, 2006; Coastal
Regional Commission, 2014).

4. Green infrastructure can and should function as the framework for conservation
and development: Community can plan for conservation needs and determine where to direct
development and new growth in the most efficient manner, by prioritizing green infrastructure.
Green infrastructure provides the framework for future growth, and ensuring for future
generation significant natural resources (Benedict and McMahon, 2006; Coastal Regional
Commission, 2014).

5. Green infrastructure should be planned and protected before development: Planning
green infrastructure identifies critical ecological linkages and hubs in advance of development.
This helps to provide that restoration, which is less efficient and more expensive than natural
protection, is minimized in place of protection (Benedict and McMahon, 2006; Coastal
Regional Commission, 2014).

6. Green infrastructure is a critical public investment that should be funded up front:
Green infrastructure need to be: planned, designed and funded following the same access used
for built infrastructure such as waterlines, bridges, roads, etc. (Benedict and McMahon, 2006;
Coastal Regional Commission, 2014).

7. Green infrastructure affords benefits to people and nature: Numerable benefits arise
from a green infrastructure access, including lessening the need for gray infrastructure, freeing
public funds for other community needs and lessening sensitivity to fires, floods, and other
natural disasters (Benedict and McMahon, 2006; Coastal Regional Commission, 2014).

8. Green infrastructure respects the desires and needs of landowners and other
stakeholders: Green infrastructure does not request all land to be in public control or ownership.
Green infrastructure should be presented as a concept that will help plan development. Also,
she should consider the perspectives of various stakeholders in the private, public, and non-
profit sectors (Benedict and McMahon, 2006; Coastal Regional Commission, 2014).

9. Green infrastructure requires making connections to activities within and beyond the
community: Green infrastructure affords opportunities for and can build on programs related
to everything from historic heritage to Smart Growth, to brownfield development, to outdoor
recreation, to flood mitigation. Green infrastructure has a look beyond political borders to focus
on the natural landscape (Benedict and McMahon, 2006; Coastal Regional Commission, 2014).
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10. Green infrastructure require long-term commitment: Green infrastructure documents
and plans should be considered strategic “living” documents for amending and updating. This
involved residual flexible and longsighted mechanisms and opportunities for funding (Benedict
and McMahon, 2006; Coastal Regional Commission, 2014).

Green infrastructure is not a program, but it is a well-organized and planned strategy
that does not represent a short-term solution. It is a process that lasts and requires long-term
commitment. It represents an interdisciplinary approach based on ten planning principles that

function at several spatial scales (Table 1).

Table 1. Typical green infrastructure assets and their associated scales

Local, neighbourhood and
village scale

Town, city and district scale

City-region, regional and
national scale

Street trees, verges and
hedges

Business settings

Regional parks

Green roofs and walls

City/district parks

Rivers and floodplains

Pocket parks

Urban canals

Shorelines

Private gardens

Urban commons

Strategic and long distance
trails

Urban plazas

Forest parks

Forests, woodlands and
community forests

Town and village greens and
|_commons

Country parks

Reservoirs

Local rights of way

Continuous waterfronts

Road and railway networks

Pedestrian and cycle routes

Municipal plazas

Designated greenbelt and
strategic gaps

Cemeteries, burial grounds
and churchyards

Lakes

Agricultural land

Institutional open spaces

Major recreational spaces

National parks

Ponds and streams

Rivers and floodplains

National, regional or local
landscape designations

Small woodlands

Brownfield land

Canals

Play areas Community woodlands Common lands
Local nature reserves (Former) mineral extraction sites Open countryside
School grounds Agricultural land

Sports pitches Landfills

Swales, ditches

Allotments

Vacant and derelict land

Source: Landscape Institute, 2009; European Environment Agency, 2011

Green infrastructure consists of several components (Figure 1) that work together to

preserve a network of natural processes. These components are (Williamson, 2003):
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Nodes - represent basis of the network and provide space for plants and animals
species. Their centers are the key areas that form the core of the network and provide habitats
of essential importance for sensitive species, include all sizes and shapes (Williamson, 2003;
Benedict & McMahon, 2006).

Sites - are smaller than hubs and can be networked, but also they have not to be
networked. As such can contribute to social and ecological values like: habitats for some
species, recreation for people, etc. (Williamson, 2003; Benedict & McMahon, 2006).

Corridors - connect hubs and thus ensure the spread of seeds and pollen, the migration
of plants, as well as the movement of animals, but also the preservation of historical sites and
provide the possibility of recreation (Williamson, 2003; Benedict & McMahon, 2006).

These components in landscape could be representing by assets cited in the Table 1.
Depending of the spatial level forests could represent hubs, private gardens, green roofs or
pocket park could represent sites, and rivers or canals could represent corridors.
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Figure 1. Green infrastructure network components (schematic diagram)
Source: Keuman, 2016

It is noticeable that the hubs, sites, and corridors differ significantly, with form which they
occupy in space, their ownership, size and function. Although the protection of natural systems
and the conservation of biodiversity through networking is one of the primary goals of green
infrastructure, it is represent a complex system whose components can enhance the human health
and quality of living conditions, but also have historical, cultural, economic or social significance.

