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Abstract

The town of Adra (Almeria, Spain) has a population of 20,000 inhabitants and an urban area of 3.00 km?, approximately.
The number of buildings have suffered a significant increase in the last 50 years.

Adra town is situated in the SW of the Almeria province (Southeast of Spain), one of the most hazardous zones of Spain
from the point of view of seismic hazard. Historical seismicity data reveal that Adra was affected by near destructive
earthquakes in 1522 and 1804 (IX maximum intensity, EMS scale) and in 1910 (mb = 6.2). Several small earthquakes (mb
= 5.0) in the south-east of Spain, for example, in 1993, 1994 (with an epicentre near Adra) and in 1999 (with an epicentre
close to Mula, Murcia) reached a VI degree of intensity (EMS scale) and a detailed macroseismic study revealed areas with
different intensities within the most affected towns. In the case of two Adra earthquakes dated 23 December 1993 and 4
January 1994, the most relevant damage in Adra town occurred in reinforced concrete (RC) buildings of four or five storeys
placed on recent alluvial deposits. The other RC buildings only suffered light damage or remained intact, and similar
occurred with brick and masonry structures placed outside alluvial deposits. Furthermore, buildings with the same typology
placed in areas underlain by similar surface geology, showed significant damage differentiation from place to place (some
with moderate damages and others undamaged); the only appreciable difference amongst them was the height of the
buildings (Navarro et al., 2007 [1]).

The current building stock has been classified and the typology definition and fragility functions for physical elements have
been assigned following the SYNER-G project (Pitilakis et al. eds., 2014 [2]). Therefore, 27 model building types have been
chosen to represent the current building stock. A simulation of the ground motion of the 1910 Adra earthquake has been
used as input for structural damage computation using the analytical methodology included in SELENA (Molina et al., 2010
[3]). MASW and SPAC methods were used in order to include the site effects into the expected ground motion.

As a summary, we have obtained that 474 +160 and 973 + 78 buildings will suffer complete and extensive damage
respectively, that is around the 40% of the buildings in the city. Approximately the 55% of the extensive damaged buildings
and the 60% of the completed damaged buildings are reinforced concrete frame buildings with waffled-slabs floor pre-code.
The economic losses in the city will be 43.1+ 8.5 millions Euros. Finally, it has been observed an increase of the extensive
damage in the mid-rise buildings that can be due to a coincidence between the period of the structure and the predominant
period of the soil.

The results will be used in future emergency planning in the city.

Keywords: capacity spectrum method, seismic risk, structural damage, economic losses, predominant period.
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1. Introduction

The town of Adra (Almerfa, Spain) has a population of 20,000 inhabitants and an urban area of 3.00 km?,
approximately. The number of buildings have suffered a significant increase in the last 70 years.

Adra town is situated in the SW of the Almeria province (Southeast of Spain), one of the most hazardous
zones of Spain from the point of view of seismic hazard. Historical seismicity data reveal that Adra was affected
by near destructive earthquakes in 1522 and 1804 (IX maximum intensity, EMS scale) and in 1910 (mb = 6.2).
Several small earthquakes (mb = 5.0) in the south-east of Spain, for example, in 1993, 1994 (with an epicenter
near Adra) and in 1999 (with an epicenter close to Mula, Murcia) reached a VI degree of intensity (EMS scale)
and a detailed macroseismic study revealed areas with different intensities within the most affected towns. In the
case of two Adra earthquakes dated 23 December 1993 and 4 January 1994, the most relevant damage in Adra
town occurred in reinforced concrete (RC) buildings of four or five stories placed on recent alluvial deposits.
The other RC buildings only suffered light damage or remained intact, and similar occurred with brick and
masonry structures placed outside alluvial deposits. Furthermore, buildings with the same typology placed in
areas underlain by similar surface geology, showed significant damage differentiation from place to place (some
with moderate damages and others undamaged); the only appreciable difference amongst them was the height of
the buildings (Navarro et al., 2007 [1]).

