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1. INTRODUCTORY REMARKS

Natural disaster is an event of hydro meteorological, geologic or
biological origin caused by actions of natural forces such as: earthquake,
flood, torrent, storm, heavy rain, atmospheric discharge, hail, drought,
escarpment or landslide, snowdrifts and avalanche, extreme air
temperatures, accumulation of ice on watercourse, epidemic contagious
diseases, livestock epidemic contagious diseases, occurrence of pests and
other large-scale natural events which can endanger health and life of
people or cause damage of large-scale.’

Occurence of significant number of various kinds of natural disasters, of
different frequency and intensity is specific for the territory of Serbia. With
an average of 100 disasters in ten years from the beginning of the 19th
century, number of the natural disasters by the end of the 20th century
reached the number of even 2.800 disasters in ten years.

Table 1. Number of natural disasters by periods.
Source: National strategy of protection and rescue in emergencies, Official
Gazette of the Republic of Serbia, No. 86/2011

1900-1940 1960-1970 1980-1990 1990-2000
100 650 2.000 2.800

In most cases occurence, scope and duration of natural disasters cannot
be predicted in advance, but there are some phenomena for which, based on
experience, statistics and methods of modelling as well as the place where
they usually occur, it is possibile to expect that they could occur. An
assessment of vulnerability of the territory of the Republic of Serbia to
floods and landslides has been done and, based on the available statistics,
the map of natural disasters risk (forest fires, floods, landslides and
earthquakes) has been made.

! The Law on Emergencies ("RS Official Gazette”, No 111/2009, 92/2011 and
93/2012)



The estimated area of the Republic of Serbia vulnerable to natural
hazards covers total area of 57.33 %.

I:I Seismic hazard VIII-IX MCS - Potential floodable areas
I seismic hazard IX-X MCS Areas vulnerable to drought
B Lancside hazard areas T Highest risk of forest fires
B Excessive erosion areas

Figure 1. Integral vulnerability map of the natural hazards
on the territory of Serbia
Source: Natural Hazard Assessment for Land-use planning in Serbia 2

2 Dragicevic, S., Filipovic, D., Kostadinov, S., Ristic, R., Novkovic, I., Zivkovic,
N., Andjelkovic, G., Abolmasov, B., Secerov, V., Djurdjic, S., 2011. Natural
Hazard Assessment for Land-use Planning in Serbia, International Journal of
Environmental Research, 5 (2), pp. 371-380.



Positive trend of number of catastrophic and unfavourable natural events
especially reflects with the events depending on the meteorological
conditions.

M Floods
M Earthquakes
Extreme

temperatures

Epidemics

Figure 2. Frequency of various natural disasters in Serbia from 2000-2011.
Source: EM-DAT.

Territory of Serbia is subject to natural disasters and the risk varies
depending on the type of the disaster and possible damage. Natural
disasters endanger health and lives of the population, inflict enormous
material damage and thus significantly influence upon everyday life of
population of the Republic of Serbia whose material position is unenviable
even without the damage caused by natural disasters.

In the following chapters readers will be introduced to the characteristic
natural disasters affecting the Republic of Serbia, the normative and legal
framework for the engagement of the protection and rescue system subjects
in those cases, as well as certain measures and procedures that are
undertaken in order to reduce the effects and eliminate consequences in the
case of the emergence of characteristic natural disasters affecting the
Republic of Serbia.



2. EARTHQUAKES AS NATURAL DISASTERS

2.1. Briefly on earthquakes — general terms and definitions

An earthquake is a natural phenomenon during which strong vibrations
occur in the ground due to sudden disturbance in the Earth interior causing
enormous energy release within a short period of time in the form of
seismic waves.

The place of failure occurrence in the Earth interior is called a
hypocentre (origin, focus), and its vertical projection on the Earth surface
(where earthquake is felt first) is named an epicentre.

The magnitude of an earthquake is a measure of the seismic energy
released at the hypocentre. It is expressed by the Richter scale, which has 9
units, and is intended to be a rating of an earthquake event, independent of
the location of observation. The magnitude permits comparison of sizes of
various earthquakes.

The intensity of an earthquake indicates the destructive severity of an
earthquake in terms of its effects on the Earth surface that can be
determined by the level of damage to engineering structures and the
reaction of people and animals. Hence, an earthquake would be associated
with various intensity values in different localities, depending not only on
the size of the released energy and epicentral distance, but also on the
geological soil conditions, the structural typology, and the construction
guality. Among several earthquake intensity scales in the world the most
common one is the 12-grade Mercalli-Cancani-Sieberg (MCS) scale
(grade 1 — XI1). The intensity is mostly used in the seismic zonation.

An earthquake cannot be predicted, but we can learn how to protect
ourselves.

Hypocentre, epicentre, and hypocentral region

Hypocentral fault Seismic wave

Figure 1. The focus and epicentre of an earthquake (left) [1]; faults (middle);
seismic waves (right) (source: web.ics.purdue.edu).



Primary and secondary effects of earthquakes

Besides ground shaking (vibration) of different severities and ground
displacements along faults, earthquakes can trigger secondary effects [2]:
Differential ground settlements, land and mud slides, soil liquefaction,
ground lurching, and avalanches;

Floods from dam and levee failure;

Tsunamis and seiches (not characteristic for the Republic of Serbia);
“Natech” events (technological accidents resulting from natural events)
[3] such as fires resulting from earthquakes, the release of hazardous
materials, chemical and radioactive contamination, as well as the
destruction of vital transport and technical infrastructure, residential
buildings, industrial buildings, and facilities.

Direct and indirect earthquake effects

Occurrence of a major seismic event in a built-up urban area can have a
particularly severe impact, resulting in the complete disruption of economic
and social functions in the community.

- Human impact, considering fatalities, s
injured, and sick population, and even
people that needs to be evacuated or

N ) ECONOMIC
those that lose access to basic services. INDRECT DAMAGE

- Environmental impact, based on harm to .
natural resources and natural spaces. DAMAGE




- Economic impact ', which considers financial and material losses.
Sometimes the cultural heritage is included in this category.

- Societal impact, including the disruption of daily life/use of critical
facilities (transportation, energy, water, food, health, etc.), adverse
effects on the reputation of the damaged areas, social unrest, and
psychological effects.

- Political impact, as the capacity to govern and control the country.

2.2. Seismic activity on the territory of Serbia

Seismic activity is present on the territory of Serbia, where 50% of the
territory is potentially threatened by the earthquakes magnitude of which is
7 and 20% by the earthquakes magnitude of which is 8 [4]. Historically, the
territory of Serbia has experienced the earthquakes of magnitudes up to 6.3
on the Richter scale.

A strong earthquake, which can cause damage to engineering structures,
occurs on the territory of Serbia every ten years on average. Majority of the
earthquakes take place in Central Serbia, South Serbia, and Autonomous
Province of Kosovo and Metohia. Fewer earthquakes have been located in
Eastern and South Eastern Serbia, whereas the smallest number has been
located on the territory of the Autonomous Province of VVojvodina [5].

—_— 1t

Figure 2. Map of epicenters of the earthquakes in Sérbia (Ieft); Map of earthquake
intensities experienced on the territory of Serbia (right) [6].

Table 1. Areas vulnerable to seismic hazard on the territory of Serbia [7]

Area Percentage of total
Ll Eam2] Serbian area [Yo]
Seismic hazard VI I-DX MCS 16388.59 18.55
Seismic hazard DX-X MCS 1109.71 1.26

! The direct economic losses caused by the Montenegro earthquake of April 15, 1979
(Yugoslavia), alone were estimated about 10 percent of the gross national product (GNP)
of Yugoslavia for 1979, which was four times the GNP of Montenegro itself [2].



2.3. Seismic hazard, seismic risk, and emergency management

Seismic hazard is defined as expected occurrence of a future adverse
seismic event.

Seismic risk is defined as expected consequences of a future seismic
event to the natural and manmade environment.