Biodiversity

The notion of biodiversity has been introduced into the environmental terminology
about twenty years ago on the proposal of an ecologist, and today it is generally accepted in
everyday life, science and practice. Biodiversity or biological diversity is, according to the
most accepted definition, the totality of genes, species, ecosystems and landscapes on Earth
(Norse and McManus, 1980; Radovi¢, 2005).

Biodiversity includes several organizational levels: genetic, species and ecosystem
level, each of them has its spatial and time continuity on the planet Earth (Radovi¢, 2005):

e Genetic diversity: represent the diversity of DNA structures between individuals of
the same species, because of each individual has a specific and unique combination of genes
which is unrepeatable (Radovi¢, 2005).
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e Species diversity: represent the diversity and specificity of all species on the planet
Earth, from the very origin of life up till now (Radovi¢, 2005).

e Ecosystem diversity: represent the diversity at a level higher than the species. That is
diversity of: habitats (abiotic components), life communities (biotic components), ecosystems
and landscapes (Radovi¢, 2005).

Biodiversity organizational levels are interconnected. Loss of species leads to loss of
ecosystems, and loss of ecosystem leads to loss of biodiversity. The loss of biodiversity is
influenced by many factors, but common to all factors is - a human.

The basic factors that lead to loss of biodiversity are expressed by the acronym HIPPO
(Brennan and Withgott, 2005) derived from the word Habitat alteration; Invasive species;
Pollution; Population growth; Overexploitation (Radovié, 2005).

Multifunctional concept as green infrastructure with combination of their assets and
creating network of green space could preserve and improve biodiversity. Components of green
infrastructure such as: hubs, sites and corridors is represent more different green place in space
like a: rivers, forests, lakes, nature reserves etc. which is very important parts for biodiversity.

Biological resources are the basis of life on planet Earth. Their importance is
immeasurable (in relation to other resources) and as such like that should be preserved.
However, in the world of global change, biodiversity and the functioning of ecosystems are
seriously jeopardized by the fragmentation of habitats, and other abiotic and biotic factors,
which the main cause is human activity in the region (Radovi¢, 2005; Gokyer, 2013).

The fundamental significance of biodiversity is reflected in the complexity of the
overall life form on planet Earth, which as such represented the basis of the existence of each
individual ecosystem, biome and the entire biosphere, thus enabling the survival and evolution
of each species (flora, fauna) and also of man. Applied significance is reflected in the fact that
the evolution of man and entire human civilization is based on the use of biological resources
(Radovié¢, 2005).

Biodiversity is related to ecosystem services through a variety of mechanisms operating
at different spatial scales; he regulates the rates, the state and the stability (in many cases) of
ecosystem processes fundamental to most ecosystem services (Cardinale et al., 2012; Mace et
al., 2012; Balvanera et al., 2016).

Due to the complexity of the links between biodiversity and ecosystem services,
monitoring biodiversity alone is not sufficient to understand the status and trends of the services
it provides. Monitoring annual changes in the state of ecosystems and determining trends in
ecosystem services, in fact, can contribute to our understanding of changes in biodiversity and
inform on the basic dynamics of the complex interactions between ecosystems and societies
(Diaz et al., 2015; Balvanera et al., 2016).

46

——
| —

Ecosystem Services

Ecosystems are communities formed by the interaction between living (biocenosis)
and non-living organisms (biotope). The benefits which human beings have from both part of
ecosystems and benefit from ecosystem is in many cases known as - ecosystem services.

Though the term ecosystem services is fairly new (among the first uses appears to be
Ehrlich and Mooney, 1983), the idea is quite old (Polasky, 2011).

Definition of ecosystem services:

Ecosystem services are the benefits provided to humans through the transformations
of resources (or environmental assets, including land, water, vegetation and atmosphere) into
a flow of essential goods and services e.g. clean air, water, and food (Constanza et al., 1997,
Department of the Environment, Water, Heritage and the Arts, 2009).

Four types of ecosystem services can be distinguished (European Environment Agency, 2011):

o Supporting services have an indirect impact on people or occur over a very long time,
whereas changes from the other services (regulating services, provisioning services, cultural
services) have relatively direct and short-term impacts on people. These services provide
habitats for species and to maintenance of genetic diversity. Habitats (biotope) enable to plants
and animals everything they need for survival. They differ from the ecosystem to the ecosystem
as well the species in them. However, all species do not spend all type of their development
life cycles on the same habitat, than further migrate (birds, mammals, fish, insects, etc.). In that
case, their survival is directly dependent on each of the next habitats, and the preservation of
natural ecosystems and the provision of habitats for native flora and fauna is a very important
role of green infrastructure. This is requirement to the maintenance of genetic diversity, where
some habitats are known to be more diverse, since they have a large number of species or
a larger number of life communities (biocenosis), and are considered to be “key points” of
biodiversity (European Environment Agency, 2011).

e Provisioning services are products obtained from ecosystems such as food, raw
materials, fresh water and medicinal resources. Food products are mostly obtained from
agricultural lands, marine and freshwater systems, but also from forests which wild food is
often unfairly ignored. In addition to food in the forests, but also in other places with available
vegetation can find various raw materials such as wood, biofuels and vegetable oils. Also, fresh
water plays an important role in the global hydrological cycle, but also the healing resources,
for which all ecosystems is potentially suitable source (European Environment Agency, 2011).