The urban area comprises a total of 3558 buildings with different force resisting mechanisms, materials,
heights, etc. The city has been divided in 71 geounits that will be used as reference unit for all the computations.
As a summary 29% of the building stock was built after the first seismic design code (NCSE-94 [4] and NCSE-
02 [5]) and the rest was built without any seismic code or using the firsts normatives (EH-68 [6], PGS-1-1968
[7] or PDS-1-1974 [8]). Regarding the height of the buildings, 3088 have 1 to 3 stories, 479 have 4 to 7 stories
and only 29 building have 8 stories or more. Figure 1 shows an aerial view of the city with the borders of each
geounit. The design of each geounit has also taken into consideration the soil distribution obtained by Martinez-
Pagan et al., (2015) [9] as discussed in the next paragraph.

:

Fig. 1 — Aerial picture of the city of Adra (Almeria) and designed geounits.
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In general, risk is defined as the expected physical damage and the connected losses that are computed from
the convolution of the probability of occurrence of hazardous events and the vulnerability of the exposed
elements to a certain hazard (United Nations Disaster Relief Organization). According to McGuire (2004) [10],
seismic risk entails a set of events (earthquakes likely to happen), the associated consequences (damage and loss
in the broadest sense), and the associated probabilities of occurrence (or exceedance) over a defined time period.

For a deterministic analysis, seismic hazard—the first component—refers to the shaking effects at a
certain site caused by a scenario earthquake. While the term exposure represents the availability and inventory of
buildings, infrastructure facilities and people in the respective study area subjected to a certain seismic event.
Structural (i.e. physical) vulnerability stands for the susceptibility of each individual element (building,
infrastructure, etc.) to suffer damage given the level of earthquake shaking. This results in structural (and non-
structural) damages, which directly implicate economic losses as well as casualties.

Our main objective in this paper is to remark the need for earthquake risk mitigation policies and
emergency preparedness actions in the city in order to manage the seismic risk by providing an updated
computation of the damage and losses scenario due to a possible repetition of the 1910 Adra earthquake.

2. The earthquake scenario.

In Adra town, during 1993 and 1994, small earthquakes took place with a magnitude of 5.0 (Mw). Despite these
earthquakes were moderate, several buildings suffered damage. The local soil conditions influenced the
characteristics of the earthquake-shaking scenarios. In fact, these scenarios played a key role about the type of
building damages reported and their distribution.

Martinez-Pagén et al., (2015) [9] combined Spatial Autocorrelation (SPAC) and Multichannel Analysis of
Surface Waves (MASW) techniques to obtain the detailed surface shear-wave velocity (Vs*) structure of the
town (Figure 2). The north parth of the city shows Vs® higher tan 800 m/s (type A according to EC8). However,
in the south and east of the city the soils are type B2 (360 < Vs* < 500 m/s) and type C (180 < Vs* < 360 m/s).
Finally, in the northwest of the city the soil type is B1 (500 < Vs* < 800 m/s).

Fig. 2 — Soil distribution assigned to each geounit following Martinez-Pagan et al. (2015) [9]
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These seismic results have been applied to simulate the earthquake ground motion scenario corresponding
to the 1910 Adra earthquake (M,, 6.1), which is given in terms of peak ground acceleration (PGA). As the PGA
follows a continuous distribution for all the city, and each geounit has to be assigned one PGA value, we have
used three different seismic scenarios: the mean value for each geounit (with a weight of 0.60) and the minimum
and maximum PGA value for each geounit (with weight of 0.2 and 0.2 respectively). Therefore, our seismic
damage and losses scenario will be computed by means of a logic tree with three branches and the results will be
shown as mean values and corresponding percentiles (Molina et al., 2010 [3]). In Figure 3a we represent the
mean PGA value for each geounit. There are four geounits without any colour because there aren’t buildings in
those geounits, so PGA has not been represented. As we can see nearly the half of the city will be affected by
PGA values between 0.26 and 0.32 g. Besides, Figure 3b shows the mean, maximum and minimum ground
motion for the geounit with the highest PGA value (0.3215 g), using the EC-8 spectral shape (CEN, 2002 [11]).
Besides, in Figure 3b we have also included the spectral acceleration according to the NCSE-02 spectral shape
using the 475 year return period acceleration (PGA of 0.19 g) obtained by 1.G.N (2013) [12] and amplified using
the soil type C.
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Fig. 3 a- Mean PGA assigned to the centroid of Fig. 3 b — Spectral shbalpe o{ th_e gFr_oungd motion for a geounit
each geounit. (blue star in Fig. 3a)