Seismic risk management is the process of systematic application of
management policies, procedures, and practices to the tasks of identifying,
analysing, assessing, treating, and monitoring seismic risk [8]. It involves:

- a formal, quantitative evaluation of potential injury or loss over a
specified period of time;
- the prospect of future mal-performance of a safety or security systems.

For building a culture of seismic risk management, greatest energy

should be devoted in building the three pillars of sustainability:

- leadership development (people asset),

- capacity development (physical asset),

- awareness development (public awareness, training, and education
programs).

Seismic risk assessment is a process used
to determine risk management priorities by
evaluating and comparing level of seismic A
risk against predetermined standards, i.e. (a)
acceptable (target) risk level, which
represents the level of protection that a v
society can accept according to its
economic possibilities.

Emergency is, thus, realisation of a Components of Risk Assessment
hazardous event requiring the
organisation and response of
the society other than in normal
condition.

Emergency management
comprises measures such as:

- organised analysis,

- planning,

- decision making, and
assignment of available
resources,

that are indispensable to: The Emergency Management Cycle

Readiness RESPONSE

PREPAREDNESS

RECOVERY

MITIGATION

DEVELOPMENT

PREVENTION

Pre - Disaster Event Measures and Activities
Post - Disaster Event Measures and Activities



prevent *°,

mitigate (lessen the effects of),

prepare for,

respond to, and

recover from the seismic hazard effects (possibly taking 5-10 years or
even more).

Problem areas for emergency management in case of earthquake event:

Earthquake onset is sudden, usually no warning; following a major
earthquake, secondary shocks may give warning of a further earthquake;
Major effects arise mainly from violent ground movement (vibration),
fracture, or slippage; especially they include widespread loss of or
damage (usually very severe) to structures, lifeline systems, essential
services, and life support systems, plus considerable casualty due to lack
of warning;

Severe and extensive damage, creating the need for urgent counter-
measures, especially search and rescue, and medical assistance;
Difficulty of access and movement;

Response problems may be severe, extensive, and difficult (e.g., rescue
from a high occupancy building collapses, or in a circumstances where
additionally a chemical or radiation hazard exists, etc.);

Victim identification may often be very difficult;

Recovery requirements may be very extensive and costly;

Rarity of occurrence in some areas may cause problems for economies
of counter-measures and public awareness.

2.4. Normative-legal framework for the engagement of
subjects of the protection and rescue system in case of
earthquake event in the Republic of Serbia

Strategic dimension of the protection and rescue system in the Republic

of Serbia is established in an integral way by adoption of the National
Strategy for Protection and Rescue in Emergencies in 2011 [10] and it has
been normatively regulated by the Law on Emergencies (2009, 2011, and

2

“Building a culture of prevention is not easy. While the costs of prevention have to be
paid in the present, its benefits lie in a distant future. Moreover, the benefits are not
tangible; they are the disasters that did not happen”. (Kofi Annan, Secretary General,
United Nations, 1999).

3 European Union experience — for every €1 invested in disaster prevention, €4 to €7 are

saved in disaster response [9].

10



2012) [11]. In addition, the bylaws relating emergencies, provisions of
which are related to the entire system, such as the Instruction on
Methodology of Risk Assessment and Protection and Rescue Plans in
Emergencies adopted in 2012 [12], have closely defined the necessary
elements important for the system functioning. The National Programme
for Natural Disaster Risk Management [13] was adopted in 2014 and is
directed towards building of the appropriate long-term risk management
system in case of natural disasters in the country. The Action Plan for
Implementation of the National Programme for Natural Disaster Risk
Management (2016-2020) [14] defines the detailed implementation of
strategic activities, the holders of the realisation, performance indicators,
the timeframe for implementation, and the necessary financial resources.

Republic Seismological Institute

The Republic Seismological Institute is dealing with detailed monitoring
of seismic activity on the territory of the Republic of Serbia and in the
border areas, in order to inform the public about the main parameters of
earthquakes and the assessment of their consequences, with an aim to take
the necessary measures on time for the affected population [10].

In order to create the conditions for greater security of the citizens of the
Republic of Serbia and their property in case of an earthquake event, the
Republic Seismological Institute organises lectures in the centres for
information with the topic of understanding the basic information on
earthquakes.

Sector for Emergency Management

The Sector for Emergency Management is a specialised organisational
unit within the Ministry of Interior Affairs (MIA), which coordinates
activities of all the state and civilian institutions involved in crisis and
emergency management on all levels of political territorial organisation
[10, 11].

Representatives of the state agencies organisational units, local
government bodies, public companies, health institutions, centres for social
work, Red Cross, Mountain Rescue Service, divers, associations of citizens,
etc., are also members of the staffs.

Formation of headquarters for emergencies on republic, regional, and
local level was adopted as standing bodies engaged in the event of disaster
or emergency (the units of local government, town, or municipality have
primarily operational role, a region is mediator between local and national

11



level of authority). The National Training Centre for Emergency
Management is in charge of the staff’s and staff commanders’ education.

One of the priorities is the involvement of the Republic of Serbia in the
EU Civil Protection Mechanism [15].

Protection and Rescue Plan in case of earthquake event
The protection and rescue plan in case of earthquake event includes

[12]:

- A schematic Ry iyt
presentation  of P IR T

-y - of roadways
entlttlei_ engaged i 3 serv sesoocon, stwof el natrcure
protection an
rescue (@ N
presented in figure
[16]) ’ A PRESIDENT OF THE

- An overview of o
the  obligations ProtessonssOpuravy - EuERGENCY
(measures  and Lol il ey ..s...];m
tasks) of the
particip_ants in pusc urury Commssioners D
protection and __OF CVILPROTECTION _
rescue ! 1 CONSTRUCTION mu“ﬁnlf:;

- An overview of e ey
the protection and owners o
rescue forces and HEALTH E———

. TRANSPORTATION INSTITUTIONS
the available ReD cROSS
et . VETERINARY AND OTHER
capacl tl-eS ; SECTORPOR EMERGENCY STATION JUMANTARIAN

- evacuation, care, UNITS OF THE MINISTRY

OF INTERIOR AFFAIRS

first aid and
medical assistance, asanation, and other tasks of civil protection;

- Tabular overview of endangered areas, towns, or structures with an
overview of the number of endangered objects and the number of
inhabitants that are estimated to be endangered,

- Map with marked endangered urban areas;

- Elaborated operational procedures for the action of protection and
rescue forces;

- An overview of professional-operative teams (intended for assessing the
safety of facilities after earthquakes and landslide activation; removing
parts of damaged facilities; landslide remediation; care of the vulnerable

12



population; storing and distribution of construction materials; storing
and distribution of food, water, hygienic, and sanitary materials;
organisation and engagement of volunteers for repairation assistance,
etc.);

- Organisation of hygienic—epidemiological protection (holders of
realisation and activities);

- Organisation of providing food, water, and medicine;

- Organisation of reception points of human assistance and material and
technical means;

- An overview of the locations for the disposal of waste building
materials and other material collected during the site clean-up.

