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y Aycrpuju 2012 u 2013 roqune
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Abstract

The documentation and analysis of torrential events are an essential part of an integrated risk manage-
ment. It supports the understanding of the occurred processing to mitigate future hazards. The results should
also serve to help answer the multitude of questions, in the public as well as political spheres, about the events.
Following paper gives two examples of debris flow analyses and back calculations of events with numerical
simulation models. In July 2012 intensive precipitation led to numerous debris flow- and landslide events in
the torrent catchment areas of Styria, Austria. The event presented here occurred in the village of St. Lorenzen,
causing catastrophic damage to residential buildings and other infrastructural facilities. The second example
shows the debris flow event of the torrent Sattelbach in Salzburg representing the numerous high intensity debris
flows and landslides with partially enormous amounts of damage the province of Salzburg suffered due to high
precipitation sums that fell between May and June 2013.

Keywords: Event documentation, numerical 1D/2D simulations, FLO-2D, RAMMS, debris flow
H3Box

Omnuc W aHamu3a UCTOPUjCKHUX CllydajeBa OYjHUYHHMX MOIUIABA Cy CYIUTHHCKH Ba)KHE KOMIIOHEHTE
MHTETPHCAHOT YIIPaBJbatha PU3HKOM, jep TOMaXy y pasyMeBarby poLieca YuMe ce 0TBapa MoryhHocT yonaxkaBarma
HeratuBHUX e(ekra Oyayhux norahaja. Pesynraru, Takole, MOTy MOCIY)XKUTH y peliaBamy OPOjHUX MHUTamka U3
jaBHe u TonuTHUKe cdepe, Koja Cy y Be3u ca OyjUuHHMM MoIuiaBama. Y pajy Cy MpeAcTaB/beHa JBa MpuMepa
aHaJM3e MCTOPHUjCKUX OyjUYHMX IOIUIAaBa, HA OCHOBY PEKOHCTPYKIHje MOMONY HyMEpHUYKHX CHMYJIAallHOHUX
Mozena. Jyna 2012. ronuHe HHTEH3WBHE NaJIaBUHE Cy H3a3Balle MojaBy OpOojHUX OyjUYHHX MOIJIaBa U KIU3UILITA
Ha ciauBoBUMa TokpajuHe Crupuja y Ayctpuju. Byjuunu norahaj mpeactaBibeH y pajy, OQUIpao ce y ceiy
Cg. JlopeHlieH, 1 MpOy3pOKOBAa0 je KaTacTpodalHe IITeTe Ha CTaMOSHUM U MH(QPACTPYKTYPHUM 00jeKTHMA.
Jpyru npumep je BesaH 3a norahaj Ha OyjuunHom Toky Carenbax, y mokpajuru CanuOypr, kaga cy oOuiHe
nagaBuHe y neproay Maj-Jyuu 2013. roause, u3a3Bane OpojHe OyjudHe HaJ0JdacKe BOAC U KIH3HINTA, Koja Cy
[POY3pOKOBaJIa BEJIMKE MaTepHjaIHe LITETe.

Kibyune peun: noxymeHnranuja o porahajy, Hymepuuka 1D/2D cumynanunja, RAMMS, Gyjuuna noruiasa
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Debris flow event 2012 — torrent Lorenzerbach

General description

The village of St. Lorenzen, in the Styrian Palten valley is situated on the banks of the Lorenz
torrent, in which a debris flow event occurred in the early morning hours of the 21st of July 2012,
causing catastrophic damage to residential buildings and other infrastructural facilities.The catch-
ment area encompasses a 5.84 km? area that is situated geologically in the Rottenmanner Tauern. The
upper catchment lies within the High Tauern’s basement complex (gneissic rock of the Bdsenstein
massif), whereas the middle section of the catchment lies within the greywacke zone (Miirz shale
deposits, phyllite and sericite schist) and the lower catchment is located in grywacke-, green- and
graphitic schists; the sedimentary cover is made up of alluvium.

catchment "Lorenzerbach”
event of the 21t of July 2012 of St. Lorenzen (Styria)

NP Vienna

Figure 1 Location of the catchments of the torrents “Lorenzerbach”
and “Sattelbach”, Austria

Cnuxka 1 ['eoepaghcku nonooscaj Oyjuunux ciusosa Jlopenyoax u
Camenbax, Aycmpuja

In the ministry-approved hazard zone map of 2009, the flood water discharge and bedload
volume associated with a 150-year event was estimated at 34 m?/s and 25,000 m® respectively for
the 5.84 km? catchment area. The bedload transport capacity of the torrent was classified as ranging
from ‘heavy’ to ‘capable of producing debris flows’. Large parts of the village were designated as
red zones in the hazard zone map, while the remaining part of the alluvial fan upon which the vil-
lage is situated was designated as belonging to the yellow zone. The Lorenzer torrent has always
been known to present a danger and the construction of the first technical protection measures built
by the Austrian Service for Torrent and Avalanche Control (WLV) started in 1924. The extensive
constructions undertaken by the WLV over the past few decades have however surely prevented an
even worse catastrophe from occurring. A bed deepening was in particular prevented along the tiered
series of check dams.
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Figure 2 Residential area of St. Lorenzen following the debris
flow event of 21st of July 2012

Cnuka 2 Hacewe Cs. Jlopenyen nocie 6yjuune noniage oo
21. jyna 2012.

Meteorology and precipitation

An extreme accumulation of heavy rainfall events, most of which were of a small spatial
extent, led to flooding across the entire province of Styria from June to August 2012. These flood-
ing events in many cases caused a great amount of damage. The worst such event took place in the

Precipitation from 19.07.2012 to 21.07.2012
Catchment: Lorenzerbach
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Figure 3 Precipitation time-series in the catchment areas of the Lorenz torrent

Cnuxa 3 Bpemencke cepuje naoasuna y ciugogy 6yjuye Jlopeny

village of St. Lorenzen im Paltental on the 21st of July 2012. The precipitation event that ultimately
triggered this debris flow began at 13:00 UTC on the 19th of July 2012 and ended at 05:30 UTC
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on the 21st of July 2012. The largest single-point 15 minute precipitation rate registered within the
catchment area comprises nearly 40.4 mm. The average for the entire catchment area amounts to
slightly more than 141 mm. The catastrophic impact of the event is however not only due to the rain-
fall intensity of this precipitation event itself, but also in combination with the precipitation of the
weeks preceding it. Evaluation of INCA data showed that an average accumulated rainfall of 430 mm
fell in the catchment area from the 20th to the 22nd of June. Statistical evaluation of extreme events,
when applied to these precipitation sums, yielded a return period greater than 300 years.

Event Description

The dominant process type of the mass movement event may be described as a fine-grained
debris flow. The damage in the residential area of St. Lorenzen was caused by a debris flow pulse in
the lower reach of the Lorenz torrent. This debris flow pulse was in turn caused by numerous land-

[ nigh intensity
’ low intensity
e flooding heights [cm]
geostatistical analysis
of the flooding heights [cm]

geostatistical flooding heights
Value
we hoch : 293 cm

niedrig : 0 cm

Figure 4 Documentation and analysis at the debris cone: mapping of intensities (polygons high and low
intensity), flooding heights (red points), geostatistical analysis of the flooding heights

Cnuxa 4 Jlokymenmayuja u ananuse Oyjuune niagune: KApMuparse UHMeH3umema (NOIUCOHU GUCOKO2 U
HUCKO2 UHMEH3UMema), GUCUHA NIA6/berA (YpeeHe mauke), 2e0CMamucmuike aHanu3e GUCUHe
ninasmera

slides along the middle reaches of the torrent, some of which caused blockages, ultimately leading to
an outburst event in the main torrent.
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Following the event, comprehensive documentation work was undertaken on the debris cone,
along the channel length and on the lateral slopes of the channel.

A total of 37 cross profiles were measured along the channel length. Discharge cross-sections
ranging from 65 — 90 m?, and over 100 m? in a few instances, were measured upstream of the St. Lo-
renzen residential area. Shortly after the event a laser-scanning flight was carried out over the entire
catchment area. This could then be compared to an existing laser-scan DTM from 2011, to construct
a difference model. It showed, that approximately 123.000 m* of sediment was eroded or mobilized
in the entire catchment.

Back-calculations of velocities, based on a 2-parameter model by Perla and Rickenmann,
yielded an average debris flow velocity along the middle reaches of the torrent between 11 and 16
m/s. An average velocity of 9 m/s was calculated for the debris flow at the neck of the alluvial fan
directly behind the center of the village.

At about 4:05 am, the debris flow pulse with a back-calculated peak discharge of approxi-
mately 500 m*/s arrived. This debris flow event “only” lasted about 1%, minutes. After about 10 min-
utes, the torrent was again confined to its original torrent bed. Due to both the high discharge values
as well as to the height of the mass movement deposits, the natural hazard event of 21 July 2012 in
St. Lorenzen is clearly to be described as having had an extreme intensity.

A total of 67 buildings were damaged along the Lorenz torrent, 7 of were completely de-
stroyed. In the town center, flooding heights of up to 3 m were measured.

[Thigh intensity

low intensity

flow-depth [m]
o flooding heights [cm]
geostatistical analysis
of the flooding heights [cm]
~ simulated flow depth [cm]
0 25 50

Figure 5 Comparison of simulated flow depths with mapping results and geostatistics: mapping of
intensities (polygons high and low intensity), flooding heights (orange points), geostatical
analysis of the flooding heights (white line) and simulated flow depth

Cnuka 5 Iopelerwe cumynayuje 0youHe niasnersa ca peyimamuma Kapmuparsa u 2e0Cmamucmuke:
Kapmuparse uHmeH3umema (NOIuU2OHU BUCOKOZ U HUCKO2 UHMEH3Umema), OyOuHa niaesera
(Hapanyacme mauke), ceocmamuyre aHAIU3e BUCUHE NIAGHerA (Delle TuHuje) u cumynupane 0youne
naasbera
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Analyses of the event

Attempts at reconstructing the event processes as well simulating the debris flow in 2D were
undertaken in the course of the event documentation and analysis. The thus obtained discharge
heights, flow velocities and impact pressure values corresponded with the well documented event.
The two dimensional simulations were carried out with the program FLO-2D, which is capable of
simulating debris flows. The rheological parameters of the debris flow material were determined
with the aid of a viscometer and a debris rotation drum (BOKU-IAN). The debris flow hydrograph,
bedload and bedload ratio were reconstructed using data from the event documentation, such as
difference models, geological mapping, wetted perimeters, witness’s statements, etc. The best agree-
ment with the results of the mapping was however achieved with a peak discharge of 500 m*/s and
duration of 100 seconds.

The results of the 2D simulation along the channel length are in very good agreement with the
velocities and flow pressures that were reconstructed one dimensionally. Comparison with the debris
cone mapping shows that the main thrust directions were well reproduced by the simulation. There
is a very good agreement between the results of the simulation and the registered impact marks and
the calculated geostatistical discharge depths.

Outlook

There was a large media interest in this event. The results should therefore serve to answer
the multitude of questions about this event that lie in the public as well political interests. Additional
and substantial protection measures were also planned and built for the village of St. Lorenzen on
the basis of these event analysis results. These are comprised of two debris flow barriers in the lower
gorge stretches with a capacity of 15,000 m* each as well as a bedload retention basin directly above,
with a capacity of 30,000 m>.

Debris flow event 2013 - torrent Sattelbach

The municipality of Hiittau was

Precipitatic i and her Radar Data from 01. to 02. 06. 2013 . .
- Sischofshofen mm/i0min —Wagrain mm/A5 min struck by a very destructive debris flow on
—— Radstadt mm/10min ——Sattelbach weather radar data 15min .
- —u Iptation n mm Wagrain accumulated precipiation i mm the morning of June 2nd, 2013 at ca. 08:00
— — Radstadt accumulated precipitation in mm Sattelbach accumulated weather radar data in mm . o e
3 p— w0 —| [CEST, 06:00 UTC]. Following an initial
[08 Uhr CEST= 6 Uhr UTC] [¢] 100

period of pre-wetting rain of three days’
duration, the precipitation rate peaked once
more in the evening from June Ist to ear-
ly in the morning of June 2nd. Analysis of
precipitation intensities from weather radar
data has shown that approximately 80 mm
of rain fell in the catchment area up to the
time [UTC = CEST - 2] time of the debris flow event. The concen-

~
n

N

90
80

[
0

precipitation in mm/10min
accumulated precipitation [mm]

Figure 6 Data of the precipitation gages within Hiittau and
INCA data of the catchment Sattelbach

Cnuka 6 Ilooayu ca kuwomepne cmanuye Xymay u INCA
nooayu 3a caue Camenbax
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tration of precipitation in the catchment area of the Sattelbach torrent is made clear through a com-
parison with the surrounding precipitation stations: the Radstadt station registered ca. 55 mm, the
Wagrain station 35 mm and the Bischofshofen station 70 mm (Figure 6).

Figure 7 Landslide in the upper catchment Cnuka 7 Kauzuwime y u3gopuiHom 0eny ciuea

The triggering event for this debris flow can be identified as a landslide of 2000 m? extent
in the upper catchment area. This mass movement event developed into a debris flow because of
the steepness of the torrent. The previously deposited sediment in the torrent was washed away in
its entirety by the debris flow, exposing the underlying bedrock. According to expert estimates, the
resulting debris flow transported 12,000 m* of material.

Figure 8 Situation in the middle reach (eroded cross section to bedrock)

Cnuxa 8 Cumyayuja y cpeorwem moxy (epooupanu nonpeunu npogui 0o cmeme)
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Figure 9 Situation at the junction with the tributary Fritzbach

Cnuka 9 Cumyayuja na yiusy npumoxe @puybax

Debris flow characteristics

Due to the steep and very deeply incised torrent, the debris flow was channelized along the
middle reaches. At the apex of the debris cone, the debris flow at first swerved strongly toward the

legend
1 l—_-l mapped deposition area

= cross section
sy ”

i .

Figure 10 Mapped deposition area with control cross section (violet line)

Cnuxka 10 Kapmupana 30na manosicersa ca KOHMpOaHUM npopuiom (ypeena iunuja)

12
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orographical left side, impacting upon objects on the left bank, after which the debris flow swerved
toward the orographic righthand side of the valley, destroying the staff quarters of the Hotel Hu-
bertushof. In the vicinity of the railroad crossing, a blockage of the culvert as well as the receiving
stream, the Fritzbach, occurred.

cross section hm 3,60
look upstream

area ca. 80 m?
flow depth of about 4 m

LT S

debris flow profile with superelevation

Figure 11 Cross section on the fan at hm 3,60

Cnuxa 11 Tonpeunu npoghun nnasure na hm 3,60

The reconstructed impacts boundaries in the vicinity of hm 3.60 illustrate the enormous su-
perelevation or curve banking that took place on the orographic left side of the torrent (Figure 11).
An elevated tank, in the capacity of a silent witness, was completely submerged in the debris flow,
whereas the orographic right bank with its high forest showed almost no wetting. As rough estimates,
a wetted area in the order of 80 m? and a flow depth of 4 m along the torrent centerline can be pre-
scribed.

Debris flow simulation

The basis for a debris flow simulation was provided by a LIDAR DTM, the results of the
event documentation, an estimate of the debris volume and an investigation of the debris material in
the starting zone. The simulation model encompasses the entire mass movement from the uppermost
starting area (debris flow trigger) down to the residential area of Hiittau with the receiving stream of
the Fritzbach. Based on the known course of events of this debris flow, the input into the model con-
sisted on the one hand of the documented landslide area in the upper catchment, as well as numerous
smaller slides along the middle reaches of the torrent on the other.

The simulation of the debris flow was carried out with the FLO-2D and RAMMS models,
using the following input parameters:

FLO-2D RAMMS

Grid size model 2m, particulate matter concentration 70%

Grid size model 2m

Limiting sheer stress vs. particulate matter concentration

TGR = 0,052 ¢

Friction parameters p und &
p=0,20
£=200

Bingham viscosity vs. particulate matter concentration

N, = 0.0137¢08cx

Debris flow termination — Stopping criteria 5 %

Discharge of the receiving stream with a bedload ratio of
20 % factored in

Modelling the discharge of the receiving stream not
possible!

13



M. Moser, S. Janu, S. Mehlhorn
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Figure 12 Simulated max. flow depths with FLO-2D

Cnuxka 12 Cumynupana maxcumanua 0youna niaemvemwa ca FLO-2D

2 legend
¥ |— _J mapped deposition area
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Figure 13 Simulated max. flow depths with RAMMS

Cnuxka 13 Cumynupana maxcumanua 0youna niagmversa ca RAMMS
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Discussion of the results

The back calculation of such debris flow events is seriously hampered by the extent and
quality of the data basis. Phenomena registered in the course of event documentation were collated
and input parameters defined for the calculations. For nearly all of the necessary input parameters,
only ranges of values can reliably be given, due to the great complexity of the underlying processes.
Nevertheless, it is only through the back calculation of such mass movement events that the appli-
cability (possibilities and limits) of simulation models can be inferred. Reliable input parameters are
generally considered to include the fracture- or release area in the upper catchment, the estimated
debris volume as well as the analysis of debris samples and reconstructed impact demarcations and
deposition areas. Flow resistance elements in the form of buildings were integrated in the DTM on
the basis of LIDAR data. The sediment inputs from the headwaters to the apex of the debris cone
were accounted for in the form of material inputs estimated section-wise along the torrent length. The
simulated flow depths at the debris cone apex are in relatively good agreement with reconstructed
flow depths. Larger deviations were found for the lateral expansion of the transported material in the
residential area. Both models overestimated the orographic left bank - the outburst simulated on the
left bank and reaching down to the OBB railroad line did not coincide with the actual lateral extent.
On the orographic right bank, FLO-2D underestimated the lateral expansion, RAMMS overestimat-
ed it and calculated a flow depth up to the terrain rim. FLO-2D produced very good results at the
mouth of the river. RAMMS is unable to integrate the receiving stream’s discharge in the model and
thus underestimates the flow depth in the vicinity of the Hotel Hubertushof. Both models generally
have great difficulties simulating the previously mentioned extreme superelevation and the resulting
change of flow direction. This clearly shows the limits of what can currently be done with model
calculations and -simulations.
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Integrative bedload monitoring
station - URSLAU

CraHuia 3a UHTErpUCaAHU MOHUTOPUHT
By4YeHOI HaHOca - YPCIIAY
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Abstract

An integrative bedload monitoring station was installed at the middle reach of the Urslau torrent in
2010 in collaboration of the Austrian Service for Torrent and Avalanche Control and the University of Natural
Resources and Life Sciences Vienna / Institute of Water management, Hydrology and Hydraulic Engineering.
At this monitoring station direct (mobile basket sampler, bedload trap) and indirect (geophone device) bedload
monitoring methods are applied. The combination of selected monitoring methods enables a comprehensive
measurement and assessment of the bedload transport process. This article presents the integrative monitoring
system and explains the single used direct and indirect monitoring methods. Advantages and restrictions in
bedload measurement of the applied devices are discussed. Selected results concerning spatial and temporal
variability, initiation of motion, (specific) bedload rates, grain size distribution and bedload yields of three years
of bedload monitoring at the Urslau torrent are presented.

Key words: Integrative Bedload monitoring system, Basket sampler, Bedload trap, Geophones

H3Box

Cranuna 3a HHTETpUCAHN MOHUTOPHHT ByUeHOT HAHOCA MHCTAJIMCAHA j€ Yy CPeJHH OYjUIHOT BOIOTOKA
VYpcnay 2010. ronure y capanmu ca aycTpujckoM Ciryk0oM 3a 3amTHTy o7 OyjUIa 1 JaBUHA U YHHBEP3UTETOM
3a NMpUpPOAHE pecypce M OnoHayke — MHCTHTYTOM 3a BOZONPHBpENY, XHAPOJIOTHjy M Xuapaynmuky. Ha oBoj
CTaHHUIM Cy MPUMEHEHE JUPEKTHE (TIOKPETHH XBaTad By4eHOT HAaHOCA) M HHIUpEeKTHE (TeodoH ypelaj) metoze.
Komb6unanuja ogabpaHux MeToa MOHUTOPHHTa oMoryhaBa cBeoOyXBaTHa Mepesa 1 OIIEHY TPAHCIIOPTa ByYeHOT
HaHoca. Y paJy ce Ipe3eHTyje HHTErpaTHBHH MOHHTOPHHI CYCTE€M M IIOjeIMHAYHO 00jalllmhaBajy TUPEKTHE
U MHIUPEKTHE METOJe MOHUTOpHHTA. J[MCKyTOBaHE Cy IPEJHOCTH U OTpaHMYeha INpUMEmEeHUX ypehaja 3a
Mepema BydeHOr HaHoca. [IpeseHToBaHu cy omabpaHn pe3yiTaTé NPOCTOpHE M BPEMEHCKE ITPOMEHIBHBOCTH,
HMHHIMPaHa KpeTama, Cienn(UIHe KOINIHHE BydeHOT HaHOca, KpyITHoha 1 MpoayKIyja HaHOca 3a TPH TOANHE
ocMarpama OyjHYHOT BOJIOTOKA Ypciay.

Kibyune peun: MHTerprcann cucteM ocMaTpama BydeHOT HaHOCA, XBaTad By4eHOT HaHOCA, Teo(oHu.
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Introduction

The knowledge of bedload transport in downstream sections of mountain torrents is im-
portant for the analyses and assessment of floods with sediment transport and for the design and
implementation of measures. Bedload monitoring is an essential step to improve the understanding
of the natural process and forms the basis to apply and calibrate bedload transport formulas and
numerical models. Being aware of the importance of bedload monitoring data, the project “Mon-
itoring and Calculation of bedload transport at downstream sections of mountain torrents at the
case study Urslau torrent” was started in 2010 by the University of Natural Resources and Life
Sciences Vienna / Institute of Water management, Hydrology and Hydraulic Engineering, financed
and supported by the Austrian Service for Torrent and Avalanche Control (Habersack et al., 2012;
Kreisler et al., 2012). The aims of the project are the development of an applicable method to asses
bedload transport at downstream sections of mountain torrents and the measurement and analyses
of the bedload transport at the Urslau torrent over four years. This article presents the developed
and installed integrative bedload monitoring. Possibilities and restrictions of applied monitoring
methods are pointed out. A choice of results of the bedload load monitoring program at the Urslau
River is given and discussed.

Study Site

The Urslau torrent is located in the alpine region of the province Salzburg in Austria (figure
1b). It encompasses a drainage basin of 121.8 km?2 and is characterized by an average bed slope
of 11.7%. In Saalfelden the Urslau discharges into the Saalach River, which is a tributary of the
Salzach River. The catchment area is situated in the Upper Eastern Alps. The southern part of the
project area lies within the Greywacke Zone and the northern part in the Northern Limestone Alps.
The bedload monitoring station is situated near the town Maria Alm at the downstream section
of the Urslau torrent. The drainage area upstream the measurement station is 56 km2, bed width
equals 8.2 m and the average bed slope near the station is 2%. The mean annual discharge at the
gauging station Saalfelden (5 km downstream the measurement station) is 4.39 m3s-1. Pictures of
the monitoring site are shown in figure la and 1lc.

0 125 25

50
|
Kilometers UpperAustria. |
|

{Maria Aim - Urslau

Salzburg

Figure 1 Site of bedload monitoring station (a,c), Location of catchment area (b)

Cnuxa 1 [lonooicaj cmanuye 3a MOHUMOPUHE 8YYeHO2 HAHOCA (a, Yy), T1oKkayuja ciusa (6)
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Materials and Methods

To describe the bedload transport process adequately a certain set of measured parameters
is demanded. Following, these main parameters of interest and the common units are listed (after
Habersack et al., 2010): Specific bedload rate [kgm-1s-1], Bedload rate [kg s-1], Bedload yield
[kg], Spatial variability of bedload transport, Temporal variability of bedload transport, Initiation of
motion [m; m3s-1m, Nm-2], Grain size distribution, Transport path / transport velocity [m; ms 1]

There are several monitoring methods in use, which have their specific possibilities and re-
striction in bedload measurement. There is no single bedload monitoring device, which enables to
measure the whole set of main parameters of interest. The main objective of the integrative bedload
monitoring system at the Urslau Torrent (also presented in Habersack et al., in prep) is to combine
the advantages of a selection of monitoring methods. This combination of several single techniques
allows monitoring the bedload transport process entirely. The integrative bedload monitoring station
at the Urslau torrent combines indirect (geophone device) and indirect (mobile basket sampler, bed-
load trap) measurement methods. Following the single measurement devices are presented.

Geophone Device

Geophone plates allow a qualitative, indirect monitoring of the bedload transport. Geo-
phones are vibration sensors, which are used originally in seismic subsurface exploration. To detect
bedload transport at the Urslau torrent the geophone are mounted on the underside in the middle of
0.36m long, 0.5m wide and 0.015m thick steel plates (figure 2.a). These steel plates are installed
horizontally, bed parallel over the whole river cross-section (figure 2.b). At the Urslau torrent seven
geophones are distributed equally over a torrent profile width of eight meters.