3. Building types in the urban area of Adra.

With the aim of simplifying the seismic risk assessment, the building stock exposed to earthquakes in the city
under study has to be classified into Model Building Types (MBT). Each MBT represents a group of buildings
with similar behaviour under earthquake shaking. The classification has to be detailed, to guarantee realistic
outcomes; as well as generic, to allow the classification of buildings into categories.

Recently, Pitilakis et al., (2014) [2] presented a detailed review of the fragility function in Europe and
their classification using the SYNERG- building taxonomy. Each building typology is defined taking into
consideration the force resisting mechanism (FRM1), the force resisting mechanism material (FRMM1), Plan
(P), Elevation (E), Cladding (C), Detailing (D), Floor System (FS), Roof System (RS), Height Level (HL) and
Code Level (CL).

For the city of Adra we have used the cadastral database obtained from the Spanish Statistic Institute
updated to 2014. This database has been complemented with other databases from previous research projects and
with random field trips around the city. The data first was classified by building age taking into consideration
that the Code Level and force resisting mechanism has evolved with that age. Additionally, the height of the
buildings has been classified as Low (1-2 stories); Mid (3-5 stories) and High (+6 stories) for building without
reinforced concrete frames and Low (1-3 stories), Mid (4-7 stories) and High (+8 stories) for building with
reinforced concrete frame.

Therefore 27 model building types have been defined for the city that has been summarized in Table 1.

4
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Table 1 — Classification of the building stock in Adra town.
Label | Period of | Height Seismic | Description Number of
Construction Design buildings
Level
T1 <1926 1-2 No Code | Old buildings using timber-framed masonry 92
and blocks of rubble/adobe/soft stones.
Floor system uses timber
T2 <1926 1-2 (T2M) No Code | Old buildings using unreinforced masonry 287
3-5 (T2L) of blocks of soft stones or fired bricks.
Floor system uses timber.
T3 1926 to 1945 | 1-2 No Code | Old buildings using brick masonry with 85
wooden slabs and timber floor system.
T4 1926 t0 1945 | 1-2 (T3L) No Code | Old buildings using brick masonry with 44
3-5 (T3M) poor concrete floor system.
T5 1946 to 1960 | 1-2 (T5L) No Code | Buildings using brick masonry with 412
3-5 (T5M) reinforced concrete floor system
T6 1961t0 1976 | 1-2T6 No Code | Buildings using confined masonry with 263
concrete blocks and reinforced concrete
floor systems
T7 1961t0 1976 | 1-3 (T7L) Pre-Code | Reinforced concrete frame structures with 531
4-7 (TTM) embedded or emergent beams
+8 (T7H)
T8 1977101996 | 1-3 (T8L) Pre-Code | Reinforced concrete  structures  with 891
4-7 (T8M) waffled-slabs floor
T9 197710 1996 | 4-7 (T9M) Pre-Code | Reinforced concretes structures  with 85
+8 (T9H) embedded or emergent beams
T10 1997 to 2004 | 1-3 (T10L) Moderate | Reinforced  concrete  structures — with 46
4-7 (T10M) Code waffled-slabs floors
+8 (T10H)
T11 1997 to 2004 | 1-3 (T11L) Moderate | Reinforced concrete structures with flat or 485
4-7 (T11M) Code emergent beams
+8 (T11H)
T12 > 2004 1-3(T12L) Moderate | Mixed masonry-reinforced concrete-steel 135
Code buildings
T13 > 2004 1-3(T13L) Moderate | Reinforced  concrete  structures — with 43
Code waffled-slabs floors
T14 | >2004 1-3 (T14L) Moderate | Reinforced concretes structures with flat 189
4-7 (T14M) Code beams
+8 (T14H)
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The distribution of buildings (hnumber and built area) according to each one of the defined MBT is shown
in Figure 4. As we can see it prevails the unreinforced masonry structures and the reinforced concrete buildings

with waffled-slab floors, designed and built previously to the NCSE-94.
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Fig. 4 — MBT distribution in the city of Adra.