2.5. Pre-earthquake studies, measures, and activities for
reduction of earthquake consequences

Earthquake disaster prevention arrangements are of long-term character
with permanent governmental and professional activity for the needs of
establishment of consistent scientific bases and their practical application in
reduction and mitigation of seismic risk. In seismically active regions,
components for earthquake risk reduction should be realised through
combined efforts of each individual country of the region in close
cooperation with other countries. Pre-earthquake measures for planning of
earthquake risk reduction at regional and national level are as follows [2]:

- Studies on seismicity of the region considering instrumental and
historical data of occurred earthquakes;

- Elaboration of a seismotectonic map of the region;

- Performance of seismic hazard studies and elaboration of seismic hazard
maps of each country;

- Performance of detailed studies on vulnerability and acceptable seismic
risk level in each country;

- Physical planning of seismic regions based on damage evaluation and
vulnerability studies;

- Elaboration of national laws and regulations for protection against
earthquakes;

- Elaboration of national codes, instructions, and manuals for aseismic
design and construction of new structures and prevention of existing
structures and utilities, and their continuous improvement;

- Elaboration of seismic microzoning maps for significant urban areas and
zones with high seismic hazard as basic data for design and planning;

13



Studies for planning, design, and construction of structures of vital
importance;

Development and improvement of national design and construction
control organisations with a specialised section in earthquake
engineering and engineering seismology;

Development of research and training centers in the field of seismology,
earthquake engineering, seismic risk mitigation, physical, urban, and
disaster preparedness planning within existing civil engineering
institutions, design and construction control organisations, departments
of civil engineering and architecture at the universities, in close
cooperation with seismological, geophysical, geological, and other
organisations and institutions, and long-term cooperation among centres
of the participating countries of the region;

Continuous education and improvement of knowledge of scientists,
engineers, and planners for the need of application of established
scientific basis in the process of physical and urban planning, design,
and construction in the region;

Permanent recording of the earthquakes;

Combining of seismological instrumentation with other types of
instruments for the purpose of short-term earthquake prediction;
Development, installation, operation, maintenance, and data collection
of regional strong motion instrumentation networks and continuous
strong motion instrumentation of typical and important buildings,
structures, and utilities, as well as establishment of standardised
earthquake damage and ground motion data banks;

Development and improvement of the network of seismological stations
with telemetred and computerised systems for rapid collection and
analysis of earthquake data.

Land-use planning
Earthquake damage can be reduced by proper land-use policy, which

should be gradually realised through the processes of general, physical, and
urban planning. To decrease earthquake damage, the urbanisation pattern
(land occupancy, adopted structural typology, distribution of material
property and its density concentrations, etc.) should comply with the level
and the spatial distribution of the expected seismic hazard.

One is left with fairly limited possibilities of modifying what exists in

old urban cores, while calling the attention of decision makers (local
government and city authorities, in cooperation with specialised and

14



authorised land-use and disaster preparedness planning agencies) to the
potential consequences of prevailing seismic hazard when urbanisation of
new region, town, or even new settlement is planned.

Integrated assessment of seismic risk

While the frequency and magnitude of earthquakes at a specific location
cannot be predicted with accuracy, risk management in earthquake-prone
areas can be informed using vulnerability and loss models for buildings,
lifelines, and critical infrastructure.

Vulnerability depends on many factors: structural age, type of
construction, use, geometry, height, conservation degree, etc.

The degree of losses inherent to existing or planned regional/urban land-
use is quantitative measure of existing or potential seismic risk and might
be expressed through:

- physical losses (percent of damaged or lost buildings/building gross
area), or

- functional loss (loss of function).

By applying an appropriate damage cost factor to physical vulnerability
functions, an economic loss (loss-of-value function) can be estimated.

The loss is the result of damage and can be divided into two categories:

- determined losses defined by investements;

- undetermined losses mainly characterised by homelessness, injuries, and
loss of human life that makes corresponding quantification imposible.
Proper estimation of the size of- possible disaster as well as the required

level of pre-disaster capital investments necessary for mitigation of the

earthquake consequences should be based upon the loss model capable of
incorporating a long-term effects of earthquake losses, which in the long-
run can lead to unrecoverable national economic damage.

Requirements for the earthquake-resistant design criteria

For the purpose of defining seismic design parameters based on seismic
risk, it is necessary to know and analyse several factors, the most important
of which are [17]:

- the seismicity model of the area;

- the probability of earthquake occurrence and its return period;
- the seismic exposure;

- the economic life-time of the structure;

- the importance and purpose of the structure;

- the level of protection, i.e. acceptable seismic risk.

15



An appropriate earthquake-resistant (aseismic) design is the one that

provides adequate safety against injury and loss of life, minimum damage
to property and ensures continuity of vital services, achieving this at an
acceptable cost. To provide complete protection against earthquakes is not
economically acceptable or technically feasible. On the other hand, the risk
of total failure of structures, especially those of high categories, has to be
thoroughly eliminated. It is generally accepted that earthquake-resistant
design criteria should satisfy the following conditions:

To resist minor earthquakes, without damage;

To resist moderate earthquakes (the so called design earthquake, which
may occur once or several times during the serviceability life of the
structure) without structural damage (damages to structural components,
which provide resistance of the structure against horizontal and vertical
loads), but with some non-structural damage (damages to the remaining
structural components, mainly architectural);

To resist major earthquakes of intensity and severity of the strongest
experienced in the area (the so called maximum earthquake, which is of
low probability of occurrence throughout the serviceability life of the
structure, but still may occur) without collapse and with limited
structural and vital non-structural damage. In most structures, it is
expected that structural damage, even in a case of major earthquake,
could be limited to repairable level.

Combining the seismic hazard parameters with the structural parameters

as defined according to the seismic design codes (Eurocode 8 [18]) and the

design philosophy,

o
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Studies for planing, design, and construction of critical infrastructure

Critical infrastructures include, inter alia, transport (roads, railways,
bridges, tunnels, airports, port and harbour facilities), water (supply, flood
protection, sewerage), energy (electricity, gas, oil, nuclear),
telecommunication and digital communication, finance, food, health,
research, and emergency and security services. The resilience of critical
infrastructures (their ability to bounce back from shocks) is essential for the
efficient response during emergencies, including the provision of energy,
water, food, communications, health and emergency response services, and
transport, as well as for the provision of many societal functions post-
disaster and the restart of social and economic recovery.

It is very important that correct earthquake engineering decisions be
made for these complex and costly installations, from the standpoint of
safety as well as of cost. Particular attention should be given to the
evaluation of the seismic risk of existing major dams, chemical factories,
and other industrial facilities, power plants, pipelines, and other systems,
the secondary effects of which, like floods or environment pollution, could
be even more disastrous than the direct destructions of the earthquake itself.

In the design and construction process particular attention should be
given to the following aspects [2]:

- Regional studies for evaluation of seismic hazard of the site for
establishment of two levels of acceptable seismic risk, taking into
account known and potential seismic zones;

- Local detailed site studies for determination of amplification factors and
factors of modification of expected ground motions;

- Determination of two levels of design criteria for serviceability and
ultimate state based on operational and safety requirements;

- Specific studies on possible surface faulting, slope seismic stabilities,
subsoil instabilities, induced seismicity, and other;

- Methods and techniques of structural planning, analysis, and design to
be applied in the preliminary and final design;

- Specific requirements on structural planning, structural detailing, quality
control, and seismic instrumentation.

A systems approach of risk assessment methodologies, in which critical
infrastructures are treated as an interconnected network, is being
encouraged [3]. Facility owners and operators should prepare security plans
and exercises for the protection and resilience of the services, as well as
represent a key sector to be involved in a national risk assessment process.
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2.6. Post-earthquake measures and activities

A uniform post-
earthquake assessment
tools should be used to
achieve both scientific
and practical goals
through  coordinated
efforts of the civil
protection centres and
the teams of
engineers—specialists.
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Normality in an Area Following a Disaster

Strike through Relief, Rehabilitation, and
Reconstruction Activities

Immediate post-earthquake emergency measures and actions

These are emergency measures for an immediate protection of
population and other material goods placed in seismic jeopardy, as well as
urgent rehabilitation of serviceability of vital lifeline systems [2].

= Establishment of centres, which will carry out
emergency protection measures in each city,
village, and institution.

» Extinguishing of fires, in the first stages by
volunteers, and protection against fire by
professional staff.

= Rescue: emergency rescuing of people who
may be trapped in building and under debris
(equipment for detecting building-collapse
trapped live survivors).

= Treatment and care of victims: to dispose of
the dead, to render first aid, to ensure
identification tagging of casualties,
organisation of field triage centres in the parks
and/or lawn areas outside the facilities,
organisation of an improvised surgery sites
with operational tables for treatment of heavy
injuries, to identify needs in terms of medical
treatment,  hospitalisation, and medical
evacuation; evacuation of injured persons not
requiring immediate medical attention and




those not in critical condition to the medical
centres in the neighbouring towns;
establishing air lift for transporting heavy
injuried persons.
Evacuation:  evacuation from densely
populated and dangerous places; to
determine whether persons need to be
evacuated from the stricken area
immediately, or whether such a requirement
is likely to arise later.
Shelter: organisation of temporary housing, [~
medical centers, and other public ‘
utilities based on the immediate needs;
to provide shelter for victims whose
housing has been destroyed or rendered
unusable. This may involve:

- urgent repair to some housing;

- issuing tents, tarpaulins, and/or
containers to provide means of
temporary shelter;

- accommodating groups of homeless
people in community buildings such
as schools, sports halls, etc.

