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1. Introduction 

In recent years, the improvement of disaster and emergency management through building a 
harmonized and efficient system for risk assessment of structures in the cross-border region 
has become increasingly popular. The CRISIS project specifically focuses on enhancing the 
cross-border cooperation and coordination in disaster risk management based on developed 
models and tools and raising public awareness and preparedness for disasters. 

The main objective of this report is the definition of reliable risk scenarios of most probable 
and worst-case risk scenarios due to the seismic and landslide hazards, as well as estimation 
of consequences, such as functional disruption and economic losses caused by disruption of 
basic services and transport infrastructure. 

2. Earthquake Scenarios 

The earthquake scenarios used are the ones chosen in D 2.2 [18]. The selected earthquakes are 
listed in Table 1. 

Table 1 Selected earthquake scenarios 
SHARE European Earthquake catalogue (SHEEC) 

# Lon (Deg) Lat (Deg) Magnitude (Mw) Depth (km) Date 

E01 20.30 39.20 7.0 - 05.02.1786 

E02 20.00 39.50 6.6 - 01.01.1674 

E03 20.00 40.30 6.7 - 4.12.1866 

E04 20.70 40.10 6.3 10 22.12.1919 

E05 20.10 41.10 6.7 - --.--.1380 

E06 20.70 40.85 6.8 21 18.02.1911 

E07 21.30 40.50 6.5 - 29.05.1812 

E08 20.66 41.72 6.1 15 7.12.1922 

E09 21.19 41.10 6.0 12 01.09.1994 

E10 22.20 40.90 6.7 - --.10.1395 

E11 22.51 41.32 6.7 - 08.03.1931 

European Database of Seismogenic Faults (EDSF13) 

# EDSF13idsource Mw(max) Fault Type Depth(min) Depth(max) 

F01 GRCS601 7.28 RR 2 12 

F02 ALCS011 7.59 RR 5 25 

F03 ALCS003 6.95 NN 1 12 

F04 ALCS005 7.56 RL 1 25 

F05 MKCS006 7.56 RL 1 25 

F06 MKCS003 7.13 NN 1 15 

F07 MKCS004 6.99 NN 1 12 

F08 GRCS060 6.89 NN 0 12 

F09 GRCS130 7.15 NN 0 15 

NN – Normal Fault; RR – Reverse Fault; RL – Right Lateral Strike-Slip Fault 
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Although the parameters related to the selected earthquakes from SHARE European 
Earthquake catalogue (SHEEC) differs more or less in relation to the parameters given in the 
official national earthquake catalogues (ex. for E09 Mw in MKD catalogue is 5.18), in order to 
keep harmonization pattern, the parameters are not corrected or modified. Same applies for 
the parameters related to seismogenic faults.  
 

 
Figure 1 Spatial representation of earthquake scenarios 

The geometrical attributes, presented in Table 2, for the selected earthquake scenarios are the 
average values of those of the nearest faults of the faults database [57] complied for the 
European Seismic Hazard Model 2020 (ESHM20) [25]. The following attributes are utilized 
for the creation of the input rupture files.  

Table 2 Rupture’s attributes of the selected earthquake scenarios 
ID Lon Lat Magnitude (Mw) Depth (km) Strike (°) Dip (°) Rake (°) 

E01 20.3 39.2 7 7 315 30 90 
E02 20 39.5 6.6 7 315 30 90 
E03 20 40.3 6.7 15 325 37.5 90 
E04 20.7 40.1 6.3 10 230 60 265 
E05 20.1 41.1 6.7 13 65 60 205 
E06 20.7 40.85 6.8 21 180 37.5 265 
E07 21.3 40.5 6.5 7 92.5 57.5 285 
E08 20.66 41.72 6.1 15 70 60 205 
E09 21.19 41.1 6 12 295 60 295 
E10 22.2 40.9 6.7 8 60 57.5 255 
E11 22.51 41.32 6.7 6 102.5 45 300 
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3. Fragility Functions 

The fragility functions for each country are the ones presented in D4.2 [22]. In the following 
paragraphs the chosen fragility functions are given for each country. 

3.1 N. Macedonia 

3.1.1 Schools and hospitals 

For the RC building structures, fragility curves defined with the SP-BELA method for 
vulnerability class C2 (buildings designed according to the pre-code seismic standards) and D 
(buildings designed according to the seismic codes) [1] have been selected. The parameters for 
the fragility curves of RC building structures with 1, 2, 3 and 4 stories are given in Table 3. 

Table 3 Median and standard deviation β of the fragility curves for five damage levels [7] 

Vulnerability 
class 

DS1 DS2 DS3 DS4 DS5 
Median β Median β Median β Median β Median β 

1 storey 
C2 0.144 0.504 0.364 0.504 0.485 0.504 0.611 0.502 1.132 0.502 
D 0.269 0.483 0.655 0.483 0.865 0.483 1.066 0.494 1.952 0.494 

2 storeys 
C2 0.140 0.498 0.354 0.498 0.472 0.498 0.570 0.499 1.056 0.499 
D 0.215 0.501 0.522 0.501 0.690 0.501 0.837 0.501 1.532 0.501 

3 storeys 
C2 0.163 0.496 0.412 0.496 0.548 0.496 0.645 0.497 1.194 0.497 
D 0.220 0.496 0.535 0.496 0.706 0.496 0.832 0.497 1.525 0.497 

>4 storeys 
C2 0.183 0.500 0.463 0.500 0.617 0.500 0.712 0.501 1.318 0.501 
D 0.239 0.513 0.582 0.513 0.768 0.513 0.897 0.518 1.642 0.518 

D1- light damage, D2-moderate damage, D3-extensive damage, D4-complete damage, and D5 collapse 

The masonry structures in the exposure model were built in the period 1847-1982. 70% of the 
buildings were built prior to 1964, before enforcement of any seismic design codes (“no-code 
structures”), 26.7% were constructed between 1964-1981 following the first national seismic 
codes (“low/moderate” code structures) and only 3% were designed and built after actual 
seismic codes from 1981. The parameters for the fragility curves of masonry structures are 
presented in Table 4. 