Bedload particles, which move over the steel plates, create vibrations of the steel plates. These
vibrations are detected by the geophones. A software program analyses and processes the raw data
signal of the geophones automatically and continuously. Following parameters are computed and
stored (Habersack et al., 2012): number of impulses per minute (threshold value of 0.1V), maximum
amplitude per minute and quadratic integral of the signal per minute. If required the raw data signal
and number of impulses, maximum amplitude and quadratic integral per second can be recorded.

Figure 2 Geophone mounted on steel plate (a), Geophone device (b)

Cnuxa 2 Moumupan 2eogon Ha uenuunoj noonosu (a), eeoghon ypehaj (6)
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The continuous and automatic data recording offers information of the bedload transport
which are high in spatial and temporal resolution. The spatial distribution of the transported mate-
rial over the torrent profile is determined, as well as the temporal course of the bedload transport
process. Further, the critical flow for the initiation of bedload material can be ascertained. The
direct assessment of bedload transport rates in weight respectively volume and the texture of the
transported material is not possible. Therefore calibration measurements with direct monitoring
devices (mobile basket sampler, bedload trap) are required.

Mobile Basket Sampler

The concept of the used mobile basket sampler is based on a mobile bedload trap presented
in Bunte and Abt, 2003. The sampler was built for bedload measurements in mountain streams with
intense bedload transport (Habersack et al., 2012). The basket sampler consists of a rectangular
steel frame, which is 0.4m wide and 0.3m high, a sampler bag and a steel bar. The sample bag has a
mesh size of 4mm x 7mm. The steel bar is attached at the intake frame using a uniaxial rotary joint,
which causes the sample intake to turn into mean flow direction in response to the fluvial forces.
The sampler can be mounted on a mobile crane at the upper end of the steel bar. Two tensioning
ropes, which are fixed on either side of the steel frame and on both riverbanks, prevent the sampler
form drifting downstream. Figure 3a and 3b show the mobile basket sampler respectively pictures
of the measuring procedure.

For bedload transport measurements the mobile basket sampler is lowered at given mea-
surement verticals onto the streambed and raised again after a defined measurement time, which
depends on bedload transport intensity. Measurements are performed downstream of the geophone
device, allowing a calibration relation between the data of the geophone device and the result of
the basket sampler measurements.

Figure 3 Mobile basket sampler, Measuring procedure (a,b)

Cnuxa 3 [lokpemnu xéamau Hanoca, nocmynax mepersa (a, 6)

There are two possible measurement procedures — Cross-section Measurements and Per-
manent Measurements. At Cross-sections Measurements bedload samples are taken at three pre-
defined verticals in the stream profile. Temporal variability of bedload transport is obtained by
performing three measurements at one vertical consecutively. Specific bedload transport is calcu-
lated by determining the average value of these three subsequent measurements. Sample taking
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at several measurement verticals allows the calculation of the prevailing bedload transport in the
stream profile. Performing Permanent Measurements, bedload samples are taken at one vertical
repeatedly. This measurement procedure is undertaken to analyse the temporal variability of the
bedload transport process.

Advantages of mobile basket sampler measurements are the possibility to take spatial and
temporal variable bedload samples. The spatial distribution of bedload transport within the stream
profile as well as the temporal variability can be investigated. A sieving analysis of the measured
material gives the grain size distribution respectively the characteristic grain sizes of the trans-
ported material. Bedload measurements with the basket sampler at the Urslau torrent are restricted
to low and medium discharges. At high water flow the lowering of the sampler on the riverbed is
problematic due to high hydraulic flow pressure. Additionally, occurring woody debris make the
measurement procedure difficult. Further, at high flow and therefore, at very intense bedload trans-
port rates, measurement time hast do be reduced strongly which can cause uncertainties within the
measuring process.

Bedload Trap

The bedload trap is mounted directly downstream of the geophone device in the middle of
the stream profile (Figure 4a). It consists of a sampling box, which is placed on load cells. The vol-
ume of the sampling box is 1.13 m3. The trap is covered by a lid with a longitudinal sampling slot
(1.6m long and 0.5m wide). In rest position the slot is closed and flush with the streambed. When
starting with bedload sampling, the slot is opened hydraulically via manual control, allowing for
bedload material to be trapped in the container. The load cells commence recording automatically
the bedload mass increase within the trap. To analyze the sampled bedload material an excavator
withdraws the filled sampling box and places it on the riverbank (Figure 4b). After the box is emp-
tied it has to be reinserted. This maintenance work is restricted to low flow conditions.

Figure 4 Bedload trap downstream geophone device (a), Sampling box (b)

Cnuka 4 Hu3600HuU Xe6amay 3a 8yueHU HAHOC ca 2e0PoH ypelajem (a), CaHOVK 3a Y30pKe HaHOCA

Bedload monitoring using a bedload trap is possible at all water stages, even at high flow
conditions and intense bedload transport. It enables a relative long-lasting direct bedload mea-
surement. Specific bedload transport, temporal variability, texture of the transported material and
also initiation of motion can be determined. As the bedload trap is fixed downstream the geophone
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device, bedload trap measurements serve as well as the mobile basket sampler measurements to
calibrate the geophone data. The fixed position of the bedload trap in the stream profile prohibits
the analyses of the spatial variability of the transport process.

Integrative bedload monitoring system

Geophone device, mobile basket sampler and bedload trap form together the integrative
bedload monitoring system. The combination of these methods takes advantage of the possibilities
of the mentioned single monitoring methods and compensates their specific restrictions in bedload
measuring. Table 1 shows the suitability for measuring the parameters of interest of all measure-
ment devices, which are applied at the Urslau torrent. The last raw of the table represents the inte-
grative monitoring system and its possibilities in bedload monitoring.

Suitability Table Specific | Bedload | Spatial | Temporal | Initiation | Grain size | Transport
y bedload rate | rate | variability | variability | of motion | distribution | process
Mobile Basket 3 3 2 1 1 2 )
Sampler
Bedload Trap 3 1 - 2 3 3 -
Geophone Device 1 1 3 3 3 1 -
Integrative Monitoring 3 3 3 3 3 3 _
System
3 Highly suited for measuring this parameter
2 Suited for measuring this parameter
1 Partially suited for measuring this parameter
- Not suited for measuring this parameter

Table 1 Integrative Monitoring System - Suitability table (after Habersack et al., 2012)

Tavena 1 Hnmezpucanu monumopune cycmem - Tabena nocoonocmu (npema Xabepzax-y et al., 2012)

Results

Bedload transport measurements are operated at the Urslau torrent since 2011. Several mo-
bile basket sampler and seven bedload trap measurements have been performed already. Geophone
recordings are available continuously since January 2011. In this chapter a selection of these bed-
load monitoring results is presented.

At the Urslau torrent bedload transport intensity is recorded continuously due to the geo-
phone device. This enables a comprehensive analysis of the bedload transport process.
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Considering bedload transport at the Urslau torrent on a large time scale gives the diagram
in figure 5. Here the course of the sum of all installed geophone impulses and discharge, exemplar-
ily illustrated for the year 2012, is shown. Bedload transport intensity tends to follow the course of
water discharge. At high flow conditions the number of recorded geophone impulses is high too.
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Figure 5 Course of Geophone Impulses (15min average value) and discharge — Urslau 2012

Cnuxka 5 Kypc ceopon umnynca (15 munymna cpeorwa epeonocm) u npomuyaj — ¥Ypcaay 2012

Figure 6 shows the daily course of geophone Impulses at the Urslau torrent. The strong tem-
poral variability of bedload transport is apparent. Although hydraulic conditions are relative stable
bedload transport intensity differs from an average value of 1 to nearly 400 geophone impulses per
15 minutes.
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Figure 6 Temporal variability of bedload transport (Urslau 12.07.2013)

Cnuka 6 BpeMeHcka BapHjaOHIIHOCT TpaHCIOpTa ByueHor HaHoca (Ypcmay 12.07.2013)
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Bedload transport exhibits not alone temporal variability of bedload transport, but also varies
spatially within the stream profile. Figure 7 shows the temporal and spatial distribution of geophone
impulses for 01.05.2012 —31.10.2012.

Spatial and temporal variability of bedload transport 01.05.2012 - 31.10.2012
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Figure 7 Spatial and temporal variability of bedload transport

Cnuka 7 [Ipocmopha u pemencka 8apujaduiHoCcm mpancnopma y4eHo2 HaHoca

For the determination of the critical flow for initiation of motion the average number of geo-
phone impulses is calculated for the corresponding discharge categories. Figure 8 shows the result
of this analysis. For the Urlsau River, in the section of the monitoring station the lower limit of the
critical flow for the initiation of bedload transport is in the range of 3-5m3s-1.
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Figure 8 Initiation of motion

Cnuxa 8 Ilouemaxk kpemaroa
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Direct bedload transport measurements allow the determination of transported bedload mass
respectively volume and the texture of the transported material. Figure 9 gives an example of a mea-
surement with the mobile basket sampler. At this cross-section measurement specific bedload rates
and texture of the transported material at each measuring vertical are illustrated. The highest specifc
bedload rate (2.8 kgm-1s-1) was measured in the middle of the cross-section. Extrapolating these
point measurements on the stream profile yields a bedload transport rate of 7.2 kg s-1.

Mobile Basket Sampler Cross-section measurement, 09.08.2011 Urslau
2.8

5 100% - - 3 F Sand<2mm
§°§ 80% - . 2mm=<fG<6,3mm
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E ?D 40% - o L g o0 20mm=<gG<63mm
o 20% 4 027 5 Cobbles>=63mm
0% © T . 0 % -++:0--- Specific bedload rate
1.5 3.5 5.5

Distance to orographic left river bank [m]

Figure 9 Cross-section measurement (09.08.2011)

Cnuxa 9 Mepnu npogun (09.08.2011)

The result of a bedload trap measurement (01.06.2013) is given in figure 10. The course of
mass increase of the sampled bedload material in the trap is shown. The cumulative curve of regis-
tered geophone impulses of the geophone directly upstream the bedload trap is illustrated too. The
similarity of these two courses is evident.

3 Bedload Trap measurement 01.06.2013 (Raw data)
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Figure 10 Bedload trap measurement 01.06.2013

Cnuxa 10 Mepemwe nponoca eyuenoe nanoca 01.06.2013
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Direct bedload transport measurements are undertaken directly upstream of the geophone
device, enabling the comparison of geophone data and direct measured transport rates. Geophon
data are calibrated by relating the measured specific bedload rates to geophone impulses, which were
recorded in the corresponding time period. This relation gives the opportunity to calculate bedload
yields for chosen time periods. The correlation of direct measured specific bedload rates and geo-
phone data is given in figure 11.

Correlation: Direct - Indirect Measurements
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1000 ey ] '
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Specific bedload rate [kg m'min]

Figure 11 Correlation of direct and indirect bedload measurements

Cnuxa 11 Kopenayuja oupexmnux u uHOUPEeKMHUX Meperbd 8y4eH02 HAHOCA

Discussion

This article shows that the integrative bedload monitoring system, applied at the Urslau tor-
rent gives satisfactory monitoring results. The suitability table (Table 1) and the given examples of
monitoring results (figure 5 — 11) demonstrate that all main parameters of interest (after Habersack
et al. 2012), except the parameters “transport path and transport velocity” can be determined. For
the detection of transport path and transport velocity of single bedload particles the further appli-
cation of tracer stones is needed (for example Liedermann et al., 2012).

Due to the high spatial and temporal variability of bedload transport, a continuous monitor-
ing of the bedload process using indirect monitoring methods is required. The high temporal vari-
ability of bedload transport in figure 6 underlines the temporal variability of the transport process.
This example reveals also that bedload transport is not alone dependent on prevalent water flow. It
is recommended to consider further determining factor when assessing bedload transport events.
Exemplarily bedload material supply, activity of tributaries and material input out of slope process-
es, previous bedload transport events and armouring processes are listed here.

The application of direct monitoring methods gives information of mass and volume of
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transported bedload material. The mobile basket sampler is applied and established for low and
medium flow rates at the Urslau torrent. At high flow and high intensities of bedload transport mea-
surements with the mobile basket sampler are not feasible. Bedload transport measurements using
the bedload trap are operating satisfactorily for higher discharges, as illustrated in the example of
the bedload trap measurement of the 01.06.2013 in figure 10.

The calibration of geophone data is an essential issue of direct bedload measurements. The
relation between geophone data and measured bedload rates in figure 11 provides a strong correla-
tion (correlation coefficient of 0.86). As already mentioned this relation enables the determination
of bedload yields.

Measured bedload data of the Urslau torrent form an essential basis to review existing ap-
proaches to calculate bedload transport. Further work will concentrate on the applicability of es-
tablished bedload transport formulas by comparing calculated results with measured bedload data.
Possibilities to calibrate and adjust bedload transport formulas will be compiled.

Summary

Bedload transport has been measured at the Urslau torrent for three years. Direct and indi-
rect bedload monitoring methods have been applied. The presented results highlight the importance
of an integrative monitoring system to detect the bedload transport process entirely. Selected re-
sults concerning the main parameters of interest are shown. Measured bedload data of the Urslau
torrent form an important basis for future work relating the review and adaption of existing bedload
transport formulas.
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Abstract

There are a lot of different types of torrential barriers in different condition levels in Austrian torrents
which have to be evaluated regularly with respect to their safety and serviceability. In addition, a lot of new
barrier structures will be built in the near future which will be designed according to the EUROCODES (i.e.
The standard series EN 1990 to EN 1999). Given those circumstances an interdisciplinary working group (Com-
mittee 256) was established at Austrian Standards (AS), which has managed to develop new standards for load
models, design and life cycle assessment of torrent control works, the series ONR 24800 (ONR: short for ON-
Rule).This paper presents the current state of standardization and is focused on selected requirements for design
of torrent protection works.

Keywords: new standard, torrential barriers, torrent control works

H3Box

[TocToje BHIIE Pa3IOYNTHX TUIOBA OyjHYapCKOX IIperpaja, M3rpa)eHuxX y pasiuduTUM YCIOBHMA Y
OyjuuHHM TOKOBHMa AyCTpHje, Koje Ou Tpebao ouenntr nmajyhu y Buay muxoBy cradmiHocT. U mopen tora,
MHOTO HOBHX TIperpaja he 6utu mpojekroBane y Onmckoj OyayhHoctn npema crangapny EUOCODES (1.
cranpapan cepuja EN 1990 no EN 1999). Nmajyhu y BuIy 0BE OKOJHOCTH y OKBHPY AYyCTPHjCKUX CTaHIAP
(AS) cdopmupana je nHTepANCIUILIMHAPHA pagHa rpyna (Kommurer 256) koja je pykoBoAmiIa pa3BojeM HOBUX
CTaH/ap/a 3a HoBe Mojiese (TUIIOBE) Tperpaze U lIUXoBo ontepeherse, MpoleHy MPojeKTOBAHOT, Ka0 U SKHBOTHOT
IUKITyca pajgoBa Ha ypehemy Oyjuunux Toxosa, cepuje ONR 24800 ( ONR: ckpaheno 3a ON- Rule). OBaj
paz IpezcTaBiba caJalllibe CTamke CTaHAapAn3anyje U ol je (oKychpaH Ha ofadpaHe 3aXTeBe 3a IIPOjEeKTOBAbE
panoBa Ha ypehemy Oyjuna.

Kipyune peun: HOBU cTaHmapau, OyjudHe nperpazne, ypeheme Oyjuma
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Introduction

Due to the high percentage of mountainous regions within the Austrian federal territory, the
protection of human settlements against natural hazards, especially avalanches, rock fall, landslides
and torrential hazards, which result from torrent processes (flood, debris floods and debris flows),
is of paramount importance for regional development and safety planning. Because of the high in-
fluence of these processes onthe human existence, a lot of different technical structures to control
torrent processes were designed and built. Until the end of the 1960s, solid barriers were built at the
exits of depositional areas to prevent dangerous debris flows from reaching high consequence areas.
The development of solid barriers with large slots or slits to regulate sediment transport began with
the use of concrete and reinforced concrete during the 1970s. The surplus of solids produced by a
debris flow was temporarily stored behind these dams. To reduce the energy of debris flows debris
flow breakers were designed in the 1980s. By slowing and depositing the surge front of the debris
flow, downstream reaches of the stream channel and settlement arecas are exposed to considerably
lower dynamic impact.

Currently there are a lot of different types of torrential barriers in different condition levels in
Austrian torrents which have to be evaluated regularly concerning their safety and serviceability. In
addition a lot of new barrier structures will be built in the near future which will be designed accord-
ing to the EUROCODES. To provide state of the art design guidelines an interdisciplinary working
group,Committee 256,was established at Austrian Standards, which has managed to developed new
standards for load models, design and life cycle assessment of torrent control works.During this work
the traditional assessment, design and construction concepts were adapted to the EUROCODES. The
result of this work was published as ONR 24800-series.

The ONR 24800 - series - Overview

Torrent control works includes by definition all kinds of structures, which are realized in a
torrents catchment or stream bed, in order to stabilize the bed and adjacent slopes, to regulate the
discharge of floods, to dose runoff and solid transport, to filter large components (blocks, drift wood),
to dissipate the energy of debris flow or to deviate (by-pass) hazardous flow processes from objects
or areas at risk. [7] Since the beginning of systematic torrent control in Austria 125 years ago barriers
were constructed for protection purposes.

In the past the technological development of these constructions was only guided by the ex-
periences of engineering practice while an institutionalized process of standardization comparable
to other engineering branches was not existent. This gap was closed by the publication of the ONR
24800-series, which consists of the following parts:

¢ ONR 24800, Protection works for torrent control - Terms, definitions and classification
(published 2008)

* ONR 24801, Protection works for torrent control - Actions on structures (published 2013)
* ONR 24802, Protection works for torrent control - Design of structures (published 2011)

* ONR 24803, Protection works for torrent control - Operation, monitoring, maintenance
(published 2009)

¢ RestlicheTeile!?
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These documents are based on and interact with EN 1990 (basic of structural design), EN
1992-1-1 (design of concrete structures), EN 1997-1 (geotechnical design) and the related documents
for the Austrian national specifications (NAD) (Figure. 1) The development of these standards was
accompanied by the publication of the first comprehensive technical handbook on torrent control

engineering “state of the art” [1].

ACTIONS ON STRUCTURE
| EN 1990: Basic of Structural Design

| ONORM B 1990

| ONR 24801: Actions on Structures

| ONR 24802: Design of Structures

RESISTANCE of STRUCTURE, DESIGN and structure
ASSESSMENT

I EN 1992-1-1: Design of Concrete Structures |

| ONORM B 1992-1-1 |

|ONR 24802: Design of Structures |

MONITORING and MAINTENANCE

ONR 24803:
Operation, monitoring, maintenance

|:] Basic EUROCODE Standard

RESISTANCE of SOIL and geotechnical DESIGN and
ASSESSMENT

I EN 1997-1: Geotechnical Design |

[ ONORM B 1997-1-1 |

| ONR 24802: Design of Structures |

[ ] National Specifications to the EUROCODE Standard; Austrian National Annex (NAD)

|:| Special requirements for torrential barriers: ONR 24800 series

Figure 1 Interaction of EUROCODE Standards (EN 19xx), national specifications and special re
quirements (ONORM B 19xx) for torrent control works (ONR 24800)

Cnuxa 1 Hnmepaxyuja EUROCODE cmanoapoa (EN 19xx) nayuonanne cneyuguxayuje u
cneyujanuux 3axmesa (ONORM B 19xx) 3a padose na ypehery 6yjuya (ONR 24800)
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ONR 24800: Terms, definitions and classification

This ONR gives basic recommendations about terms, definitions and classification, which are
used in the other parts of this series. The most important classification for the design and assessment
are the functions of torrential barriers. According to ONR 24800:2008 they can be divided in the
following functional types:

* Conduction includes all measures to direct the debris flow on the shortest way through a
potentially endangered area.

« Stabilizationleads to a protection of the channel bed and the embankments against depth and
lateral erosion.

 Consolidation supports adjacent slopes of the channel by raising the channel bed and reduc-
ing the stream gradient.

* Bypassing involves all measures to collect and redirect surface water around an erosion
prone area to avoid excessive sediment recruitment along specific channel reaches.

» Retention leads to a more or less permanent deposition of sediments. The sediments have to
be dredged after each event with the help of machinery (earth moving equipment?).

* Dosing covers all measures that allow a temporary deposition of sediments. After the event
the deposits should be released if the tail water is deficient of sediments. The intermediate
storage of the accumulated material is designed to balance hazard mitigation and a healthy
riverine (?) environment.

« Filtering allows particle segregation by grain size to allow only a given grain size to pass the
structure.

* Measures with energy dissipation are designed to reduce debris flow energy ([4][5]). By
slowing and depositing the surge front of the debris flow, downstream reaches of the stream
channel and settlement areas are exposed to considerably lower dynamic impact.

* Deflection directs debris flows towards areas of low consequences. This requires the exis-
tence of areas with low economic value in which debris flows maybe deposited.

Besides this the classification of the discharge and solid transport processes in torrents are
necessary for the assessment of barriers. Torrents are per definition perennially or intermittently run-
ning water courses with steep slope, rapidly changing discharge and massive solid transport (debris,
bedload, drift wood) at times[7]. According to ONR 24800:2008 4definable displacement processes
([31,[21,[6]) can be distinguished:

¢ floods,

» fluvial solid transport,

* hyper-concentrated solid transport (debris floods)

* and debris flow (stony debris flow or mud-earth flow).

The characteristic displacement processes of torrential events (floods, fluvial solid trans-
port, debris floods, debris flow) are definable by physical parameters like the rheology (newto-
nian/non-newtonian), the volumetric concentration of solids, the density of the liquid-solid-mix-
ture, the kinematic viscosity, the flow velocity or the relative discharge (ratio of total discharge to
water discharge).
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Functional categories

According to ONR 24803:2009 the functional category has to be determined for each torrent
control structure. Two functional categories of structures can be distinguished depending on the
magnitude of consequences of a functional or structural failure (e.g. dam failure) for the protection
system itself or the area at risk (ONR 24803:2009):

* key structures
» standard structures

This classification follows the principles of the ONORM EN 1990, depending on the extent
of potential damages. Torrential dams can be classified according to the functions listed above. In
any case, dams with retaining, dosing, filtering and energy dissipating function count among the key
structures. Hence the stability and usability of these structures is of major importance for the safety
of a whole protection system.

ONR 24801: Actions on structures

This ONR gives detailed recommendations for loads and load models on torrential barri-
ers. Stresses on torrential barriers result from water (hydrostatic, dynamic), earth and debris flow
impact. In special cases effects from avalanches, falling rocks and earth-quakes must also be con-
sidered. There are load models for all 3 displacement processes defined. As example the pressure
of debris flowsresults from dynamic relocation processes with varying amounts of water, fine
and coarse sediment. The debris flow drains in the channel and interacts with the structure during
impact (Figure 2). It is assumed that during the initial impact contribute the highest forces on the
lock. Any deposits behind the barrier have a damping effect and reduce the pressures occurring
from a mudslide.

The model for debris flows is designed in way that on an interface, the parameters of the
process model to the action model will be passed. The modeling of the processes is performed
usually by an expert for torrent control. The nature of the process model is determined by the
analysis of the catchment area and the relevant characteristics of the debris flow relocation pro-
cess. The impact on the building model is defined in cooperation with the responsible structural
engineer.The following parameters have to be defined on the interface (Figure 2):

* type of discharge process (stony debris flow or mud-earth flow),

* drainage area of the debris flow (AQM) in the characteristic canal cross section,
* velocity (v),

* density (r M),

* dynamic height hdyn to determine the dynamic load width.

The action model consists of the following components ( Figure 2 B):

* dynamic pressure (Pdyn),

e static pressure (pst),

» vertical load (pa),

* Force resulting from the impact of a single component (e.g. tree trunk, big block), (Pimp).
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The results obtained from the model effects have to be considered as characteristic values for
design and assessment.

N

process model
@ debris flow in channel
@ structure (barrier)

debris flow interact
with structure

@ Impact of single
components

@ dynamic pressure
@ static pressure
@ vertical load

Force resulting from
impact of sibgle
component

Interface

Load model
Paf | @
Pdyn

Figure 1 Load model and process model for debris flows according to ONR 24801

Cnuxa 1 Mooen onmepeherwa u npoyectu mooen 3a oyjuuny aasy npema ONR 24801

ONR 24802: Design of structures

This ONR is the main part of the series. It gives recommendation for the design and the as-
sessment of barriers. Stress combinations and partial load factors depending on the functional type,
the type of displacement process and functional category are defined.In addition specific design
rules are given. Specific design rules are very important to achieverobust barriers which are able to
fulfil their function over the expected lifetime.