Food: establishment of centres for food
supply and organisation of other
emergency activities; bringing field
kitchens; to organise and distribute food
to disaster victims and also emergency
workers; to estimate damage to food
stocks; to estimate food reserves
available (including unharvested).

Communications: to re-establish

essential  radio, telephone, telex,

facsimile, and informatics (Internet)
links.

Clearance and access: to clear key roads, airfields, and ports in order to

allow access for vehicles, aircraft, and shipping; also to prepare

helicopter landing sites.
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Water and power supply: to re-establish water and power supplies, or to
make temporary arrangements for them (tank-trucks). The provision of
potable water is often difficult, particularly in the early post-impact
stages. Water purifying equipment might therefore have to be obtained
and/or water purifying tablets used.

Temporary subsistence supplies: to provide supply, such as clothing,
blankets, disaster kits, cooking utensils, and plastic sheeting, so as to
enable victims to subsist temporarily in their own area, thus helping to
reduce the need for evacuation.

Health and sanitation: to take measures to safeguard the health of
people in the stricken area and to maintain reasonable sanitary facilities.
Restoration of public services: clinics under makeshift roofing,
pharmacy, post offices, and shops in mobile vans.

Public information: to keep the stricken community informed on what
they should do, especially in terms of self-help and on what action is in
hand to assist them; to prevent speculation and rumor concerning the
current and future situations.

Security: to maintain law and order, especially to prevent looting and
unnecessary damage; to restrict entrance to severely damaged buildings
unsafe for any kind of use.

Short-term post-earthquake studies and activities
Short-term measures have to be undertaken for obtaining more practical

and also transferable data that can be of potential use for the development
of revitalisation, restoration, and long-term rehabilitation programs [2]

Planning and provision of temporary
housing  (prefabricated  settlements),
organisation of medical centres, supplies,
schools (hangars), and other public
activities.

Salvage and re-housing of archives and of
national treasures.

Disinfection of the damaged areas by air
spraying.

The comprehensive damage and usability
inspection and classification of buildings,
structures, local and regional
infrastructure according to the damage
and usability level using uniform




methodology for damage classification.
Studies of earthquake effects and damage
distribution.

Seismic activity studies with existing and
temporary installed seismic stations and
immediate installation of strong-motion
accelerographs and seismoscopes for
recording of stronger aftershocks.
Acquisition of seismic records and their
processing for the purpose of elaboration
of seismic design criteria for repair and
strengthening of damaged buildings and
structures.

Elaboration of requirements and instructions for repair and
strengthening of damaged buildings and structures.

Reconsideration of physical and urban plans with mapping of spatial
distribution of earthquake effects.

Estimation of value of earthquake-induced damage, planning of
financial and legal actions for reduction of earthquake consequences.
Urban planning for construction of new settlements for housing, medical
centers, schools, and other public utilities based on the immediate needs,
existing stock of usable buildings, and future urban development.
Construction requirements: remove
ruins and unstable building elements
that pose direct hazard to occupants or
pedestrians, and demolition (by
explosives) of heavily damaged
buildings, whose unexpected collapse
may endanger humans or the other
buildings in the vicinity; repair and
strengthening of damaged buildings
with parallel elaboration of site
investigations and design for repair and
strengthening.

Disaster welfare enquiry: to make
arrangements to handle national and !
international enquiry concerning the |-
welfare of citizens and residents, including tracmg of missing persons
and family reunion.
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Maintenance of public morale: measures to assist the physical and
psychological rehabilitation of persons who have suffered from the
effects of disaster.

Emergency earthquake damage inspection and classification

Obijectives of the emergency damage inspection

1)

2)

Primary: To save human life and prevent injuries by identifying

buildings, which have been weakened by the earthquake and are

therefore threatened by subsequent aftershocks.

Secondary:

To save properties by identifying emergency strengthening needs and

measures (shoring, bracing, partial or total demolitions, etc.);

To record damage and assess usability and thus allow use of as many

buildings as possible, as soon as possible, and at an acceptable level of

risk;

To provide information about the required number of temporary housing

units, to indicate transportation routes that may be dangerous because

they are lined with hazardous buildings, to indicate temporary shelter

sites;

To collect the data necessary for obtaining reliable estimates of the

disaster to allow authorities to take relief measures, formulate disaster

mitigation policies, and allocate available resources;

To provide data that will identify frequent causes of damage, so that

potential rehabilitation plans may take into account such assessments;

To provide information for practical research studies that may lead to:

- reconsideration of urban plans by mapping the spatial distribution of
earthquake effects;

- re-evaluation of existing codes and construction practices, to updates
of seismic maps; and,

- elaboration of seismic wvulnerability models for pre-earthquake
assessments.

Earthquake damage data collection

The determining factor for the classification is not the extent of damage

in terms of repair costs, but rather how serious the physical damage is, i.e.
to what extent has it affected the load carrying capacity of the principal
structural system.

Good assessment and classification of damage and usability must be

based on sound engineering judgment.
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The procedure of data collection depends very much on the level of
preparations and training of inspection teams performed before the
damaging earthquake occurrence. These in-advance preparations are very
essential for training and rapid performance of damage classification in
order to assure implementation of the uniform methodology. When this is
not done in advance, it should be planned to have at least one-week training
courses and trial classification of the inspection teams with significant
number of instructors and supervisors. In that case the most difficult part
will be the preparation of necessary inspection files (maps and inspection
forms) as well as organisation of the mobilisation of the inspection teams
under extremely difficult post-earthquake conditions.

The entire process of data collection should be performed within one to
two months after damaging earthquake occurrence. Requirement for
photographs to be taken on damage of structural and nonstructural elements
is very important in completing evidence and data set on earthquake
damage, since these data will disappear within a short period of time.

Composition of the damage and usability inspection team

The team should be composed minimum of two engineers and one
technician — driver.

Tasks of the damage and usability inspection team

» Engineers:

- to judge the damage degree and post-earthquake usability of the
structures;

- to decide and recommend emergency measures, if required;

- to document the damage;

- completion of the inspection form, preparing daily, weekly, and final
report with cumulative presentation of inspected buildings and
structures, and submitting them to the sectional headquarters.

= Technician:

- toassist in obtaining information about the structure, drawing sketches.

Basic procedural steps of post-earthquake damage and usability inspection
and classification, and effective damage data acquisition

- Mobilisation of the staff of the inspection teams and headquarters;

- Distribution of in-advance prepared files for earthquake damage
inspection to each headquarter and inspection team;

- Completion of damage inspection forms structure by structure parallel
in each sector and damage and usability classification of structures;

23



Heavily damaged
Red
== To be Demolished
§ Unusable

Nondamaged

Figure 3. Non-damaged (usable) building (left); havily damaged (unusable)
building (right) [2].

- Preparation of cumulative daily and weekly reports as well as final
reports of each inspection team and headquarters of the sectors and the
communes;

- Submission of the cumulative reports to the commune, district, and
country responsible authorities for earthquake damage and usability
classification;

- Archiving of one copy of the complete set of performed damage and
usability classification within civil defence headquarters of the
commune and submission of other two copies to the regional and
country headquarters responsible for further actions for evaluation of
economic losses and reduction of earthquake consequences.

Long-term post-earthquake measures and activities

Long-term measures basically do not differ from the already discussed
pre-earthquake measures (described under Section 5), but basically all data
and results obtained from short-term activities, particularly the data on
damage distribution and classification as well as observed vulnerability of
various structural types of buildings and other engineering facilities, should
be consistently implemented for decreasing of the seismic risk in the case
of repeated seismic activity that normally should be expected [2].