For the masonry buildings the fragility curves proposed by Dona et al. (2021), [28], are used. 

Table 4 µ and β values of the LUW fragility model [27] 

Building DS1   DS2   DS3   DS4   DS5  
macro-    

µ (g) β (–)  µ (g) β (–)  µ (g) β (–)  µ (g) β (–)  µ (g) β (–) 

Pre-1919 
n ≥ 3 

 
0.0741 

 
0.7414 

  
0.1315 

 
0.7671 

  
0.2123 

 
0.7759 

  
0.3430 

 
0.7736 

  
0.6215 

 
0.8090 

n ≤ 2 
 
1919–1945 

0.0973 0.6929  0.1726 0.7084  0.2787 0.7192  0.4507 0.7499  0.8217 0.7936 

n ≥ 3 0.0854 0.7293 
 

0.1516 0.7431 
 

0.2447 0.7479 
 

0.3955 0.7700 
 

0.7168 0.8204 
n ≤ 2 
 
1946–1960 

0.1076 0.7388  0.1908 0.7533  0.3082 0.7474  0.4988 0.7563  0.9140 0.7924 

n ≥ 3 0.1409 0.7489 
 

0.2501 0.7780 
 

0.4039 0.7789 
 

0.6526 0.7975 
 

1.1840 0.7452 
n ≤ 2 
 
1961–1980 

0.1613 0.7651  0.2862 0.7791  0.4625 0.7818  0.7496 0.8015  1.3660 0.6933 
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n ≥ 3 0.1689 0.6770 
 

0.2996 0.7070 
 

0.4842 0.7388 
 

0.7855 0.7875 
 

1.4350 0.6997 
n ≤ 2 
 
Post-1980 

0.2067 0.7366  0.3669 0.7367  0.5913 0.7069  0.9499 0.6916  1.6930 0.6764 

n ≥ 3 0.2301 0.6945 
 

0.4083 0.7120 
 

0.6580 0.6874 
 

1.0550 0.6240 
 

1.8690 0.5982 
n ≤ 2 0.3098 0.7918  0.5492 0.7429  0.8849 0.7393  1.4160 0.6780  2.4700 0.6132 

 

 3.1.2 Bridges 

Most of the bridge structures in the considered region are constructed of reinforced concrete. 
According to the type of structural system, the most frequently found bridge types in this 
region are bridges with a frame structural system, then bridges with a girder system (with 
beam and slab main girders), while arch bridges account for the least number of bridges. As 
to the number of spans of structures for which there are data, half of them have 1 span, about 
28% have 3 spans, while the greatest number of spans in this region is 6 [22]. 

The fragility curves proposed by EUCENTRE [54] and Nguyen et al 2019 [63] have been used 
for bridges. 

3.2 Greece 

3.2.1 Schools and Hospitals 

According to building typologies listed in the Tables 12 and 13 of the D4.2 [22], appropriate 
fragility curves were selected [36]. The differences between the fragility functions of Kappos 
et al. (2003) and Kappos et al. (2006) [36], are attributed to slight geometric differences 
adopted for the studied RC building typologies as well as to the fact that the proposed curves 
in Kappos et al. (2003) are based solely on numerical analysis results while the ones in Kappos 
et al. (2006) [36] are based on a hybrid approach, which combines statistical data from 
earthquake-damaged Greek buildings with appropriately processed results from non-linear 
either dynamic or static analyses. Both sets of fragility curves have been derived for five 
damage limit states corresponding to slight (D1), moderate (D2), substantial to heavy (D3), 
very heavy (D4) and collapse (D5) damage of the building. 

A simplification has been made with respect to Kappos et al. [36] classification scheme for the 
selection of the appropriate fragility functions. For critical facilities with no or low seismic 
code provisions, we consider Kappos et al. [36] fragility curves for low code while for the ones 
with medium or high seismic design level we consider the corresponding fragility curves for 
high code. 

Table 5 summarizes the lognormal fragility parameters for the selected Kappos et al. [36] 
structural typologies. 

Table 5 Median and standard deviation β of Kappos et al. [36] fragility curves for five damage levels  

Typology D1 D2 D3 D4 D5 
Median β Median β Median β Median β Median β 

RC3.1LL 0.091 0.732 0.184 0.733 0.229 0.733 0.300 0.733 0.413 0.733 
RC3.1LH 0.095 0.765 0.244 0.765 0.458 0.765 0.627 0.765 0.882 0.765 
RC4.2LL 0.113 0.713 0.278 0.714 0.715 0.714 1.656 0.714 2.165 0.714 
RC4.2LH 0.267 0.746 0.523 0.747 1.211 0.747 1.883 0.746 2.398 0.746 
Stone 1-2 0.118 0.720 0.159 0.720 0.204 0.720 0.239 0.720 0.449 0.720 
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3.2.2 Bridges 

In Greece, earthquake damage to the road network observed is limited and related mainly to 
soil failures and landslides across the provincial network. The earthquakes in Kozani (1995), 
Lefkada (2003), NW Peloponnese (2008) and Kefallonia (2014) are examples of such damage. 