o Regulating services represent the benefits obtained from the regulation of ecosystem
processes such as local climate and air quality, carbon sequestration and storage, moderation
of extreme events, waste-water treatment, erosion prevention and maintenance of soil fertility,
pollination and biological control. These services removing pollutants from the atmosphere
provide them with shade and affect the rainfall. They act locally, regionally and globally.
Improves local and regionally climate and air quality, also contributing to the conservation
of energy. At the global level they eliminate and stock of carbon and harmful pollutants from
the atmosphere (carbon dioxide, carbon monoxide, etc.) and thus affecting the improvement
of the quality of the environment. Also, living organisms affect the reduction of natural
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disasters including: floods, storms, avalanche and landslides, affect the prevention of erosion
processes and the process of degradation of soil, which is essential for plant growth and the
good functioning of the total ecosystem. Ecosystems also perform biological control through
the activities of predators and parasites (birds, bat, axes, etc.) of various pests and diseases that
attack plants, animals and humans (European Environment Agency, 2011).

o Cultural services represent non-material benefits people obtain from ecosystems such
as recreation and mental and physical health, tourism, aesthetic appreciation and inspiration for
culture, art and design, and spiritual experience and sense of place. These services have a role
in maintaining the health of (psychic and physical) people. They also manifest in the spheres
of tourism through research and understanding of various cultural, historical, natural and
other values (eco-tourism, cultural tourism, etc.). They are a source of aesthetic inspiration for
culture, art, design and can promote aesthetic quality of urban and suburban areas. It provides
a spiritual experience and creates a sense of place through natural features such as forests,
mountains and caves that are considered sacred through human history and have religious
significance (European Environment Agency, 2011).

Humanity derives considerable benefits from the products of biodiversity, but also
from services of ecological systems, such as pollination, erosion control and water purification.
The relationship between ecosystem services and biodiversity is complex, but in general, most
ecosystem services are degraded or reduced if the biodiversity of an ecosystem is substantially
reduced. Most ecosystem services are provided by natural systems, however human become aware
of their importance and value only when they are reduced or lost (National Research Council, 1999).

Natural systems mostly provide ecosystem services that human beings uses for free,
except them suburban and urban systems also can provide some of these services, but not all.
Improving urban and suburban areas and provide almost all ecosystem services is possible with
applying the concept of green infrastructure.

All ecosystem services such as: supporting services, provisioning services, regulating
services and cultural services are of great importance to human. They provide to human:
environmental, economic and social benefits. But, the most important role of ecosystem
services is in their adaptation to climate change and their mitigation.

Climate Change

There are several reasons why plants and animals are less able to adapt to the current
phase of global warming one of it is the very rapid pace of change.

Climate on Earth is constantly and always changing. Until the beginning of the Industrial
Revolution, the climate changed as a result of changes in natural circumstances. However,
today the term climate change is used when we are talking about climate change that has
occurred since the beginning of the 20th century, and they were created as a result of human
activities (Antonijevi¢ et al., 2013).

The urbanization process has resulted that the areas with vegetation (which provide
shade, evapotranspiration, retain atmospheric waters, and have storage and infiltration function,
etc.) are replaced with irregularly built surfaces, which resulted in significant changes (Cveji¢
etal.,2011).
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The evidence for rapid climate change is compelling: global temperature rise, warming
oceans, shrinking ice sheets, glacial retreat, decreased snow cover, sea level rise, declining
Arctic sea ice, extreme events, and ocean acidification (NASA — Global Climate Change).

Climate change is perhaps the greatest challenge humanity has ever faced. It affects
every corner of our planet — from the poles to the tropics, and from the mountains to the oceans.
People and nature worldwide are already feeling the effects: water supplies are shrinking,
extreme weather events increasing in frequency and intensity, forests burning, and coral reefs
dying (Bates et al., 2009).

Climate change is a global problem, but the consequences will be felt on regional and
local levels. Estimates also suggest that these changes will have significant influence for urban
areas, because over 50% of the world’s population and 80% of Europe’s population today
living in cities (Cveji¢ et al., 2011).

Climate change mitigation includes action which need to being applying on local,
regional and global level. The most important is beginning. Easiest is to start from the smallest
- local level, and then extend the action to other bigger spatial levels. For example, in cities just
one tree could change microclimate condition in one garden. More trees or the others type of
plants in one street, park or other open spaces in cities could do much more.

The presence of trees and other assets of green infrastructure (Table 1) in the space alter
the environment by moderating climate, conserving water, improving air quality and harboring
wildlife. By using trees and others type of plants in the cities, it is possible to mitigate the
heat-island effect caused by buildings and pavement in urban areas. Green infrastructure with
their assets could control climate by moderating the effects of sun, rain, and wind especially in
urban areas, where is it more necessary than in suburban areas (Coastal Regional Commission,
2014).

Climate change represents serious threats to quality of life, urban infrastructure and
entire urban and suburban systems. Anomalous climate events and trends will increasingly be
affected to poor countries, but also the rich ones (World Bank).