Impacts on torrent control works are according to ONORM EN 1990 categorized in per-
manent, variable and accidental actions. According to ONR 24802:2010 accidental impacts are
either caused by extreme events exceeding the design event or correlated to processes whichare
not covered by the systematical function of the structure (e.g. earth quakes).The proof of the hy-
draulic capacity of a torrent control work based on the design discharge comprises the following
verifications:
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* proof of the capacity of the discharge section (the hydraulic capacity has to exceed the
design flood taking into account a freeboard),

* proof of the capacity of large openings (slits),
* dimensioning of spilling pool (overflow).

ONR 24802:2010 defines the limit states for the proof the stability and serviceability of the
torrent control works and supportingstructures. In order to provide these proofs the following im-
pacts have to be taken into account for the design of torrent control works:own weight of structure,
soil pressure, water pressure (design water level, water pressure in tension cracks), ground water
pressure (water pressure at basis), dynamic water pressure of design event (flood, debris flow),
dynamic water pressure exceeding the design event, water pressure due to unplanned backwater
and traffic loads. In specific cases additional impacts caused byslope failure, rock fall, avalanches,
earth-quakes or extreme floods have to be taken into account. The magnitude of these impact forces
and the relevant load distribution figure are defined in ONR 24801.

According to ONR 24802:2010 the relevant impacts for the dimensioning of torrent control
structures have to be combined according to the predominant displacement process. These char-
acteristic combinations of loads are qualified as standardized stress combinations (SC). In SC A
(Figure 3a), the state before backfill, the hydrostatic water pressure from the backwater (WowS) is
acting on the barrier. The specific gravity of the water, depending on the content of bed load in the
pure water, ranging from [JW = 10 to 20 kN/m?®. If there is a water flow behind the bottom side of
the barriers foundation a reduced hydrostatic water pressure in the soil body can be used. In this
stress combination the buoyancy force (WA) is acting on the barriers bottom side. This force reduces
the external stability of the barrier. The downstream water pressure (Wuw) must not be used as a
resistance for the barrier.

unfilled storing basin W |:| upstream water level unfilled storing basin
percolation flow Y percolation flow
high water flow I debris flow

FE FE
— -
\
WowD \\ Pmu
\

IEEANAN A

Waw Wowb  Cow Wow |

percolation flow percolation flow
WA Wa
Wuw Wowb Wuw Wowb
w = water pressure

pmu = depris flow pressure
e = earth pressure Fe = impact of single rock or stem

Wowb Cow

Figure 3 Stress combinations (a, left) for retention, dosing and filtering barriers and (b, right) for
energy dissipation barriers (debris flow breaker); according to ONR 24802

Cnuxa 3 Kombunayuja npumucka (a, 1€60) 3a pemenyuoHe, 003upHe U uimepcke npepaoe u
(6, 0ecHo) 3a npeepade 3a pacunarve enepeuje moxa (pasdujarbe Oyjuune n1ase),
npema ONR 24802
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ONR 24803: Operation, monitoring, maintenance

Currently a lot of different types of protection works (e.g. barriers, dams, sills, ramps) in
different condition levels exist in Austrian torrents. There are different types of design, design
age, material, and combination of materials. On the other hand the protection concepts have
changed and the values of the protected regions depending of the type of land use have signifi-
cantly increased in the last years. So there are protection works which are not needed any more.
In other regions new structural mitigation measures hadto be built to protect expandinghuman
settlement arecas. Besides these new developments, in the last decade many projects concerned
with maintenance, improvement and restructuring were initiated. All these activities have to be
considered taking account the limited public funds of the communities, federal states and the
republic on the one hand and the statutoryprovisions on the other hand.

The number in design of new torrent protection works decreases whilst the amount of
maintenance and rebuildingmeasures increases. A fundamental task is the regular supervision
and monitoring of existing measures concerning their condition and effectiveness. This task is
mainly the duty of the holder of title of the protection works (communities, beneficiaries, water
cooperatives or others); technical supervision is also carried out by the Austrian Torrent and Av-
alanche Control Service.

By using a suitable areca-wide monitoring concept with adjusted decision tools the avail-
able fundscanbe used more efficiently and a longer-term planning of maintenance measures is
possible (based on life-cycle costs). The recommendations of ONR 24803 weredeveloped con-
sidering economical, practical and safety aspects.

The monitoring concept in ONR 24803 is divided in two parts, the inspection and the
measurement or intervention part (Figure 4). The main target of the inspection is to assess the
condition and the reliability in a comprehensive manner. This is achievedby the comparison of
the actual state with a reference state. To identify the actual condition, standardized instruments
are developed. These instruments can be divided in the operational instruments, like three differ-
ent control levels, and the instruments of documentation, like the control minutes and database
and the instruments of assessment. The three control levels take into account economic limits.
In the level 1 all structures will be periodically inspected e.g. by lumbermen during the annual
inspection of the Austrian torrents (task of the community due to the Austrian Forest Act). If
there is damage identified on a structure a level 2 inspection will take place. A competent expert
will perform this level 2 inspection. If there is no possibility to assess the actual condition of the
structure a level 3 inspection will be done. Level 1 and 2 is done with visual inspection methods.
The level 3 inspection will be done, using complex engineering methods, like analyses of mate-
rial samples, measuring systems, static and hydraulic simulations or else. In the ideal case this
inspection level is carriedout by an interdisciplinary expert team.

The aim of the inspection is to classify the structure in one of six condition levels. Level
1-buildings are new or as good as new, level 6-buildings are completely destroyed. The given
standardized instruments allow a comparable classification of condition levels for the whole of
Austria.

A consistent and comparable description of the damages of the structures is assured by
well-developed control protocolsand a damage catalogue for torrent protection works. This cata-
logue is based on the experience of practitioners and on the theoretical background of research-
ers. The catalogue contents a classification of the damages and detailed descriptions for several
types of damages. The classification scheme divides the damage-types in those with relations to
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MONITORING of Torrential Barriers
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Figure 1 Monitoring concept for torrent protection works, according to ONR 24803

Cnuka 1 Konyenm monumopunea 3a padose na sawmumu o0 oyjuya npema ONR 24803

the ultimate limit state, the serviceability limit state and the durability limit state (terms in accord-
ing to EUROCODE 0). Beside this the classification also takes into account the type of structure
and the design material. These developed instruments enable effective decisions regarding the
type of measures, the time of measures and also a realistic assessment of the state of the structure.
Typical measures are rebuilding, maintenance and modification of the structure. The collected
data is to be stored in a database of the so called torrent and avalanche Cadastre (WLK). This
data base will be used for maintenance and inspection planning to avoid a precise and efficient
maintenance by minimizing costs. It is also the base for simulations of further developments of
the barrier systems depending on different maintenance scenarios.

Conclusion

The ONR 24800-series constitutes a new dimension in torrent control engineering. The
application of these standards will favor the efficiency and cost-effectiveness of protection struc-
tures and secure a high standard of quality concerning the functionality, stability and safety of
barrier structures. After the completion of the new Austrian standards in the spring of 2013 a
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phase of testing and evaluation will help to gather experiences with the practical application of
these regulations.

The highest uncertainty in attaining adequate design and assessment of barriers lies on the
action side. Due to this fact, specific design rules are essential to achieve robust barriers which
are able to fulfil their function over the expected lifetime.

REFERENCES:

[1] Bergmeister K., Suda J., Hiibl J., Rudolf-Miklau F. (2009): Schutzbauwerke gegen Wildbachgefahren.
Ernst und Sohn, Berlin (in German).

[2] Hiibl J. (2006): Vorlidufige Erkenntnisse aus 1:1 Murenversuchen: Prozessverstindnis und Belastung-
sannahmen. In: FFIG, G. Reiser (Hrsg.), Geotechnik und Naturgefahren: Balanceakt zwischen Kostendruck
und Notwendigkeit. Institut fiir Geotechnik, BOKU Wien, Geotechnik und Naturgefahren, 19.10.2006, Wien
(in German).

[3] Iverson R. M. (1997): The physics of debris flows, Reviews of Geophysics 35, American Geophysical
Union: pp. 245-296.

[4] Jenni M., Reiterer A. (2002): Debris flow management with crash dam construction, Journal of Torrent,
Avalanche, Landslide and Rock Fall Engineering, Vol. 148, pp. 11-19.

[5] Kettl W. (1984): Vom Verbauungsziel zur Bautypenentwicklung - Wildbachverbauung im Umbruch. Wild-
bach- und Lawinenverbau, Vol. 48, pp. 61-98.

[6] Marco F. (2007): Torrential Processes. In: Campus S, Forlati F., Barbero S., Bovo S. (eds.): Evaluation and
Prevention of Natural Risks. Taylor and Francis/Balkema: pp. 169-199.

[7] Rudolf-Miklau F. (2009): Naturgefahren-Management in Osterreich, NexisLexisOrac, Wien (in German).

36



Monumopune oone epo3uje na epo3uoHuM napyenama Ha o2nieonom caugy Pune

Muuiera MusiojeBuh ', Muirytun Credpanosuh ', Upnna Musaoanouh ', Muanua
‘Banuh !, Jenena Yorpuh !, 3opan I'aspunosuh ', Hukoaa 3naranosuh !

MOHMTOPHUHI BOJHE €PO3Hje
HA €PO3HOHMM MapuejaMa Ha
OrJIeTHOM cauBy Pume

Water erosion monitoring in
experimental basin Ripe, Serbia

! MuctutyT 3a Bogonpuspey “Japocnas UepHu™, 3aBo1 3a 3amTUTY 0f1 OyjHiia U epo3uje
yi. JapocmaBa Uepnor 80, 11226 beorpan

H3Bon

Hay4Ho-ucTpaknBauka CTaHWIIA Ha OMIETHOM CIHBY ,,Pume”, mecHoj mpuromn Tomumaepcke peke,
¢dopmupana je 1953. roxgune. VicrpaxkuBadku paj Ha OBOM CIIHBY je 00HOBJbeH ToKoM 2004. ronnHe u ycMepeH
je y mpaBiy onpehuBama cpenme TOOWINET MHTEH3WTETa epo3Hje, Tj. KOJNMUYMHE MOKPEHYTOT MaTepHjajia
ca TMajWHa CIMBa, KOjU y CeOM Cap)KH HajIUIOJHHUje YECTHIE CIIPAHOT 3€MJBUINTA W XPAHJBUBUX MaTepuja.
CBa ocmarpama M HCTpaXKMBama Cy OpraHM30BaHa IpeMa yTBphEeHOj METONONOTHjH, Kako O ce JoOwiIH
KBAaHTUTAaTHBHO OpOjUaHM ITOKA3aTeJbH, KOjH Cy HEOIXOIHHM Jia OU ce YTBPANO CPEArs-e TOANIILH HHTEH3HUTET
epo3uje. Bpmm ce npukymbame MeTeopOIONIKO-KIMMATOIONIKHX IT0/[aTaka, 0CMaTpame 1 MEepere OTEeKIIe BOJIe
U CIIPAaHOT HAHOCA Ha €pO3UOHUM HapienaMa. Ha ocHOBY aHanmu3e NpUKyIJbeHUX NofaTaka y nepuony ox 2005
1o 2010. roxuHe 3aKJbY4EHO je Ja Cy Ha CIMBHOM IOAPYYjy IOTOKA Pure mpeTeskHO OIBHjajy MOBPIIMHCKH
nporiecu eposuje. PerpesenraruBay cimB Purie je mokasaresb cTamba epo3HOHUX TIpolieca Ha I1eJ10j TePHTOPHjH
rpanga beorpana xao n nenrpanHor gena Cpowuje.

Kiby4He peun: eposuja, ocMaTpame, MalaBuHe, HaHOC

Abstract

The research station at the experimental basin Ripe, a right tributary of the Topc¢iderska River, was
formed in 1953. The research was re-established in 2004 and directed towards determining the average annual
erosion intensity i.e. the amount of displaced material from the basin slopes. This material contains the most
fertile soil particles and nutrients. The observations and research both follow an established methodology to es-
tablish quantitative parameters necessary to determine mean annual erosion intensity. Observations include the
monitoring of meteorological and climate data, discharge measurements as well as quantities and characteristics
of sediment washed from erosion plots. Based on the analysis of the data collected between 2005 and 2010, it
was concluded that surface erosion processes are dominant in the Ripe basin. The Ripe basin is a representative
indicator of the state of erosion processes throughout the wider Belgrade city area as well as the rest of Central
Serbia.

Key words: erosion, monitoring, precipitation, sediment
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YBoa

Byjuune mnorutaBe u epo3uja 3emipMINTa cranajy Mely HajBehe Hempujaresbe 4mTaBOT
yoBeyaHcTBa. CBOjUM HamIMM HaJoJjaclyMa M3a3WBajy OTPOMHE MarepujaliHe IITeTe, a 4YecTo
U JbYJCKE KPTBE. YHHIITaBambeM HH(PACTPYKTYpHUX oOjekara (IyTeBa, >KEJIC3HWYKHX Ipyra,
MOCTOBa) IOIIaBaMa y HACebEHUM MECTHMa, JI0Ja3d JIO OTrPOMHHUX MaTepHjalHUX IITETa.
CrnpameM 3eMJbHIITA ca OpJICKUX IMaJMHA, €po3Hja KOHCTAHTHO OCHpOMAIllyje 3eMJBHIITE, IITO
Y3POKYj€ CMambeHhe IPHHOCA KOJI TOJHOIIPUBPEIHUX KYITYpA.

[Tocie gpyror cBeTCKOT para I1a CBe 10 JIaHac, Hallla 3eMJba YNHHU BEJIMKE HAIIOPE Jla Ce CMakbhe
OBe IIpHUpOAHE Heroroze. M3BpiieHo je ypeheme Benukor Opoja OyjudHUX BOAOTOKA, TONTYMJaBaHO
je BHUIIIe XMJbaJIa XEKTapa Ha yIPOXKCHUM ITOJPYYjiMa U 3aTPaBJbCHO IAlllhaka UCTO Tako. Marpahen
je Bemuku Opoj OpaHa m mperpaja 3a 3aapkaBame HaHoca. OBe aHTHEPO3HOHE MEpE CY Y BEJIHKO]
MEpH JIONPHHENE J1a ce CMame OyjUuHe MOIUIaBe U epo3Hja, ajli Cy Te IPUPOJHE MOjaBe jOII YBEK
aKTHBHE U O0opba ca BUMa Mopa aa Oyzie TpajHa.

Kon Behune Oyjuuapckux rpojekara U XMIPOTEXHUYKHX enadopara, rjie je Ouio norpedHo
JaTu ofrosapajyhe pemerme y Be3u ca Op3uM CIIMBambeM BOAA HU3 MaJIHE, BpeMEHY KOHLICHTpaluje
Wi MOryhHM IoIJIaBHUM BojiaMma, 1oclie ofpel)eHnx KolmunHa arMocepeKx Tanora, KopuinheHu
cy nojanu u Gpopmysie CTpaHUX ayTopa, KOje MaJlo MM HUKAaKO He OAroBapajy HalleM KJIUMAarTy.

W3 Tor pasnora je 1953. ronqune popmupaHa HaydYHO-MCTPAKMBAYKa CTAaHHIA HA OTJICITHOM
cinuBy ,,Pure”, necnoj npuronn Tormunaepcke peke. OBaj CIMB j€ y3€T Kao EKCIIEPUMEHTAIIHH CIIHB U
y CTBapH MpE/CTaBJba Y30PHH CIIUB, paJu ofpehrBama MoTpeOHNX eieMeHara 3a CBE MaJie CIIMBOBE
yurasor noapyyja lllymanuje. CrunajeM pasHOpa3HUX OKOJIHOCTH, a IPe CBera 300T 4YeCTHX IPEeKH/Ia
(uHaHCHpama, OcMaTpama U UCTPAXKHUBaha Cy YECTO MTPEKNIaHa a BEJIMKH €0 OIPEMe U OIVISAHUX
TapIesia je mporao Win 3acTapeo 3a HCTPaKHE PaoBe.

VY Toky 2004. ronuHe OOHOBJBCH j€ MCTPAKUBAYKU paj Ha CIHBY. VI3BpIIEHHU Cy MOTpeOHH
NPUIIPEMHHU PAJOBH, Kako OU ce OIVIeIHM CIMB OOHOBHO M HapeIHe TOJMHE 3arodera ocMarpama.
HabGaBipeHa je HOBa METEOPOJIOIIKA, XHUAPOJIOIMIKa W JApyra morpeOHa ompema. [locrojehn
XHUIPOMETPHjCKH TIPOGIIT je 0CIocoOJbeH 32 OCMaTpame BOAOCTaja W mpoturaja. domupane cy
epO3UOHE TIaplesie, TOA OPAHHULIOM, ACTEINHOM H IIYMOM, Ha KOjUMa Ce BpILE OCMaTparma OTUIamba
BOJIC U CIIUpame HAaHOCA Off TaJnX Kuma. HabaBibeHa je U mocraB/beHa ayTOMAaTCKa METEOPOJIOIIKa
CTaHMIA U TUTyBUOTpad.

[TpuponaHu yciioBH Ha CIIMBY CY €€ ITyHO TPOMEHHJIIH Y OJJTHOCY Ha PAaHH]U IIEPUOJ UCTPIKUBAA.
YTHiaj JbyACKOT (paKTopa YUHHHO je CBoje. Y MepHoIy Kaja Cy 3aro4era npBa ocMaTparma, Ha 0001y
cnuBa je OMJIO cBera HEekoinmko ceockux kyha. Cama je Ha cimBy m3rpaljeHO Hpeko ceramaeceT
BUKEHJMLIA U Apyrux objekara. Marpalhena je u acdanrupana myrHa mpexa. Kopuirheme 3emibuinra
HA CIHMBY JPACTHYHO ce M3MEHII0. Behu meo oOpanuBux MOBpPIIMHA je HAMYIITEH W MPETBOPCH Y
JierpajipaHe maiimake, a Heke ¢y 3apacie y kopoB. [llyMcke mOBpIIHHE Cy 04yBaHe, jep ce IPBO CBE
Mame KOPHUCTH 3a orpeB. U3rpaamomM kyha 1 myTeBa, 3aceueHe Cy Ma iHe Ma Cy Ce Ha BHIIIE JIOKaIHja
MojaBWjia KIW3uIITa. M3rpagmoM BEIUKOr Opoja MHAYCTPHUjCKUX oOOjekara, ypOaHHM pa3BoOjeM
caobOpahaja ¥ TPUMEHOM arpoOTEXHHYKUX Mepa Yy MOJHONPHBPEIH, J0Ja3U 0 BEIHKOT 3aral)ema
BO/Ia, 3eMJBHMIIITA M Ba3/lyXa I1a je HEONXOAHO U KOHTUHYHpaHo npaheme 3arahuBaua u onpehupame
cTeneHa 3aral)eHOCTH BOZIC U 3EMJBHIITA.

Vcrpaskau paoBH 1 ocMaTpama OpraHU30BaHu Cy IIpeMa ycBojeHoj Metomonoruju. [lepuon
IICCTOTOANIIHBUX HcTpakuBama o 2005-2010. roguHe ykKasyje &a Cy ce MPUPOIHH yCIOBH Ha
OTJICTHOM CIIUBY ,,Pririe’ OUTHO IIPOMEHIITH Y OHOCY Ha miepuox on 1955-1987. ronune.
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TepeHcKa ocMaTpamkba U HCTPA)KHBaAba HA OIVICAHOM C/IIMBY Pumne

CBa ocMarpama U UCTpaXKHMBamba Cy OpraHW30BaHa MpeMa yTBpH)EHO] METONOJIOTHjH, KaKO
O0u ce moOwim OpojyaHU MOKa3aTesbU, KOjU Cy HEOMXOMIHH, JAa OU Ce YTBPIHO CPEIHC TOIMIIELH

HWHTCH3UTET €pO3Hje.

Bpum ce npuKymbamke METEOPOJIOUIKO-KIMMATONOMIKIX I0AaTaka, y3MMame Y30paka
HaHOCA, 0CMAaTpPambe U MEPEHE OTEKIIC BOJIE M CIIPAHOT HAHOCA Ha EPO3HOHMM MapiienaMa. Y Tadenu
1 je mpemnien omabpaHuX Maplesa ca KapakKTepucTuKama.

Pennu 0poj 1 2 3
IMospuimHa (m?) 95 97 89
Harwu6 (%) 22,2 23,0 33,4
OO0k MoBpuIMHA [IpaBoyraoHux [IpaBoyraoHux IIpaBoyraonux
Bpcra xynrype Jerenuna Opannna Hucka myma

Turmoun 3emspHIITa

Eyrtepuuno cmehe
WINMEPHU30BaHO

Eytepuuno cmehe
WIIMMEPU30BaHO TUTHTKO

Eytepuuno cmehe
WIIIMEPU30BAHO

3CMJBHUIITE

erIIHI/I CCAUMCHTH,
JIariopuu U JIaritopoBUTHU
neum4vapu, Kpeumbaiuu

Mertamopdna creHa
CEpIICHTHH

T'eomomika nojjiora N3memenn CCPIICHTUH

Tadesa 1 Kapakrepuctuke epo3MOHHX Mapiesa

Table 1 Characteristics of erosion parcels

[pukynbame MeTEOPOJIOMIKO-KJIMMATOIOIKAX MOJATaKa

Ha kummoMepHOj CTaHMIIM, MPEKO MOCTaBJHECHOI KHIOMepa (IUTyBHOMETpa), TOKOM IIeiie
TOJIMHE PETHCTPY]Y CE CBE MajJaBuHe (KUILHE U CHEXHE). Henmocpeano mope Kumomepa nocTaB/beH
je u myBuorpad (cimka Op.1), Koju y meproay O MPBOT AlpHiIa fMa 0 Kpaja OKToOpa perucrpyje
Ha Tpaly KOJIMYMHE U MHTCH3UTETE majux kuia. CHe)XHE MajaBHHE KOje Ce XBaTajy y KUIIOMEPY
ce TOTe U PErUuCTpyjy Kao magaBuHe. JeO/pbrHA CHEXXHOT MOKPHUBAYa MEPH CE CBAKOT TaHA MEPHOM
JICTBOM Ha IMOCTaBJbeHO] miardopmu. Cajapixkaj BoIE y CHETy MEPH CE TaKO IITO CE y30PIH y3UMajy
XBaTayeM 3a CHET, a OHjia Tore. [lopes Tora peructpyje ce u 6p3uHa TOIMJbCHHa CHETA.

Ha monTHpaHO] ayTomarckoj Mereoposomkoj cranuna WS 3600, xoja je moBe3aHa ca
KOMITjyTepcKuM neHTpoM y MuacTutyTy “’Japocnas UepHu”, npuKybajy ce ciaeaehn MeTeoposIonKu
MOJALIHN:

* KWITHE NafaBuHe ca TagHomhy 0,5 mm;

TeMIlepaType Ba3iyxa;
* BIIAKHOCT Ba3myxa ca Taqaomrhy ox 1%;
* BeTap ce ocmarpa u3 16 npasaua ca Taunouthy ox 0,1m/s u

* armocgepcku nputrcak ca Taqnomhy ox 0,1 hPa.
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Ciamka 1 IlnyBuorpad
Figure 1 Rainfall recorder

MepHHU CEH30pHU CTaHUIE Cy OCKWIHUM ITyTEM IOBE3aHHU Ca IEHTPAIHUM ITPOIIECOPOM KOjH
oOpaljyje u dyBa mogaTrke 0 OCMOTPEHHMM BpEJHOCTHMA. AyTOMAaTcKa CTAaHWIA OYMTHBA ITOJAaTKeE
cBakux 20 CeKyHJM M OCMaTpaHe BPEIHOCTH CMEIITa y MeMopujy (ciuka Op. 2 u 3).

Canka 2 KoHTpONHU AHCILIE] Caunxka 3 CeH3opu ayToOMaTcKe METEOPOIIOILIKE

CTaHMIIE U ILTyBHOMETA]
Figure 2 Control display t Y P

Figure 3 Sensors of automatic weather
meteorological station and raingauge
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PerucrpoBame TeMneparypa Ba3ayxa

Temmeparype Ba3nyxa y TOKy 24 4aca perucTpyjy ce Ha ayTOMaTCKoj CTaHHLH ca TauHoIhy ox1
0,1°C. IIpukymubajy ce mogalm o0 CpeABbHM JHEBHIM, MAKCHMAITHUM U MUHUMAJTHIM TeMIIepaTypama.
O06pal)yjy cy cpenme MecedHe U TOHIIHE BPEIHOCTH.

PeFI/ICTPOBaH)e BJIAKHOCTH Ba3ayxa

Cpenma, MakcCUMaJlHa ¥ MUHMMAJTHA BIKHOCT Basyxa ca TauHomihy ox 1% peructpyje ce
Ha ayTOMaTCKOj CTAaHHIM Y TOKY LIEJIOT JJaHa U TOANHE.