On the other hand, there is no recorded significant earthquake damage to bridges in Greece. 
The generally satisfactory seismic behavior, the typology of the Greek bridges, as well as the 
nature of the earthquakes occurred (e.g. short duration) contribute to the lack of damage to 
date (OASP data). It is noted that in the Parnitha earthquake (1999, Mw=5.9), which is the last 
earthquake to hit a large urban center, no damage to bridges was reported [26], [49], despite 
the relatively large ground accelerations recorded.  

The fragility curves proposed by EUCENTRE have been used [54] for bridges. 

3.3 Albania 

3.3.1 Schools and Hospitals 

According to the building typology of the exposure model, the fragility curves developed for 
the RC structures have been selected based on recent studies [2], while the fragility curves for 
masonry structures have been selected based on the European Facilities for Earthquake 
Hazard and Risk [54]. 

The fragility curves for RC structures is given in the Table 7. 

Table 6 Median and standard deviation β of the fragility curves for five damage levels 

Vulnerability 
class 

DS1 DS2 DS3 DS4 DS5 
Median β Median β Median β Median β Median β 

 
C2-Low rise 0.213 0.790 0.5118 0.790 0.857 0.790 1.388 0.790 1.646 0.790 
D-Low rise 0.422 0.951 1.163 0.951 1.822 0.951 3.024 0.951 4.458 0.951 

 
C2-Medium 

rise 
0.126 0.693 0.250 0.693 0.397 0.693 0.806 0.693 0.931 0.693 

D-Medium 
rise 0.253 0.995 0.774 0.995 1.417 0.995 2.682 0.995 7.386 0.995 

D1- light damage, D2-moderate damage, D3-extensive damage, D4-complete damage, and D5 collapse 
 

All of the masonry school structures are constructed with unreinforced masonry, and all of the 
masonry hospital structures are constructed with confined masonry. The fragility curves for 
masonry structures were taken from the European Facilities for Earthquake Hazard and Risk 
[54]. The fragility curves parameters for masonry structures are given in the Table 8. 

Table 7 µ and β values 

Building  
macro-

typologies 

DS1 DS2 DS3 DS4 DS5 

µ (g) β (–) µ (g) β (–) µ (g) β (–) µ (g) β (–) µ (g) β (–) 

Masonry 
school 

structure 
2 storey 

0.0802 0.132 0.1478 0.134 0.1985 0.15 0.2636 0.16 0.31 0.175 

Masonry 
school 

structure 
3 storey 

0.1003 0.132 0.1847 0.134 0.2481 0.15 0.3296 0.16 0.3875 0.175 
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Building  
macro-

typologies 

DS1 DS2 DS3 DS4 DS5 

µ (g) β (–) µ (g) β (–) µ (g) β (–) µ (g) β (–) µ (g) β (–) 

Masonry 
school 

structure 
4 storey 

0.0702 0.132 0.1293 0.134 0.1737 0.15 0.2307 0.16 0.2713 0.175 

Masonry 
hospital 
structure 
2 storey 

0.0882 0.132 0.1625 0.134 0.2183 0.15 0.29 0.16 0.341 0.175 

Masonry 
hospital 
structure 
3 storey 

0.1103 0.132 0.2032 0.134 0.2729 0.15 0.3625 0.16 0.4263 0.175 

Masonry 
hospital 
structure 
4 storey 

0.0772 0.132 0.1422 0.134 0.191 0.15 0.2538 0.16 0.2984 0.175 

3.3.2 Bridges 

Most of the bridge structures in the considered region are constructed of reinforced concrete. 
According to the type of structural system, the most frequently found bridge types in this 
region are bridges with a girder system (with beam and slab main girders), then bridges with 
a frame structural system, while pre-fabricated truss bridges account for the least number of 
bridges. As to the number of spans of structures for which there are data, more than half of 
them have 1 span (66.49%), about 14.14% have 2 spans, 8.38% have 3 spans, 3.66% have 4 
spans, 5.24% have 5 spans and 1.05% have 7 spans [21]. 

The fragility curves proposed by EUCENTRE have been used [54] for bridges. 

4. Damage Distribution 

The scenario damage assessments were performed using the Scenario Damage Calculator of 
the OpenQuake Engine [53]. The module makes use of the hazard component, exposure and 
vulnerability models, allowing the complete propagation of aleatory and epistemic 
uncertainties. The hazard module [46] computes ground motions fields in terms of the desired 
(IM – Intensity Measure) at the buildings’ locations. The module allows explicit modelling of 
uncertainties related to each component of the hazard models by making use of logic tree. The 
selected ground motion prediction equation (GMPE) is from Kotha et al., 2020, [37] where 
the site amplification component of the GMPE follows the formulation established by 
Weatherill et al., 2020, [57].  

