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1. Introduction

T he objec t ive of  t h i s  a r t ic le i s  t he 
identification of the elements of the core 
road network considered as critical from 
the aspects of external effects - such as 
emergencies arising due to natural disasters 
- hindering the proper the operation of 
the road network. In this paper critical 
infrastructure defined in line with the 
international definition provides services 
in a territory and enable people to be mobile 
(Procházková, 2010). This objective is 
strongly connected to the basic theory of 
resilience. The definition of resilience is 
applied in wide range of scientific fields from 
engineering to psychology and economics 
(Torok, 2016). Among others, the general 
importance of the article written by (Andrić 
& Lu, 2017) is that it defines infrastructure 
resilience related to the field of transportation 

infrastructure. (Andrić & Lu, 2017) define 
resilience based on technical and structural 
role of bridges and integrates this approach 
a Fuzzy based seismic evaluation model. 
Accordingly, resilience is interpreted in the 
recent study as the ability of a system to 
return its baseline state (Andrić & Lu, 2017). 

Zhang W. and Wang N. in their article 
p u b l i s h e d  i n  2 016  i nt r o d u c e d  t h e 
methodology of weighted independent 
pathways as an outstanding improvement 
of the independent pathways’ model (Zhang 
et al., 2016). During the presented process 
the performance reduction originated in 
the network damage is defined based on 
the modification of traffic structure or put 
it another way, based on the changes in re-
routed f lows. In contrast of Zhang W. and 
Wang N.’s consideration the recent study 
does not estimate the network characteristics 
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based on flow-like parameters, but based on 
the effect of eliminating certain edges on 
changes in free travel time and max-f low 
capacity values. The main difference between 
the two concepts that smaller but more 
frequently occurring network disturbances 
makes it categorically necessary to consider 
traffic, since changes in traffic structure 
or traffic f low re-routing processes caused 
by a e.g. a traffic accident can often result 
in traffic congestions and in the reduction 
of overall network capacity. Contrarily in 
case of less frequently occurring high-risk 
disruptive network events the main question 
is how fast and how many rescue units can 
reach the disaster area on the network. In 
this case - based on our previous experiences 
- the changes in traffic structure or traffic 
flow re-routing processes caused by the high-
risk disruptive network event is less crucial, 
since for instance in case of an extended 
earthquake, general transport demands (e.g. 
commuting, delivery, shopping, etc.) are not 
expectable to occur.

In the course of rev iew ing the most 
important articles related to the recent topic 
it is necessary to mention the publication 
of Dunn and Wilkinson from 2012 (Dunn 
et al., 2012), since in their paper critical 
components were analysed based on a 
special approach originated in the basics 
of hydrodynamics. In the article, authors 
compared their result with other models 
(Barabas et al., 2000) investigating network 
resilience and their found strong correlation 
among the f inal results. However it is 
important to emphasize that the metrics 
characterizing network resilience in these 
articles have been aiming primarily to qualify 
overall ability of a certain system to return its 
baseline state instead of describing the effect 
of the damage on individual components. It 
is also necessary to mention here that high-

risk disruptive network events do not belong 
tightly to the core topic of these articles.

The paper (Bell et al., 2017) introduces the 
possibility to define network bottlenecks 
based on spectral analysis. The special 
methodolog y presented in the art icle 
basica l ly ser ves the def init ion of the 
overloaded part of a network related to 
normal operation conditions of a network, 
so the paper does not investigate the topic 
of characterizing rescue processes in case of 
a disruptive network event.

(Bhavathrathan et al., 2015) analysed the 
uncertainty of roadway capacity. According 
to their research results road network 
can be deemed to operate at dif ferent 
capacity levels depending on uncertainty 
of roadway capacity. As an il lustrative 
example on the applicability of their model, 
(Bhavathrathan et al., 2015) compared the 
calculated unique travel time with the best 
possible travel time on the network, and 
develop a metric for network resilience. 
(Zhang et al., 2015) focused on theoretical 
aspects of network resilience and analysed 
17 basic graph formation. In their study 
comprehensive and systematically designed 
numerical experiments were conducted on 
17 network structures with some relation 
to transportation system layout. Resilience 
of these network structures in terms of 
throughput, connectivity or compactness 
was quantified. (Chan et al., 2016) considered 
studying the redundancy of roads in a given 
road network during emergency situations.