Measures of reconstruction, including the replacement of buildings and
infrastructure, which have been destroyed by the disaster, are also of long-
term nature.
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2.7. Civil protection role of citizens in case of earthquake event

Family Guide for Emergency Preparedness and I'
Response [19] by the Ministry of Interior Affairs of
the Republic of Serbia, Sector for Emergency
Management, has the purpose to increase public
awareness of disaster risks and disaster reduction and
to help citizens to understand their civil protection 2
role and to perform it to the best of their ability. —

What to do during earthquake?

- Stay calm and coolheaded and do not allow being
overwhelmed with panic. Be aware that some
earthquakes are actually foreshocks that may
shortly be followed by a stronger quake.

- Do not panic!

- Do not try to run away.

- Drop on the floor, curl up, and protect your head.

Instructions on how to act if you are indoors during an earthquake

- Find shelter in a safe place at home, such as
door frames, bearing walls, place under a
table, solid furniture, and stay there for the
duration of an earthquake, or cover your face
and head with your hands and crouch in an
inside corner of the building.

- Stay away from glass, windows, outside doors and walls, and anything
that could fall, such as lighting fixtures or shelves.

- Stay in bed if you are there and protect your head.

- Stay inside until shaking stops and it is safe to go outside (research has
shown that most injuries occur while people are attempting to leave a
building). You can go out to an open area from the ground building or
from the first floor, but make sure to be at a safe distance from any
buildings.

- Avoid stairs and elevators for the duration of an earthquake.

- Do not use the elevator.

- Do not go out on the terrace or balcony.

- Do not hold shelves above the bed.

- If you are near or inside a tall building, stay away from glass and
external walls.
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If you are in a public building (school, company, shopping centre,
recreation centre, or store), remain calm and avoid panic. Stay away
from the crowds of people who are moving towards the exit in a panic.
Be aware that there may be a power outage, and that the alarms (fire
alarm, etc.) may turn on.

Always keep a flashlight prepared, and a transistor radio with spare
batteries.

Immediately turn off all sources of electricity,
gas, and water. If you have used any source of
heating, turn it off when the earthquake stops.

If there is a fire, try to extinguish it and notify the
local fire and rescue units.

If necessary and if you are able, join the earthquake rescue teams and
help them search and assist the people trapped under the rubble of
collapsed buildings.

Instructions on how to act if you are outdoors during an earthquake

Move away from street lights, utility wires, and buildings, the greatest
danger is in the vicinity of buildings, at exits,
and alongside exterior walls.

If you are on the street, watch out for the objects
that can fall on you, such as chimneys, roof tiles,
broken window glass, and the like.

Protect your head with your hands or a handbag.

How to act if you are in a moving vehicle during an earthquake

Stop if traffic safety permits. e

Avoid stopping near buildings, trees, Eﬁ .ﬁ
overpasses, and utility wires.

Proceed cautiously once the earthquake has

stopped. Avoid roads, bridges, or ramps that
might have been damaged by the earthquake.

How to act if you are trraped under rubble during an earthquake

Do not light a match.

Do not move about.

Cover your mouth with a handkerchief or
clothing.

Tap on a pipe or wall, so that rescuers can locate
you. Use a whistle if one is available. Shout only
as a last resort. Shouting can cause inhale
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dangerous amounts of dust.

Stay calm and try to orientate yourself.

If you are pressed by rubble, start removing it slowly to save strength
and beware of sharp objects and ensuing injury.

Instructions on how to act after the first shock

Be ready for aftershocks. If the building is -
damaged and since there is a possibility of a 'Ik‘ I Bk‘
stronger earthquake, leave the building calmly, JAWA .
without panic and in order: mothers with W)"-
children, the elderly, the sick, the disabled, etc. -.LIMEI_
If you are in a damaged building and smell gas =

Sy
or see broken wires, do not burn candles or m\ﬁ
matches because of the risk of fire and a
explosion.

Check whether someone is injured.

Do not move seriously injured persons.

Follow the instructions of competent authorities.

Use the phone only if necessary to avoid the overloading of phone lines.

Do not use cars in order not to obstruct rescue teams in carrying out
their duties.

Avoid entering into the house, in particular if it is damaged and if you
smell gas or see damaged wires.
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3. FLOODS
3.1. Introduction

The natural disasters affecting the flood society occupy a significant
place in their influence and the size of the damage they inflict.
Flooding is the occurrence of the spillage of large waters from the river
bed, or the occurrence of an unusually large amount of water at a particular
site due to the action of natural forces or other causes such as damaging
dams, war destruction, and the like. A large inflow of water in the river,
which is due to strong rains, clouds of clouds or snow melting, causes
water from the riverbed and flooding of the terrain.

The position of floods between natural disasters

Among natural disasters, floods today represent extremely important
events in the world. Quantitatively, these include 32% of harmful events,
31% of economic damage and 55% of human casualties in the period 1986-
1995 [14]. Statistics show that the number of accidents is attributed to
floods on the rise, while the number of killed people due to floods remains
stable [6].

3.2. Causes of floods

Floods are among the most complex phenomena, so the causes of the
formation of flood waves are multiple and intertwined. Generally speaking,
the causes of the occurrence of floods can be divided into direct and
indirect causes.

The direct causes include precipitation (rain and snow after
dissolution). Until the occurrence of flood waves lead to long, abundant,
rainy precipitation that enters the entire basin. Also, the snow cover can
contain large water supplies. If there is a coincidence of sudden snow
melting with abundant precipitation, there is a sudden increase in water
levels in the whole catchment area, which can cause floods in both the
higher and the lower levels of the basin.

In the case of very low winter temperatures on the rivers, ice crust can
be created which can reach 60 cm in our areas. When spring comes to
warming and ice floes, the river creates a risk of accumulation in sloping
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parts of the watercourse, which may result in the formation of an ice cap.
This plug prevents water from flowing, resulting in spillage and flooding of
the river. Then we talk about the so-called ice flood. Floods can also occur
by activating the landslides that especially occur after heavy and heavy
rain. A massive soil mass can cling to the riverbed and drastically tear it or
completely seal it, which creates the riverbed in the upstream part.
Demolition can also be a direct cause of flooding.

Indirect causes of floods indirectly accelerate the occurrence of floods.
First of all, the size and shape of the river basin, the density of the river
network (directly affecting the flow of the river), the relief, the state of the
water level of the underground waters and the forestation. The speed of
swelling of water along the relief, ie the inclination of the terrain is affected
by the vegetation and pedological cover.

An important influence on the occurrence of floods has an
anthropogenic factor, which is reflected in the illegal construction of
objects near the river, which increases the part of the impermeable surface
and reduces the flow, devastation of forests and reduction of wetlands. By
destroying the forests, the swelling of water from the basin increases while
reducing the swamp by reducing the available water storage capacity in the
basin. Incorrect management of accumulations, constitutions, retention,
reservoir channels may lead to an unfavorable coincidence and
superposition of large-wave waves on the downstream section of the
watercourse [8].

Urbanization, which is increasingly expressed in contemporary society,
increases the impermeable surfaces (roofs, courtyards, roads, squares, etc.),
which reduces surface infiltration and increases the outflow of water.
The following flood types [4] (figure 1-4) are distinguished from the main
cause of flooding:

— floods caused by rain and snow melting,

— ice floods,

— floods due to the coincidence of high waters,

— flash flood,

— floods caused by land clutter,

— floods caused by demolition of dams.
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Fgure 2. Ice flood -

Ice bark cates a plug at tﬁz brie and stopped the flow of
the river

-
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Figure 4. Zavoj Village and the Visocica River 1963. Flood caused by the
activation of the landslide due to snow melting; picture in the lower right
corner - Zavoj lake today
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It is possible to divide the floods and based on the formation time of the
water wave [4]:

—  flat floods,

—  flash floods u

— accidental floods.

Flat floods occur on large rivers, usually in the interaction of several
factors and require more than ten hours to form a large flood wave.

In order to create flash floods, specific conditions are needed:
precipitation of higher intensity or sudden melting of large amounts of
snow, more pronounced slope of the terrain, and the existence of erosion
processes in the basin. The characteristic of this type of flood is that water
suddenly and suddenly falls in less than ten hours, they are relatively short
lasting, they bring enormous quantities of sludge and have a devastating
effect.