The scenario damage calculator computes damage distribution statistics for all assets in a 
given exposure model for a single specified earthquake rupture. Damage distribution statistics 
include the mean and standard deviation of damage fractions for different damage states. This 
calculator requires the definition of a finite rupture model, an exposure model, and a fragility 
model, as presented in Figure 2. The main results are the damage distribution statistics per 
asset, aggregated damage distribution statistics per taxonomy, aggregated damage 
distribution statistics for the region, and collapse maps, which contain the spatial distribution 
of the number or area of collapsed buildings throughout the region of interest (GEM, 2022 
[33]). 
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Figure 2 Scenario Damage Calculator structure (adopted from [GEM 2022])  
 

Besides the damage distribution, we also provide an estimation of the economic cost expressed 
as a percentage of the replacement cost. The percentage of the cost relative to the replacement 
cost for each damage state is taken from (Kircher 1997 [11]) and is reported in  Table 8. 

Table 8 Economic losses 

Damage 
state 

Structural 
Cost 

Non-structural 
Cost Furnishes 

DS1 2% 2% 1% 

DS2 10% 10% 5% 

DS3 50% 50% 25% 

DS4 75% 75% 37.5% 

DS5 100% 100% 50% 

4.1 N. Macedonia 

The damage distribution for each earthquake event is given in the graphs below. 
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Figure 3 Damage distribution – Hospitals – North Macedonia 
 

Based on the results in Figure 3,  for the hospital buildings“E11” causes the most damages 
(2.312% for DS5, 3.747% for DS4, and 2.813% for DS3) while “E06” has the highest percentage 
of affected buildings (25.649%, of which 16.012% are DS1). 

 

Figure 4 Damage distribution – Schools – North Macedonia 
 

Based on the results in Figure 4,  for the school buildings “E11” causes both the most damages 
(3.06% for DS5, 5.008% for DS4, and 3.81% for DS3), and has the highest percentage of 
affected buildings (30.491%). 
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Figure 5 Damage distribution – Bridges – North Macedonia 
 

Based on the results in Figure 5,  for bridges “E11” causes the most damages (7.399% for 
collapse limit state (SLC), and 13.537% for damage limit state (SLD)), followed by “E09” with 
2.42% for SLC and 14.031% for SLD. 

The economic cost for each earthquake event is given below. The economic cost is expressed 
as a percentage of the cost of replacement. 

 

Figure 6 Economic cost – Hospitals – North Macedonia 
 

Based on the results in Figure 6, for the hospital buildings “E11” causes the most economic 
damages (7.124% for structural and non-structural damages and 3.562% for furnishes), 
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followed by “E06” with 4.164% for structural and non-structural damages and 2.082% for 
furnishes. 

 

Figure 7 Economic cost – Schools – North Macedonia 
 

Based on the results in Figure 7, for the school buildings “E11” causes the most economic 
damages (9.552% for structural and non-structural damages and 4.776% for furnishes), 
followed by “E09” with 2.767% for structural and non-structural damages and 1.383% for 
furnishes. 

Based on the results above, the earthquake event that causes the most damages is “E11”. 

For this scenario, we averaged the damage graphs for each municipality, the results of which 
are reported from Figure 8 to Figure 10.  
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Figure 8 E11 Scenario (Bridges) – N. Macedonia 

 

Figure 9 E11 Scenario (Hospitals) – N. Macedonia 
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Figure 10 E11 Scenario (Schools) – N. Macedonia 

4.2 Greece 

The damage distribution for each earthquake event is given in the figures below (Figs. 11-13). 

 

Figure 11 Damage distribution – Hospitals – Greece 
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Based on the results in Figure 11, for the hospital buildings “E07” causes the most damages 
(10.549% for DS5, 3.791% for DS4, and 2.011% for DS3), and has the highest percentage of 
affected buildings (23.549%). 

 

Figure 12 Damage distribution – Schools – Greece 
 

Based on the results in Figure 12,  for the school buildings “E10” causes the most damages 
(7.748% for DS5, 3.674% for DS4, and 3.482% for DS3), and has the highest percentage of 
affected buildings (29.493%). 

 

Figure 13 Damage distribution – Bridges – Greece 
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Based on the results in Figure 13, for the bridges “E04” causes the most damages (4.332% for 
SLC, and 14.25% for SLD) while “E07” has the percentage of the most affected bridges 
(22.836%, of which 21.358% are SLD). 

The economic cost for each earthquake event is given below (Figs. 14-15). The economic cost 
is expressed as a percentage of the cost of replacement for the basic services only. 

 

Figure 14 Economic cost – Hospitals – Greece 

Based on the results in Figure 14, for the hospital buildings “E07” causes the most economic 
damages (14.747% for structural and non-structural damages and 7.374% for furnishes), 
followed by “E10” with 10.43% for structural and non-structural damages and 5.215% for 
furnishes. 

 

Figure 15 Economic cost – Schools – Greece 
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Based on the results in Figure 15, for the school buildings “E10” causes the most economic 
damages (12.992% for structural and non-structural damages and 6.496% for furnishes), 
followed by “E07” with 11.953% for structural and non-structural damages and 5.977% for 
furnishes. 

Based on the results above, the earthquake event that causes the most damages is “E07”.  

For this scenario, we averaged the damage graphs for each municipality, the result of which 
are reported from Figure 16 to Figure 18. 