The research introduced by (Sufyan et 
al ., 2013.), focused on establishing the 
methodical framework of the critical network 
elements with the aim of the estimation of 
the effects caused by damages exposing the 
serviceability of the network elements to 
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a risk, as well as the identification of the 
so called critical elements that affect the 
availability of the complete network the most. 
With an explicit focus on the identification 
of vulnerable elements of the road network, 
(Leal et al., 2014) analysis goes further than 
just an examination of general network 
considerations. (Luathep et al., 2013) made 
a direct estimation of the effects disasters 
and unexpected natural phenomena exercise 
on road networks. This shows that methods 
used for identifying weak points in the road 
network have been extensively examined 
in international professional literature, 
however, there is lack of detailed researches 
discussing the relationship of vulnerability 
of network elements and the available 
capacity for emergency services hence the 
aim of this paper is to introduce a model 
framework suitable for describing the effect 
of network damage including emergency 
capacity reduction especially considering 
model applicability and adaptability to the 
Hungarian system-environment.

To conclude in the literature both network 
v u l nerabi l it y a nd res i l ience most ly 
invest igated based on traf f ic or f low 
like factors assuming that in case of an 
operational disturbance the most important 
objective from the system’s point of view is 
to restructure traffic f low levels and make 
the system to approach baseline performance 
of the network again. Instead of this, recent 
paper discusses vulnerability of network 
elements with investigating elementary 
components. Besides these, this research 
has investigated the network based on free 
travel time and max f low capacity values 
assuming that in case of a high-risk disaster-
like network effect, the most important 
objective from the system’s point of view is 
to organize rescue processes in the affected 
areas and to minimize unfavourable effects 

of the occurred event. This approach 
explains why author has ignored applying 
“f low” element in the study and why it has 
not been a key issue during the research 
to capture representative traff ic f lows 
(Pauer et al., 2017). Unfortunately real life 
has underpinned author’s assumption by 
the events for the past several years. In 
15.13.2013. extreme weather events have 
occurred in Europe and in Hungary as well, 
besides, in 04.10.2010 in Ajka, Hungary has 
been occurred the aluminium plant accident. 
Both of the unexpected high-risk events 
had significant effects on the functionality 
of the road network however they did not 
primarily induce unexpected congestions 
on the network, but significant reduction in 
road capacity and increased travel time for 
rescue and disaster recovery works. 

The first part of the article describes the 
structure of the analysis-model. Then it 
moves on to the introduction of the applied 
procedures, finally, the results are evaluated 
in the last part.

2. Methodology

The national road network is represented 
in the model as an undirected graph. 
During the definition of the graph nodes, 
coordinates have been encoded in the 
Unified National Projection System and in 
this phase the function of the nodes have 
been also recorded (1. road network hub with 
settlement function and 2. road network hub 
function only). When defining the edges of 
the graph, author also captured the UNPS 
coordinates of the graph end points and the 
road network category types (1-highway, 
2-primary main road, 3-secondary main 
road) represented by the edges. To present 
the level of simplification applied by the 
model, it needs to be mention ed that the 
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total length of the complete Hungarian road 
network except municipality roads is 31.805 
km and the sum of the length of highways, 
primary main roads and secondary main 
roads is 8.306 km. However it needs to be 
emphasized that about 70% of the daily 
traff ic go through on the sub-network 
covered by the model.

In the course of the network definition process 
it has been considered that an actualized, up-
to-date, topologically appropriately connected 
Hungarian road network graph is reasonably 
costly. Besides, actuality and topological 
appropriate connectivity of a freely available 
road network graphs is not ensured and its 
correction requires outstanding performance 
compared to the available resources of the 
project. Since the main objective of the 
model has been to estimate the changes in 
travel time and maximum f low values on 
the network, it has been also needed to be 
considered that a geographic based road 
network graph - from a network vulnerability 
point of view - contains many unnecessary 
components, e.g. the series of short lines 
describing curve shape, motorway ramps 
etc. In light of the problems related to the 
application of an existing graph; establishing 
a simplified road network graph, with intent 
to minimize the loss of useful information 
seemed to be an effective solution. Therefore, 
author has defined the cities with the forty 
largest number of inhabitants as road network- 
and settlement function nodes, whereas the 
highways, and the primary and secondary 
road elements of the road network were 
defined as segments representing the edges 
of the graph. Considering the above, the graph 
is built up from 131 nodes and 236 edges.