Pel“PlCTpOBaH:e OTEKJIC BOAC

OcMarpame OTHIamka TOBPIIMHCKUX BOAA O] CBUX KHIIIA CE BPILIM HA €PO3MOHUM Iapuenama.
[Mocrnie cBake KHIIE y TOTAIM3aTOPHMa CE PErUCTpyje KOJIMYMHA OTEKJIE BOJE, IIOMONy TpajyncaHe
JIeTBE, KOja je CIyIITeHa y ToTanm3arope. Ha cBakoj epoO3MOHOj MapIeid, WCIOA CIUBHHKA,
MIOCTaBJBEHO j€ 110 [1Ba OypeTa, Koja Cy CIojeHa CIMBHUINMA. YKOJIHMKO j€ OTHIamke BEJIMKO, BOJA Ca
HAHOCOM Ce NPEeJIMBa U3 MPBOT y apyro Oype. Bona ce mepu u y apyrom Oypety. 3anpemuHe Oypaau
Cy WACHTHYHE 1 u3Hoce 214 1.

Cauxka 4 Ilapuena noj urymom Cauka 5 [lapuerne nox opaHUIIOM U IE€TETMHOM

Figure 4 Forest parcel Figure 5 Arabel and clover parcels

Pel“PlCTpOBaH:e CIIPaHOI HAHOCA

Kana cy y nuramy Maie KOJIMYMHE BOJIE U HAHOCA, Y30PIH CE Y3UMajy y IUIaCTHYHE KaHTe
1 TPAHCIIOPTYjy Y CEIMMEHTOJIOUIKY JIA0OpaTopHjy, Il c€ ACKaHTHUPajy, CyIIe, a 3aTUM Mepe Ha
aHAJIMTHYKOj Baru. Ha Taj HaumH ce 100Hja Te)KMHA HAHOCA Y TIOTITYHO CYBOM CTamby.

MebyTHM, Kafa cy y IUTamby BEJIUKE KOMMYUHE OTEKIIE BOJIE U HAHOCA, HOTPEOHO j€ U3BPLINTH
BeJMKH Opoj orepaliuja Jia 01 ce J0II0 10 BeroBe YKYyIHe KOJIWYKHE U TexxuHe. Taj npoliiec ce u3BoIu
Ha cyieiehy Ha4YMH: yKyITHA KOJIMYKMHA BOZIE M HAHOCA TPAHCHOPTYje ce y INIACTHYHUM HOCyAama 10
naboparopuje y MHCTUTYTY. Tu y3opiu ojcroje 15 naHa, nja OM ce HaHOC HOTIYHO HUCTAJOKHO U
YHUTaBa Maca [0CTaja KoMIakTHa. [lomro cy miacTuuHa Oypal MpoBHAHA, Ca CHOJBHE CTPAHE JIAKO
MOXe J1a ce 3a0elIe)KH J0 Koje BUCHHE y OypeTy ce Hasla3u HaHoc. OH/ia ce TUIaCTUYHY 1B TPEYHUKA
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¢ 25 mm, 4Mju je JOHH OTBOP OLITPHX UBHIIA, KPO3 HAHOC HaOMja 10 Ha Oypera. [opmbu OTBOp LiEeBH
IIPEKO pedpacTor peBa ce NPUKIbYUyje Ha BaKyyM mymity. [lymramem y paj BakyyM IyMIie U3BJIa4H
ce caB HaHOC M3 I1€BU. Y MOMEHTY M3BJau€Ha HaHOCa, 1IeB je MMOTIYHO MpubujeHa y3 aHo Oypera,
TaKo Jla HAaHOC ca CTpaHe He MOXeE Jia yiaa3H y wy. Ha cBakoMm y30pKy ce Ta ornepalyja IoHaBJba
TpH IyTa, Aa O ce I00MOo penpe3eHTaTnBHu y30pak. [locne u3nBajama, pernpe3eHTaTHBHN y30pLHU
ce CTaBJpajy y rpajiyHcaHe CTaKJIEHEe LWINHIPE U OCTaBibajy Jia ce uctanoxke. [1o ucranoxasamy,
MpoYMTa C€ 3alpeMHHa y30pKa, a 3atuM ce y3opak cymu Ha 105°C. Ilocne cymema y3opak ce
MepH Jia OM ce yTBpAMJIA HEeroBa TeXHHA y CYBOM cramy. M3 onHOCa 3ampemMuHe 1esior y30pKa
3anpeMHHE PElpe3eHTaTUBHOT Y30pKa, a M03HaBajyhn TEeXNHY Perpe3eHTaTHBHOT y30pKa y CYBOM
cTamy, 100Mja ce YKYITHY TEeXKUHY Y30pKa Y CyBOM CTamby. YKOJIHMKO TOKOM T'OJIMHE CYIIHH IE€PHOI
JIyTO Tpaje, y30pIHU Ce HE Y3UMajy.

AHa/IM3a HCTPAKHUX PAJ0BA HA TEPEHY

HcrpakuBarma epo3uje Ha OIVIeJHOM CIIMBY J1ajy CHHTETH30BaHE MOJIaTKe JIeJI0BAha Er30reHNX
U CHJIOT€HHX CHJIA Ha €pO3Hjy, Yhje palIdiabUBabe Y NPUPOIHNUM YCIOBUMA j€ TEIIKO U3BOIJBHBO.
OpabpaHu METOJ] 3aCHOBAH j€ yIJIAaBHOM Ha ONakamy JeJI0Baba KHIIHUX 1aJaBUHa, Kao CIIOJbHOT
(haxTOpa M OTIIOPHOCTH 3EMJBHIIITA HA EPO3H]Y, IPH YEMY j€ BeoMa 3Ha4YajaH H300p Perpe3eHTaTUBHUX
napuesna. Pesynrarn TepeHCKHX onaxama oOpaljyjy ce cTarMCTHUKO-MaTeMaTH4KH, 3a onadpaHu
pernpe3eHTaTuBHU (QOHJ TToJlaTaKa.

O0pajna u aHaIU3a METEOPOJIOIIKUX-KIUMATOJOIMIKHUX MOJATKA

Ca mreguImTa XMIPOIIOTHjE MAJIMX CIIMBOBA M €pPO3MOHNX IpoIleca Ha HHMa, aHAH3HUPAjy ce
ciienehy KUIIHA eIeMEHTH:

* CTPYKTypa najiaBuHa
* MHTCH3WTET IaJlaBHHA

* €PO3HOHE NI EKIECUBHE KUIIIC.

AHaJIU3a CTPYKTYpa NaJaBHHA

Jla Ou ce nakiie carviejajia y9ecTaloCT MagaBHHA [0 BUCHHH, CBE KHUIIIE CY MOJICJhCHE Y KTace:
e I xmaca: 0,10 — 10,0 mm;

e II xmaca: 10,1 — 20,0 mm;

e III xkmaca: 20,1 — 30,0 mm u

e IV xnaca: npeko 30 mm.

Onpebyje ce mpoleHTyanHa y4ecTanoCcT AaHa ca MaJaBUHaMa 10 KjacaMa M paad JIaKIer
carjieflaBama OJIHOCA MTPUKA3yje Ce Ha Jujarpamy.

AHanm3a cTpyKTypa Kuia 3a mepuox ocmarpama 2005-2010. roguae mokasyje na sehu geo
nmagaBuHA mpumnaaa npsoj kmacu ox 0,1 — 10,0 mm. [TorpedHo je ncrahu na BehnHa THX magaBuHA
HE M3a31Ba OMJIO KAKBO OTHIAKE U CIIUpPAE ca epO3NOHUX napiiena. To cy BeoMma malie KOJIHUIHHE,
Te ce Koj yTBphrBama KoeHIMjeHTa OTUIaka U CIIMPamba MOTY 3aHEMapuTH. M3y3eTak unHe camMmo
KHIIIE jaKOT HHTEH3UTETA.
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VY npyroj kiacu, rie cy ooyxsahene nagaBune on 10,1 — 20,0 mm, momaru nokasyjy Jia HeKe
0] OBHX KHIIIa MOTY JIa M33a30By Mama OTHUI[aka BOJIE, JIOK Cy KOJUYMHE CIPAHOT HAHOCA jOII YBEK
MaJie ¥ 3aHeMapJbUBE.

Ca craHoBuITa JIenpecrHoHor omrehema W MHTEH3UTETa epo3uje, kume n3 Tpehe ximace
ox 20,1 — 30,0 mm, yKOJHMKO Cy jader MHTEH3UTETa, YIIIABHOM Cy H3a3HMBaJie OTUIAFhC U CITUPAHE
Ha Tapuesama IMoj OpaHWIIOM M JeTeJMHOM. Ha maprenu moj mymMoMm M OBE MaJiaBUHE PETKO Cy
n3a3BaJie OTUIAE BOJIE U CITUPame HaHOCA.

Kumre npexo 30 mm najuenihe nzazuBajy OTHLAEkE BOJAE U CIIUPAbE, TIOCEOHO YKOJIHMKO CY Y
KOI/IHI_II/II[CHHI/IjI/I ca oTallalkbEM CHEXKXHOTI ITOKpHUBaya.

TonunHa 2005 2006 2007 2008 2009 2010
ocmarpama

Manasai 865.8 721.5 813.0 608.1 779.2 928.7
2.P(mm)

Ta6ena 2 [onumma cyma nagasusa 3a nepuoa 2005-2010.

Table 2 Annual precipitation sum for the period 2005-2010.

IIpema momanuma O roauinmoj cymu mamaBuaa 2010. romuHa je romumHa ca HajBehom
KOJIMYMHOM TIaJIaBUHA y nocienmsux 40 roguna.

I'panyiomerpujcka aHaim3a HaHoca M oapeluBame 3anpeMuHCKe TeKMHe HAHOCAa Ha
€PO3HOHUM Tapuejama

3a oxpehuBambe TpaHYIOMETPHjCKOT cacTaBa (3pHUTOCTH) HAHOCA CIPAHOI Ca EPO3MOHUX
naprena, ynorpeospaBa ce acpoMerap Meroza (xuapomerpucame). [lopehemem rpanynoMeTpujckux
KPHBHX HAaHOCA 32 y30pKe IaJjaBUHa Pa3InuNTOT WHTEH3UTETa CE€ BUAN KOJIMKO j€ PAa30PHO JIEjCTBO
Behe KoJ KHIIa ca jayuM MHTEH3UTETOM.

Pa3opHo 11ejcTBO MJbYCKOBUTHX KHIITa HajOOJBhE ce youaBa Ha 00paiBOj HOBPIIUHH — OPAHHUIIH,
mocrne kure ox 28.03.2005. roguae on 54,5 mm. OBa kumia je Ouia U BeoMa jakor uHTe3uTera J =
0,9 — 1,2 mm/min. Hajkpynauje gyectuiie HaHoca cy goctuszane BenuauHy d = 0,65 mm. (rpaduxon

6p.1)

Ha mapuenama moj BereranujoM (JeTeaMHa W IIyMa), YOUCHO je YNOPEIHO KpeTarmbe
IPaHyIOMETPH]CKUX KPUBHX, IITO HAC HABOIH Ha TBP)CHHC 1A j¢ BEreTallMOHU TIOKPUBAY 1CJI0BA0 Kao
aMopTH3ep, IPUITUKOM OoMOap/10Babha KUIITHUX KaIlH, TAKO 12 je FbUXOBO Pa30PHO JEjCTBO YOIakKEeHO.
Paznuka y kpynHohu yecTniia HaHOCa, Cy pe3yaTaT MEXaHHUKOT JiejcTaBa ciuBajyhe Bozie o Harudy
naprena, koje je Omio Behe Kox KuIlle jayer HHTEH3UTETa, IITO CE U BUJHM HA IPaHyJIOMETPH]CKUM
KpHBama.

MebhyTtum, Kon aprierne mog opaHuIiom, (y To BpeMe je 6mino 6e3 3acaliere kynType), youasa ce
Jla je TpaHyJIOMEeTpHjcKa KpUBa HAHOCA, O KMIIIE JaKOT HHTEH3UTETa HEIIPABIITHOT 00IMKa 1 YECTHIIE
HaHOCA 110 BEITMYUHH, IIPOLICHTYAIHO Cy HepaBHOMEpHO pacriopelene. Y Hajehem mponenty 50%
3acTymybeHe ¢y yectrie Hanoca aujamerpa d = 0,03 mm-0,04 mm, mTo 3HaYW J1a je y CIpaHOM
HaHOCY OWIIO HajBHIIE MpammHacTor necka. [lecka cpeame Bemnumue d = 0,2 — 0,65 wuma 13%.
CurtHor mecka nma oxo 7%. Yecruma npammae d = 0,02 — 0,01 numa cBera 1%.
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KPUBA TPAHYJIOMETPUJCKOI CACTABA

IMopekito: orennn cans Pune
eposunona napuexa: OPAHUIIA
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I'padukon 1 Kpusa rpaHyIoMeTpHjCKOT cacTaBa HAHOCA Ca €PO3HOHE ITapIielie IO OPAHHUIIOM

Chart 1 Granulometric composition curve of sediment from arable parcel

OnpehuBame cpeae roquiImb-er UHTEH3UTETA epo3Hje Ha epO3NOHUM NapieiamMma

CBa wWCTpakuBama Ha OINICIHOM CIMBY YCMEpeHa Cy Yy TpaBlly Jo0Hjamba KOJIMYMHA
MOKPEHYTOI Marepujajia ca IMajuHa CIMBa, KOjU y ceOu caJp)kKy HajIUIOAHUje YEeCTHIE CIIPaHOT
3eMJBHIITA U XPAaHJBUBUX Marepuja. MepemeM U J1ad0paTopujcKUM aHali3aMa y30paka JoJa3u ce
JI0 KOJTMYMHA TIOMONY Kojux ce onpel)yje cpelibe roUIIbA HHTCH3UTET epo3Hje.

3a onpehuBame 3anmpeMHUHCKE TEKHMHE HAHOCA KOPHUCTE CE TMOJald caMo Of KHIIa Koje Cy
n3a3Baie Beha crupama 1 OTHIIaka Tako 1a je y nepuoxay 2005-2010 obpaheno 120 y3opaka.

C 003upoM J1a ce Ha OBOM CJIMBY IIPOLIECH €pO3Hje 10jaBbyjy YINIABHOM y OOJIMKY MHKPO
MOBPIIMHCKOT CIUPama, OWIIOo je MoTpeOHO J1a ce Meperhe BPIIM BEOMa IPELU3HO.

W3 nocajmamsux TomaTaka ce MOXKE 3aKJBYYUTH Jla Cy MpolecuMma yOp3aHe eposuje
HaTaJHyTe YIJIAaBHOM TOBPINWHE IO OpaHullama. [IoBpIIMHE TOA OCTaNIMM KyATypama, IIyMe,
MANIKAIY, JCTSNUINTa, Bohmany u okyhHuie, 3axBalieHu Cy yIiiaBHOM IpoliecMMa HOpMAallHE —
reoJonrke epo3uje. OBa TBp/Ea je 3aCHOBaHA Ha OCHOBY yXBalieHUX KOJMUMHA HAHOCA Ha CPO3UOHUM
maprenama.

HecymmbuBH pasiior, 3a 0BaKo JIOIIE CTambe 3eMJBUILTA, Cy Oalll HEBUAJBMBH MIPOLIECH pO3Hje,
KOjH OCHpOMAITyjy 3eMJBHINTE, omHOcehy ca mera XpaHJbHBE MarepHje, KOju Cy HEOIXOIHHU 3a
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IIpaBUJIaH Pa3Boj KyITYpHUX OMJbaKa.

Beh je pannje nctakHyTO 1a Cy €pO3HOHE MapIieie Perpe3eHTaTHBHA IIPEICTaBHUNIN Behmx
MOBPIIMHA HA CIHUBY, KaKO IO T€OJOIIKOj IOUIO3H, THIIOBHMA 3E€MJBMINTA, BPCTH BETETallHje,
TaKo UCTO W IO HaruOy majJnHa U KoH(urypanuju Tepera. Ha ocHoBy aepodoto caumka u3 2003.
TOJIMHE, U3BPILICHO je BeOMa JIeTAJbHO PasrpaHW4aBare MOBPIIMHE IO KYJITypama U BpCTH oOpaje
3eMJbUIITa, Ha KapTu pasMepe 1:5000. 3aTuM je W3BPIICHO IIAHUMETPUCAFhE CBHX IMOBPIIMHA U
n3padyHaTa MpOIEeHTyallHa y4eCcTaI0CT THX MOBPIIMHA Y OHOCY Ha TOBPIIMHY IIEJIOT CIIHBA.

3ak/py4yak

HcrpakuBama epo3MOHUX MapIena Ha OIVIEIHOM CIHBY ,,Pume™ ycmepeHa cy y npaBily
onpehuBama cpelmbe TOANIIBET HHTEH3UTETa epo3uje, Tj. KOJIMYMHE MOKPEHYTOI MaTepHjaia ca
TIa/InHA CIIUBA.

Ha ocHOBy miecToromumimux ocMaTpama 1 uerpaxknbama (2005-2010) Moxke ce 3aK/bydnTH
Jla Cy Ha €PO3MOHHMM [MaplienamMa MOJ OPaHHIIOM, JNETEJIMHOM M HIYMOM, IPETEKHO 3aCTYIJbEHH
MOBPIIMHCKH TIpoliecu eposuje. Epo3noHe mapriene Ha OmIeAHOM ciuBy “‘Pure” cy mokaszaresb
CTama epPO3UOHUX IPOIleca Ha I[1eJ10] TePUTOpHju rpaga beorpama, na u yxxe Cpouje.

Ha OCHOBY Z[06I/IjeHI/IX rnoaaraka y OBoM nepuoay, Moxemo I/I3Bth/I cnez[ehe 3aKJbYYKeE:

* Tlokperame HaHOCA ca Mapiiesia 3aBUCH 0/] UHTEH3UTETa, KOJIMIUHE U CTPYKTYPE Ma/IaBUHA,
IITO TIOKAa3yjy MoJany o majaBrHama 3abenexennM TokoMm 2009. roquae. Maxko je romumma
cyMa IajlaBiHa n3HOCwmiIa 779,2 mm, Huje OMITo OTUIIama ca mapiiesia 300r HICKOT MHTCH3UTETa
najaBHMHA, YaK HY 3a majaBuHe uarensurera 40 mm 3a 24h.

* Yemocrapibame QyHKIHOHATHUX OJHOCA H3Mel)y HHTEH3HUTETa MTaJaBUHA U KOHIICHTPAIIHje
HAHOCA, y OTEKJIO] BoaM, ca epo3uonux mapiena, K gr/l = f (J), je HajOUTHUjU YUHIIAL]
KOjU yTHYe Ha paszapare MOBPIIMHCKUX ClIOjeBa 3eMJbHIITA. Bpoj MPUKYIUbEHHUX IMOjaTaKa
y mnepuoxy 2005-2010. jomr yBek He jaje MoOryhHoOCT ycrocraBibamba (yHKIHOHAIIHE
3aBUCHOCTH.

* Yenen fejcTBa CIOJPHUX YMHHUIIALA M HENPHMCHUBAKbA arpOTEXHHYKHX MEpPa, 3eMJBHIITE
Ha 00paIMBHUM IOBPILIMHAMA Y JIOLIEM je CTamy. YOouaBa ce HeIOCTATaK XPaH/bHBUX MaTepuja,
noce6Ho ¢ocdopa. [lenonomkn ci1oj je IIMTAK, JOMIE CTPYKTYpe, ciade 3acTyIUbEHOCTH
KOJIOWTHUX YECTHIA, BENMKE MPUCYTHOCTH MEIIYaHuX (paKiuja.

» Bereranyonu mokpuBad — IIyMme, JIMBaJe, Nallmkany U Bohmaly Mako HUCY y A00poM
CTamy, Jenyjy Kao MOhHU (pakTop Ha cClpedaBamy ONHOUICHA 3eMJBHINTA U YCIOPaBamby
HaIJIOT OTHUIIaka ciinBajyhux Boma. V3 moOujeHnx momaraka ca epo3HOHMX MapIesa, BUAN ce
Jla Cy KOJIMYMHE CIIPaHOTI HaHoca U 10 10 myTa Mame Hero Ha rapleiama o] OpaHunama.

 JloOujenu pesyiaraTu U Aajba UCTpaKMBama Mociaykuhe pajau npoBepe u JOIyHE METoje
MpopavyHa, Koje ce MPUMEHY]jy KO MPOjEeKTOBamka y OyjudapcTBy, U3pajie BOAOIPUBPEIHIX
OCHOBa, MUKPOAKyMYyJIalja ¥ XUAPOCUCTEMa Ha MOPYYjy IIyMaJiijCKe MOBPIIH.

JUTEPATVYPA

1. Pesynraru XuapOIOMIKKAX, ICAMOJIONIKUX U METEOPOJIOIIKAX MEPEHha M OCMATpama y CIHMBY ITOTOKA
Pune — UzBemiraj 3a 2005 - 2010. roquae, MHCTUTYT 32 BogonpuBpeny ,,Japocnas Uepan*, 2011.
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I'po3nana I'ajuh ', Urop Muwbanosuh %, Huxosaa )Kusanosuh ', Mupjana
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Ynopenna anaau3sa epexra OHOJONIKOT “apMupama’
1 IbUX0B YTHIIA] HA YHYTPALIlbY €PO3UjY

Comparative analysis of the effects of
biological ,,reinforcement” and their ascendancy
on internal erosion

! Vausepsurer y berpany lymapcku dakynrer,

2 Vuusepauret y beorpany Pynapcko reonomku ¢pakynrere,

3Maastricht School of Management, EP Maastricht The Netherlands,

* MHHHCTApCTBO TOJBONUBPE/IE [IIYMApCTBa M BOIONPUBPE/IE - PermyOniyka AupeKiinja 3a Bojie

H3Bon

Vropenna ananuza edexara OMOJOMIKOT “apMupama’” y OJHOCY Ha pe()epeHTHO HMCIUTHBAHO JIECHO
3eMJBHINTE M3BpILIEHA je fa Ou ce JeduHucano: nosehama BpPeJHOCTH MapameTapa OTIIOPHOCTH HAa CMHIIAE U
CMamemka BPeJHOCTU (GUITPAMOHO CTPYjHUX TTOKa3aTesba. KOHTpa MKTOpHOCT yTHIaja GHONIOIKOT “apMupama”
Ha HaBeJIeHe TTapaMeTpe J0BOAH J10 roBeharma yKyITHe OTIIOPHOCTH 3eMJBHIITA HAa HACTAaHAK U Pa3BOj CBUX 00JIMKa
YHyTpallmbe epo3uje. bronomkn “apMupano”, y oxHocy Ha pe)epeHTHO JIECHO 3eMJBUIITE IT0Ka3yje IPOMEHe, KaKo
y GU3MIKO-MEXaHMIKNM KapaKTePUCTHKAaMa, TAKO U KO (DHIITPAIOHO CTPYJHUX IT0Ka3aTesba YHY TPALIHE epo3Hje.
VY muipy KOMIUIEKCHUjET carvieiaBamba podiieMa yHyTpalllbhe epo3uje ONTHO je aHAIM3NUPATH U YTHIIA] IPUCYCTBA
KOPEHOBHX CHCTEMa y 3eMJBHILNTY Ha I0jaBy M Pa3Boj Ipolieca yHyTpalme eposuje. PopMupaHu MaTeMaTHUKH
MOJIEJIU U YCIOCTaBJbeHE (yHKIHOHE Be3e M3Mely BOJHOT peXMMa M OTIOPHUX KapaKTepUCTHKA pe(epeHTHOr
1 OMOJIOIKY “‘apMUpaHOr” 3eMJBHINTA, OMOryhwmim cy yrnopenHy aHaian3y edekara OHOJIONIKOT “apMupama’ Ha
(u3MUKe N MEXaHMYKE 0COOMHE 3eMJBHINTA, Ka0 ¥ IIPAKTUYHOCT IIPUMEHE OBUX Pe3y/ITara y MPaKCH.

Kibyune peun: ¢u3mka 3eMJBHINTA, T€O-CTATHCTHKA, (PUITPAIIMOHO CTPYjHH TTOKa3aTeIbH, JIeC, OUOIONIKO
“apMupame”, pU3HIHM, YHyTpallha epo3rja, yIopeIHa aHaI3a.