Climate change presents huge challenges but also and opportunities for development.
Those problems need to be solved in an integrated way. The world needs to produce food for
nine billion people by 2050, reducing global temperature, emissions, floods, erosion process,
etc. and increasing natural systems and conserving biodiversity (World Bank Group, 2016).
That is possible with implementation of green infrastructure concept, whose the basis is
ecosystems with their services. Regulating services of ecosystems have an important role in
the adaptation and mitigation of climate change.
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CONCLUSION

A unique solution to the global problems of today, which is reflected in climate change,
biodiversity reduction, fragmentation of the landscape, loss of ecosystems, in various pollutions
(water, air, land) and increasing degraded space in urban and rural areas, is a strategic concept
of spatial development - green infrastructure.

The concept of green infrastructure can be applied at several spatial levels: local, regional
and global. It is based on landscape ecology principles and its immeasurable significance is
reflected in the ecosystem services it provides. If ten basic principles of green infrastructure
being respect, this concept could be key solution for establishing a disturbed natural balance.

The most important feature of green infrastructure is its multifunctionality, thanks to
which have the potential to deliver a wide range of benefits (environmental, economic, social)
to society. Whole green infrastructure network delivers much more benefits than individual
elements of green space.

Benefits of green infrastructure for biodiversity is in creating new habitats for species
(forest, parks, etc.), connecting existing habitats (with hedges, canals, etc.) and create
possibilities for migrating species between different habitats.

One more benefits of green infrastructure its adaptation and mitigation to climate
change. Mitigate urban heat-island with shading and evapotranspiration of green elements
(trees, shrubs, etc.) and also reducing atmospheric carbon-dioxide. Introducing new green
elements bring to strengthening ecosystem and their resilience to climate change.

Permeable green surfaces permits for the infiltration and absorption of snow (melt
onsite) and rainwater, and improve surface water run-off, on that way reduce the risk of
flooding, and also can be prevented soil erosion. Using some type of plants (e.g. reed beds) it
possible removal of pollutants from water.

Besides, green infrastructure enabled food production on allotments, gardens and
agricultural land with keeping it land potential (safeguarding of soil). Also, green infrastructure
can enabled recreation, health and well-being for the human, and offer opportunities for
tourism, training, education and social interaction.

The results of numerous research presented in this paper demonstrate the enormous
potential of green infrastructure in mitigating and adapting cities to climate change, preserving
and improving biodiversity, and the ability to provide ecosystem services. Thanks to ecosystem
services green infrastructure can provide economic, environmental and social benefits.
Investment in green infrastructure, in use and development of ecosystem, contributes to
biodiversity objectives, smart growth and green economy.

Green infrastructure is a strategy planned network of green spaces which contribute
to improvement, development and preservation biodiversity and environment. Ecosystems of
those spaces provide services (ecosystem services) which help in adaptation and mitigation of
climate change.
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This report is based on a '"Ist Young Researchers’ Conference - Erosion and Torrent
Control" (ETC 2018) that was organized by the University of Belgrade, Faculty of Forestry,
under the auspices of Republic of Serbia, Ministry of Agriculture, Forestry and Water
Management, co-sponsored by the Institute of Forestry, Belgrade and supported by World
association for soil and water conservation (WASWAC).
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Assistant, Faculty of Forestry, University of Belgrade); VukaSin Ron¢evi¢ (Research Fellow,
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Forestry, University of Belgrade).

SCIENTIFIC COMMITTEE
President of Scientific Committee: Miodrag Zlati¢ (Chairman of Organization Committee of
WASWAC,; Full professor, Faculty of Forestry, University of Belgrade); Ratko Risti¢ (Full
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professor, Dean of the Faculty of Forestry, University of Belgrade); Bin Wang (School of
Soil and Water Conservation, Beijing Forestry University; President of Youth Committee
(WASWAC); Vice Director of Youth Work Committee, Chinese Society of Soil and Water
Conservation (CSSWC)); Nada Dragovié¢ (Full professor, Faculty of Forestry, University of
Belgrade); Mirjana Todosijevi¢ (Associate professor, Faculty of Forestry, University of
Belgrade); Carmelo Dazzi (President of the European Society for Soil Conservation, Italy);
Panos Panagos (Research Scientific Officer, Joint Research Centre, European Soil Data
Centre (ESDAC)); Marijana Kapovié-Solomun (Assistant Professor, Faculty of Forestry,
University of Banja Luka); José Luis Rubio (Vice Chair of the European Soil Bureau
Network - ESBN (JRC, EC)); Emiliya Velizarova, (Associate professor, Environment
Executive Agency, Bulgaria); Tijana Vulevi¢ (Assistant Professor, Faculty of Forestry,
University of Belgrade); Vesna Nikoli¢ Jokanovié (Assistant Professor, Faculty of Forestry,
University of Belgrade); Jelena Beloica (Assistant Professor, Faculty of Forestry, University
of Belgrade); Grozdana Gaji¢ (Full professor, Faculty of Forestry, University of Belgrade);
SneZana Belanovi¢ Simié¢ (Full professor, Faculty of Forestry, University of Belgrade);
Vesna Djukié¢ (Associate professor, Faculty of Forestry, University of Belgrade); Sara
Lukié (Associate professor, Faculty of Forestry, University of Belgrade); Gordana Vukeli¢
(Full Professor, Belgrade Banking Academy, Faculty of banking, insurance and finance,
Republic of Serbia); Sayjro Kossi Nouwakpo (Deputy Chairman of Youth Committee
(WASWAC);, Research Assistant Professor, Department of Natural Resources and
Environmental Science, University of Nevada, Reno, USA); Ratko Kadovi¢ (Retired Full
professor, Faculty of Forestry, University of Belgrade); Stanimir Kostadinov (Retired Full
professor, Faculty of Forestry, University of Belgrade); Ivan Blinkov (Full Professor,
Faculty of Forestry, Ss Cyril and Metodius University, Macedonia).