As discussed above, the available limited 
resources of the project have had not made it 
possible either to reach the expensive official 

Hungarian network database or to correct 
an unofficial open access network. The 
reason why the number of the investigated 
nodes has needed to be constrained because 
there is a quadratic relation among the 
number of investigated nodes and the 
number of steps of the evaluating algorithm. 
Besides this, the number of steps of the 
shortest path algorithm depends also on the 
second degree function of the number of 
nodes. During the development of the pilot 
model MathWorks MATLAB environment 
has been applied. For instance in case of the 
introduced model network; the evaluating 
algorithm had been running Intel® Core™ 
Duo CPU T2250 1.73 GHz 4 GB R A M 
laptop for 98 minutes. 

Besides, it has also strengthened the idea of 
strongly constraining the extension of the 
graph that it is an important development 
orientation to analyse the damage on 
combinations of edges to estimate aggregated 
effects which also results a multiplied 
increase in the number of evaluation steps. 
Considering these conditions the principle 
of applying a network constructed from 
a rationalized number of nodes has been 
defined as basic objective of the research.

It is also important to emphasize that the 
research in its recent state has been aimed to 
work out a pilot system and if the achieved 
results are acceptable, then it is possible 
to move forward in the direction of the 
implementation of a more complex model. 
To investigate the further applicability of 
the pilot methodology, the functioning of 
the network model has been validated by 
the BME Transportation Working Group 
of the “Disaster Risk evaluation System” 
project (KEHOP-1.1.0-15-2016-00003). As 
the Working Group has stated, improving 
the quality of the graph being detailed is 
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suggested in the further development stages, 
however the recent state of the network 
model makes it already possible to verify 

its applicability. In accordance with this, 
the main results of the development phases 
are qualified to be acceptable.

Fig. 1. 
The Structure of the Applied Graph to Represent Road Network 
Source: own edition

The reviewed analyses (Leal et al., 2014), 
(Luathep et al., 2013) evaluate the effect 
of road network damages on the traffic 
structure, therefore, these methods are 
mainly applicable to estimate the capacity 
reduction and traffic re-routing caused by 
the damages of a given edge.

To start with, author aimed at establishing 
how the relative distances of the network 
points change when one of the network 
elements suffer a damage. The reason for 
this is that our analysis is confined to the 
domestic network and the traffic on the major 
percentage of the national road network 
does not come close to the capacity limit. 
Additionally, in the case of a real disaster, 

the demand for restoration, disaster-combat 
and evacuation gains priority, as opposed 
to everyday traffic demands. At the same 
time, the regular traffic (commuting to work, 
traveling for any other reasons) will most 
probably significantly decrease, especially 
with regards to the nationwide network 
(Monzon et al., 2013). 

I n the l ight of the above ment ioned 
considerations it can be stated that though 
in many cases it is necessary to estimate 
re-routing of traff ic (e.g. urban areas, 
systems operating at or near the capacity 
limit, the estimation of joint effects of 
one or more network elements), however 
the estimation of the changes in relative 
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distances and capacities suits better to the 
objectives of improving the efficiency of 
damage mitigation.

Considering the objectives of decreasing 
computation demands, my analysis is 
confined to the examination of relative 
distance-changes of nodes with both road 
network hub- and settlement function. The 
distance between the examined nodes is 
estimated using Dijkstra’s algorithm.

The examined graph is G=(V,E,s,c), where 
V=(v_0,…,v_(N-1) is the set of the graph 
nodes, E≤V2 is the set of the edges of the 
graph, s≤V is the starting node, and the 
weight function characterizing the edges 
is c:E→N. The logical function responsible 
for the representation of the assignment 
is named Bn, and it is described as f:{0,1}
n→{0,1}. The character i of a binary number 
x  {0,1}n is marked as  and its value is 

. According to the above 
presented considerations, G can also be 
put as the logical function χE  B2n, which 
projects the binary node pairs  
if and only if  and . 
The algorhythm handles the input data in 
the form of the functions C(x,y,d) and s(x).

 (1)

The output function of the algorithm is 
dist:V→N0  {∞}, which assigns the length 
of the shortest route between nodes v and s 
to the node v  V. 