Abstract

The objective of the resented comparative analysis of the effect of biological ,,reinforcement” compared to
reference loess soil was to define: the increase in the value of resistance parameters on shear and the decrease in the
value of seepage stream parameters. The contradictory effect of biological ,,reinforcement” on the above parameters
leads to the increase in the total soil resistance to the formation and development of all forms of internal erosion.
Biologically ,,reinforced” soil, compared to reference loess soil shows the changes in both physical-mechanical
characteristics and seepage stream indicators of internal erosion. Aiming at a more complex analysis of the problem
of internal erosion, it is indispensable to analyse also the effect of the presence of roots in the soil on the occurrence
and development of internal erosion. The comparative analysis of the effects of biological ,,reinforcement” on
physical and mechanical characteristics of the soil, as well as the practical implementation of the results in practice
have been made possible by the formed mathematical models and the established functional relations between water
regime and resistance characteristics of the reference soil and biologically “reinforced” soil.

Key words: soil physics, geo-statistics, seepage stream parameters, loess soil, biological “reinforcement”,
risk, internal erosion, comparative analysis.
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¥YBoa U uMJb pajga

HcrpakuBama Koja cy NpeTXoAnia aHajau3u Koja he OMTH NpuKa3aHu y OBOM pany ypalena
Cy Ha y30p1HMa pedepeHTHOT 1 OHUOJIOIIKY ,,apMUPAHOT"* JIECHOT 3eMJBHILTA Ca MOAPYYja ITO3HATOT
kao ,,Crumika gonuHa’™. ['eo craTucTnykoM 00pajioM pesyirara OBUX UCTpakHBamba JAe(DUHNUCAHU Cy
rapameTpy OJ1 KOjUX 3aBUCH MHTEH3UTET YHYTPALIBUX €pO3NOHUX Mporeca. [loka3aresbn HacTaHKa
Y MHTEH3UTETA yHYTPALIBUX €PO3MOHHX MPOIIeca KOJI JIECHOT 3eMJBHILTA Cy ITapaMeTPU OTIIOPHOCTH
Ha CMHLAhEe, yTao yHYTPALIkEr TPeha 1 KoXe3uja y GyHKIM]jU BIaKHOCTH, U TPAJMjEHTH QUiITpanuje
roA3eMHe BoJie y (DYHKIMjU CyBHX 3anpeMUHCKHX TexxuHa, (.Mubanosuh, I"Tajuh, 2011).

[IpucycTBO KOPEHOBOT CHCTEMA, OTHOCHO H-ETOB PACT U Pa3B0Oj y MAKpPOIIOPO3HO] 30HH Jieca
yTHYe Ha ITPOMEHY MIPBOOUTHE CTPYKType. PacT n pa3Boj KOpeHOBOT CHCTEMa Hapy-IIaBa MPBOONUTHY
MaKpOIIOPO3HOCT, Ka0 M IIEBAaCTy MOPO3HOCT M 30or moBehaHe yokamHe 30HMjEHOCTH yTHYE Ha
CMamCeHE MOPO3HOCTH y 30HU KopeHoBor cuctema. 11ITo ykasyje Ha MpoMeHe B OCTAINX (QH3HUIKO-
MEXaHMYKHX MapaMeTapa OMOJIOMIKY “apMupaHor” sieca. M3 THX pa3iora je U3BPIICHO NCIIUTHBAKE
(U3MUKO-MEXaHNYKHX KapaKTEPUCTHKA M (GUITPALMOHUX TTapaMeTapa Ko OHOJIONIKH “‘apMupaHor”
JIECHOT 3eMJBHINTA, Ka0 ¥ BHXOB YTHIA] y MOITIEy 110jaBe M pa3Boja Mponeca yHyTpalllkhe epo3Hje,
(T'ajuh I, 2005).

OCHOBHU IIWJb HCTPAXKHBambaje [epUHUCaAbE PU3NIKO-MEeXaHMYKUX 0COOMHA KO pehepeHTHOT
1 KOJI 3¢MJBHUIIITA Y KOM j€ IPUCyTHA OMOJIONIKA KOMIIOHEHTa, OJIHOCHO y 30HH KOPEHOBOT CHCTEMA.
[open ucniuTrBama GpU3NIKO-MEXaHUUKUX U (PUITPAMOHUX 0COOMHA 3eMJBHUILTA, UCIIUTAHU Cy U
rpaaujeHT Gpuitpamyje noA3eMHe BoJie, Kao [0Ka3aTe/bi HaCTaHKa YHYTPAIhEe epo3uje U TeUCHa
3eMJbHIITA. MeXaHn3aM HaCTaHKa yHYTPAIlbhe epo3Hje YCIOBIbEH j& PA3IMYUTUM YHHUOLMMA KOjH
JIeTyjy Ha IMPOMEHY: HAIOHCKOT CTamba, (PU3NUKO-MEXaHWYKHX KapaKTEPUCTHKA U BOJHOT PEIKHMA,
epo3ujoM aHraxkosaHor 3emsbuinra, (Tomoporuh,T.; Tajuh I, 1997). V 3aBucHOCTH On HpOMEHA
OBHX IlapaMeTapa, 3aBHCH CTEIIeH U 00JIMK YHYTpAIIhe epo3uje KOJI Jieca.

MarepujaJs u meToj paga

Iopexno marepujana

JlecHo 3eMJBHIIITE KOj€ je aHAIM3UPAHO Y OBOM pazny je ca mojapydja [Toxka-pesia u Kocroia,
mo3Haror noj HasuBoM “‘Cruinka qonuHa”. JISCHHU IUIaTo y OBOM MOIPYYjy caudibaBa came odalie u
IIMUpOKe pedre Tepace peke yHasa m Miage, nma Onaro 3aranacaHy MOBPIIHHY YHje CE allCONyTHE
xote kpehy om 70M.H.M. Ha obanama JlynaBa u Mimase, 10 170m.H.M. Ha Jlemrapy. JloMuHaHTHH
00JHIIM epOo3Hje 3eMIBHIITA Ha 3aPaBHUMA PEUHUX Tepaca Cy YHYTPAIIBH ePO3HOHH MPOIIECH, 0K CY
Ha najauHaMa Jlemrapa npucyTHH M MHTEH3MBHH MTOBPLIMHCKU 00nuny eposuje. [lopen onucanux Ha
OBHM [IPOCTOPHMA CY KAPAKTEPUCTUIHHU U OOJIHIIH IeTPAIallije peYHUX 00aa i KOCHHA OBPIIMHCKUX
HCKOIIa KOjH Cy Takolje HacTanu u/umu popmupanu y secy. CTabHIHOCT, U 00aj1a U KOCHHA Takohe cy
YCJIOBJbEHU (PUBUUKO-MEXaHMYKUM [IPOMEHaMa Mpu Bojo3aculierby U JiefoBamwy GUITPALMOHUX CUIla
y aecHoj cpaaunu, (Vuji¢ S. et.all 2011).

Ca oBor moapyyja je y3et 41 Hemopemehenu y3zopak pedepeHTHOT ¥ UCTO TOIMKO OHOJIOMIKI
,,APMUPAHOT"* JICCHOI' 3EMJBHMINTA. Y30pLH Cy HCHHTaHU Yy JIAa0OpPAaTOPHjCKHM YCIOBMMa IpeMa
nporncannM cranapanma u3 rpynanuje CPIIC - V.B1. Pedepentrn nec cy y3opim sieca 6e3 npucycrsa
KOPEHOBOT CHCTEMa, JOK je OMOJIOIIKH ,,apMUPAHH JIEC TEPMHH 32 Y30pKE y3€Te U3 30HE KOPEHOBOT
cucTeMa. Y30pLu OMOJIOLIKH ,,apMUPAHOT" Jleca y ¢BOjoj Macu cy caapxann [0+ 20% nepudepHux
JIeJI0Ba KOPEHOBOT' CHCTEMA, Jia O ce mpuitarouiy anaparuma u3 rpynanuje CPIIC - V.B1.
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Meton paga

Mertone paia npu H3y4aBamky PeQEepeHTHOT M OMOIOMIKH “apMUPAHOr” JECHOT 3eMJBHUINTA
Cy TEpPEeHCKH HCTPAXXHU paJIoBU M JIAOOPATOPHjCKO WCIHTHBAME. TEpeHCKH HCTPaKHH PATOBH
cy oOyxBarwimm y3uMmame HermopemeheHHX y3opaka. JlabopaTopHjcKMM HCIUTHBAmBHMA Y3€THX
HeriopemeheHux y3opaka cy oapehenn (u3MIKo-MeXaHUUKH W (QUITPAIMOHN HapaMeTpu. Metox
KOjU je MPUME-EH NMa 3a IIWJb J1a Ce KPO3 aHaIM3y JIOOMjeHHX pe3yaTara 1ole 10 KBAaHTUTaTUBHUX
IoKasaresjba yTHIAja KOPEHOBOI' CHCTEMa Ha HpPOMEHE (PU3MYKO-MEXaHMUYKUX U (PUITparoHuX
mapaMeTapa 3eMJBHMINTA, a CaMHM THM, M HacTaHKa yHyTpammse eposmje, ([.I'ajuh,2000).
AHanm3upame yHy Tpalllkhe epo3HOHE CTA0MITHOCTH N3BpIIKhe ce yIIopeTHOM aHAIIM30M, TpajyjeHaTa
¢dunTpanuje moa3eMHe BOJIe, CyBUX 3aIPEMUHCKHX TEKUHA, BIAKHOCTH U ITapamMeTapa OTIIOPHOCTH
Ha CMHIAe KOJ pe)epeHTHOT 1 OMOJIOIKH “‘apMUPAHOI” JIECHOT 3€MJBHUINTA.

VYTHmaj 6mononke KOMIIOHEHTE HAa HACTaHAK YHYTPAIIBMX €PO3MOHHUX IpoIeca, KOju ce
IIPUKa3yje y OBOM pajy, OJHOCH C€ Ha YTHIa] KOPEHOBOT CHCTEMa Y Te0-epO3HOHOM MOZEIY TepeHa.
dopmupame KopeHOBOI cucTeMa, Beha MM Mamba Maca INIaBHUX, CKEJIETHHX, CEKYHIApHUX, U
(UOPO3HMX JKMJIA 3aBUCH Y BEJIMKOj MEPU Ofl 3€MJBbMIIHHUX yCJOBa (IyOWHA, MEXaHWYKH CACTaB,
aepanja, IUIOJHOCT, BIAXHOCT U cil.). [locMarpaHo ca gpyre cTpaHe, pacT M pa3B0j KOPEHOBOT
cucTeMa HapyllaBa CTPYKTYpy 3€MJbHINTA, a CAMHM THM Memba (PU3HYKO-MEXaHHYKe OCOOHMHE
3emsbumTa. CBe 0OBO JOBOMH JI0 3aKJbydKa Jla Cy KOPEHOB CUCTEM U I'€0-EPO3HOHH MOZEI TepeHa y
Y3POYHO MOCIEANYHO] (QYHKIIH]H y MOTTIely HaCTaHKa M pa3Boja YHYTPAIIBUX €pO3UOHUX MPOIIeca.

Tun ucnuTUBaKA U pe3yjaTaru HCIUTUBAHUX MMapaMeTapa 3eM/bMIITa

UcnutuBama u ogpehuBama BpenHOCTH (hU3NIKO-MEXaHHUKUX TTapaMeTapa u (priTparmoHnx
IoKa3aresba Kojl pe)epeHTHOT ¥ OMOJIONIKHY ““apMHUPAHOT”’ JIECHOT 36MJBHIITA, H3BPIICHO j¢ Ha CBUM
y3eTUM y30pImMa, (yKymHo 82). YTHIa] OHOIONIKE KOMIIOHEHTE jé PETHCTPOBaH Kon cireaehmx
rmapamMeTapa: mopo3HOCTH, 3aIIPEMUHCKIX TeKIHA, BOIOIIPOITY CTJFUBOCTH H ITapaMeTapa OTIIOPHOCTH
Ha CMUIIamke. 3a MoTpede KOMIIapaTHBHE aHAN3e pe3yliTara y OKBHPY OBOT paaa Ouhe mpukazaHe
caMo KapaKTEpUCTHKE TJIE Cy PETUCTPOBaHE MPOMEHE 300T MPUCYCTBA KOPeHOBOT cucteMa, (Iajuh
I, 2005).

Caap:xaj Boje y 3eMJbHIITY - Y MOMEHTY y3UMarba y30paKka, MakpoIlOpo3He 30He Jieca ce
kpehe y rpanunama ox 6,5% + 35,3% (22,5). VicintuBaHe BpeJHOCTH ca/ipKaja BOJE KO OMOJIONIKH
“apmupanor” jecHor semsbuinTa cy 12,2+ 26,24 % (19,1).

3anpeMUHCKe TeKUHE - KOJ JIECHOT 3eMJbUINTA OUTaH MOKa3aTesb MPOMEHE (PU3MYKHX
0COOMHA Cy 3ampeMUHCKE TeXWHE. BpeaHOCTH 3anpeMUHCKUX TEKHHA, KOJ pe(epeHTHOT JIECHOT
3eMJBHINTA Cy Y pacnony of y =15,8 + 21,0 kN/m’ (18,5), omnocuo y, =11,8+ 16,2 kN/m’ (14,14).
Buosnoniku “apmupanu” jiec, y oHOCY Ha pedepeHTHH, je moka3ao Behe BpeIHOCTH 3alpPEeMHUHCKE
TeKUHE MPUPOIHO BIAXKHOT Y30pKa Koje Cy y pacmony on y=16,8 + 21,5 kN/m* (19,7), omHocHO,
cysory =13,2+ 17,5 kN/m’ (15,74).

IMopo3nocT - YKkynHa IOPO3HOCT UCIIUTHBAHOT Jieca ce Kpehe y rpanuiiama on 36%+ 53,3%
(45,1), mox je xoedpumujeHt moposnoctu 0,50 + 1,05 (0,80). IIpucycTBO KOpPEHOBOT CHCTEMAa,
OJTHOCHO H-ETOB PacT U Pa3Boj, y MOBPIIMHCKO] 30HH Jieca yTHYE Ha IPOMEHY IPBOOUTHE CTPYKTYpeE.
HcnimTrBaHa yKyITHa MMOPO3HOCT KO OMOJIOLIKH “apMHUpaHOr” JIECHOT 3eMipHumTa je 32,6 + 50,6 %
(42,31), ca xoedunujerToM opo3Hoctu ox 0,41+ 0,9.

BoonponycT/bUBOCT - JIECHOT 3eMJBHUILTA, Y JUPEKTHO] j€ 3aBUCHOCTH OJ] COTICTBEHHX
(DU3UYKUX KapaKTePUCTHKA, BUCKO3UTETAa TEYHOCTH W JIPYTHUX XHUIPOPHU3NYKHUX ITOKa3aresba.
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C 003upom Ha Beh mpukazaHe MPOMEHE MOPO3HOCTH H 3alPEMHHCKHX TEKHHA peepeHTHOT
U OWONIOIIKK “‘apMUPAaHOr” JIECHOT 3E€MJBMINTA, JIOTMYHO j& OYCKHBATH M MPOMEHE Yy
BononponyctpuBocT. OjpehuBame BOMONPIYCT/HUBOCTH KOJA y30paka ca IPUCYTHHM
JIeJIOBUMA KOPEHOBOT crcTeMa ypaheHu cy 1abopaTopHjCKUM ITOCTYITKOM Kao U 3a pe(epeHTHO
3emspuiiTe. JJobujenu cy xoedunujentn uiarpanuje koj peQepeHTHOr Jieca Kf:1,9‘06+ 1,2
% cm/s (2,23%), oqHOCHO KOI OHOOLIKK ,,apMupanor” 2.0 + 52%cm/s, nok je cpenma
BpenHocT 3.14 -5 cm/s.

OTnopHe KapaKTePHUCTHKE - jeIaH O] HajBAKHUJUX MEXaHIUKHX TTapaMeTapa 3eMJBHUIITa
je uBpcroha Ha cMmuLame. EneMeHTH yHyTpalllker OTIopa 3eMJBHINTA, CY Yrao yHyTpalliber
Tpema U Koxe3uja. Ha BpeaHoCTH napaMeTrpa OTHOPHOCTH Ha CMULAE, KOX JIECHOT 3eMJBHIIITA,
YTUYY XETEPOTeHOCT cacTaBa, Caapikaj TIIMHE U MPAIIHHE, TOPO3HOCT U 30Mj€HOCT, Kao U CaapiKaj
Bome. OO3upoMm na ce y ycrmoBuMa moBehaHe BIAXHOCTH M Bopo3acwhema MOTy O4YeKHWBAaTH
IIPOMEHE y HaBeICHUM (H3HMYKUM 0COOMHaMa, T0JIa3H U 10 IPOMEHE ITapaMeTapa OTIIOPHOCTH Ha
CMUIIabE, a IOTOTOBO Y YCIIOBUMa BoAo3acuhema U 1eJoBama (PIITpaIioHo cTpyjHOT Toka. Kox
pedepepeHTHOT Jleca cy ToOHjeHe BpeTHOCTH yIjla YHY TpaIlmker Tpema p=8°+24° (17), u koxe3uje
¢=9,0+ 26,1kN/m’ (16,53). Bruonomku ‘“apMUpaHo” JECHO 3eMJBHINTE je KapaKTepPUCTUIHO
110 MamkOj TMOPO3HOCTH, BehnM 3ampeMHHCKHM TeknHaMa U 1moBehaHoj 30HMjeHOCTH, Y OTHOCY
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Bpoj ncnuraHux ysopaka

Cauka 1 TIpomene yria yHyTpammer Tpemba Ko pe)epeH-THOT 1 OHOJIOIIKH ,,apMUPAHOT " Jieca

Figure 1 Changes in the angle of internal friction in reference soil and biologically , reinforced” loess soil

Ha pedepeHTHOo, MITO JOBOAM M 10 BehMX BPEOHOCTH MapaMerapa OTIIOPHOCTH Ha CMHUIIAMbE.
Jlo6ujenu pesynraru ce kpehy y rpanunama: ¢, =12°+26° (19%), u ¢,=13,5 + 23,0 kN/m’ (19,02).
[Ipomene yriia yHyTpalImer Tpemba 1 KOXe3Hje Ko pepepeHTHOT U OHUOJIONIKH ,,apMUPAHOT  Teca
Cy npuka3aHe Ha cauiu 1 u 2.

VYnopeno ca oapehuBameM GU3NIKUX U MEXaHHUYKUX KaPAKTEPUCTHKA JIECHOT 3€MJbHILITA,
Ha 41-oM y30paky pedepeHTHOr M OHMOJIOIIKH ,,apMUPAHOT JIECHOT 3€MJBUIITA U3BPILCHA CYy
Mepema IIOUeTHE - NHHULUjallHe YHYTPALlbhe epo3Hje U IpellacKka y cTame Tedemha. OBa Mepema cy
HCIUTHBAHA JI0 MOMEHTA CJIOMa yClIe/l TPEeKopaueha IPAHNYHHUX YCIIOBA OTIIOPHOCTH 38MJBHIITA
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IIPU JICJI0Baky (PUITPAIMOHO CTPYyjHOT TOKa. [lapaMeTpu KOju Cy Ha OBaj HAUYWH JIOOWjCHH jecy
KPUTHYHU TPAIMjEHT Jye Y MOMEHTY IOUYETKAa [MOMEpama YeCTHUIla - YHYTPAIIkhe epo3uje, U
KPUTHYHU IPAJMjEHT J; MPH IUTACTUYHOM T€UEHY pedEepEeHTHOT JIECHOT 3€MJBHINTA, OJHOCHO Jue,
" Jt » KO OHOJIOIIKHY ,,apMUPAHOr* Jieca. YIOPEIHU NPUKa3 BPEAHOCTH TPaJUjeHTa YHYTPAIIIbhe
epo3suje KoJ peepeHTHOT U OHOJIOIIKH ,,ApMUPAHOT JieCa C€ MOXKE IMPATUTH Ha CJIMIH 3, TOK Cy
MIPOMEHE BPEIHOCTH TpajihjeHara Teuckha MPUKa3aHe Ha CIIUIH 4.
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Figure 2 Changes in cohesion in reference soil and biologically , reinforced” loess soil
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Cauka 3 TIpoMeHe BpeHOCTH TPpaijeHTa yHYTPAIbhE epo3Hje Koi peepeHTHOT U OUOJIOIIKH

,-aPMHUpaAHOr* jileca

Figure 3 Changes in the gradient value of internal erosion in reference soil and biologically

., reinforced” loess soil
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Cauka 4 TIpomeHe BpeTHOCTH IpaJidjeHTa TeuCHha Kol pe(h)epeHTHOT U OUOJIONIKH ,,apMUAPAHOT” Jieca

Figure 4 Changes in the value of gradient flow in reference soil and biologically ,, reinforced” loess soil

KomnaparuBHa anaim3a epekTa OMOJIOLIKOT “apMupama”

IIpomena napamMeTrapa OTHOPHOCTH Y (YHKIUjU MIPOMeHe BJIAKHOCTH

Kaxo cy yrao yHyTpammer Tpema U Koxe3adja jeflaH Ofl OCHOBHHUX ITOKa3aTesba OTIOPHOCTH
3eMJBHIITA W3BpIICHA Cy EKCIICPHMMEHTAJIHA WMCIUTHBAMa MPOMEHE OBUX Tapamerapa y (QyHKIHjH
MIpOMEHe BIaXHOCTH. VcnuraHo je yKkynmHo 41 y30pak, a pe3yiraru cy npukaszand y cimurm | u 2. Ha
OCHOBY H0OWMjeHUX pe3ynaTara (GOpMHpaHH Cy MAaTeMETHYKA MOICTH W yTBpheHa je (QyHKIHOHa
Be3a ¢= f(w) u ¢, = f(w), Kao u ¢, = f{w) u ¢, = f(w). Perpecnone jeHauYMHE MOITMHOMA U KOjH
najy GyHKIMOHY Be3y yIlla YHYTpAIIbET TPemha, KOXe3Hje U caipskaja BOJE Y 3eMJBUINTY, KaKO KO
pedepeHTHOT TaKo U KO OMONIOIIKH “‘apMIpaHOr’’ 3eMJBHINTA, UMajy clienehn n3pas:

Pedepenrtnu nec

* Vrao yHyTpalmer Tpewa: ¢ = 12,2+2,40w-0,24w? +0,013w3-2,3 w*+2,500w?

* Koxesuja: ¢ = 17,3+0,4w-0,02w*+23%w? -3, I w*+1,2°w>-1,477ws

Buonouku “apmupanu” nec

* Yrao yHyTpammer Tpewa: ¢, = 247+0,2w-0,05w’+ 1,8 Pw’+ 1,1 w*-3,5w’+6,5n’
* Koxesuja: c, = 0,19+4,51w-0,34w’+0,082w’-5,9"

Ha ocHOBy MaTreMaTHuKe aHalIU3€ U YCIIOCTaBJbeHE (PyHKIMOHE Beze u3Mely mapa-merapa
OTHOPHOCTHU Ha CMUIIAHE U BIAXKHOCTH, KaKO KO pe(h)epeHTMOT, TaKO ¥ KO/ OMOJIOIIKH ,,apMHPaHOr"
JIECHOT 3€MJBUINTA M3BpIICHA j€ KOMIIapaTMBHA aHaiu3a W (OPMHUPAHHM YIOPETHH JHjarpaMu
rpadukoH 1.
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Tpapuxon 1 Jlujarpam ynopesiHe anannse xopenaumje ¢, = f(w), u g, = f(w), xon pedepentror u
OMOJIOIIKH ““apMHUPAaHOT” JIECHOT 3eMJBHUINTA

Diagram 1 Comparative analysis of correlation ¢, = f(w) and ¢, = f(w) in reference soil and
biologically ,,reinforced” loess soil

VYrao yHyTpalmer Tpema Ko peepeHTHOT JECHOT 3eMJBHIITA MMa MaKCHMAaJIHE BPEIHOCTH
o @, = 22°, Ip¥ BIaXHOCTH W = 9%, (BpuIHa uBpctoha), I0K ce pe3u/IyanHe BpeJHoOCTH o1 ¢, ~10°
TIOCTIIKY TIPH BIQKHOCTH O W > 30%. Yrao yHyTpallmer Tpema Koj OHWOJOIIKU “apMHupaHor’”
JIECHOT 3€MJBMINTA CBOj MAaKCMMyM Ofl ¢,= 23°, MOoCTWie NpH Blaxxoctd w = [0%, (BpiHa
yBpcroha), Mpy BIAKHOCTU O W > 30%, yrao yHyTpallbher Tpemba Koj OHOJIONIKH “apMHpaHor”’
JIleca MMa pe3mjlyalHy BpeaHocT of ¢, <14, rpadukon 1.
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I'papuxon 2 Jlujarpam ynopesine ananmse kopenammje ¢, = f(w) u c, = f(w), xon pedepentror u
OMOJIOUIKH “apMHUPAHOT” JIECHOT 3eMJbHUINTA

Diagram 2 Comparative analysis of correlation c, = f(w) and c, = f(w) in reference soil and
biologically ,, reinforced” loess soil
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Koxe3uja kao mapameTap OTIOPHOCTH Ha CMHULAEkE pe(epeHTHOr y OQHOCY Ha OHOIO-LIKH
apMHpaHO” JIECHO 3eMJBHUILTE MMa Mame BPEAHOCTH KaKO y BPIIHOM, TAKO U Y CBOM PE3UAyaTHOM
nozpy4jy. MlHTepecanTHoO je ga pe3yayanHy BPEIHOCT KOXe3uja JOCTHXKE Ha W > 25% BIaXKHOCTH,
JIOK KOJI OMOJIOIIKH “apMHUpaHOr”” 3eMJBHUILITA 131 O BPLIHE HA pe3uyaHy YBpcTohy je TeK Ha W >
30%, BnaxxHOCTH rpadUKoH 2.