VOLUNTEERS

Volunteers at this conference were students of University of Belgrade, Faculty of Forestry:
Dunja Bezarevié, Milica Cakovié, Ivan Lekovié, Petar NeSkovi¢, Stefan Mileti¢, Vanja
Stojanovié, Isidora Rakié¢, Veljko Petrovi¢, Uro§ Vukmanovi¢, Katarina Gadjanski,
Aleksandra Prvulovi¢, Jelena Zivkovi¢, Darija Zrnovi¢, Sofija Ron&evié and Krstina
Stojanovié.

Thank you so much for participating in the "1st Young Researchers’ Conference - Erosion
and Torrent Control" (ETC 2018)! It was a successful event, thanks in the largest part to our
volunteers who kept everything running smoothly.

PARTICIPATION

The 76 participants from 8 countries attended the "lst Young Researchers’ Conference -
Erosion and Torrent Control" which took place from 28 to 30 November 2018 in Belgrade,
Serbia. Also, more than 30 students of Faculty of Forestry (bachelor and master studies) were

( )

L >

1st Young Researchers’ Conference - Erosion and Torrent Control
ETC 2018
BELGRADE, 28-30 NOVEMBER 2018

interested and came to listen presentations. Conference was held at building of Faculty of

Forestry, Kneza Viseslava street no.1.

Conference was opened by Katarina Lazarevi¢ (president of the organizing committee of
ETC 2108), followed by professor Ratko Risti¢ (dean of Faculty of Forestry), professor
Miodrag Zlati¢ (president of scientific committee and Chairman of Organization Committee
of WASWAC), Bin Wang (president of Youth Forum of World Association of Soil and
Water Conservation), Ljubinko Rakonjac (Directore of Institute of Forestry) and Milutin
Stefanovié (representative of Jaroslav Cerni Institute for the Development of Water
Resources - JCI).

Oral and poster presentations were delivered at the first and second day of the conference
(28.11.2018. and 29.11.2018.), and they were divided into 4 topics: 1) Soil erosion
assessment—mechanism/processes, modeling and mapping; 2) Torrential floods — genesis,
impacts, risk, management; 3) Natural resources management, conservation and prevention,
measures/techniques and their effects; 4) Socio-economic, legal and institutional aspects of
erosion and torrent control.

At the first day of the conference opening key note presentations were delivered by prof.
Miodrag Zlati¢ (Social-Economical Factors of Soil and Water Conservation-State-
Approaches/Modeling-Perspectives), prof. Miroslav Dumbrovsky (A System of Adaptation
Measures to Reduce the Adverse Effects of Climate Change in the Czech Republic) and prof.
Ivan Blinkov (Shorezone Functionality Index).

At the second day of the conference opening key note presentations were delivered by prof.
Emiliya Velizarova (Soil Erodibility Assessment in Fire Influenced Forest Ecosystems in

55

—~=
| —



1st Young Researchers’ Conference - Erosion and Torrent Control
ETC 2018
BELGRADE, 28-30 NOVEMBER 2018

Bulgaria) and prof. Sevilay Haciyakupoglu (Use of Fallout Radionuclides as a Soil and
Sediment Tracer and Various Applications in the World).

Topic 1 was co-chaired by Veronika Sobotkova and Vesna Djuki¢ (16 oral and 4 poster
presentations). Topic 2 was chaired by Tijana Vulevi¢ (10 oral and 5 poster presentations).
Topic 3 was chaired by Mirjana Todosijevi¢ (6 oral and 4 poster presentations). Topic 4 was
chaired by Katarina Lazarevi¢ (5 oral and 5 poster presentations).

PLENARY SESSION

At the third day of the conference (30.11.2018.) plenary session was held with conclusions
and recommendations of the conference.

The Participants expressed their sincere gratitude to the organizing committee for organizing
the conference and to the Republic of Serbia Ministry of Agriculture, Forestry and Water
Management, for its financial support.

It is recognized that the multi-lateral and interdisciplinary approach can lead to new
opportunities for sustainable development and international co-operation, and emphasize the
need for all ETC scientists and engineers to cooperate with each other to achieve this, as well
as for international organizations to mainstream their efforts in this field.

It is recommended that efforts should be made towards increasing the understanding of the
significance of human knowledge as capital, and as a basis for sustainable conservation and
development founded on respect and involvement for social and cultural values of local
communities.