 (2)

T he leng t h of  t he tempora r y route 
connecting nodes v and s is represented 
by the equation  , which is 

involved in the algorithm by the function 
D(x, d). Its value is updated until it is equal 
to the value of .

The set  contains those v nodes, 
in the case of which the shortest route 
between nodes v and s is known. At the 
start, , and in case of all 
nodes where . In ever y 
iteration step one node is added to A .u is 
the last node added to the set A. In the case 
of every (u, v) edge it should be checked 
whether   is true and if 
it is,  shall be updated with the value of 

. After this  is assigned 
to A The algorithm stops running if the 
actual values of the function  are equal to 
the value of . (Sawitzki, 2004).

Network damages has been modelled by 
el iminating indiv idual  nodes and 

 edges from the graph, by 
running the algorithm with the input 
functions C(x, y, d) and s(x) with the 
output function DIST(x, d), with the input 
parameters  in any case 
of , and with the input parameters 

 in any case of  
, with regards to all node pairs. As a result 
of this algorithm, the value of changes in 
node distances caused by the damages of 
nodes  and edges  become 
available for all st node pairs.

The second part of the analysis focuses on 
the identification of the nodes with hub- 
and settlement function and edges that are 
critical referring to infrastructure capacity 
available for the rescue processes- Available 
infrastructure capacity has been estimated 
by defining maximum flow values. To do this 
Ford-Fulkerson algorithm has been applied.
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According to the main objective of the 
algorithm, as long as complete routes wit 
free capacity are available from the starting 
node to the destination node , the process 
continues to load additional traffic f low on 
these routes. 

The examined graph is G = (V, E, s, t, c). 
where  is the set of the 
graph nodes,  is the set of the edges 
of the graph,  is the starting node, 

 is the destination node and the weight 
function characterizing the edges is 
. Bn is responsible for the representation of 
the assignment . The i-th 
character of a binary number is referred to 
as xi and its value is . According 
to the above presented considerations, 
G can also be put as the logical function 

, which projects the binary node 
pairs  if and only if   
and . The algorithm handles 
the input data in form of the functions C(x, 
y, k), s(x) and t(x).

 (3)

The output functions of the algorithm 
are the functions f low:  and 

. Under the function  the 
maximum flow between the nodes s and t, 
loaded on any  edge is understood.

 (4)

During the iteration steps, the f lows loaded 
on the edges of the route connecting nodes 
s and t are projected by the function 

, which is represented by 
the function D( x, y, k) in the algorithm. 
It’s value is updated until it is equal to the 
value of f low.

T he set  cont a i n s t he nodes 
 with regards of which 

the capacity of the route connecting nodes 
s and t is full. At the start, ={   }, and in 
the case of al l  routes, 

. In every iteration step 
a new route connecting s- and t is added to 
A-hoz, this way increasing the f low of the 
route  by the p minimum 
available capacity at the edges.

 Is the last route added to 
the set . In the case of every  edge 
of the  it should be checked 
whether  is 
true and if it is, all  values of the 
examined route shall be updated with the 
value of . Then set  is 
expanded. The algorithm stops running if 
the actual values of the function are equal 
to the value of .

The algorithm with the input functions 
C(x, y, k), t(x) and s(x) and with the output 
function FLOW(x, y, k) is run with regards 
of al l  node pairs. The outcome is the 
estimated maximum throughput capacity 
between every  node pair that is available 
for the disaster control and the emergency 
response crews.

3. Results

T h roug h t he model l i ng of  net work 
damages by the elimination of the graph 
edges I established the mean value of the 
distance changes between nodes, with 
regards to the edge. Based on the above, 
it can be concluded that such connections 
between graph part pairs shall be paid special 
attention to, where one of the graph parts 
is created by eliminating the edges from a 
sub-set of the nodes of the full graph that 
are connecting to hubs not forming part of 
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the sub-set, whereas the other graph part is 
created by the elimination of edges built from 
the supplementary of the aforementioned 
sub-set of the full graph, connecting to 
hubs not forming part of the sub-set. The 
effect of the damages suffered by the edges 
connecting the created graph part pairs is 
inversely proportional to the number of 
alternate routes with joint edges between 
the members of the graph part pairs, and 
to the number of the shorter - compared 
to the length distribution of the edges of 
the full graph - alternate routes connecting 
the members of the graph part pairs. This 
hypothesis is backed up by the example 
of edge no. 101, connecting a settlement 
forming an independent graph part (Gyula) 
and its graph part pair as the only edge, and 
which - based on the analysis - can in fact 
be considered as a critical network element.