 

Figure 16 E07 Scenario (Bridges) – Greece 
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Figure 17 E07 Scenario (Hospitals) – Greece 

 

Figure 18 E07 Scenario (Schools) – Greece 



WP-4 | D4.3 101004830 - CRISIS - UCPM-2020-PP-AG 
 

17 
 

4.3 Albania 

The damage distribution for each earthquake event is given in the graphs below (Figs. 19-21). 

 

Figure 19 Damage distribution – Hospitals – Albania 
 

Based on the results in Figure 19, for the hospital buildings “E06” causes the most damages 
(11.701% for DS5, 2.028% for DS4, and 9.623% for DS3), and has the highest percentage of 
affected buildings (43.87%). 

 

Figure 20 Damage distribution – Schools – Albania 
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Based on the results in Figure 20, for the school buildings “E06” causes the most damages 
(14.582% for DS5, 3.055% for DS4, and 8.607% for DS3), and has the highest percentage of 
affected buildings (49.442%). 

 

Figure 21 Damage distribution – Bridges – Albania 
 

Based on the results in Figure 21, for the bridges “E06” causes the most damages (4.169% for 
SLC, and 20.291% for SLD), followed by “E05” with 1.802% for SLC and 11.799% for SLD. 

The economic cost for each earthquake event is given below (Figs. 22-24). The economic cost 
is expressed as a percentage of the cost of replacement for the basic services. 

 

Figure 22 Economic cost – Hospitals – Albania 
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Based on the results in Figure 22, for the hospital buildings “E06” causes the most economic 
damages (19.502% for structural and non-structural damages and 9.751% for furnishes), 
followed by “E05” with 7.905% for structural and non-structural damages and 3.953% for 
furnishes. 

 

Figure 23 Economic cost – Schools – Albania 
 

Based on the results in Figure 23, for the school buildings “E06” causes the most economic 
damages (23.008% for structural and non-structural damages and 11.504% for furnishes), 
followed by “E03” with 7.514% for structural and non-structural damages and 3.757% for 
furnishes. 

Based on the results above, the earthquake event that causes the most damages is “E06”.  

For this scenario, we averaged  the damage graphs for each municipality, the results of which 
are reported from Figure 24 to Figure 26. 
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Figure 24 E06 Scenario (Bridges) – Albania 
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Figure 25 E06 Scenario (Hospitals) – Albania 
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Figure 26 E06 Scenario (Schools) – Albania 
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4.4 Cross-border region 

For the cross-border region, the scenario that causes most damages is E06. For this scenario, 
we averaged the damage graphs for each municipality, the results of which are reported from 
Figure 27 to Figure 29.  

 
Figure 27 E06 Scenario (Bridges) – Cross-border regions 

 
Figure 28 E06 Scenario (Hospitals) – Cross-border regions 
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Figure 29 E06 Scenario (Schools) – Cross-border regions 

5. Landslide scenario 

To define the landslide risk for buildings (schools and hospitals) and bridges, we used the 
proposed methodologies in Chapter 2.2 in the Deliverable 4.2 [22]. Further on, results on 
calculated landslide vulnerabilities and risk are presented. 

5.1. Landslide fragility and risk for buildings (schools and hospitals)  

Within the framework of this study, a semi-quantitative procedure fully implemented in a GIS 
environment is suggested based on Arnaouti et al. (2013) to assess landslide vulnerability and 
risk of strategic buildings (schools and hospitals) in the cross-border region of Greece, North 
Macedonia and Albania.  
 
The proposed framework, already presented in Deliverable 4.2, includes four main steps that 
are shortly outlined below:  
 

i) The collection of the susceptibility and hazard information based on the 
characteristics of the landslide inventory.  

ii) The identification of the buildings at risk and of the main factors influencing their 
vulnerability (e.g., construction material, number of floors, state of maintenance, 
etc.). The value of the exposed buildings that is associated to their function, and 
thus to their importance to the local community, should also be specified.  

iii) The vulnerability assessment of the buildings by weighting the different 
contributing factors using engineering judgment based on the framework proposed 
by Papathoma et al. (2007). A different score is assigned to each category of the 
given factors and the total vulnerability value is calculated for each building by 
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means of a Weighted Linear Combination Method (e.g., Papathoma et al. 2007; 
Mousavi et al. 2011).  

iv)  The risk estimation integrates information on the hazard, the vulnerability and the 
value of the element in the form of the generic equation: [Risk] = [Hazard] × 
[Vulnerability] × [Elements at risk]. Both hazard and vulnerability values are given 
in standardized terms. Landslide risk can be finally assessed either qualitatively by 
assigning different risk classes i.e., Very low (1): 0-0.1, Low (2): 0.1-0.3, Medium 
(3): 0.3-0.5, High (4): 0.5-0.7, Very high (5): >0.7 or semi-quantitatively expressed 
on a scale from 0 to 1.0. 