Participants agreed that capacity-exchange is an essential addition to capacity-building,
trough better cooperation between universities from all around the world, even if there is not
enough funding for young researchers.

It is necessary to form uniform data base for better possibilities for exchanging results and
further dissemination of projects and experiences.

The needs in erosion and torrent control engineering are becoming increasingly urgent to the
economy and to our quality of life. However, these needs have far outstripped financial
support for research and education.

56

——
| —

YIIYTCTBO 3A AYTOPE

Yaconuc Epo3uja 06jeBibyje mperiene, OpruHaiHe HAyYHEe W CTPYyYHE PajioBe U3 00NacTH
3aIITHTE Of epo3uje u ypeherma Oyjuiia, eKOMOMIKOT HHKEHEPHUHTA Y 3ALITUTH 3eMJBUIITHUX
u BOAHUX pecypca. Yacomnuc o0jaBibyje aBa Opoja TOAMIIE, IPH YEMY j€ jafaH TEeMaTCKU
oapehen. PamoBu ce mrammajy Ha CpICKOM M CHIVICCKOM je3uKy. PaqoBu mITamMmaHd Ha
CHIVIECKOM je3UKY MMajy Pe3UMe Ha CPIICKOM je3HKY, a IPHIIO3H ABOje3UYHE JISTCHIE.

HacsoB - Hacnos tpeba na Oyne xparak, jacaH M J1a M3pasHl CyIITHHY paja He KopucTehn
ckpalieHHIe 1 Kyp3uBe.

Hme ayTopa - HaBonu ce myHo npe3nMe u uMe (CBUX) ayTopa KCIIo HacloBa pana. HaBomu ce
MyH (3BaHUYHK) Ha3HB M CEAUIITE YCTaHOBE (aduinjaiiija) y Kojoj je ayTop 3amociacH. AKo je
ayTopa BHUIIIE, a HEKH IOTUYY U3 UCTE YCTaHOBE, MOpa ce, TOCEOHNM O3HaKama WM Ha APYTH
Ha4YMH, HA3HAYUTH U3 KOj€ OJf HaBe/ICHUX YCTAaHOBA MOTHYE CBAKH O HABEACHHX ayTopa.

Azpeca uiu e-ajipeca ayTopa Jaje ce y HAIlOMEHH NpH AHY MPBE CTPAHHUIIC WIaHKa. AKO je
ayTopa BHILIE, Iaje ce caMo e-apeca jeHOT, 00MYHO MPBOT ayTopa

N3Bon/Ancrpakr - Kparak canpxkaj paga (o 150 peun). Tpeba ma canpxu o0mact, mpeaMer
U OCTBapeHe pe3yiiTare HCTpaKiBarba. M3Boa 1aTn 00aBe3HO Ha CPIICKOM U SHIVIECKOM jE3HKY.

Kibyune peun — O0aBe3HO HaBeCTH KJby4uHe peun (3-7) Ha CPIICKOM U €HITIECKOM je3HKY.

Teker - OcHoBHa nonasbe paga cy YBOA, MATEPUJAJI U METOME PAJIA, PE3VIITATU,
JUCKYCHUIJA, 3AKIbYUIIU U PE3UME. V yBoay ce Aajy OCHOBHE CMEpHUIIC paja.
Marepujai ¥ METOZIC Cy JICO Y KOME CE OIUCYjy MPUMEH-ECHE METOJIC M TEXHUKE. Y MOIIABIbY
pe3yaTaTH U3HOCe ce NMojaIy J00HjeH! NCIMTHBAkHMA Ha KOje Ce paJ] OJHOCH, a Y TUCKYCHjU
ayTop CBOja UCTPaXKMBama JIOBOAM y Be3y ca Beh MOCTUTHYTUM pe3yliTaTuMa y JaToj 00IacTu
OJJHOCHO ca MNpeIMeTOM paja, MoryhHocTnMma 3a Jajba UCTpPaXKMBamba, OTKPUBA TEOPETCKE
U MPAaKTUYHE UMILTUKAIM]Ee CBOjUX OTKpHuhia M yka3yje Ha HEJOBOJHHO HCIUTAHE aCIEKTE U
TBPIE-E KOj€ 3aXTEBajy JI0JaTHA UCIIUTHBAKA. Y 3aKJbyUKy CE TAKCATHBHO U3HOCE PE3yITaTH
UCTPaXXHBamka, TBP/IH-C 3aCHOBAHE HA TOOUjCHUM Pe3ylITaTUMa, CTABOBH, IIPEMOPYKE U CIIMIHO.
Pe3ume, y3 HacnoB paja, UMEHa ayTopa U MHCTHUTYLHje y KojuMma paje, Tpeba Ja MpuKaxe
pesynrare paja u 3aKJbydke y HajkpahuM 1prama.

IIpersiennu pagoBu - Tpeda a caapske cBeOOyXBATHU IpETIie]] HEKOT IpodieMa, a 3aCHUBA]y
ce Ha WCIPIHMM TOJAlMMa M3 JHUTEpaType M CONCTBEHHX HMCTpaxkuBama. [IpernmenHu pan
Tpeba na caapxu HajMame 10 ayrorurara.