IIpomena ¢puITPANOHO CTPYjHUX apaMeTapa YHyTpalllikhe epo3uje y (pyHKIMju IpoMeHe
CYBHUX 3alIpEMHHCKHX TeKHHA

OUITPaIOHO CTPYjHH MTapaMeTpH HHUIIHjaTHE YHYTPAIIhe epo3rje aHAIN3UPAHI Y OBOM
pajy Cy BPEIHOCTH IPa/IMj€HTa IPU HACTAHKY YHYTPALIIbE €PO3HJE (Jy¢) U BPEAHOCTH TPA/IHj€HTa
TP HACTAHKY TEYCHa 3eMJbHLITA (/) Y QYHKLM]U HIPOMEHE CYBHX 3aLPEMHHCKHX TEKUHA JIECHOT
3EMJBHILITA (y ). ExcrieppMeHTaTHO UCIUTHBAE je U3BPIICHO Ha 41. y30paKky JIECHOT 3eMJBHIITA
" noOujeHe cy BPeIHOCTH Koje Cy mpuKa3zaHe Ha ciunn 3 U 4. Ha ocHOBY nmoOujeHnx pesynrara
(hopMupaHU Cy MaTeMaTHYK{ MOJENH U yTBpleHa je (yHKIIMOHa Be3a Juey = (7> Juey = f (7
Ka0 Uy = f (y) Mo, = [ (). Perpecunone jengaqHHe TOJMHOMA 1 KOju 1ajy (QyHKIIMOHY Be3y
rpajdjeHTa INpy HAaCTaHKY YHYTpalllkbe epo3Hje, rpajujeHara IpH HACTAHKY TeUera U CYyBHX
3aIPEMUHCKIX TEXUHA, KaKo KOJI pe(epeHTHOT TaKO U KOJI OMOJIOMIKH “‘apMHUpPaHOT” 3eMJBHIITA,
nMajy cienehm nspas:

Pedepenrtnu nec

I'pagujeHT mpu HACTAHKY YHYTPAIEHE epo3Hje:

Jue = 82,5-15,2 yd+],0 v 0,025 v,

['pasujeHT npy HaCTaHKY TeYEHA 3eMJBUILTA:
Jt=58,07-10,23 y, T 0,62 V" 0,01 7,

buonomku “apmupanu’ nec

I'pagujeHT mpu HACTAHKY YHYTPAIEHE epOo3Hje:

JueB = -751,3+144, 7yd-]5, 43y2d+ 0, 7 y3d - 0,05y4d +7,9_04 y5d
I'pasmjeHT Npy HACTaHKY TeYEHa 3eMJBHUIITA:

Ji, = -574,2+142,1yd - 13,78 7, +0,65y3d- 0’02V4d +6,1-04 v,

Ynopenuu aujarpamu peepeHTHOT W OHOJIOIIKH ,,apPMUPAHOT JIECHOT 3€MJBHINTA, KOjU
najy (QyHKIHOHE Be3e u3Mel)y KpUTHYHOT XUApayIMYKOI TpajujeHTa NMPU HACTAHKY HHHUIIHjaJTHE
YHYTpAIIbe epo3uje U 0aroBapajyhinx BpeIHOCTH CYBHX 3allPEMUHCKUX TE)KUHA MPUKA3aHU CH Ha
rpa¢ukony 3.

Amnanuzom IMMpUKa3zaHor z[I/IjarpaMa MOXK€E C€ 3aKJbYUUTU cnez[ehe:

Kon 6nomomkn “apMupaHor” y omHOCY Ha MCTH peepeHTHH JieC 3a HacTaHAK MOYETHE -
WHUIAjaJHE YHYTpAIIkhe epo3uje 3eMJBUINTA MOTPEOHN Cy 3HaTaHO BehW TpeAMjeHTH W W3Ia3He
Op3mHE (QWITPAIMOHOT TOKAa y OgHOCY Ha pedepeHTHO 3emsbuinTre. OBO ce MoOXe 00jaCHUTH
yTHIajeM OWOJOMIKOT ‘“‘apMHpama’ Ha CTPYKTYPHO MEXaHHUYKE IMPOMEHE YHYyTap CpeauHe, y
IIPBOM peIy CMarbeHe BOJONPOIYCTIBMBOCTH, LITO CBE 3ajeJHO MoBehaBa yKyIHY OTIOPHOCT Ha
YHYTpAIby €pO3Hjy Y OTHOCY Ha pedepeHT-HO 3eMJbHIITE. 300T Tora Cy IOTpeOHH 1 3HATHO Behn
rpagijeHTn 2+3 myTa y OZHOCY Ha pe(epeHTHH Jiec MPH KOjuMa HacTaje TMOoYeTHa WHHUITHjaJTHa
epo3uja rpaduKoH 3.
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I'papuxon 3 Jlujarpam yrnopeaHe aHaan3e Kopesaije J"’eR = f(Vd) u JueB = f(yd)’ KoJ1 pehepeHTHOT 1
OMOJIOLIKH “apMHUPaHOr” JIECHOT 3eMJBHUILTA

Diagram 3 Comparative analysis of correlation Jue, = f(y ) and Jue, = f(y ), in reference soil and
biologically ,, reinforced” loess soil
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I'paduxon 4 Jlujarpam ynopeaHe aHajgmu3e KOpeiamyje Jt, = f(yd) wji = f(yd) Koz peepeHTHOT 1
OMOJIOIIKH “apMHPAHOT” JIECHOT 3eMJBHUINTA

Diagram 4 C.ompa.rative anglysis qfforrelatio.n Jt, = fo ) and Jt, = fo ), in reference soil and
biologically ,, reinforced” loess soil
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Koz kxpuTHYHHX XUAPAYIUUKUX TPpajnjeHaTa Ipu KOjuMa JI0Ia31 JI0 TeUeHha 3eMJbUIITA, KaKo
pedepeHTHOT, Tako 1 ONOJIOIIKY apMHUPAHOT Jeca, KOMEHTap OM OMO CKOPO WAEHTUYAH MIPEIXOIHOM,
C TUM LITO ce onHOC u3Mel)y rpanujenara 3HatHO noBehaBa ca nmoBehameM CyBHX 3alpeMHUHCKHX
TEXHWHA, U WJe YaK U MpeKo 3 IyTa y KOPUCT TPaJHjeHTa TeueHmha OHOJIONIKH “‘apMUPAHOr” JIECHOT
3eMJbHIITa TPadUKOH 4.

3ak/pyuak

KommnaparuBHa aHanmu3a edexara OHOJOIIKOr ‘“‘apMmuparma’”, Ha €pO3HOHY OTIOPHOCT
3eMJBHIITA M3BpILIEHA je Ha OCHOBY (DOPMHMpAaHMX MareMaTHYKHMX MOJEIa M YCHOCTaBJbEHHX
(YHKIIMOHHUX Be3a, KaKo Ko pe()epeHTHOT TaKo U KOJ| OMOJIOLIKH ,,apMUPAHOTr* JIECHOT 3eMJbuInTa. Ha
OCHOBY IIPUKa3aHUX EKCIIEPUMEHTAITHUX UCIUTUBAbA PU3NIKO-MEXaHHUUKHUX, & TOCEOHO OTIIOPHUX
KapakTeprCcTHKA U QUITPALIMOHO CTPYJHUX [TapamMeTapa - MHUILMjaJIHEe YHYTPaIllbhe epo3Hje U TeUeHha
JIECHOT 3eMJBHILTA, U IbHXOBOM 00paIoM MaTeMaTHUYKUM METOJjaMa MOXKE CE 3aKJbyUHTH Jia:

1. Yrao yHyTpammer Tpema Kox pPe(EepeHTHOr JIECHOT 3eMJBHINTa HWMa MaKCHMAaJHe
BPEIHOCTH OZ ¢, = 22°, IpH BIAKHOCTH W = 9% , (BpmHa uBpcToha), JIOK ce pe3nayanne
BPENHOCTH O @, ~10° NOCTHIKY TIpH BIaXKHOCTH o1 W = 30%.

2. VYrao yHyTpaIIber TPekha KO/ OMOJIOIIKH “apMUPAHOI”” ICCHOT 36MJBHUIIITA CBO] MAKCUMYM
on ¢, = 23°, jocTHKE NPH BIAKHOCTH W = 10%, (BpIIHA uBpCTONA), MpM BJIAKHOCTU O
w > 30% , yrao yHyTpalIkber Tpema Ko OWONOUIKK “apMHUpaHOr” Jieca UMa Pe3HuIyaTHy
BPEIHOCT O] goBsz".

3. Koxesuja kao napamerap OTIIOPHOCTH peepeHTHOT y OJJHOCY Ha OMOJIONIKH “apMHUpaHo”
JIECHO 3eMJBHIIITE NMa Mah€ BPEJHOCTH KAKO Y BPLITHOM, TAKO U y CBOM PE3HyaTHOM IOJIPYYjy.
WHTepecaHTHO je 1a pe3yayalHy BPeIHOCT KOXe31ja JOCTHKE Ha W > 25%, BIaKHOCTH, JJOK
KO7i OMOJIOIIKY “‘apMUpPaHOI” 3eMJBHIITA M1l O] BPILIHE Ha Pe3uayaHy 4BpcTohy je TeK Ha
w > 30% BIaXKHOCTH.

4. Kox OMONOMIKH “apMUpaHOT” y OHOCY Ha HCTH pepepeHTHH JieC 3a HaCTaHAK MHUIH]aTHEe
YVHYTpaIlikbe epo3rje 3eMJBHUINTA MOTPeOHU Cy 3HATaHO BehW TpenujeHTH U u3a3He Op3uHe
(unTpannoHOT TOKA Y omHOCY Ha pedepeHTHO 3emubnmTe. OBO ce MOXKe 00jaCHUTH yTHIIAjeM
Omonomkor “apMupama’ Ha CTPYKTYPHO MEXaHWYKE IPOMEHE YHyTap CpeluHe, y MPBOM
pely cMambeHe BOIONPONYCT/BHBOCTH, LITO CBE 3ajeAHO IoBehaBa yKyIHY OTIIOPHOCT Ha
YVHYTpaIIky epo3Hjy Y OTHOCY Ha pedpepeHTHO 3eMIpHINTE. 300T TOTa Cy MOTPEOHU 1 3HATHO
Behu rpamujertn 2 + 3 myTa y ogHOCY Ha pedepeHTHH JieC IMpU KOjuMa HacTaje MOoYeTHA
WHUIHAjaJTHA epo3Hja.

5. YIOpEeaHOM aHAJIM30M MOXE CE KOHCTATOBaTH Aa Cy eeKTH OHOJIOIIKOr “‘apMupama’
3HAYajHU, HAPOUUTO Y yCJOBUMA IoBehaHe BJIQXKHOCTH LITO je Of MOCEOHOT MHTepeca 3a
NpUMEHY OMOJIOIIKUX Mepa y IPOTHBEPO3UOHO] 3AIUTHTH.
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3axBaJIHOCT

HcrpakuBama Koja Cy MOCITYKWJIa KA0 OCHOB 33 KOHIIENT M3JIOKEH Y OBOM pajly pe3yirar
cy npojekra HIITP 33044 ,,MOHUTOPHHT M aJalTHUBHO YIPaBJbake PU3UIMMA Y IOBPIINHCKO]
eKCIUIOaTalliji MHHEPAJIHUX CHUPOBHMHA™ KOju (MHaHCHpa MHUHHCTApCTBO IIPOCBETE, HAayKe H
TEXHOJIOMIKOT pa3Boja Pemyonuke CpOuje, a Koju peanusyje TUM CTpydmaka Pynapcko-reoiomkor
¢daxynrera YuuBepsurera y beorpany, ®akynrera opraHu3allMOHMX Hayka YHHBEp3UTETa Y
Beorpany, lllymapckor ¢dakynrera Yausep3urera y beorpany u MHOBanmoHoT 1ieHTpa MamiHcKor
¢dakynrera YauBepsureta y beorpany.
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Ynoza noxanne camoynpaee y 006panu 00 nonnasa y Cpouju

Muuyrud CredanoBuh ', Musiera Muiiojesuh !, 3opan I'aspuiouh ', Upuna
MuuioBanosuh !, Mujmuna Banuh !

Yiiora JiokajiHe caMoynpaBe y o10paHu
ox nmomiasa 'y Cpoujun

The role of local authorities in
flood protection

1 UucTuTyT 32 BomonpuBpeny “JapocmaB Uepan”, 3aBof 3a 3amITUTY 07 OyjUIla B €PO3Hje
yi. JapocmaBa Uepnor 80, 11226 beorpan

H3Boa

Ha nyty ka EBpoarianckum mHterpanujama, CpOuja je naHac y mpolecy yckiahuBama CBEyKyITHOT
3aKOHCKOI' M HMHCTHTYI[MOHAJIHOI OKBHpa ca OpOjHMM Mel)yHapOoAHUM 3axTeBMMa M CTaHAapAuMa. Y TOM
KOHTEKCTY, MpEero3Hara je u norpeda jia ce yTBpIH OAPKHUBU OKBUP Yy OOJIACTH HAllOHAIHE 0e30eMHOCTH U
cantacHoctu ca EY JlupektuBaMa o Bomama U 00paHu OJ1 MoTUIaBa.

Y Unctutyty 3a Bononpuspeny “Japocnas Uepnu” pazsujeHa je Merononoruja 3a n3panxy OnepaTuBHOT
IUIaHa 3a oA0paHy O IOIUIaBa Ha JIOKAIHOM HHUBOY. Y OBOM pamy Ouhe mprkazaHa cBpXa OIIIET M ONEaTHBHOT
IUIaHa 33 O10paHy OJf MoIuIaBa M OyjHYHMX HaJI0Ia3aKa Ha JIOKAITHOM HHUBOY, 3aKOHCKH OKBHPH, OpPraHHU3aIija 1
TI01eJ1a OTOBOPHOCTH, CMEPHHMIIE 3a M3pajly IUIAHOBA, CHCTEMH Be3a; IIPUIPEMY IPOIeypa XHUTHO PearoBarme
1 TpaBoBpeMeHy ofbpaHy oz Oyjuma u 3a yoraaxaBarme MOTCHIMjaIHO MOTYhux mrera.

KipyuHe peuu: nomiase, Oyjuia, METOI0IOTHja, TUIAH

Abstract

On the road to Euro-Atlantic integration, Serbia is in the process of harmonization of the overall legal
and institutional framework with numerous international requirements and standards. In this context, the need
has been recognized to establish a sustainable framework for national security and compliance with EU Water
Framework Directive and Floods Directive.

The Institute for the Development of Water Resources “Jaroslav Cerni” has developed a methodology
for the preparation of Flood Control Operating Plans for local authorities. This paper presents the purpose of
General and Operational Flood Control Plans for local authorities, as well as the legal framework, organization
and division of responsibility, guidelines for the preparation of plans and emergency response procedures for
flood defense to reduce potential damages.

Key words: floods, torrent, metodology, flood control plan
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YBoa

[NomnaBe Ha BEMTUKUM pekama W OyjUdHE MOIUIaBe Cy Hajuemihic eleMeHTapHEe HEIoroae y
Cpouju. To je ycnoBibeHO monokajeM u pesbedom Cpouje. 3aro je ogOpaHa o1 OBUX CICMEHTAPHUX
HEIorojia MHCTUTYLHOHAJIHO OpraHu3oBaHa of 19. Beka g0 nanac. JpkaBa je TPEKO CBOJUX
CICIMjATU30BAHUX CIYKOM ¥ jaBHHX Tpeay3eha opraHu3oBana onOpaHy O MOJaBa HA BEIHKUAM
pekaMa M 3alTUTy Mel)yHapoJHHUX U OCTaJIMX IVIaBHUX caoOpahajHuIa.

JlokayiHa camMoyIIipaBa je YBeK MMajla CBOj YIeO Y CHCTeMy o0paHe of IoIuiaBa, oj ydenrha
y Ap>KaBHOM CHCTEMY OI0OpaHEe Ha BEIWKHM peKama I0 ofOpaHe of OyjHYHHX IIOTIaBa Ha CBOjOj
TeputopHju. Taj yaeo je CTaTHO pacTao y CKIIay ca pa3BojeM YyrpoxKeHe HHPPACTPYKType 1 obiIeKara
KOjH Cy IOJ TUPEKTHOM YIIPaBOM JIOKaJIHE CaMOyIIpaBe.

VY Cpouju je, 3akoHOM 0 Bomama u mparchnM IOA3aKOHCKMM aKTHMa, MpoIKcaHa obaBe3a
JIOKaJTHe caMOyIipaBe y oOnacTi omdpaHe of moruiaBa. [IpuMeHa oBe 00aBese je mokasana OpojHe
npobiiemMe yciien HeocTaTka 00yKe 3a yje[HauaBambe OpraHh30Bama OBE CIIOKEHE aKTHMBHOCTH Ha
HUBOY JIOKQJIHE CaMOYTIpaBe.

[TocebaH nmpobieM je youeH y HeCHaIaKehy HaUIC)KHUX 32 0JJ0paHy O TOTIaBa Y ONIITHHAMA
y MPHUIIPEMH CUCTEMa OI0OpaHE W JIeJIOBamka TOKOM U ITOCIIC TOIUIaBe. Y OpPOjHHUM CIy4ajeBHMa CY
JIOKAJTHE CaMOyIpaBe YeKalic Ha JICJI0OBakhC IPIKaBHOT CUCTEMA 3allITUTE O] TIOTUIABA HAKO Cy OyjudHe
MoIJIaBe OWJIC JIOKAIIHE W Y EHUXOBOj 3aKOHCKO] oOaBesu. Tu mpoOiieMu Cy ykaszaiau Ha moTpedy
0cno0JbaBama JIOKATHIX CaMOyIIpaBa IMPHUIIPEMY U aKTHBHY O0paHy O] IoIuiaBa 1 OyjuIia.

VY Cp6uju e moctoju JlokanHa camoympaBa, Kao HH II0jeJHHIIN, KOjH C€ HUCY CYOUMJIH ca
oTJIaBaMa iy OyjuIama, jep Cy Te BPCTe eleMEHTapHHUX HETIOTO/a Y TIPOILIOCTH OMIIe BeOMa YecTe.

Janac je noTpeOHO MMaTh y BUAY W HAy4dyHO JIOKa3aHe II00allHe KIMMATCKe IMPOMEHE, Koje
MPEJCTaB/bajy jenaH of Hajehnx W3a30Ba MaHANIKBHUIIE: HAIVIC IOIUIABE, MPOY3POKOBAHE jaKUM
PETHOHATHUM aIaBUHAMA [I0CTajy CBE YUCCTalINje, MHTCH3UBHU]C U y CTamby CY Ja y Hajkpahem poky
norounhe npeTBope y pyuiiiadke Oyjule Koje MOry Yrpo3uTH U JbyICKe )HBOTe. Bennke noruase
y MPOILJIOCTH, KaKBE Cy Ce OCJICKMIIC jJeJHOM y CTO IOJiMHa, cana ce cBe uerihe nmoHasskajy. biare
3MME Cca MaJio CHera, 3a BpeMe KOjUX caTHMa Iajia jaka KHIlla WIK MMaK O0MIaH CHET y3 eKCTPEMHE
TeMIeparypHe ocIialuje nosehapajy ormacHOCT O] IMOTUIaBa.

VYrora JiokajgHe caMoyIpaBe y ol0paHu Of] NOIuIaBa je O IPBOPA3PEIHOT 3HaYaja, a 100po
OCMHIIIJbEHA OpraHHU3allfja U jacHa Iojielia 3a1yKema y IPUIPEMH U CrpoBol)emy ondpane, Moke
3HAYajHO yMamUTH PU3UK Ol KaTacTpOo(aHUX HITETa.

IIpaBHM OKBMP y 00JIaCTH NIPeBeHUNje U 00PaHe O MOIJIaBa

[Toctojeha 3akoHCKa perynaTuBa y 00IacTH 3allITUTE O] BOAA, KOja je TPEHYTHO Ha CHA3| je:
* 3aKoH 0 BaHpeHUM cutyarjama Penyomuke Cpouje (“Coy:x0enu racauk PC” 6poj 111/09)
* 3akoH o0 Bozama Perry6nmke Cpouje (“Ciysx0enn rmacauk PC” 6poj 30/10 - namse: 30B PC)

3aKoH O BaHPEIHUM CUTyaljama 00jeumbaBa NEeJIOKYITHU CUCTEM OpPTraHU30Bamkba, 3alITUTE U
criacaBama y BAHPEIHUM CUTYyallMjaMa O/ HAIMOHAIHOT HUBOA JI0 TI0jeIMHIA. 3aIITUTA 1 CIIaCaBambe
o moriasa je nedunucana uianosuma 84 u 85 oor 3akoHa.
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Onbpana ox momiaBa ce CIPOBOIYM y CKiIamy ca Baxehmm oxpendama 3akoHa O BoJama
Peny6Oiiuke CpOuje, omHOCHO cienehuM ToKyMeHTHMa:

» OmuTy m1aH 3a ogOpany ox moruiasa 3a Bozne | u Il pena Perry6mmke Cp6uje 2012-2018.
» OnepaTvBHU IJIaH 3a BojoToke | pexa 3a 2013.roxuny.

IIpema 3akony o Bogama, wiaH 55., OnepatuBHu I1aHoBH 3a Boje 1l pena cy y HannesxxHOCTH
JlokanHux caMoyIpasa.

VY ckmamy ca THM, OTPeOHO je MMaTH y BUIy Ja 3aKOHCKA IOZEa HA/JIEKHOCTH, 3HATHO
oTexxaBa ynory JlokanHe camoynpaBe y og0paHH Off MOIUIaBa:

- Onbpana Ha BojOTOIMMA ca M3rpa)eHHMM 3alITUTHUM OOjeKTMMa je OpraHM30oBaHa Ha
HallUOHAJIHOM HUBOY,

- Opranuzanyja u cuposoljeme oxdpaHe of MorIaBa o AejIoBIUMa HeypeheHHx BogoToka (a
TO 3HAYW Ha JICOHUIIaMa 0e3 3aIITUTHUX 00jekaTa), Kao U ogOpaHa of ypOaHHX IIOIUIaBa je y
HaUIe)KHOCTH JIoKaiHe camoynpase (Y MaTepHjalHOM U OPraHU3alHOHOM MOTTIENY).

- Heypehene neonunne BomorokoBa (moceGHO OyjU4HOr Kapakrepa) cy Aajeko OpojHuje, a
300r Op3uHe U crieln()UUHOCTH HACTAHKA OyjUYHUX MOIUIABHUX TaJlaca, MPUCTYI y 0J0paHu
je Apyraumju y OJHOCY Ha o0paHy MOIUTaBe Ha BEIMKHUM peKaMa.

- be3 003upa Ha moxeny HaJIEKHOCTH, OpPraHM30BaHa oA0paHa O IHOIUIaBa MOApa3yMeBa
AQHTKOBaWkE CBHUX Cy0jekaTa Ha YIPOXKEHOM TIOIpYyYjy, @ OATOBOPHU CYOjeKTH HMajy
pykoBozehy 1 OpraHu3alMoHy YJIOTY,

- bes 06e30el)ennx MaTepujarHuX 1 PUHAHCH]CKHUX CpeicTaBa (HaMEHCKa OyIIeTCKa CpeICTBa
ommrtuHe u PC), omOpaHa o moruiaBa ce He MOYKe YCIIEITHO OPTaHU30BaTH M CIIPOBECTH.