The damage functions (capacity and fragility functions) used in this study were taken mainly from

Lagomarsino and Giovinazzi (2006) [13] and they are presented in Table 2.

The fragility functions defined by the corresponding limit states, Sd, (Median and Beta values in Table 1)

were derived using the lognormal cumulative probability function.

Table 2 — Damage functions for the typologies defined in Adra.
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Capacity Curve

Sd - Slight Sd- Moderate | Sd-Extensive Sd- Complete

Label (m) (m) (m) (m)
Ay(g's) | Dy(m) | Au(g's) | Du(m) | Median | Beta | Median | Beta | Median | Beta | Median | Beta
T1 0.155 | 0.0028 | 0.155 | 0.0111 | 0.00196 | 0.24 | 0.0042 | 0.24 | 0.00695 | 0.24 | 0.0111 | 0.24
T2L | 0.263 | 0.0024 | 0.263 | 0.0124 | 0.00168 | 0.29 | 0.0036 | 0.29 | 0.0074 | 0.29 | 0.0124 | 0.29
T2M | 0.208 | 0.0054 | 0.208 | 0.0187 | 0.00378 | 0.22 | 0.0081 | 0.22 | 0.01205 | 0.22 | 0.0187 | 0.22
T3 0.279 | 0.0028 | 0.279 | 0.014 0.00196 | 0.28 | 0.0042 | 0.28 | 0.0084 | 0.28 | 0.014 0.28
T4L | 0.324 | 0.0036 | 0.324 | 0.0171 | 0.00252 | 0.27 | 0.0054 | 0.27 | 0.01035 | 0.27 | 0.0171 | 0.27
T4M | 0.256 | 0.008 0.256 | 0.026 0.0056 | 0.2 | 0.012 0.2 |0.017 0.2 | 0.026 0.2
T5L | 0.358 | 0.004 0.358 | 0.0236 | 0.0028 | 0.31 | 0.006 0.31 | 0.0138 | 0.31 | 0.0236 | 0.31
T5M | 0.283 | 0.0088 | 0.256 | 0.035 0.0062 | 0.24 | 0.0132 | 0.24 | 0.0219 | 0.24 | 0.0350 | 0.24
T6 0.508 | 0.003 0.508 | 0.0233 | 0.0021 | 0.36 | 0.0045 | 0.36 | 0.01315 | 0.36 | 0.0233 | 0.36
T7/L | 0.24 0.0174 | 0.24 0.0523 | 0.01218 | 0.19 | 0.0261 | 0.19 | 0.03485 | 0.19 | 0.0523 | 0.19
T7/M | 0.143 | 0.0259 | 0.143 | 0.0781 | 0.01813 | 0.19 | 0.03885 | 0.19 | 0.052 0.19 | 0.0781 | 0.19
T7H | 0.083 |0.0352 | 0.083 | 0.106 0.02464 | 0.19 | 0.0528 | 0.19 | 0.0706 | 0.19 | 0.106 0.19
T8L | 0.227 | 0.0108 | 0.227 | 0.0324 | 0.00756 | 0.19 | 0.0162 | 0.19 | 0.0216 | 0.19 | 0.0324 | 0.19
T8M | 0.164 | 0.0168 | 0.164 | 0.0504 | 0.01176 | 0.19 | 0.0252 | 0.19 | 0.0336 | 0.19 | 0.0504 | 0.19
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TOM | 0.19 0.0195 | 0.19 0.0584 | 0.01365 | 0.19 | 0.02925 | 0.19 | 0.03895 | 0.19 | 0.0584 | 0.19