The proposed procedure, although it involves some degree of subjectivity, is generally 
compatible with the availability and quality of data taking also into account the scale of the 
analysis and the availability of input data. In addition, this index-based semi-quantitative 
approach allows treating on a hierarchical basis the level of risk supporting, in this way, 
effective risk management and decision-making processes. 
The landslide susceptibility map of the cross-border region of Greece, North Macedonia and 
Albania has been presented in Deliverable 2.3 based on the Pan-European Landslide 
Susceptibility Map version 2 (ELSUS v2, 2018, [58]). It should be noted that information on 
the magnitude-frequency relationships of the potentially damaging landslides of different 
types was not made available in a homogeneous way and thus, only a preliminary hazard 
analysis based on its spatial component (i.e., susceptibility) was possible. In addition, a 
harmonized regional risk exposure model for the schools and hospitals of the cross-border 
region of Greece, North Macedonia and Albania has been constructed in GIS format for the 
purpose of this study including their structural characteristics (Construction material, 
number of floors, age etc.) as well as their urban function (Deliverable 4.1). Table 9 presents 
the description of the various factors considered for the vulnerability assessment of buildings 
in the cross-border region as well as their relevant scores defined by expert knowledge and 
judgment. Different weightings are assigned to each of the factors on the basis of their 
relative importance in the vulnerability assessment. Table 10 presents the various functions 
of the exposed buildings and the corresponding values assigned for each function.  

 
Table 9 Factors contributing to building vulnerability to landslides, the score of each category and their 
relevant weightings   

Factor Categories Score Weighting 

Construction  
material 

masonry 0.6 

4 
RC 0.3 
steel 0.3 
wood 0.8 
mixed 0.7 

Number of floors 
1 0.5 

1 2-3 0.3 
≥4 0.1 

Outdatedness 

good 0.1 

4 
average 0.3 
bad 0.6 
destroyed 0.9 

Age  

before 1900 0.9 

3 

1900-1950 0.7 
1950-1970 0.5 
1970-1990 0.3 
1990-2000 0.1 
after 2000 0 
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Table 10 Function and the corresponding value of the building 

Function Value of the building I 
residential 1 
commercial 1.1 
industrial and craft 1 
agricultural 1 
leisure and sportive 1.1 
hotel 1.1 
place of religious worship 1.2 
private service 1.2 
public service 1.3 
education 1.3 
civil service 1.3 
urgency service 1.3 

 
 
The following assumptions/simplifications have been made to assess the landslide risk of 
critical buildings of the cross-border region of Greece, North Macedonia and Albania using the 
previously described procedure: 
    

• susceptibility is jointed to exposure of buildings of the cross-border region considering 
the closest distance of the buildings with respect to the susceptibility polygons.  

• for buildings that information on the Construction material (other material and/or 
NA) was not available we consider the score for mixed material to be on the safe side.
    

• for buildings that information for the Age was not available we consider that they have 
been designed before 1990 assigning score equal to 0.9.    
     

• for buildings designed after 1980 we considered score for Outdateness equal to 0.1 
while for the ones designed before 1980 we consider score equal to 0.3.  
    

• for buildings with one or two floors we consider score equal to 0.5 to be on the safe 
side.     

 
for buildings with two or three floors and two to four floors we consider score equal 
to 0.3.     

       
Figure 30 and Figure 31 present the spatial distribution of expected landslide risk to schools 
and hospitals respectively of the cross-border region of Greece, North Macedonia and Albania 
given in qualitative terms i.e., Very low (1), Low (2), Medium (3), High (4), Very high (5), while 
the bar diagrams in Figure 32 and Figure 33 show the percentage (%) of schools and hospitals 
respectively being in each risk class in the cross-border region of Greece (green bar), North 
Macedonia (red bar), and Albania (blue bar). Finally, Table 11summarizes the percentage (%) 
of buildings (including both schools and hospitals) being in each risk class in the cross-border 
region of Greece, North Macedonia, and Albania. It is noted that the highest landslide risk to 
critical buildings is presented for the schools and buildings of cross-border region of Albania 
compared to the other countries. This is generally due to the high landslide susceptibility of 
Albania cross-border region combined with the increased vulnerability of the Albanian critical 
buildings. 
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Figure 30 Landslide risk of school buildings in the cross-border region of Greece, North Macedonia 
and Albania 

 

Figure 31 Landslide risk of hospital buildings in the cross-border region of Greece, North Macedonia 
and Albania 
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Figure 32 Percentage (%) of schools being in each risk class in the cross-border region of Greece 
(green bar), North Macedonia (red bar), and Albania (blue bar) 

 

Figure 33 Percentage (%) of hospitals being in each risk class in the cross-border region of Greece 
(green bar), North Macedonia (red bar), and Albania (blue bar) 

 
Table 11 Percentage (%) of buildings (schools and hospitals) being in each risk class in the cross-
border region of Greece, North Macedonia and Albania  

Risk class 
Percentage (%) of buildings being in each risk class 

Greece North Macedonia Albania 

Very low (1) 26.92 23.29 2.41 

Low (2) 34.62 42.47 18.07 

Medium (3) 23.08 21.92 40.96 

High (4) 11.54 9.59 18.07 

Very high (5) 3.85 2.74 20.48 
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5.2 Landslide fragility and risk for bridges  

To assess the landslide vulnerability and risk of bridges within the framework of CRISIS, 
HAZUS [44] methodology for fragility curves due to ground failure was applied, as presented 
in D 4.2 [22].  

This section presents the estimation of earthquake induced landslide damage to bridges as one 
of the main components of transport infrastructure given knowledge of the bridge 
components, the classification of the bridge, and the hazards (i.e. permanent ground 
deformation). Damage states describing the level of damage to the bridge structure are defined 
(i.e., None, Slight, Moderate, Extensive, or Complete). Damage states are related to a damage 
ratio, defined as the ratio of repair to replacement cost for evaluation of direct economic loss.  