Accidental floods are caused by the current formation of a flood wave
due to demolition of the dam or earthquake.

Flood areas in Serbia

The floods in Serbia are affected by 10.968 km2, accounting for 12.4%
of the total territory [4]. The largest floating areas are found in the Tisza
River basins (2.800 km?), Sava (2.243 km?), Velika Morava (2.240 km?)
and Danube (2.070 km?). The Tisa River has the largest surface area
because it has a spacious alluvial plane and a small slope of the longitudinal
profile. In the Sava and Danube valleys, floods are conditioned by
precipitation, and the Great Morava basin is threatened by heavy floods.
Figure 5 shows significant flood areas in the territory of the Republic of
Serbia.
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3.3. The effects of floods

Flood occurs suddenly, it lasts for a long time and usually covers large
spaces. The damage caused by the floods is extremely high, because on the
banks of the river and in their valleys the greatest concentration of
population and commercial buildings, maximum density of infrastructure,
as well as the most fertile land [1].

The consequences of the floods can be seen from several aspects [5]:
social aspects (housing, education, health, culture), production (agriculture,
industry, trade, tourism, mining and energy), infrastructure (traffic,
communications and water supply) and general aspects (environment,
management).

The social aspect is related to the losses that floods the population.

Human casualties are not rare in floods, which points to all the serioushess
that accompanies this disaster. In the flash floods that hit Sumadija in 1999,
eight people were killed and floods in the floods of 2014 caused the deaths
of 51 people, 23 of whom drowned [12].
In addition to human losses, the most severe consequences of the flood are
flooded and demolished houses, destroyed economic facilities, facilities of
care and health. Large floods with their actions cause evacuation of the
population and temporary eviction. In the spring of the Tamis River, 2005,
1000 inhabitants were emigrated from the village of Jasa Tomié. In the
floods that occurred in 2014, 31.879 inhabitants were evacuated, of which
24.000 were from Obrenovac [12].

They cause great damage to the floods because agriculture is the most

fertile and largest agricultural area in the valleys of the river. During the
flood, a large quantity of sludge, sand and rock material is applied, which
leads to devastation of fertile fields that are transformed into infertile soils
and crops are destroyed. If the soil is under water for a long time, besides
destroying crops in the current year, sowing and yield in the next year are
also endangered, as the surface layer deteriorates the quality of the soil.
A special problem, which is a companion for flooding, is the deterioration
of water and soil quality. In urban settlements, sewage, damage to the water
supply network and pollution of drinking water occur, while in rural
settlements there is pollution of wells with drinking water. The occurrence
of water contamination is favorable for the development of various
infectious diseases and epidemics, which again requires significant costs
for rehabilitation.
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Floods have a great impact on the environment because their application
is flooded by the floating terrain, often changing the flow of the river and
forming lakes that change the use of land. Particularly damaging flash
floods are caused by the massive quantities of infertile earth and rock
masses.

Figure 6 shows damage in millions of euros that caused floods in Serbia
in the period from 1999 to 2014 [12].
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Figure 6. Damage from floods in Serbia for the period from 1999 to 2014 [12]

Statistics on one of the biggest floods that have occurred recently
indicate that in the floods of 2014 the total value of destroyed goods is
estimated at 1,800 million euros, which represents about 3% of the total
gross domestic product. Of this amount, 57% represents the value of
destroyed goods that need to be repaired or restored while losses in
production represent the remaining 43% [12].

This and similar examples (especially given the fact that the area around
Obrenovac was flown several times in 1930, 1937, and 1981 with the
constant construction of embankments between floods) point to the need to
review the strategy in the fight against floods.
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3.4. Flood protection
Legislation in flood protection

Flood protection is legally regulated by the Law on Waters (Sl.glasnik
no. 30/10, 93/12 and 101/16) from which all other by-laws are enacted [16].
Managlng the risk of harmful effects of water includes [16]:

preliminary assessment of flood risk,

— development of flood risk management plans,

— general plan for flood protection,

— operational plans for flood protection,

— implementation of regular and emergency flood defense and

— protection from erosion and torrents.

The preliminary assessment of the flood risk for the territory of the
Republic of Serbia was made by the Republic Directorate for Water in
accordance with the Law on Waters and the Rulebook on the Establishment
of the Methodology for Preliminary Assessment [13,16]. It is based on
available and easily accessible information and includes the systematization
of data on the current level of flood risk and the analysis of long-term
tendencies that affect the risk of floods. Preliminary risk assessment
considers significant floods from the past, the likelihood of occurrence of
similar floods in the future and the necessary activities to reduce the risk of
floods. It is also used to define priority works, to plan the necessary
resources, to create maps and flood risk management plans.

The Flood Risk Management Plan provides for the reduction of
possible harmful consequences of flooding. Plans for certain water areas
are brought by public water management companies and contain: method
of implementation, priorities and competent legal entities with the
necessary funds. The flood risk management plan is based on risk maps and
flood risk maps. The flood risk map contains data on the boundaries of the
floodplain for floods of different return periods, the depth of water, while
the flood risk map contains information on the possible harmful effects of
floods on human health, the environment, the economy and cultural
heritage.

The general plan for flood protection includes measures that must be
taken preventively and during the period of large water intake. The General
Plan is adopted by the Government of the Republic of Serbia for a period of
five years. Currently, the "General Plan for the Protection of Floods for the
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Period from 2012 to 2018" is in force [11]. The general plan is for the
waters of the 1 and Il lines and for inland waters.

The general plan stipulates:

— organization of flood defense and management of the flood
defense,

— phases of flood defense (regular defense, emergency defense and
emergency state of flood defense),

— preventive works and measures (outside the flood defense period),

— the proclamation and the abolition of the flood defense,

— the duties, responsibilities and powers of persons managing the
protection of floods in waters and order,

— the duties and responsibilities of companies and other entities
involved in the implementation of the flood defense.

The overall flood defense plan is the continuation of an organized flood
defense in accordance with the Law on Waters. The implementation of the
plan allows the institutionalized, coordinated and efficient implementation
of the flood defense.

The Operational Plan for | order water shall be made by public water
management companies and the competent minister shall issue an order on
the establishment of the plan.

The operational plan is adopted for each year, it must be harmonized
with the General Plan and contains:

— the method of organizing flood defense,

— the names of the sector and stocks, companies and organizations
that perform defense and the names of responsible persons,

— the necessary resources,

— the criteria for declaring regular and emergency flood protection,

— the mode of operation in case of floods on a particular section,

— engaging work force, machinery, equipment and materials for the
implementation of flood defense and

— preventive flood protection measures.

The Operational Plan for the waters of the Il order shall be adopted by
the competent authority of local self-government in accordance with the
General Plan and the Opportunity Plan for water of | order.

Regular and extraordinary flood protection on waters of the first order is
carried out by a public water supply company and on the waters of the
second order of the local self-government unit.
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Flood prevention measures

Floods are a natural disaster, and the history of these disasters indicates
that they will certainly happen in the future. In spite of developments in
many areas of science and technology, flood risks have not been eradicated,
on the contrary, floods are more destructive in recent times with more and
more disastrous consequences. As complete protection is never possible,
nor can absolute flood safety be achieved, and on the other hand an
acceptable level of protection that provides sufficient security is very
expensive, it is necessary to find an alternative approach in the fight against
floods that would involve people adapt to floods or to live with floods [7].
This approach to flood control includes a combination of structural and
non-structural measures.

Structural measures include reconstruction, rehabilitation and
modernization of existing defense systems, construction of new
embankments, watercourse regulation, construction of temporary zones and
reservoirs for redirecting and retaining water [9]. The use of structural
measures, in the most vulnerable areas, can not save the floodplain, but it is
also necessary to further reduce the risk of flooding by applying non-
structural measures [2].

Non-structural measures include the zoning, renewal and maintenance
of swamps, fields for swimming and water acceptance, the development of
a flood mitigation system that should include monitoring, forecasting, early
warning, evacuation, relief and recovery after flood [7].