MeTtonosioruja 3a u3paay ONepaTHBHOI IUIAaHA 3a OAOpPaHy O NMOIUIaBa 3a
Boxe Il pena

OcHOBHO 00enexje noriasa Ha OyjHIHAM BOJOTOLIMMA ITPOH3IIa3U U3 cel(UIHe TMHAMUIKE
Oyjuunmnx QeHomeHa. KapakreprucTinuHa reHe3a U Op3a KOHIICHTpAIlMja BEIMKHAX BOJa y OYjUIHUM
CITMBOBHMa OHeMoryhaBa NpUMeHY KIACHYHUX XHIPOTEXHHYKHX IPHUHIMUIIA U METO/Ia OA0paHe O
TOTIaBa.

bp3 HacraHak M KpaTKo Tpajame BeIMKHUX OyjUuHHX Boja Hajuyenihe He 0CTaBJbajy JOBOJHHO
BpeMeHa HY 3a poIIalliekhe peoBHE of0paHe of noruiasa. To je cllydaj YKOJIMKO je IUIaH 32 3aIUTUTY
U ClIaBame O] MOILIaBa KOPUCTHO MOJENT yoOH4ajeH 3a BelIKe peKe. Y TOM ce ciIydajy oxOpaHa of
OyjUUYHHX TIOIUIABA CBOJIM HA BaHPEAHY CUTYAIIH]y CllacaBama MPEKUBEINX U CaHalnjy omteherma.

Hasanocr, ko Hac ce y ciy4ajy OyjUYHHX MOIUIaBa He Mpeay3UMajy HUKaKBe Mepe aKTHBHE
onOpane, Beh ce cBe CBOJM Ha MACHBHO CAHUPAHHE ITOCIIEIUIIA TIOTIIIaBe.

Mertomomnoruja 3a u3paay IUTAaHOBA 32 OI0OpaHy O OTITaBa Ha JIOKaJTHOM HUBOY je IpuiarofeHa
OyjuaHOM KapakTepy OIuIaBa Koje rmoraljajy tTakopehu cBaky ONIITHHY.

Yecra je mojaBa NpeIuIUTamke TOKOBA OpameHMX Ha HAIMOHAIHOM HHBOY Ca TOKOBHUMA
JIOKQJTHOT HHMBOA. 3aTO je HEONXOJIHO yckiahuBame THX IJIaHOBa Kao MPEIYCIIOB 3a UHTETPATHY
opraHusaiyjy ofa0paHe o IOIJIaBa U YCIOCTaBJbakhe Be3e cyOjexara oq0paHe Ha HUBOY JIOKATHE
camoyrpaBe ca cy0jeKkTrMa oJi0paHe Ha HallMOHAIIHOM HUBOY.
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Kao mrro je To Beh moMeHyTo, y IIiJbY 3alITHTE O] TOTUIABA, 32 BOJOTOKE Ha 3aKOHOM IPEIIM3HO
nepurucanuM BomauM noxpyujuma ,,JlyHas®, ,,CaBa™ u ,,MopaBa“, Ha KojuMa 1moctoje usrpaheHu
00jeKTH 3a 3allITUTYy OJ LITETHOI JIjCTBA BO/A, OJJHOCHO 32 BOJOTOKOBE KOju cy ypehenu, jpoHoce
Ce HAI[MOHAJIHU TUTAHOBE 3a 0J0paHy O] moruiaea - mectorofummby OnmTy wiad PC u ronuinsu
OneparuBuu ianosu PC.

OBUM HAaMOHAJTHHM IUTaHOBHMa oOyxBaheHa Cy MeNHOpallfioHa IMOIpydja Ha KOjuMa Cy
n3rpal)eHu CHCTEMH 32 OIBOIhaBambe (KaHAJICKe MpEXKe U LPITHE CTAHUIIE), HA KOjIMa Ce CIIPOBOIU
onbpaHa oJ] NOIIaBa O] YHYTPAICHHUX BOJA.

OnbpaHny o1 oruIaBa Ha BOAHUM IOIPY4jUMa OPraHu3yjy U CIIPOBOJIE jaBHA BOAOIPHBPEIHA
npeayseha Ha TEPUTOPHjH 32 KOja Cy OCHOBAHA, y3 aHTa)KOBambe PernyOInuKor XU IpoMeTeOPOIOIIKOT
3aBojza u npeny3eha kojuMa je OBEpPEeHO OJIpKaBahE 3aIITUTHUX 00jeKara 3a 00paHy O/ MoriaBa u
HEMOCPEIHO BPIIEHE MOCIOBA Ha OMOPAHH OJ1 TIOTIIABA.

VYeknahenoct OmneparMBHUX IIaHOBAa 3a ON0paHy O I0jaBa Ha JIOKAJHOM HHBOY
(ONIITHHCKMM ONEpaTHBHUM IUIAHOBMMA) Ca HAIIMOHAIHUM IUIAHOBHMA j€ NMOTpeOHa, aau Kajxa cy
y nuTamy rnoriase u OyjuuHe noruiase, JIokamHoj caMoyIpaBy Cy IOTPEOHH HAMOHAIHHU PECYPCH
ocMarpama 1 00aBenITaBama.

[TmanoBM 3a ogOpaHy O MMOTIIaBa HAa TEPUTOPHjH HEKE OIMIITHHE MOPAjy UMAaTH MHTETPATHU
KapakTep, oOyxBarajyhu IemoKymHO Mmoapydje, Koje MoKe OWTH yTrposkeHO He caMo of OyjHIHHX
BOJIOTOKA 0€3 3alITHTHUX cucTema, Beh u on ypeleHnx BomoToka, ca mirpal)eHUM 3amITHTHUM
BOZIOTIPHBPEIHNM 00jexTrMa. Tume je 00e30eljerna MmoryhHOCT OpraHm30Bamka HHTETPATHE O0paHe
O]l MTETHOT JejcTBa BOJAAa MOAPYdYja Ha IeN0] TepuTOopHju. OMIITHHCKAM IDIAHOBUMA Je()UHUIIES
ce mporpaM Mepa, paJoBa M aKTHBHOCTH 3a HEIOBOJbHE XHIPOJIOLIKE OKOJHOCTH Ha Ha3HAYEHOM
moapy4jy vy nenumad. OBH paioBH, MEpe U aKTHBHOCTH Cy CHCTEMAaTH30BaHH 110 (a3ama ogdpaHe o1
TIOTIJIaBA | TI0 yYeCHUIUMA (OMIITHHCKUM CyOjeKTuMa), ca Ae(pHUHNCAHIM 3ay’KehIMa 1 00aBe3aMa
y cBakoj (hazu ogOpane mocedHo.

InbeBu MeTo0/I0TH]e 32 U3PALY ONEePATHBHUX IJIAHOBA

OCHOBHU [IUJEEBU METOIOJIOTH]E CY :

- (opmupame u oprannzanyja epukacHuX ommuTuHCKHX IlITaboBa 3a BaHpenHe cuTyamnuje,
3a ogOpaHy Of TIOTUTaBa Ha BOAOTOIMMA Koju Cy HucCy oOyxBahenn Harmonamaum, OnepaTuBHUM
TUTAHOM 3a ofOpaHy of morutasa (Bomama Il pena);

- jacHa nedununyja crpykrype llltada u nmoaena HaaeKHOCTH y CIIPOBOlEbY aKTUBHOCTH
KOje Cy HEOmxofHe 3a eukacHy om0OpaHy O IITETHOI JCjCTBA BoAa — Y CBUM (pa3zama ondOpaHe
(mpumpema 3a of0paHy O TOTJIaBa Mpe HACTAHKA TOIJIaBa, BAHPEIHE aKTHBHOCTU Y TOKY TI0jaBe
KOje MOXe H3a3BaTH MOTLIaBe, BAHPE/IHA CUTYAIlHja y YCIOBHMA IJIaBJhEHHa M YTPOKECHOCTH JbYICKHX
JKMBOTA M MaTepHjaHuX g00apa);

- YCTPOjCTBO jemHOOOpa3HUX ommuTHHCKHX OTepaTHBHUX IIaHOBa 3a 0J0paHy OJ TMOIUIaBa
Ha Teputopuju Pemy6nmuke CpOuje, y Mepu KOJMKO TO J03BOJbaBa pa3HOBPCHA NMpoOIEeMaTHKa, y
[IJbY UMITJIEMEHTAIHj€ ONTUMAITHOT KOHIIETITa O0paHe - NHTErpajiHe o10paHe oJ1 IITETHOT JIejCTBa
BOJIa y CaJIejCTBY Ca BOJONPUBPEIHIM WHCTUTYNHjaMa, Kao ¥ INJbY UMITIEMEHTAIMje ONTHMAIIHOT
KOHIIeTITa o/10paHe o OyjHYHMX TIOIJIaBa Ha BOJOTOIMMA M CIMBOBHMMA KOjH Cy Y HaUIC)KHOCTH
OMIITHHE.

OBOM METO/IONIOTHjOM CY NTe(hMHIICaHEe aKTUBHOCTH y OKBHPY O10paHe O TIOILIaBa, Koje Cy 1Mo
BpCTH cBpcTaHe y cienehe rpyrme, koje ce mpenn3Huje qe(UHAITY TUIAaHOBHMA!
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* OIIITE
* MHCTUTYLOHAJIHE,

* XUAPOTEXHUYKE aKTUBHOCTHU

OmnepaTHBHUM IUIAHOM ce yTBphyjy:

1. reHepamHe KapaKTEpPHCTHKE IMOAPYyYja O 3Hauaja 3a OM0paHy O MITETHOT JejCTBa BOAA;

2. nehuHHCAE eIeMEHATa 32 YCIIOCTABBCHE KOOPIUHAIM]E Ca HAIIMOHAIHUM IJTAHOBUMA
o0paHe - y [HJbY OPTaHM3aIlNje HHTETPAJIHE 0JJOpaHe OJ1 MOTIABa;

3. UMIUIEMEHTAallMja MEXaHn3aMa pyKoBolhema, KOOpIWHAIMje U cyOopanHanuje n3mehy
cy0jekara omOpaHe — IIeMa OpraHW3alHje W CTPYKTypa OMIITHHCKOT ITaba, JEeTOKPYT
pana Irtaba;

a. opraHuzaiuja ogOpaHe — aepuHUCAKHE paHra aKTUBHOCTH, 110/IeJ1a HA/IJISKHOCTH
y pykoBoheHY y CaliejCTBY HAIMOHAIHE M OINIITHHCKE OpraHu3alfje 3a Oof0paHy
o] TorIaBa (3aJanyd W OArOBOPHOCTH M KOOPIMHAIMja CyOjekara pykoBohema y
onOpaHu O TIOTIIaBa);

b. cuHXpOHM3alMja aKTUBHOCTU ca cyOjekrnma onoOpane (mpenyseha koja 1o
MIPUPOAHN JETaTHOCTH Koje 00aBJbajy, MOI'y MMaTH akTHBHO yuenrhe y onOpanu);

C. CHHXpOHH3aIlMja aKTUBHOCTHMa BHUTAIHHUX cucTeMa ondOpane: MVYIl-a, Llentpu
3a obaBemTaBame U y30ymHBame, JaBHa KOMyHalIHa nipeny3eha, myTHa npuBpena,
MEIHUITMHCKE cIyx)0e, Bojcka, L[pBeHn KpCT.

4. neduHuCame KpUTEPHjyMa 3a yBOl)eme pasIuyuTHX cTereHa - (pa3a ondpaHe 3aBUCHO
O]l paHra OMacHOCTH;

5. cucreMaTrH3oBaHa podIeMaTnKa yrpoXKeHOCTH TOIPYdja O MoriaBa (IITETHOT JIejCTBa
BOJIa y LIJIMHU), aKTyaJH30BaHa KpO3 INpPHKa3 €BHJIECHTHPAHWX W Ha TepeHy (0x cTpaHe
noBepernka lllTada) moTBpheHMX HEMOBOJPHHMX I10jaBa HAa CBAKOM CETMEHTY IO/pYdja
OIIIITHHE;

6. TIaH Mepa M aKTHBHOCTH KOje C€ MOpajy CIIPOBECTH y OIOpaHU Of IMOIUIAaBa - y BHUIY
CHHXPOH IUIaHa OINIITHHCKHX AaKTHBHOCTU KOjU JAe(UHHINE KOOPIWMHHUPAHH pall CBUX
CYIHOHHKA,;

7. TPHOPHUTET y peliaBamy MpodiiemMa Ha OCHOBY KPUTEPHjyMa KOjH TIOIpa3yMeBajy CTEIeH
YIPOKEHOCTH, BPEIHOCT U YTPOKEHOCT J00apa;

8. cucremMarn3oBaHe AXKypHUpaHe NOAAaTKE O PACIIOJIOXKUBUM KaApOBUMaA, JbYACTBY, OIPEMHU
u MCX&HI/IBaHI/IjI/I;

9. IUTaH aHTa)XOBama JbY/CTBA, TPHMEHE TOTpeOHE OmpeMe W MEXaHM3aIHje, CPasMepHO
paHry rmojase;

10. maH ¥ mporpaM roQUIlEbe peaan3alije MPEBCHTUBHUX METa U PajioBa W mpejaBuljeHa
CpeZcTBa U oflakiie ce 06e30ehyjy;

OnepaTHBHM TOIUIIBY TUIaH 3a of0paHy Of IoruiaBa 3a JlokagHe caMoympaBe ce TOHOCH
CBaKe ToJiMHE. Y OINEepaTHBHOM TOJHUIIHEM IUIaHY CE€ BPIIU NpHiiarohaBambe OCHOBHHMX MOCTABKU
U eBEHTYAJIHUX NMpPOMEHa Koje Cy Hacraje y OJHOCY Ha NpeTXoAHy roauHy. OBHM IUTaHOM ce
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JneUHUIIE TOTUIILY ONEPATHBHY IJIAH aKTUBHOCTH, MEPA M PajioBa ca aKTYEJIIHUM IOaliuMa O]
3Ha4aja 3a e(UKACHY OpPraHU3allljy U CIIPOBOleHE 3alITUTE U CcracaBama O/l MOILIaBa.

CucreMm o0aBemiTaBama cy0jexara y o10paHu of NOINJIaBa

3a ycnemrHo crpoBol)eme 3alTUTe Of TOTIaBa HEOIXOIHO je pacroiaratiu HH(popMarmjama
0 CaJalllleM CTamby BOAOTOKA ¥ IIPOTHO3UPAHUM XHIPOIOLIIKAM M METEOPOJIOIIKAM BelIHYnHaMa. Y
CKJIaJly ca YCBOjEHHUM IPHHIIUIIOM HHTETpaIHE O10paHe y OKBHPY OBOT IpojekTa he ce matu npukas
IpeUIoKeHe [IeMe 00aBeNITaBamba y BOJOIPUBPEAN ca TOCEOHIM OCBPTOM Ha CIICIU(HIHOCTH KOJ
OyjUYHIX TTOTUIABA.

Kpanuterne unHpopmanuje Moxe jga o00e30equ caMo aJeKBaTaH HAuWH IPHKYIUbabha
nH}opMaIuja ca ONTUMAIHO Pa3BUjeHE OCMaTPaYKe MpEKe, ONpeMIbeHe CaBpeMeHNM ypehajuma 3a
PETUCTPOBAKE XUIPOJIOMIKUX U METEOPOJIONIKMX BeIMYMHA U ypehajuma 3a mpeHoc HH(opMaImja.
Cge nH(OpMaIMje ce MOpajy NPUKYIUbATH y JEJHOM LIEHTpY, KOjU he 3aTuM mpuIipemMary nporHose
W J0CTaBJbaTH HMH(OpMalMje O TMPOrHO3MPaHUM BpeaHocTUMa. OIUTydyuBame Ha OCHOBY OBAKO
J0OMjeHnX MojIaTaKa je cBakako IyHocT KomaHmanTa mrada 3a BAaHpEIHE CUTYaIH]e.

Huctpulyrja nHGOpMAaIija cBUM MOTpeOHNM cyOjexTnMa je y LleHTpy 3a oOaBemTaBame
u y30ymuBame. lllema muctpuOyije mHpOpMAIja, OMITYYHBaEkEe W CyOjeKTHMa y 3alllTUTH U
cacaBamy Off TIoIUTaBa je cieneha:

* PenmyOnuuku XuApOMETEOPOIONIKY 3aBOJ j€ IIEHTAp 32 0CMATPamke, MEPemhe, MPUKYTIhAbE,
00paty, aHaJIM3Y U H3lIaBalbe XUIPOMETEOPOJIOIKUX MojIaTaKka, nH(popMalija 1 mporHosa, ma
crora PXM3 npencraBiba OKOCHHILY IIEJIOT CHCTEMa 3a o0aBelITaBame, y (pazama npunpeme
3a cpoBoljema ogopane ox norwtasa. PXM3 he npukyrnsbaru u o0pahuBaTu mojarke o:

- HuBouma Bone

- MeTeoponomKuM BeInIrHaMa (I1alaBUHE, TeMIIepaType UT/.)
- Pagapckum ocMarpamuMa

- Cramy nena Ha pekama

* Ilenrap 3a obaBemTaBame U y30ymBHBamkE j€ TPAHCMHUCH]a IPEKO Kora ce ajse mpocielyjy
cBe mH(pOpMammje koje mocrtaBjba PXM3, a ogHOce ce Ha HajaBe Hamiacka OyjHIHHX
nmagaBuHa. OBe nH(opMmanmje nodujene oq PXM3 mpocnel)yjy ce [lItaboBrma Ha yrpoXeHUM
nmoapydjuma (OMIITHHCKH, TPAJCKH, OKPY>KHH, TOKPAjUHCKHA U HALIMOHAHN).

* CBe OCMOTpeHe MpOMeHe OWTHE 3a HACTaHaK, TOK W oaOpaHy ox moruiaBa llenrap 3a
obaBelnTaBame U y30ymuBame npocielyje mradopuma. 3a ondOpaHy o OyjUYHHX IMOTLIaBa
OWTHH Cy MOJIAIM O HAWIIACKY U MECTY MaJiarba jakor MJbYCKa, HATIOM TOIUbEHY CHEra, Kao U
0 pylIeHkYy MOCTOBA U caoOpahajuuia ycien Oyjuiia ¥ libuMa MOKPEHYTHX KITH3HIITA.

I[eqmm/lca}be 30HA PU3UKA U Xa3apaa o1 nmoimjiasa Ha JOKaJIHOM HHUBOY

3aKoH 0 BogiaMa je IeuHICa0 J1a ce IUTaBHE 30HE ofipel)yjy mpuiinkoM u3paae YpOaHHCTHUKIX
(T'enepanun u Perymanmonux) u IlpocTopHMX mUlaHOBa jep Cy NPOCTOPU YK BOJOTOKOBA
HajaTpaKTHBHUJH 3a U3TPamby o0jekara u caoopahajuura. [13]

OBa o0aBe3a je omaraHa 3a KacHHje, ca OOpasJoKemeM Ja Cy TPOIIKOBH oxapehuBamba
TUTAaBHUX 30HA BEJIMKH U J1a IIPEBa3miIa3e pacioloKUBU OyIIEeT 3a N3pajy IUIAHCKOT IOKYMEHTA.
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300r Tora je MpUCyTHA YMEEHHILIA JIa C€ TOKOM M3pajie ypOaHUCTHKUX IIAHOBA MUHUMH3HPA
MIOTEHI]aJIHO IUIABHO TOJpyYje, ToceOHO y ciyyajy Heypel)eHnx OyjudHUX TOKOBA.

3ato cy mmpom Cpbuje n3rpal)enn OpojHU 00jeKTH HETTOCPETHO Y3 OCHOBHO KOPUTO BOJJOTOKA,
I1a ce TeK HaKOH IIOIIJIaBe YTBPAM [a Ce Hajlase y IUIaBHOj 30HH.

Bbyjuune nomase koje cy HMOTOAWIIE €BPOICKE 3€MJbE TOKOM IIOCIEIE JEeLeHHUje, yKa3aie
Cy Ha HU3 3a0JIyla O UCTOBETHOCTH MPUHIMIIA opehuBama MIaBHUX 30HA 3a BEJIMKE BOLOTOKOBE
Oyju4HE TOKOBE.

3aKoH 0 BaHPEIHUM CHTYyallHjama je ponucao odaBe3y U3paje Male pu3Hka, koja oOyKBara u
pusHK of rorutaBa. Ty mary je Hemoryhe u3paanTu 6e3 NpeTxoqHO oapeleHe mIaBHe 30He.

JlokamHa caMmoyTipaBa MOXKE J1a ypaJau 3Ha4ajaH Jeo Iocia y 0BOj 0b1acTu, unju he pesyaratu
yOMaXuTH Tpyde TPeIke Koje Cy 0 casa HaHele BEINKe IMTeTe.

He nocroju sokaiHa camMoyIipaBa Koja TOKOM CBake rOJIMHE HUje HEKOJHMKO ITyTa YrpokeHa
IIo1iaBaMa 4 mrerama oa MaJiux 6y_] MYHUX TOKOBa. CBaka O/] TUX IIOIlJIaBa I/IMajaCHO MpErno3HaT/bHUB
JIOMET U 3aXBar Iu1aBHe 30He. CBEOIM THX MTOI1J1aBa Cy CTAHOBHUIIM MTOTLIABJLEHOT MOAPYYja U JbYIH
13 JIOKAJIHE CaMOyIIpaBe KOjUu MMajy JYKHOCT oji0paHe oJf MoIuiaBa WiM npouene mrere. /lanac je
CBE BHIIIC [IPUCYTHA M Pa3HOBPCHA (POTO JTOKYMEHTAIIH]a.

Ha ocHOBY no3HaBama COICTBEHOT TOJIpyYja HEMa pasiiora Jia ce y Kaprama M INIJaHOBHMa He
yHecy Mojamy o 3a0eeXeHnM IuIaBbeuMa. Te 3a0ernexeHe moruiase je Moryhe xiacuukoBaTy y
HEKOJIMKO KJaca.

- IIpBy Ki1acy IJIaBHUX MOBPILIMHA YHHE OHE MOBPIIMHE KOje Ce ILIaBe PELOBHO TOKOM CBAKE TOAMHE
- Jlpyry kjacy 4MHe MOBpIIMHE KOj€ CE IUIaBe y pa3MaKy oJ IeT JI0 JIeCeT ToArHa
- Tpehy xiracy 4nHe OBpIIMHE KOje e TUIaBe jeTHOM Y TEeJeCeT 0 CTOTUHY TOIUHA.

[IpBe nBe kiace je Jako UISHTU(PHUKOBATH M O3HAYMTH HA KAPTH JIOK je 3a JoMeT Tpehe Kiace
MOTPEOHO CTPYYHO 3Hame, Mel)yTHM, YnMieHHUIA je Jla ce Ta 30Ha Hajla3u HEIOCPEIHO y3 APYry
KJIacy, I1a je U by Moryhe npuoIrmKHO HACHTH()UKOBATH.

I/IHCHTI/Iq}I/IKOBaHI/IM IJIaBHUM TOBpIIMHaAMa TpeGa JA0JaTu W KapaKTep IIOIIaBe KOjI/I Cce
jeﬂHOCTaBHO MOXKE IIOJCINTH HaA:

- IInaBmeme
- Pymeme
- Pazapame

To je ocHOBHA Ki1acH(HKalLKja BPCTE PU3MKA O MMOIUIaBa U OyjHIla Koja je CacBUM JOCTYITHA
pecypcuMa CBake JIOKalHe CaMOyIpaBe.

3akspydak

[Tomnage u Oyjuiie cy IpUpPOIHE MOjaBe KOje HACTAjy HAKOH jaKMX KHIIIA WIIN OTallamba CHeTa U
IbUXOB NHTCH3UTET MOJKE OUTH T0javdaH WK yOJIakeH yCIlies AefioBama Jbyau. Te mojaBe He HACTajy
MOMeHTaJTHO Beh Majy CBOje Tpajame. Y 3aBHCHOCTH O] BETMUYWHE PEYHOT CIIMBA U YCIOBa OTHIIAbA,
HACTaHAaK M Tpajarme MOIUTaBe M3HOCH O jeHOT cara 3a Maje OyjiudHe TOKOBE, 10 HEKOJIHMKO He/lelha
3a BEJIMKE PeKe.
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M. Cmegpanoseuh, M. Munojesuh, 3. I'agpunosuh, H. Munosanosuh, M. Banuh

HajBaxxuuja kapakTepucTHKa rorsiasa U Oyjuna je To jaa cy npensunuse. [IpeaBuauBoct
roruiasa u Oyjuna rnpyska MoryhHoOCT 3a IpaBOBpEMEHY HajaBy U pearoBame 0JJ0paMOeHOr cucTeMa.
Onbpana oJ] oIUIaBa Ha BEJIMKUM peKama je U J0 caja Ouiia MOKpPHUBEHa CUCTEMOM OpPraHO30BaHe
onOpaHe o1 IMoIUIaBa.

CaBpeMeHO ocMaTparbe METEOPOIIOLIKHX I10jaBa je OMOryhniIo paBOBPEMEHO OPraHU30BabE
onbpane ox Oyjuma. JlokasHa caMoOyIpaBa ce MOpa OCIIOCOOMTH J1a MCKOPHCTH CBOje pecypce y
3alITHTH ¥ ClacaBamy o Oyjuila u moriaBa. [lo3HaBame KapaKTepHCTHKA 3HAYajHUX Oyjuia u
BOJIOTOKOBA j€ O MPECYAHOr 3Hayaja 3a MPaBOBPEMEHO M HCIIPABHO PearoBambe Ha HUBOY JIOKAJIHE
camoyTipaBe. 3a yCIenrHy of0paHy ofl TIOIUIaBa i OyjuIia IOTPEeOHO je CTATHO yCaBpIlIaBamke Koje ce
OCTBapyje Kpo3 OBJIaJIaBah¢ HOBHX Ca3Hama, METOJA U IIyTeM CTaJHUX BEXKOH.