79H 0.134 | 0.0277 | 0.134 | 0.083 0.01939 | 0.19 | 0.04155 | 0.19 | 0.05535 | 0.19 | 0.083 0.19

T10L | 0.426 | 0.0203 | 0.426 | 0.0735 | 0.0142 | 0.22 | 0.0305 | 0.22 | 0.0469 | 0.22 | 0.0735 | 0.22

TOM | 0.282 | 0.0288 | 0.282 | 0.1187 | 0.02016 | 0.25 | 0.0432 | 0.25 | 0.07375 | 0.25 | 0.1187 | 0.25

T10H | 0.187 | 0.0387 | 0.187 | 0.1592 | 0.02709 | 0.25 | 0.05805 | 0.25 | 0.09895 | 0.25 | 0.1592 | 0.25

T11L | 0.54 0.0257 | 0.54 0.082 0.0180 | 0.20 | 0.0386 | 0.20 | 0.0539 | 0.20 | 0.0820 | 0.20

T11M | 0.357 | 0.0365 | 0.357 | 0.1324 | 0.0256 | 0.22 | 0.0548 | 0.22 | 0.0845 | 0.22 | 0.1324 | 0.22

T11H | 0.237 | 0.049 0.237 | 0.1776 | 0.0343 | 0.22 | 0.0735 |0.22 | 0.1133 | 0.22 | 0.1776 | 0.22

T12 0.625 | 0.0297 | 0.625 | 0.095 0.0208 | 0.20 | 0.0446 | 0.20 | 0.0624 | 0.20 | 0.0950 | 0.20

T13 0.401 | 0.0191 | 0.401 | 0.089 0.0169 | 0.25 | 0.0363 | 0.25 | 0.0618 | 0.25 | 0.0994 | 0.25

T14L | 0.508 | 0.0242 | 0.508 | 0.0994 | 0.01694 | 0.25 | 0.0363 | 0.25 | 0.0618 | 0.25 | 0.0994 | 0.25

T14M | 0.286 | 0.0292 | 0.286 | 0.1453 | 0.02044 | 0.28 | 0.0438 | 0.28 | 0.08725 | 0.28 | 0.1453 | 0.28

T14H | 0.189 | 0.0392 | 0.189 | 0.1949 | 0.02744 | 0.28 | 0.0588 | 0.28 | 0.11705 | 0.28 | 0.1949 | 0.28

4. Earthquake loss scenario for the 1910 Adra earthquake

In order to compute the damage probability, the analytical risk and loss assessment tool SELENA was used
(Molina et al., 2010 [3]) using the improved displacement coefficient method I-DCM (ATC, 2005 [14]) to obtain
the performance point.

Figure 6 shows the number of damaged buildings for each one of the MBT (in % of the total number of
that typology). As we can see the non-engineered buildings have a higher vulnerability and therefore the
structural damage is higher. In particular, typology T1, T2 and T5 reach easily the complete damage. Also the
typologies T8, which is one the most numerous reach easily the extensive and complete damage. A similar
behaviour can be seen in typology T7 and T9.

On the other hand, seismic designed structures show a better behaviour showing less damage although
mid and high rise buildings have more extensive damage than low rise buildings.

As a summary, we observe from Figure 7 that 474 £160 and 973 * 78 buildings will suffer complete and
extensive damage respectively that is around the 40% of the buildings in the city. As we can see the number of
damaged buildings is very high and this is probably due to the damage functions used to represent the most
common buildings, that is T8 (Reinforced concrete frames using waffled-slabs floors) and T7 (Reinforced
concrete frames with embedded or emergent beams) and, both pre-code. From the 973 buildings with extensive
damage, approximately the 55% correspond to the typology T8 and 25% to typology T7. Also the 60% of the
complete damaged buildings belongs to typology T8.