More recently, non-destructive measures emphasize green infrastructure
measures that are better suited to the idea of sustainable development,
because they, unlike structural ones, are acceptable for future generations
and are friendly to the environment [10].

There is no single concept of a flood protection system for all risk areas,
but a comprehensive analysis of all relevant factors for a specific case must
be carried out, and then adopt protective measures. For example, a complex
analysis has determined that the topographical conditions of the Kolubara
River do not allow the construction of dams and accumulation basins for
accepting flood waves, but the construction of embankments and
channeling of troughs is necessary [3].
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Procedures in case of flood

In case of catastrophic floods, protection and rescue is regulated by the
Emergency Situations Act [15]. The Act prescribes the operation,
proclamation and management of emergency situations, the system of
protection and rescue of people, material goods and the environment in
case of natural disasters. This Law defines the jurisdiction of state bodies,
local self-government units and the participation of the army and police in
protection and rescue, as well as the rights and duties of citizens,
companies and civil protection.

The decision to declare an emergency situation on the proposal of the
competent Emergency Situation Headquarters for the territory of the
municipality shall be made by the Mayor or Mayor for the territory of the
Republic of Serbia Government upon the proposal of the Republic
Emergency Situations Headquarters. An emergency situation shall be
pronounced immediately after the knowledge of the imminent danger or
after it has occurred and can be declared a municipality, city, part or all of
the territory of the Republic of Serbia.

Coordination and management of emergency protection and rescue is
carried out by Headquarters for Emergency Situations (republic, province,
district and city).

The subjects of the protection and rescue system are:

— state administration bodies, and local self-government units,

— companies, legal entities and entrepreneurs and

—  citizens, groups of citizens and associations.

These entities constitute a unique system of protection and rescue on the
territory of the Republic of Serbia.

According to this Law, the Ministry of the Interior plays an important
role through the Emergency Situations Department, which organizes and
carries out activities aimed at protecting the life, health and property of
citizens. The Ministry drafts important by-laws such as the Draft National
Strategy for Emergency Response and Rescue, the Proposal for a Long-
Term Development Plan for the Protection System and the National
Emergency Response Plan. Units of local self-government establish the
Emergency Situations Headquarters, adopt a plan and program for the
development of the protection system, all in the territory of the local self-
government.

The Law on Emergencies defines the place, role, rights and duties of
citizens during an emergency situation. During a state of emergency, it is
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necessary for citizens to participate in protection and rescue. Also, they are
trained for personal, reciprocal and collective protection, are obliged to
implement prescribed and ordered measures and carry out civil protection
tasks.

3.5. Conclusion

Floods that have occurred in the last decade indicate a number of
weaknesses in the forecast and the early warning system.

The risk of flooding is increased by the change in land use such as
logging and urbanization, which reduces the available capacity for water
storage. In spite of significant investments in flood protection, vulnerability
is rising, so it is necessary to include in addition to the necessary structural
measures and additional non-structural measures along with the strategy of
coexistence with floods, which must be present in the floodplains. In flood
defense, a new approach is needed to build new systems in which dams and
accumulations of the main flood control structure are in place. Stored water
in artificial reservoirs can serve not only to control floods, but also for
many other purposes as a source of drinking water, irrigation and
ecosystem support. Only an adequate combination of structural and non-
structural measures, based on a complex analysis of the basin, can provide
integral decoration and flood protection.
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4. LANDSLIDES, ROCKFALLS AND EROSIONS AS
NATURAL DISASTERS

4.1. General on landslides and rockfalls

Sliding represents a modern geological process of tearing and moving
the masses of slopes in slopes and slopes, over a stable substrate, and on a
clearly visible surface or slip zone. The slide is the formation of a slip
process. It is, in essence, a part of the terrain where the slipping process is
active [10]. The Landslides is the formation of a slip process. It is, in
essence, a part of the terrain where the slipping process is active [10].

Rockfalls represents a group of larger blocks or smaller sections of the
rock masses deposited at the bottom of the slope or shore [10].

Erosion of slopes represents the contemporary exogenous geological
process of planar and linear washing of slopes and slopes with occasional
atmospheric waters. The basic erosion forms of this process are gullys and
ravines and accumulation sediments.

Building settlements and roads on unstable terrain, people caused the
launch of numerous landslides. The extent to which landslides are
significant for the international community is the fact that in 2002, the
International Consortium on Landslides (ICL) was established in Kyoto
(Japan) as an international non-governmental and non-profit scientific
organization.

In the period from 1967 to 2002, 3,285 people died due to catastrophic
slipping in Japan. Lacasse and Nadim (2009) provide data on the damages
and victims of soil glide. According to this source in Europe, the number of
victims caused by landslides in the period from 1903 to 2004 was more
than 15,000 with cases with less than 10 victims not taken into account [6].

4.2. Landslides and rockfalls on the teritory of the Republic of
Serbia

The landslides that occur on the territory of the Republic of Serbia are
known and investigated in more than 70% of cases. Approximately 25% of
the territory of the Republic of Serbia was affected by the landslides and
rockfalls. There are 3,137 active or potential landslides in the territory of
the Republic of Serbia [4] (Figure 1).
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Figure 1. Landslides and rockfalls on the territory of the Republic of Serbia

A certain number of landslides threaten residential buildings in
populated areas (about 3,727 buildings and about 7,755 inhabitants), while
most landslides threaten local and national roads. The landslides in the
Republic of Serbia are widespread in the northern slopes of Fruska Gora,
the part of the Danube River between the cities of Belgrade and
Smederevo, Raska area, Southern Serbia (Grdelicka gorge) and are most
common in Sumadija and western Serbia.

Landslides are a serious social problem, as they can result in great
human and material damage, either directly or indirectly. Direct damage
occurs when the landslide is activated, demolition and damage to objects
and human losses (death or injury) in areas affected by landslides. Indirect
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damages are also reflected in a longer period of time in reducing the value
of real estate in vulnerable areas, loss of productivity due to damage to
goods or traffic cessation and, finally, significant costs of remediation of
damages [1].

What makes landslides so terrible is that they often occur with little or
no warning and that in a very short time they can leave behind death and
destruction.

4.3. Formation and elements of the landslide

Under the landslides, gravity movements of rock masses and soil can be
considered in the widest sense. In order to get skating at all, there must be a
slope. According to the way the slope is formed (Figure 2), we divide it
into:

— natural slopes formed during the movements of the Earth's crust
and during the process of degradation, erosion, transport and
sedimentation and

— artificial slopes that result from human activity when excavating or
filling the soil (embankments, crops, seizures)

b)
Figure 2. a) natural slopes, b) artificial slopes

The causes of the genesis are numerous from natural to anthropogenic.
The speed of movement can be very different (mm/year to m/s).

The effects of the landslide depend on the volume and speed of the
movement of the generated material and the relationship with material
goods, or people who may be affected by the movement.
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According to international standards, landslides cover a large number of
different types of movements, which in our practice are most often
encountered with:

— slipping the ground,

— rockslide (slopes of rock material),

— runoff of the rugged ground ,

— complex movement.

Under the clinging of the soil we mean the movement of soil along the
slope along the sliding surface in the field or along a thin zone of sloping
flat faults in the field (Figure 3).

Rockfalls are the sudden separation and gravity movement of the wall
mass by free fall, rolling or bouncing down a steep slope. It usually
disappears due to a slope or dynamic effect (Figure 4). The effects may
vary depending on the size of the scattered fragments, the distance to which
they are transported, and the elements that are in their direct impact (roads,
settlements, vehicles, population).
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Figure 4. Schematic representation of robkfalls and photographs of field entrances

[1]

Littering and landscapes are a type of sudden movement of the soil, soil
decay or soil downward under the influence of gravity, driven by water
after abundant precipitation, sudden melting of snow or due to dynamic
effects (earthquakes). They are educated in steep slopes and the movement
takes place without shearing with the surface (Figure 5).
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Figure 5. A schematic view of the site [8] an otgrphs of the
landscapes on the ground

The basic landslide elements are:

— asliding body or a sliding mass (the entire ground or a wall mass
disconnected from its substrate and is driven down a slope or
slope),

47



— a sliding surface (a surface that separates the sliding body from a
stable substrate and along which the sliding mass moves along it),

— slide of the landslide (sloping part of the slide),

— toe (the lowest point of the sliding mass) and

— main scarp (section of the visible part of the sliding surface)

According to the position of the sliding surfaces, the landslides can be
with shallow and deep sliding surfaces (Figure 6).