Ta6ene u rpadpukonu - Tabere u rpadukoHU Tpeba OUTHO 1a TOIPUHECY O0JbEM pa3yMeBaby
W MHTEpIIpETaNujH pesynrara paja. cre mogarke He npukasuBaT Ha 00a HaunHa. [ padukone
panut y Excel-y. O3Ha4uTH y PyKOIIHUCY MECTO 3a Tabeay U rpaguKoH. Y HACJIOBY 00aBE3HO
JIaTH MPBO CPIICKU T1a OHJIa EHIVIECKH TEKCT, aKO Ce paji IITaMIla Ha CPIICKOM je3HUKY, OTHOCHO
MPBO EHIVIECKH TIa CPIICKH, aKO Ce PaJ| LITaMIla Ha SHIIECKOM jE3UKY.

®otorpaduje u uprexku - Tpeba na mpencrasibajy KapakTepUCTHYaH JeTalb, MOjaBy U
cimuno. Dotorpaduje n LpTeKH MOpajy na Oyay KOoHTpacTHH M omTpu. HejacHe m mMyTHE
¢dororpaduje nehe ourn mwramnane. Gororpaduje ce npuiaxy y oonuky noceGHe JaToTeke,
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Mopajy nma Oymy y HekoM o cranmapauux ¢opmara (BMP, TIF, JPG, GIF wmu PSD), y
pe3onyuuju HajMame 300X300 dpi (moxessHO 600X600 dpi), a y pasmepu 1:1. Ilomro oBu
3axTeBH OOMYHO pE3yNITHPajy BEIMKHM (ajioBHUMa, MOXKEJbHO je opruHanHe ororpaduje
TIPUJIOXKHUTH 3ajeJHO Ca paJioM Kao noceOHe jaToTeke, mrto 61 06e30eansio noctuszame Beher
KBaJIUTETa KOJ mpHUrpeme 3a mramiy. L{prexxu ce mory gocrasutu y dpopmariuma DXF, DWG,
CDR, WMF, EPS wnu Al. HacnoBu u sierenne gotorpaduja u nprexa Mmopajy outu ypahenu
JIBOJE3MYHO - HA CPIICKOM U CHITICCKOM jE3HUKY.

Jluteparypa - Camo pedepeHiie HaBeJeHe y TEKCTy HaBOIE ce y Juteparypu. Llutupame
Heo0jaBJFCHHX paZioBa Moryhe je caMo y TeKCTy Kao JINYHA KOMYHHUKAIIHja WA HeoOjaBJbeHH
noaud. CBU M3BOPH, KaKO y TEKCTY TaKo My CIIHCKY peepeHIIH, HaBOJE CE JIATHHUIIOM, 110
abeneTHOM pelly, Ha Ha4MH NMPUKa3aH y IpHUMepHMa.

IIpumepu:

Ynanak y wacommey: Petrovié P., Brzié B., Sijakovié D. (1991): Efekti posumljavanja
brzorastu¢im vrstama li§¢ara u Vojvodini, Sumarstvo 44 (8), SIT Sumarstva i prerade drveta
Srbije, Beograd (15-28)

¥ Tekery: (Petrovi¢ et al., 1991)

Monorpadcka nmydaukamuja: Dumanovic¢ J., Marinkovi¢ D., Deni¢ M. (1985): Geneticki
recnik, Naucna knjiga, Beograd

Y Tekery: (Dumanovic et al., 1985)

[ornapsbe y KIbM3K HJIN y 300pHUKY paxoBa ca koHpepennuje: Krstic M., Stojanovié¢ LJ.
(2007): Gajenje suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji*, ured. Stojanovi¢ LJ., Univerzitet
u Beogradu Sumarski fakultet, Beograd, (29-292)

Y Tekery: (Krsti¢, Stojanovic, 2007)

I/I3Bope 6e3 ayTopa COpTHUpaTH Impema IpBOM CJIOBY HACJIOBaA pajad, TakKo Ja je ucnpen HacjioBa
caMoO rogvHa usiamba

[Ipumepu:
(1992): Kodni priru¢nik za informacioni sistem o Sumama Srbije, JP ,,SrbijaSume*, Beograd
Y Tekery: (1992)

Bed cranuna: Chicago/Turabian Style. The Writing Center at the University of North Carolina
at Chapel Hill, from: http://www.unc.edu/depts/wcweb/handouts/chicago.html. (accessed /
mpuctymsseHo 15. 05 2008. rox.).

¥ TekcTy: (2008)
Maremarnuke popmyne — Pazne ce y enuropy popmyna y Word-y mimu MathType-y.

OCTAIJIE HATIOMEHE
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PanoBu ce perieH3upajy, pereH3eHTH ojpeljyjy kareropujy pana, a pereHseHte ojpehyje
Penakuuja.