Based on the results, it can also be established 
that the damages suffered by edges forming 
part of the shortest route between nodes 
with settlement functions have significant 
adverse effects on the network’s operation. 

The foreseen extent of the effect of an edge 
damage is proportional to the number 
of shortest routes between nodes with 
settlement function it forms part of, and to 
the length of the secondary alternate routes 
appearing due to the damages of the edge. 

This theory is supported by the example 
of the edge no. 64, which forms part of the 
shortest route between several settlements, 
moreover, it connects adjacent cities (Ajka 
and Veszprém), and, based on the analysis, 
is in fact identified as a critical network 
element.

Fig. 2. 
Average Growth of Route Distances Among Nodes due to Eliminating the Given Edges of the Network 
Source: own edition
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Table 1
Average Growth of Route Distances Among Nodes due to Elimination the Given Edges of the Network 
(Highest 15 Value)

ID of eliminated 
edge

Av. growth in sum of shortest path 
[10-1 km]

101 3193.73

92 0.36

64 0.29

158 0.25

22 0.23

162 0.20

173 0.19

97 0.17

160 0.17

175 0.13

107 0.12

174 0.12

109 0.10

98 0.10

99 0.10
Source: own edition

Through modeling the network damages by 
eliminating the nodes I established the mean 
value of the distance changes between nodes, 
with regards to the node. Based on the above, 
it can be concluded that the connection 
between the aforementioned graph part pairs 
is worth of special attention during the peak-
point eliminating process. The effect of the 
damages of the nodes connecting the graph 
part pairs is inversely proportional to the 
number of alternate routes with joint edges 
between the members of the graph part pairs, 
and to the number of the shorter - compared 
to the length distribution of the edges of 
the full graph - alternate routes connecting 
the members of the graph part pairs. This 
hypothesis is backed up by the example 
of node no. 22 (Békéscsaba) connecting a 
settlement forming an independent graph 
part (Gyula) and its graph part pair as the 

node of an only edge, and which - based on 
the analysis - can in fact be considered as a 
critical network element.

Rev iew ing the results, it can a lso be 
established that the damages of nodes forming 
part of the shortest route between nodes with 
settlement functions have significant adverse 
effects on the operation of the network. 
The foreseen extent of the effect of a node 
damage is proportional to the number of 
shortest routes between nodes with settlement 
function it forms part of, and to the length 
of the secondary alternate routes coming 
forward due to the damages of the node. This 
theory is supported by the example of the hub 
no. 1 (Budapest), which forms part of the 
shortest route between several settlements, 
and, based on the analysis, is in fact identified 
as critical network element.
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Fig. 3. 
Average Growth of Route Distances Among Nodes due to Eliminating the Given Nodes of the Network 
Source: own edition

Table 2
Average Growth of Route Distances Among Nodes due to Elimination the Given Nodes of the Network 
(Highest 15 Value)

ID of eliminated 
nodes

Av. growth in sum of shortest 
path [10-1 km]

22 11.17

1 6.00

36 4.12

28 4.10

29 4.03

23 3.92

26 3.80

20 3.78

30 3.70

34 3.65

21 3.63

39 3.63

31 3.63

24 3.57

40 3.54
Source: own edition
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In order to estimate the road infrastructure 
capacity available for the emergency response 
crews, based on the road category values, 
I have allocated relative capacity values to 
the network elements. With the application 
of the relative capacity values I aimed for the 
identification of critical graph elements by 
comparing the capacity of the graph parts, 
as well as for the validation of the applied 
procedure, so the exact capacity value with 
regards to the vehicle unit number and 
the time period was not necessary. For the 
estimation of the relative capacity values I 
used the exact values recommended by the 
Highway Capacity Manual. The relative 
capacity values of the smallest capacity edges 
(secondary main roads) were taken as 1, and 
I established the aggregated relative capacity 
values representing the estimated throughput 
capacity of higher priority road categories 
(highway no. 5, primary main road no. 2).

Using the road infrastructure capacity 
available for the emergency response crews 
I established the estimated maximum flow 
volume figures between node with both hub- 
and settlement functions.