Figure 6. Sliding and deep slip surface slides

According to the type of movement of landslides, they can be moved by
translating, rotation and complex modes of movement.
According to the shape of the sliding surface of the landslide, it can be
divided into:
a) slides with a flat slip surface,
b) landslides with circular-cylindrical surface and
c) slides with a complex sliding surface.
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Figure 7 - Slip divide according to the shape of the sliding surface

Causes leading to skipping:

a) Causes leading to an increase in the shear forces in the sliding surface:

— additional load of slopes is the most common object,

— slope cutting (changing the geometry of the slope by making the
road, by cutting the flow of the river),

— changes in the groundwater regime (rapidly lowering of NPV,
increase of NPV along the slope of the slope, eg, slowing down of
the river, abundant precipitation after long-term drought, drainage
of water from the sewage, water supply, channels)

Figure 8. Sliding slope caused by the construction of the object [3]
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Figure 9. Slopihg slope caused bylélope Euttin_g [3]
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Figure 10. Slope slope caused by the intersection of the river flow [3]

b) Causes leading to a reduction in shrinkage of soil strength:
— dynamic influences in incoherent soil,
— rapid loading of clay soil in the slope zone,
— deforestation on the slope,
— reducing the strength of the material in the slope,
— the effect of cold.

c) Simultaneous effects of the causes from the previous groups

4.4. Recognition of the landslide

In order to identify landslides in the field, it is necessary to visit a
suspected area and to spot some of the phenomena on the surface of the
terrain. It is often easy to see the signs of slipping, but it is sometimes made
more difficult due to vegetation coverage.
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Figure 11. Signs of the landslide outside the settlement: a) cracks, b) scars, ¢) soil
fracture, d) sloping trees e) creeps (slow motion),f) cracks on the road and g)
further development of the landslide on the road ,h) starting the support wall of the
supporting wall along the dilatation joint
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Outside the settlements, landslides are easily recognizable by cracks and
scars on the surface of the terrain, curved by trees and pillars, new sources
and polluted soil, deformations on roads, etc.
In landslide settlements they are recognized by cracks on the surface of the
terrain and on buildings located on the slip, deformations on fences,
pavements, wells and other objects.

Figure 12. Landlords in the settlement: a), b), c), d) cracks on the walls of
buildings, e) cracks on the sidewalk, f) deformed (shifted well)

In relation to the recorded starting position (“zero" state) on the
horizontal bar, it is registered horizontally, and on the vertical bar vertical
movement of the landslide on the measuring point.
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Slopes can also be monitored by a number of modern methods: aerial
photogrammetry, radar shooting, and today the most commonly used
method is where the field equipment is installed on the slipway, from
which it is possible to read the data on the movement of certain points.
Using the obtained data on movements of points on the slide and registered
scars it is possible to reconstruct the potential sliding surface, which is of
prime importance in the landslide rehabilitation.

4.5. Prevention and repair of the landslides

Depending on whether we want to prevent the activation of potential or
rehabilitate already activated landslides, we take preventive or remedial
measures. To prevent landslides, we include:

— unloading of the upper parts of the slope,

— alleviating slope inclination,

— load of the lower parts of the slope by the construction of

supporting structures,

— regulation of surface waters on the slope including water from the

gutters of houses,

— regular maintenance of water supply and sewerage network,

— regular discharge of septic tank,

— regular maintenance and cleaning of drainage channels,

— preventing the undermining of the coastal area,

— afforestation and restoration of vegetation cover.

If the sliding activation has occurred, we are undertaking sanitary
measures that would prevent the further development of the landslide and
minimize material damage. Depending on whether they are performed
immediately after the registration of the landslide or after detailed
geotechnical research of the terrain and the development of the
rehabilitation project, they can be divided into emergency remediation
measures and permanent sanitation measures.
Emergency or emergency sanitation measures are carried out as interim
measures and are implemented in situations when it is necessary to save
people's lives, to enable traffic communication between settlements or to
provide water, electricity and other supplies. These measures are carried
out immediately after observing or reporting the occurrence of instability of
the terrain, with the aim of eliminating further danger, i.e. slipping/
draining /snapping, which could lead to additional damage and catastrophic
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consequences for facilities, infrastructure or human life [1].
Emergency sanitary measures in the widest sense can be:

drainage of surface waters outside the body of the landslide by
rapidly developing drainage trunks and channels or by installing
horizontal drainage pipes,

filling of clay fillings of cracks caused by slipping in shallow
landslides (especially in the foreground of the landslide),
overlapping of nylon to prevent further introduction of surface
waters into the terrain,

planning landscaping by moving material (redistribution of mass),
urgent cleaning of the flaws if burials are buried with construction
shots, waste or earth material, in order to allow torrential waters to
flow freely to the existing basins so that mini-accumulation can not
be created (this does not apply to well-designed anti-torque
divisions)

in shallow landslides, drilling wooden or steel huts in order to
increase the resistance to slipping.
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Permanent rehabilitation measures are a series of activities that are
carried out after detailed geotechnical research of the terrain and the
elaboration of the rehabilitation project with the aim of permanent
stabilization.

As water is the most common cause of landslides, the most effective
permanent sanitation measures involve the discharge of water from and
from the body of the landslide. And here are very important sanitary
measures that involve the development of drainage trunks and channels or
the installation of horizontal drainage pipes, whereas in the first phase
(emergency operation) only drainage channels can be made, and then, by
setting drainage in them, they become permanent measures rehabilitation.
In addition, permanent rehabilitation measures include various support
structures: supporting walls of stone, concrete and reinforced concrete,
reinforced soils, gabions, anchors, etc.

4.6. System of protection and savings in external situations in the
Republic of Serbia

After several suggested variants, the Law on Emergency Situations in
the Republic of Serbia was adopted, which was later changed in 2011 and
2012 [11]. By its adoption, conditions for the creation of a unique
protection and rescue system have been created and that:

— adopt the necessary by-laws for the implementation of the Law,

— make assessment of vulnerability and plans for protection and

rescue at the local, regional and republic level,

— introduce a unique emergency number 112,
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develop and promote international cooperation.

Based on the Law on Emergency Situations, the following bylaws were
adopted:

decision on the establishment of the budget fund for emergency
situations,

regulation on the composition and method of work of the
emergency staff,

regulation on mandatory funds and equipment for personal and
collective protection,

regulation on the content and method of drafting a plan for
protection and rescue,

regulation on the implementation of evacuation,

decision on the education of the Republic Emergency Staff,
decision on the -education of the provincial emergency
headquarters,

decision on the appointment of authorized and qualified legal
entities,

rules on organization and method of use of specialized units C3.

Emergency management is organized so that emergency staffing staffs
are formed for the coordination and management of emergency and
emergency rescue operations, such as:

for the territory of the Republic of Serbia - Republic Emergency
Staff, formed by the Government,

for the territory of the autonomous province - the provincial
headquarters, formed by the executive organ of the autonomous
province,

for the territory of the administrative district - District Emergency
Headquarters, established by the Republic Emergency Staff,

for the territory of the city - city emergency headquarters, formed
by the city assembly,

for the territory of the municipality - municipal emergency
headquarters, established by the municipal assembly.

The headquarters consist of the commander, the chief and members of
the staff, and in the city and municipal staff and the deputy commander of
the staff. The staff educates, as necessary, auxiliary expert-operational
teams for specific protection and rescue tasks. The members of the
headquarters are appointed representatives of the authorities in the field of
transport, construction, energy, services, trade, directors of public utility
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