Pemaxkumju moctaBUTH pazioBe y eNeKTpoHCKOM oOmuKy (e-mail, CD/DVD nwuck, ¢uem-auck,
uta.) ypaheno y ¢opmary MS Word 6.0/2007/XP (Office 97/2003/XP), tun cmoBa Times
New Roman, Bemmunnaa 12 pt. MepHe jeauHuIne m3paxapata y HTepHAIMOHATHOM CHCTEMY
jemmaunma (SI).
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INSTRUCTIONS TO AUTHORS OF “EROZIJA”

The journal ’Erosion” publishes review articles and original scientific papers in the fields of
erosion and torrent control and ecological engineering for soil and water resources protection.
The journal is published twice annually, and one of these two issues has a specific topic. The
articles are published in Serbian and English. The articles published in English should contain
a summary in the Serbian language and tables, graphs and figures etc. should contain legends
in both English and Serbian.

Title - A short and clear title should express the essence of the paper without the use of
abbreviations and italics.

The name of author/mames of authors - The full first and last names (of all authors)
should be listed under the title of the paper. The full (official) name and address of
the institution (affiliation) where the author is employed should be written. If there
are several authors, and some are from the same institution, there must be a special
marking to indicate which author comes from which institution for each of the authors.
The address or e-mail address of the author is given in the note at the bottom of the first page
of the paper. If there are several authors, only one email address should be given (usually only
the address of the first author).

Abstract — A concise summary of the paper not exceeding 150 words. It should contain the
main area, subject and research results. The abstract should be written in both English and
Serbian.

Key words - Make sure that the keywords (3-7) are listed in both Serbian and English.

Text - The main sections of a paper are INTRODUCTION, MATERIALS AND METHODS,
RESULTS, DISCUSSION, CONCLUSION and SUMMARY. The introduction introduces the
main concept of the article. Materials and methods is a part that describes the applied methods
and techniques. The results section contains the data obtained from the research the article
refers to and in the discussion part the author makes a connection of his/her research with
the already achieved results in the relevant area i.e. the research object and the opportunities
for further research and reveals the theoretical and practical implications of their findings
pointing to the insufficiently examined aspects and claims that require further investigation.
The conclusion should contain an itemized review of claims based on the obtained results,
opinions, recommendations and the like. The summary with the article title, authors’ names
and institutions where they work should present the results and conclusions of the article in a
nutshell.

Review articles - should give a comprehensive overview of a topic based on detailed data from
literature and authors’ own research. A review article should contain at least 10 self-citations.

Tables and graphs - tables and graphs should contribute to a better understanding and
interpretation of research results. The same data should not be presented in both these ways.
The graphs should be in Microsoft Excel. The place for a table or graph should be marked in
the text. The title must necessarily be first written in Serbian and after that in English if the
article is published in the Serbian language, i.e. first in English and after that in Serbian if the

{ o)

article is published in English.

Photos and drawings - Should present characteristic details, occurrences and the like. The
photos and drawings must be sharp and contrasted. Vague and blurred photographs will not be
published. Photographs should be enclosed as separate files and must be in a standard format
(BMP, TIF, JPG, GIF or PSD). As these requirements usually result in large files, it is desirable
to submit the original photos, as separate files to ensure a higher quality of the preparation for
printing. Drawings can be submitted in the formats DXF, DWG, CDR, WMF, EPS or Al The
titles and legends of the photographs and drawings must be written in two languages - Serbian
and English.

References - Only the references cited in the text should be listed in the references section.
The citation of unpublished papers is possible in the text only, as personal communication or
unpublished data. All sources, both in the text and the reference list are written in the Latin
alphabet and in alphabetical order like in the following examples:

Examples:

Journal article: Petrovié P., Brzi¢ B., Sijakovi¢ D. (1991): Efekti posumljavanja brzorastucim
vrstama li§¢ara u Vojvodini, Sumarstvo 44 (8), SIT Sumarstva i prerade drveta Srbije, Beograd
(15-28)

In the text: (Petrovié et al., 1991)

Monographic publication: Dumanovi¢ J., Marinkovi¢ D., Deni¢ M. (1985): Geneticki recnik,
Naucna knjiga, Beograd

In the text: (Dumanovic¢ ef al., 1985)

Chapter in a book or congress/conference proceedings: Krsti¢ M., Stojanovi¢ Lj. (2007):
Gajenje Suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji”, ured. Stojanovic Lj., Univerzitet u
Beogradu Sumarski fakultet, Beograd, (29-292)

In the text: (Krsti¢, Stojanovi¢, 2007)

Sources without authors should be sorted by the first letter of the title, so that only the year of
publication is in front of the title:

(1992): Kodni prirucnik za informacioni sistem o Sumama Srbije, JP ,,SrbijaSume”, Beograd
In the text: (1992)

Web page: Chicago/Turabian Style. The Writing Center at the University of North Carolina
at Chapel Hill, from: http://www.unc.edu/depts/wcweb/handouts/chicago.html. (accessed /

pristupljeno 15. 05. 2008).

In the text: (2008)
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Mathematical formulas - Word or MathType should be used for mathematical formulas.
OTHER NOTES

The articles are reviewed, the reviewers determine the category of an article, and the reviewers
are named by the Editorial Board.

The papers shall be submitted to the Editorial Board electronically (by e-mail, and on a CD/
DVD or Flash disk), in the MS Word 6.0/2007/XP (Office 97/2003/XP) format and Times New
Roman size 12 pt font type.Units of measurement should be written using the International
System of Units (SI).
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