Fragility curves are developed for selected number of bridge structures from the cross-border 
region. These curves describe the probability of reaching or exceeding each damage state given 
the level of permanent ground deformation (PGD) and are based on the classification of each 
bridge structure. The permanent ground deformation (PGD) maps for two earthquake 
scenarios developed in D2.3 of the Crisis project [19] were used as the landslide hazard input. 

According to HAZUS, bridges are classified based on the following structural characteristics: 

• Seismic Design 

• Number of spans: single vs. multiple span bridges 

• Structure type: concrete, steel, others 

• Pier type: multiple column bents, single column bents and pier walls 

• Abutment type and bearing type: monolithic vs. non-monolithic; high rocker bearings, 

low steel bearings and neoprene rubber bearings 

• Span continuity: continuous, discontinuous (in-span hinges), and simply supported. 

Table 12 presents the selected bridges from the bridge exposure model for the cross-border 
region for which the landslide vulnerability and risk is calculated. The selection was 
judgmental and mainly depended on the location and functional importance of the bridge in 
terms of cross-border connection. Figure 34 presents the selected bridges on the PGD maps 
for the two-earthquake scenarios, obtained considering the return period equal to 475 years 
and 975 years, respectively. 

    Table 12 Selected bridges from the bridge exposure model of the cross-border region 
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Figure 34 Selected bridges from CBR presented on maps of permanent ground deformation PGD for 
the two earthquake scenari–s - return period of 475 years and return period of 975 years. 

 

For each selected bridge, ground failure damage functions were calculated based on the 
HAZUS class of the bridge. A total of five damage states are defined for the bridges. These are 
None, Slight, Moderate, Extensive, and Complete. 

Slight damage is defined by minor cracking and spalling to the abutment, cracks in shear keys 
at abutments, minor spalling and cracks at hinges, minor spalling at the column (damage 
requires no more than cosmetic repair), or minor cracking to the deck.  

Name Bridge_id
middle_point

_coor_lat
middle_point_c

oor_lon hazus_cl Total leng
Total 
Width

No. of 
spans

Telonio Kakavia -1 M1 39.910496 20.365309 HWB3 15 9 1
Gefira Agion - Potamos Gormos M3 39.896614 20.543840 HWB19 150 9 5
Sarantaporos - Spiliotopoulou M4 40.187189 20.800897 HWB2 210 9 6
Aetomilitsa M5 40.236049 20.872800 HWB19 100 7 3
Telonio Evzoni -1 M6 41.101861 22.566405 HWB3 10 7 1
Krystallopigi-1 M9 40.5933019 21.0656523 HWB3 12 8 1

Ura Kardhiqit 56 40.1499165 20.09437648 HWB7 265.2 13.5 5
Ura e Librazhdit 152 41.1805822 20.31138717 HWB7 177 12.4 5
Ura ne km96.160(Quksi Nr.2) 1088 41.0866608 20.4511677 HWB7 110 12.5 5
Ura e re Gajdarit 1122 39.8798866 20.03356079 HBW14 105 11.9 3
Ura e Bushtrices 1086 41.0992568 20.44275731 HWB7 104.4 12.5 5
Ura Kseriaja 1100 39.9069196 20.34127546 HWB7 90 9 5
Ura Murashi Nr.2 1075 41.1820179 20.2736929 HWB7 83.2 9.9 4
Ura Hotolisht(paralel me h/udhen) 1079 41.1361514 20.39424415 HWB7 82.1 9.5 7
Ura e re e Bogazit 1121 39.7170602 20.12438563 HWB7 81.9 12.5
Ura e Trenit 1107 40.655051 20.95470935 HWB7 80 11.5 3
Ura e Petranit 860 40.2080571 20.41515408 HWB6 76 4.5 4
Ura e Libonikut 2 1109 40.7106919 20.71241959 HWB7 75 13.5 3
Ura e Cerenecit 255 41.520873 20.4179533 HWB6 71.4 6 4
Ure mbikalim Bulqize 253 41.4992077 20.21479712 HBW11 24.5 13 2

Struga 40776392 41.1835 20.6783 HWB3 30 10.6 1
Bitola -Medjitlija 188469300 40.9699 21.3958 HWB3 7.1 8.2 1
Ohrid 194459404 41.1306 20.818 HWB9 24.3 8.2 2
Bitola 225073520 41.07 21.1428 HWB10 81.1 13.6 4
Gevgelija - Bogorodica -1 334632006 41.1486 22.5238 HWB2 235.8 13.6 10
Gevgelija - Bogorodica -2 433067008 41.3465 22.3733 HWB2 504.9 13.6 12
Mavrovo i Rostusha 900000044 41.72013 20.82931 HWB22 107.8 9.65 5
Debar- Blato 900000202 41.52202 20.56653 HWB9 70 8.2 2

G
re

ec
e

A
lb

an
ia

N
. M

ac
ed

on
ia



WP-4 | D4.3 101004830 - CRISIS - UCPM-2020-PP-AG 
 

31 
 

Moderate damage is defined by any column experiencing moderate (shear cracks) cracking 
and spalling (column structurally still sound), moderate movement of the abutment (<2 
inches), extensive cracking and spalling of shear keys, any connection having cracked shear 
keys or bent bolts, keeper bar failure without unseating, rocker bearing failure, or moderate 
settlement of the approach.  

Extensive damage is defined by any column degrading without collapse: shear failure – 
(column structurally unsafe), significant residual movement at connections, major settlement 
approach, vertical offset of the abutment, differential settlement at connections, or shear key 
failure at abutments.  