Based on the results it can be conclude that 
the infrastructure capacity available for the 
emergency response crews from the nodes 
with both hub- and settlement functions 
is proportional to the number of alternate 
routes with shared edges, connecting the 
node to the rest of the graph elements, and 
to the road category segments forming the 
part thereof. This theory is supported by 
the example of node no. 6 (Sopron), which 
is only connected to the network by two 
edges of the secondary road category, 
and, based on the analysis, the estimated 
maximum f low volume of this node is in 
fact the lowest.

Fig. 4. 
Average Value of Estimated Maximum Flow Indicator Among Nodes 
Source: own edition
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Table 3
Average Value of Estimated Maximum Flow Indicator Among Nodes (Lowest 15 Value)

ID of eliminated nodes Av. value of max. f low indicator
6 1.95
21 1.95
23 1.95
5 2.85
20 2.85
27 2.85
34 2.85
35 2.85
36 2.85
39 2.85
7 3.575
8 3.575
14 3.575
33 3.575
40 3.575

Source: own edition

Based on the mean distance values between 
nodes, I have classified the nodes with both 
hub- and settlement functions. The result 
is demonstrated by the following figure. 
Due to the structure of the graph, some 
nodes - characteristically located at the 
outer edges of the graph - are further away 
from the rest of the nodes of the graph. The 
critical network elements connecting to the 

nodes located further from the rest of the 
nodes should be paid special attention to, 
as an unexpected natural disaster can have a 
critical effect on the nodes and the adjacent 
network elements. In the light of this, an 
unexpected natural disaster striking the 
network elements in the region of nodes no. 
6 (Sopron) and no. 23. (Gyula) could have 
a critical effect.

Fig. 5. 
Average Value of Shortest Paths Among Nodes 
Source: own edition
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Table 4 
Average Value of Shortest Paths Among Nodes (Highest 15 Value)

ID of 
eliminated 

nodes

Av. value of shortest paths 
among nodes [10-1 km]

29 24.6499

6 23.48023

5 22.7297

36 22.71576

28 22.42733

17 22.39822

8 22.25986

23 21.93826

21 21.12854

10 20.57391

22 20.47672

25 20.42423

30 20.4023

9 19.97924

39 19.822
Source: own edition

4. Summary

The performed literature review let the 
author assume that most of the studies 
focusing on either the resilience or more 
rarely the v ulnerabi l ity of a network, 
define a metric to characterize the whole 
network instead of investigating elementary 
components. Besides this, both network 
vulnerability and resilience are mostly 
invest igated based on traf f ic or f low 
like factors assuming that in case of an 
operational disturbance the most important 
objective from the system’s point of view is 
to restructure traffic f low levels and make 
the system to approach baseline performance 
of the network again. Instead of this, recent 
paper discusses vulnerability of network 
elements with investigating elementary 
components. Besides this, this research 

has investigated the network based on free 
travel time and max f low capacity values 
assuming that in case of a high-risk disaster-
like network effect, the most important 
objective from the system’s point of view is 
to organize rescue processes in the affected 
areas and to minimize unfavourable effects 
of the occurred event.

In this article I have identified the road 
network elements considered as critical 
from the aspects of external effects - such 
as emergencies ar ising due to natural 
catastrophes - restricting the operation of 
the road network. In the analysis the road 
network has been examined as a graph, 
featuring 131 nodes and 236 edges.

Dijkstra’s algorithm was used for finding 
the shortest route and the Ford-Fulkerson 
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algorithm for establishing the maximum 
f low-size, thus I identified the network 
elements which - in case they were damaged 
- can affect the operation of the network, 
and in the area of which the infrastructure 
available for the emergency response crews 
has less capacity than the rest of the network.

With the creat ion and the successf ul 
application of the methodology, the set 
research objectives were met, however, the 
applicability of the method could be further 
improved by additional development. In 
the next phase it is planned to change the 
geographical distance-based projection 
network to a representation based on travel 
times. Additionally, in the next step of the 
research, I will include the estimation of 
such traffic restructures resulting from the 
damage of individual road network elements 
(Junevičius et al., 2009), that are significant 
in the cases of system elements operating 
close to their capacity limits or in case of 
estimations of the effects of one or more 
network elements’ simultaneous damages. 
Finally, the main objective is the verification 
of conclusions regarding the damages of 
network elements mentioned in this article 
and the associated disaster management.
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