JUTEPATYPA:
! 3akoH 0 BaHpeaHUM cutyanujama Peryonrke Cpouje (“Ciysx6enn miacauk PC” 6poj 111/09)
2 3akoH 0 Bogama Peny6iuke Cpouje (“Corysx6enu miacauk PC” 6poj 30/10),- nasse: 30B PC

3 (1998) Metomororuja 3a u3pa/y IUIaHOBa 3a 0A0paHy O OyjUYHKX MOILIaBa Ha BOJOTOIMMA Ha KOjUMa HeMa
o0jekara 3a 3aIlITUTY O[] LITETHOT JiejcTBa Boja — VHCTUTYT 3a Bogonpuspeny “JapocnaB Yepuu” — Beorpa.r.

4 Onmry 1wiaH 3a oxbpany of moriasa 3a nepuon ox 2012 o 2018. rogune (noner Ypenbom Biame PC
“Cmyx6enu riacHuk PC”, 6poj 60/11)

> OmepartuBHU IulaH oxOpane on moruiasa 3a 2013. roguHy (moHet HapenGom MunmcTpa MUHHCTapCTBa
MOJBONPHUBpPENE, IIyMapcTBa 1 Bogonpuspene-MIIIIB — ra mpexsnor PemyOnmake qupekiyje 3a Boae U JaBHAX
BOIONpUBpeaHuX npemyseha ,,CpoujaBome*, ,,Bone Bojsonune™ u ,,beorpaasone®, op. 325-10-200/2012-07 ox
16. jaryapa 2013.)

¢ Taspunosuh 3., Bpajkosuh M., Mcakosuh [I. (2000) Byjuuse nomiase u3 1999. rogune npupojiHa mojasa,
na uiu He?, 2. caBeToBame ,,BonHu pecypcu cianBa Bennke Mopase n muxoBo kopuheme”’, Kpymesar, cTp.
181-186,

7 Taepwiosuh 3., Crepanouh M., Munojesuh M. (2002) “EPO3UJA 3EMJBUILTA U AHTPOITIOTEHN
YTULIAJ HA TIOBERAKE PU3SUKA OJ1 BYJUUHUX TTOIIJIABA”,1. cTpy4HO CaBeTOBamE ,, IHKEHEPCKU
pH3HK U Xa3apn y ypbanom cucremy beorpana” ,.T., Beorpam,ctp 39-45

8 Tapunosnh 3., Crehanosuh M., Bpajkosuh M. (2003) “NEW TORRENT FLOOD FORECASTING METH-
OD FOR UNPROTECTED AREAS”, Natural and socio-economic effects of erosion control in mountainous
regions,. cTp. 247, beorpax

° (2005) Iau 3a oxOpaHy o Noriaea 3a TeputopHjy I'pana beorpama — IHCTUTYT 3a BOXOIPUBPEY ,,Japocias
Yepuu“, beorpan,.r.,

10(2007) Tnan 3a oxgbpany ox moruiasa 3a Teputopujy Ommrruae CvenepeBo — MHCTHTYT 32 BOIOIPUBPELY
,Japocnas Uepnu*, beorpan,.r.,

11(2007) OnpehuBame maBHux 30Ha 3a nmorpede ['YII-a Jlazapesua - MHCTUTYT 3a BOAONPHBPEY ,,Japocian
Yepun“, beorpan,..,

12.(2011) Credanopuh M., I'aBpuiiosuh 3., Korwh 3. - Viora JlokanHe camoynpaBe y yrpaBibakby PH3HKOM
ox norutaa y Cpouju - USAID, TIporpam 3a miiaHuparme U pearoBare y BAHPEAHMM CHTyalMjaMa U jadyame
ekoHoMcke curypHocty, ISBN 978-86-82565-29-1, Beorpan
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Caonwmenmne ca 31. cycpema oyjuuapa Cpouje y Aycmpuju u Hmanuju

Caonmrene ca 31. cycpera Oyjuuapa Cpouje y
Aycrpuju u Utanuju

Information from 31 meeting of Engeeners for
torrent control from Serbia in Austria and Italy

Cycpertn Oyjuuapa, kKoju ce Beh TpaguImHMoOHATHO TPHUIECET TOAWHA OAP)KaBajy, OBE TOAWHE
OpraHn30BaHu cy y nepuoxay on 09. no 14. cenrembpa y Ayctpuju u MTanuju Ha TO3UB ayCTPHjCKOT
Vrpyxema 3a 3aITUTy of Oyjuiia 1 JaBHHA.

Iopen Ynpyxemwa Oyjuuapa CpOuje, y OpraHu3aIiji CTPyUHE SKCKYP3Hje yUSCTBOBAIM CY U
WucTtutyT 3a BogonopuBpeny ,,Japocnas Uepuu” u lllymapcku dakynter YHusep3urera y beorpay.
CrpyumaliiMa U3 OBUX MHCTUTYNHMja Cy ce mpuapyxwie u konere uz: JBII ,,CpoujaBone”, JBII
,,beorpansozae”, JBII ,,Boae Bojsomune”, JIT ,,Cpouja mryme”, BIT ,,3anagna Mopasa” u3 Kpasbesa,
BII ,,Epo3uja” u3 Humia, BIT ,,Muyenuun” u3 BasbeBa u Jlupekiuje 3a u3rpajmy YKUIA.

Cauka 1 Pagnu cacranak y Onesbemy 3a ypeheme Oyjuna u taBuHa Aycrpuje, [enmaprmany 3a myMapcTBO
MuHHCTapCcTBa 32 MOJHONPHUBPENY, IIYMAPCTBO, 3aIITUTY KHBOTHE CPEIMHE U BOJAOTPUBPEIS

Figure 1 Meeting in Austrian Service for Torrent and avalanche control, Department of Forestry, Federal
Ministry of Agriculture, Forestry, Environment and Water Management
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[ub exckyp3uje OHO je Jia ce CTpy4mbaly U3 MHCTUTYTA U (aKyinTeTa, Kao M YYECHULU M3
JpKaBHUX W jaBHUX lmpeny3eha ynosHajy ca MCKyCTBUMa M HOBHM pelIeHHMa y ypehemwy Oyjuia
Koja ce mpuUMemyjy Yy nHocTpaHctBy. OBoroauimy ,,Cycpetn Oyjudapa’ MpoTeKiIn Cy y 00HIIacKy
JokanuTera y Ayctpuju u Utanuju koju cy TOKOM TrofuHe Ouiu noroheHu OyjuYHHM IOILIaBama,
Kao0 | roceraMa o0pa3oBHUM MHCTHTYIMjaMa U CTPYYHUM OpraHu3aiujama Koje ce 6ase ypehemem
OyjHIia ¥ 3alITHTOM 3EMJBHIITA O] €PO3Hje.

Vrpyxeme 3a 3amTuTy ox Oyjulla W JTaBHHA AYCTpHjE€ OpPTaHH30BAIO j¢ CBCUAHH IpPHUjEeM
3a 4iaHOBe Yapyxkema Oyjudapa CpOuje M pamHu cacTaHaK [Ba yApyXema y MHHHCTapCTBY
NOJBONIPHUBpEJIE, IIyMapCcTBa, 3alITUTE KUBOTHE CPEIMHE M BoJoNpHuBpene Aycrpuje, JenaprMany
3a mymapcTBo, Onmespery 3a 3amTuTy of Oyjulla M JIaBHHA. YUYECHHUIIMMAa CacTaHKa Ce HCIIPe[
MunncraperBa obparmina nuur.umk. Mapua [latex, mupexrop Onmespera 3a 3aTHTY 0f Oyjula U
JMaBUHA AyCTpHje U U3pas3miia 3aJ0BOJGCTBO IMIOCETOM H CIIPEMHOIINY ABa YApPYXKewma 3a MeljycoOHy
capanmy. [Ipencennuk Yopyxema 3a 3alITUTY Of Oyjulla U JIaBuHa AycTpuje, TUIuL. HHK. Kpuctod
3ejMaH, H3II0XKHO je KpaTak UCTOpHjaT YIpyKerma U ajbe INIAaHOBE Ha 3alITUTH Off Oyjulla U JTaBHHA
y Aycrpuju. [lpeacenauk Ynpyxkema Oyjudapa Cpouje, numur.umk. Mutytaa CreadanoBuh Takohe
je TpencTaBuo UCTOpHUjaT Yapyxema Oyjuaapa CpOuje i mo3Bao Kojiere u3 AycTpuje Ha yHanpeheme
capaJme ca HallluM YIpyKemkeM Kpo3 pa3MeHy HCKycTaBa Ha ypehemy Oyjulia y3ajaMHUM ImoceTaMa
CTpYy4maKa, 3ajeJHIYKAM yderrheM Ha IPojeKTHMa U 00jaBJbHBak-eM HAYYHHX PasioBa y YaCOMICHMA
00a Yapyxema.

Ha no3us npod. ap Joxaneca Xy6ma, qupexropa MHCTHTYTa 32 ajrcKe MpUpOIHE HEOToe,
YHuBep3uteTa 3a npupoaHe pecypce u3 beda (BOKU), yuecannu cy nocernnu MHCTUTYT y KoMe
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Camnka 2 Tlocera MHCTHTYTY 3a anrncke npupoaHe Henoroze (mupektop npod.ap Joxanec Xyoi),
Yuupepsutera 3a npupoate pecypce (BOKU) y beuy

Figure 2 Visit to Institute of Mountain Risk Engineering (Head of the Institute Prof.Dr. Johannes Huebl),
University of Natural Resources and Life Sciences (BOKU), Vienna
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Cmanuya 3a unmezpucanu MoHumopunz gyuenoz Hanoca - YPCJIAY

Ciuka 3 YuecHHIHM CTpyYHE eKCKyp3Hje Ha Majoj XUAPOEIEKTPAaH! Y TOPH-eM Jiey OyjHIHOor
cnuBa y onusunu Len am 3ea, Aycrpuja

Figure 3 The participants of the excursion (fild trip) on a small hydroelectric power
near Zell am See, Austria

Cy Ce yIO3HAJIM ca CHCTEMOM BHCOKOIIIKOJICKOT 00pa3oBarma AWIUI. HHKEEmhepa 3a 00macT ypehema
Oyjuna n naBuHa. Y OKkBUpYy MHCTHTYTa mOCeTHNIH Cy W JabopaTopujy y KOjoj ce BpIIe BeoMma
3Ha4ajHa HCTPaXKMBamka y 00IACTH NPHMEHE PA3IMYNTHX TUIIOBA ITPErpajia y 3aBUCHOCTH O yCJIOBa
CIIMBA, CUMYJIallije TPAHCIIOpTa HAHOCA U OTHILAha ca CIIMBa, H JIp.

VY opranusanuju Vipyxema 3a ypeheme Oyjuria u naBuna Ayctpuje u mpod.ap JoxaHeca
Xybna ydecHunmma je omoryheno na Ha tepenuMa y okonuau CanzOypra u Llen am 3ea Buae HOBe
KOHIIETIIH]je U penea ypehema Oyjuiia, HaUnHa MOHUTOPUHTA T10jaBa OyjUYHMX TOIUIaBa M CHCTEMa
3a amapmupame. [Ipod. Joxanec Xyon u aumn.umk Opani AHKep Cy BpJo JETaJbHO YIMO3HAIH
YUECHUKE CTPYYHE €KCKyp3uje ca ypehemeM ciuBa Oyjuiie Ypciay Yy OKBUPY KOjer je H3BPIICHO
ypeljerbe ropmer Jefia CIMBa CHCTEMOM MPErpaja, y CPeImbeM ISy CIIMBa Ce BPIIH MEPEeHhe MPOHOca
HAHOCA a Yy 30HH Hacesba MPOLIMpPEHE MOCcTojehier KopuTa perynatuje 300r BETHKHX MOIUIaBa Koje
cy ce necuie jyHa 2013. rogune.

[Nopen obmitacka cIMBHOT MoApydja Oyjuie Ypciay, y4eCHUIM CTPYYHE eKCKyp3Hje Cy HMalH
MPWINKY a o0uby u Oyjutie y okonmHu Ller am 3ea a moce6no Oyjumy lypHOax. Y cnuBy oBe Oyjuiie
je mpe 100 roguHa MOYENI0 CHCTEMATCKO M3BOoheme pazoBa Ha ypelewy KopuTa OyjUYHOT TOKa U
nperpaza npuKazaHa Ha CIMIHM 4. IpeJcTaBba MPBY H3rpaljeHy mperpaay y CHCTEMY.

VY obunacky jy>)KHOTHPOJICKMX Oyjuiia y okonuHM bosnana y Wranuju, y nmuior noupydjy
l'apawmja, MpeacTaBIbEH je CaBpeMEeHH CHCTEM MOHHTOPHHTA TojaBe OyjHYHMX IOTJIaBa M CUCTEM 32
IIPaBOBPEMEHO allapMUPALE 3a HAJ0Ja3aK MOIJIABHOT Tajaca MOCTABJbEH Y TOPHEM Jielly CIHBA.
CucreM je ycrocTaBibeH y by 3alITUTE Hacesba, caoOpahajHUIIA U TIOJLOIPUBPETHUX TOBPIINHA
(KOMITJIeKC TUTaHTaXKa jadyka) y TOJIHHU.
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Cauka 4 Cucrem nperpana 3a ypeheme Oyjure lypuadax

Figure 4 Chack dams system for torrent control Durnbach

Camnka 5 Cucrem MoHHTOpHHTa OYjUUHMX ToIIIaBa Ha noxapy4jy [apauja, Jysxau Tupon, Uranuja

Figure 5 System of torrential floods monitoring in the Gardia area, South Tirol, Italy

Hammm crpyumanu cy ce yro3Haiu, y 0BOj H3y3eTHO HHTEPECAHTHO] CTPYYHO] €KCKYP3HjH, ca
HCKYCTBHMa Y pellaBaby, IPOjeKTOBamy 1 n3Boley HOBHX cucTeMa 3a ypeheme OyjuuHIX CIIMBOBa
cTpyumaka u3 Aycrpuje u Mranmje. HoBocreuena mckycraBa he nm nmomohu ja mpommpe 3Hama
YHampese 10caaline MPUCTYyIIe Y pelaBamy npodiema ypehema Oyjuunux ciausosa y Cpouju.
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EPO3HJA - Haconuc 3a ypeljerve oyjuua u 3awmumy 00 eposuje

YIIYTCTBO 3A AYTOPE

Yacomuc Eposuja 00jeBibyje mpemieHe, OpruHallHe Hay9YHE W CTPYYHE PajioBe U3 00JIacTu
3aIlITHTE O] epo3uje U ypehema Oyjulia, eKOJIOMIKOT HHKCHEPUHTA Y 3aIITUTH 3¢MJBHIITHIX U BOTHIX
pecypca. Haconuc objaBsbyje 1Ba Opoja TOMUIIELE, IPU YeMYy je jamaH TeMarcku oapelen. Pagosu ce
[ITaMIIajy HA CPIICKOM M CHIVICCKOM je3uKy. PajoBu IITaMIIaH! Ha CHIVICCKOM jE€3HKY UMajy pe3uMe
Ha CPIICKOM jE3HKY, a IIPUIIO3H JIBOjE3HMYHE JICTCH/IC.

HacJyoB - HacroB tpeba ma Oyne kparak, jacaH M Jla M3pasd CYIITHHY paja He Kopuctehn
ckpaheHnIle 1 Kyp3uBe.

Hme ayTopa - HaBozu ce myHO mpe3uMe U UMe (CBHX) ayTopa UCTOA HacmoBa paaa. HaBomau
ce myH (3BaHUYHHU) HA3UB M CEAMINTE ycTaHOBE (aduimjaiuja) y Kojoj je ayTop 3amocicH. AKo je
ayTopa BHIIIE, a HEKU MOTHYY M3 UCTE YCTAaHOBE, MOPa Ce, MOCEOHUM O3HAKaMa WIIH HA JPYTH HauWH,
Ha3HAYUTH U3 KOj€ O]l HABEJIECHHUX YCTAHOBA MOTHYE CBAKK OJf HABEICHHX ayTopa.

Anpeca unm e-ajipeca ayTopa Jaje ce y HallOMEHHU IpU JHY NPBE CTPAHMIIE YIaHKa. AKO je
ayTopa BHIIIE, 1aje CE CaMo e-ajpeca jeTHOT, 0OMYHO MPBOT ayTopa

H3Boa/Ancrpakt - Kparak canpikaj pana (mo 150 peun). Tpeba ma cagpxu o0nacT, mpeaMeT
U OCTBapeHe pe3yNTarTe HCTpakuBama. M3Boa naTn 00aBe3HO Ha CPIICKOM U SHIVIECKOM je3HKY.

Kibyune peun — O06aBe3HO HABECTH KJby4yHE peud (3-7) Ha CPIICKOM U CHITIECKOM je3HKY.

TekeT - OcHOBHA IOIIIAaBJBbE Pajia Cy: YBOJ, MaTepHjall 1 METOJIE Paja, pe3yiTaTH, IUCKyCHja,
3aKJbYUIIM ¥ pe3nuMe. Y YBOAY ce Jlajy OCHOBHE CMEpHHIIE pasia. Marepujai U METoJE Cy JIE0 y KOMe
Ce ONHCYjy NPUMEHEHE METOJC U TEXHUKE. Y IOIIaBJbY PE3YATaTH U3HOCE CE MOAAIM JOOHjeHH
HCIIMTHBAKBMMA Ha KOjE CE Paji OMHOCH, a y JUCKYCHjH ayTOp CBOja MCTPAXHUBAA JOBOIH Y BE3Y
ca Beh TIOCTUTHYTHM pe3yiTaTnMa y AaToj o0JlacTH OJHOCHO ca MpEeAMETOM paaa, MoryhHocTnma
3a JlaJjba MUCTPAXKMBamba, OTKPUBA TEOPETCKE M IPAKTUYHE UMIUIMKAIMjE CBOjUX OTKpWha M yKasyje
Ha HEJI0BOJHHO HCIHUTAHE aclleKTe W TBPIIEC KOje 3aXTEBAjy NOAATHA WCIHMTHBAMA. Y 3aKIbYUKY
Ce TAKCATHBHO M3HOCE PE3yNTaTh MCTPAXKNBamba, TBP/HE 3aCHOBAHE HA JIOOMjEHUM pe3yiTarnma,
CTaBOBH, TIPENIOpyKe W ciIudHO. Pe3nme, y3 HacloB pasa, MMEHa ayTopa M MHCTHTYLHjEe y KOjuUMa
pazne, Tpeba 1a mpHuKake pe3yaTare paja U 3akJbydke y Hajkpahum mprama.

Ipernexnn pagoBu - Tpeda aa caapike CBEOOYXBATHH MpPEIIIe]l HEKOT poliema, a 3aCHUBajy
Ce Ha UCIPIIHUM MOJalMa U3 JUTEPaType M CONCTBEHUX MCTpakuBama. [IpereaHu paa Tpeda na
caapku HajMame 10 ayTorurara.

Tabesie n rpadguxonn - Tabesne u rpadukony Tpeba OUTHO J1a TONIPUHECY O0JbEM Pa3yMEBabY
W MHTEpIpeTanyju pesynrara paja. Mcre moparke He mpukasuBaté Ha o0Oa HauwHa. ['padukone
pamutn y Excel-y. O3HaunTH y pyKomucy mecrto 3a Tabeiay M rpadukoH. Y HacioBy 00aBe3HO
JIaTH TIPBO CPIICKU Ta OHJIAa CHIVIECKH TEKCT, aK0 Ce paJl IITamIla Ha CPIICKOM jE3UKY, OIHOCHO IPBO
SHIVIECKH T1a CPIICKH, aKO CE Paj| LITaMIIa Ha CHIVIECKOM jE3UKY.

®otorpaduje u uprexu - Tpeda ma mpencTaBbajy KapaKTepUCTUYaH [eTalb, II0jaBy
n cmmano. dororpaduje u mpTeRu Mopajy ma Oymy KOHTpacTHH M omTpu. HejacHe M MyTHE
¢dororpaduje mehe Omrn mrammane. Dotorpaduje ce MpHIAXKy y OOMUKY MoceOHEe maToTeke,
Mopajy na Oyny y HekoM of crangapaaux ¢opmara (BMP, TIF, JPG, GIF umu PSD), y pezonynuju
Hajmame 300X300 dpi (moxersHO 600X600 dpi), a y pasmepu 1:1. Ilomro oBU 3axTeBH OOWIHO
pe3ynTHpajy BeMWKHM (ajIioBHMa, MOXKEJFHO je opruHaiHe (oTorpaduje MPUIOKHUTH 3ajeqHO ca
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Ynymcmeo 3a aymope

pazoMm Kao rnocebHe JaroTeke, mMTo Ou 00e30eqIo nocTu3ame Beher KBauTeTa Kojl pUIpemMe 3a
wrramity. Lpresxu ce mory nocrasutu y popmaruma DXF, DWG, CDR, WMF, EPS unu Al. HaciioBu
u nererne Gororpaduja u uprexa Mopajy OuTH ypaheHH JBOjE3UYHO - Ha CPIICKOM U €HIVIECKOM
Jje3HKy.

Jlutepatypa - Camo pedepeHie HaBeleHe Y TEKCTy HaBoje ce y yureparypu. Llutupame
Heo0jaBJFCHHX paioBa MOTyhe je caMo y TeKCTY Kao JIMYHA KOMYHHKAIIN]ja WK He00jaBJheHU MOTAIIH.
CBH M3BOPH, KaKO y TEKCTY TaKO M y CIICKY pedepeHIH, HaBOE CE JIATHHULIOM, 110 a0CLIeTHOM ey,
Ha Ha4WH NPHKa3aH y IpuMepuma.

Hpumepu:

Ynanak y uaconucy: Petrovi¢ P., Brzi¢ B., Sijakovié D. (1991): Efekti posumljavanja brzo-
rastué¢im vrstama li¢ara u Vojvodini, Sumarstvo 44 (8), SIT Sumarstva i prerade drveta Srbije, Beo-
grad (15-28)

¥ Tekery: (Petrovic et al., 1991)

Monorpadcka myoaunkanuja: Dumanovic J., Marinkovi¢ D., Deni¢ M. (1985): Geneticki
re¢nik, Naucna knjiga, Beograd

¥ Tekery: (Dumanovic et al., 1985)

Iornap/be y KIbM3M WJIN Y 300pHUKY paaoBa ca koHpepennuje: Krsti¢ M., Stojanovié LJ.
(2007): Gajenje Suma hrasta kitnjaka, ,,Hrast kitnjak u Srbiji“, ured. Stojanovi¢ LJ., Univerzitet u
Beogradu Sumarski fakultet, Beograd, (29-292)

¥ Tekery: (Krsti¢, Stojanovié, 2007)

I/I3B0p€ 0e3 ayTopa CoOpTHhparu rnmpemMa NpBoOM CJIOBY HACJIOBA paja, TaKO zxaje ucnpen HacjioBa
CaMoO roguHa u3jiama

Hpumepu:
(1992): Kodni priru¢nik za informacioni sistem o Sumama Srbije, JP ,,SrbijasSume®, Beograd
Y Tekery: (1992)

Bed cranuma: Chicago/Turabian Style. The Writing Center at the University of North Car-
olina at Chapel Hill, from: http://www.unc.edu/depts/weweb/handouts/chicago.html. (accessed /
npuctymsseHo 15. 05 2008. rox.).

¥ tekety: (2008)
Maremarnuke opmyine — Pazne ce y enuropy popmyna y Word-y mmi MathType-y.

Ocraje HanoMeHe
PanoBu ce pereHsupajy, peleH3eHTH oapelyjy kareropujy pama, a pereHseHte ompelyje
Penakuuja.

Penakiuju 1octaBUTH pasioBe y elIeKTpoHCcKoM 00Ky (e-mail, CD/DVD auck, ¢uemn-nuck,
ntn.) ypaheno y ¢popmary MS Word 6.0/2007/XP (Office 97/2003/XP), Tun ciioBa Times New Ro-
man, BenrurHa 12 pt. MepHe jenunune u3paxasary y lHTepHamoHamHoM cucteMy jenuunna (SI).
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HNuxemepcka komopa Cpouje
Bynesap BojBoge Mumuha 37, Beorpan

www. ingkomora.org.rs

Vapyxeme 0yjuuapa Cpouje

Kneza Bumecnasa 1, beorpan

www.udruzenjebujicara.com
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