Complete damage is defined by any column collapsing and connection losing all bearing 
support, which may lead to imminent deck collapse, or tilting of substructure due to 
foundation failure.  

Figure 35 presents the calculated fragility curves for two bridges per country. With  Using the 
appropriate value of PGD for earthquake scenarios calculated considering the return periods 
of 475 and 975 years, we determined the ground failure damage state probabilities for the 
selected bridges. These values are reported in Table 13. 

  

  

 
 

Figure 35 Graphs on damage functions due to ground failure –for some of the selected bridges from 
each country 
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Table 13 Calculated ground failure damage state probabilities for the selected bridges from CBR 

 

HAZUS methodology provides component restoration curves for each damage state to 
evaluate loss of function. Restoration curves describe the fraction, or percentage, of the 
component that is expected to be open or operational as a function of time following hazard 
(in this case earthquake induced landslide). For example, an extensively damaged roadway 
link might be closed (0% functional) immediately following the hazard, but 100% functional 
after 30 days. 

HAZUS functionality estimates are based solely on physical damage to the structure, and do 
not take emergency response or contingency plans into consideration (e.g., hospitals which 
could operate their emergency room from the parking lot). Functionality estimates also do not 
consider direct utility outage or potential cascading effects. While no precise definition of 
functionality has been developed for the HAZUS restoration functions, one interpretation of 
the HAZUS functionality results is as follows:  

A “functional” building/facility may be used for its intended purpose, while a “non-functional” 
building/facility can no longer be used for its intended purpose. The HAZUS functionality 
estimates, which range from 0 – 100%, may be interpreted as:  

• 0-25% functionality – building/facility is likely to be non-functional  

P(none) P(slight) P(complete) P(none) P(slight) P(complete)

Telonio Kakavia -1 0.972 0.028 0.000 0.979 0.656 0.021
Gefira Agion - Potamos Gormos 0.991 0.009 0.000 0.482 0.511 0.007
Sarantaporos - Spiliotopoulou 0.949 0.051 0.000 0.982 0.637 0.018
Aetomilitsa 0.977 0.023 0.000 0.980 0.651 0.020
Telonio Evzoni -1 1.000 0.000 0.000 1.000 0.007 0.000
Krystallopigi-1 0.949 0.051 0.000 0.968 0.704 0.032

Ura Kardhiqit 0.998 0.002 0.000 0.725 0.274 0.001
Ura e Librazhdit 0.938 0.062 0.000 0.197 0.752 0.051
Ura ne km96.160(Quksi Nr.2) 0.912 0.088 0.000 0.149 0.777 0.074
Ura e re Gajdarit 0.849 0.151 0.000 0.102 0.786 0.112
Ura e Bushtrices 0.895 0.105 0.000 0.127 0.784 0.089
Ura Kseriaja 0.999 0.001 0.000 0.815 0.184 0.000
Ura Murashi Nr.2 0.987 0.013 0.000 0.436 0.554 0.010
Ura Hotolisht(paralel me h/udhen) 0.431 0.559 0.010 0.005 0.468 0.527
Ura e re e Bogazit 0.122 0.785 0.093 0.000 0.168 0.832
Ura e Trenit 1.000 0.000 0.000 0.998 0.002 0.000
Ura e Petranit 0.994 0.006 0.000 0.540 0.455 0.005
Ura e Libonikut 2 1.000 0.000 0.000 0.980 0.020 0.000
Ura e Cerenecit 0.849 0.151 0.000 0.085 0.783 0.132
Ure mbikalim Bulqize 0.931 0.069 0.000 0.194 0.754 0.052

Struga 1.000 0.000 0.000 0.979 0.021 0.000
Bitola -Medjitlija 1.000 0.000 0.000 0.984 0.016 0.000
Ohrid 1.000 0.000 0.000 0.983 0.017 0.000
Bitola 0.902 0.098 0.000 0.127 0.784 0.089
Gevgelija - Bogorodica -1 1.000 0.000 0.000 0.994 0.006 0.000
Gevgelija - Bogorodica -2 0.964 0.036 0.000 0.231 0.729 0.040
Mavrovo i Rostusha 0.898 0.102 0.000 0.124 0.785 0.092
Debar- Blato 0.882 0.117 0.000 0.025 0.677 0.298

Probability (475) Probability (975)
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• 25-75% functionality – building/facility is likely to allow limited operations (e.g., selected 
parts of the building/facility may be used)  
• 75-100% functionality – building/facility is likely to be functional  
 

Thus, as proposed in HAZUS (Table 14), functional percentages for the analyzed bridges can 
be defined. For example, if earthquake scenario with return period of 975 years happens in the 
region around the city of Debar (North Macedonia), the bridge Debar-Blato, which connects 
the road to the border between N. Macedonia and Albania, will have 29.8% probability 
complete damage. Consequently, the bridge will likely be non-function–l - 10% functionality 
after 90 days.  

Table 14 Discretized restoration functions for highway system components based on HAZUS 
methodology 

 

It should be noted that the presented functions can only serve as general guidelines since they 
are developed in the US, and their applicability in the cross-border region can be constrained. 
However, the applied methodology gives a good overview and quantitative measures on the 
functional disruption of transport infrastructures, thus identifying Ithe critical points of the 
emergency and disaster management system. 
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