Moreno et al. (2010) [15], Vielma et al. (2010) [16] and Vargas et al. (2013) [17] also pointed out that this
waffled-slab floors typology is more vulnerable, so, therefore, special care has to be taken when interpreting
these losses because they are mainly due to these two typologies which, probably, should be better characterized
with more specific damage functions.



uary 9th to 13th 2017

16" World Conference on Earthquake, 16WCEE 2017

NONE

1

SLIGHT MODERATE  EXTENSIVE  COMPLETE
TYPE OF DAMAGE

0

100 100
»n 80 wn 80
(L) ()
= z
g e ET1 g & mT3
o} )
g 40 mT2L g 0 mT4L
< T2M < T4M
R 5 X 20
0 _ 0 i -
NONE SLIGHT MODERATE  EXTENSIVE COMPLETE NONE SLIGHT MODERATE EXTENSIVE COMPLETE
TYPE OF DAMAGE TYPE OF DAMAGE
100 100
«» 80 «» 80
(L) (L)
z z
g & mT5L g 60 mTIL
o] ol
g 20 B T5M g 20 ET7M
2 T6 2 T7H
] 45 I X 20
0 - 0 L -
NONE SLIGHT MODERATE EXTENSIVE COMPLETE NONE SLIGHT MODERATE EXTENSIVE COMPLETE
TYPE OF DAMAGE TYPE OF DAMAGE
100 100
»n 80 «n 80
(U] (L)
=z z
o 60 a 60
= mT8L = HTM
2 2
D 40 2 40
o] HT8M IS B T9H
X 20 X 20 .
. . 0m . — = A B
NONE SLIGHT MODERATE EXTENSIVE COMPLETE NONE SLIGHT MODERATE EXTENSIVE COMPLETE
TYPE OF DAMAGE TYPE OF DAMAGE
100 100
= T10L = T11L
v 80 wn 80
(G} (G}
¢ HT10M g ET11M
g e T10H 8 & T11H
2 2
o 40 o 40
o (@]
X 20 X 20
0 -  — 0 - - J _—
NONE SLIGHT MODERATE EXTENSIVE COMPLETE NONE SLIGHT MODERATE  EXTENSIVE COMPLETE
TYPE OF DAMAGE TYPE OF DAMAGE
100 100
mT14L
» 80 mT12 » 80
(L) (L)
2 2 ET14M
g 6o mT3 g & T14H
2 2
o 40 " 40
o (@]
X 20 X 20
| - R

NONE SLIGHT MODERATE  EXTENSIVE = COMPLETE
TYPE OF DAMAGE

Fig. 5 —Percentage of Damaged Buildings in the city of Adra classified by MBT.
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Fig. 6 — Total number of damaged buildings in the city of Adra

On the other hand, we have quantified the impact of this structural damage in terms of economic losses
and we have estimated around 43.1+ 8.5 millions Euros needed to repair or reconstruct all the damaged
buildings. This estimation has been obtained using the construction value (Vc) criteria (Equation 1) given by the
the cadastral databases:

V¢ (euros/m?) = MBC*OCCUPANCY*QUALITY*YEAR OF CONSTRUCTION 1)

where MBC has a given value for each Spanish city, i.e. 650 euros/m? for Adra, OCCUPANCY ranges from
0.65 to 1.7, i.e. 1.15 for Residential use; QUALITY ranges from 0.60 to 1.40, i.e, 1.20 for medium-high
construction quality; YEAR OF CONSTRUCTION ranges from 1.0, for buildings constructed in the last 5 years
to 0.32 if they were constructed more than 70 years ago.

Therefore, for example, a Residential building (typology T14) constructed in 2014 will have a
construction value Vc= 650 x 1.15 x 1.20 x 1.0 = 897 euros/m?. This value is assumed to be the the cost per
square meter of reconstruction of a complete damaged building. The cost of repair of extensive, moderate and
slight damage will be assumed 50%; 10% and 2% of complete damage (FEMA 2003 [17]). Note that the
economic loss is not including the demolition and/or debris removal cost that will increase this quantity.

In Figure 7 we represent the distribution of economic losses for each geounit as a percentage of the total
economic losses. As a result, we have a view of the impact of the earthquake in each geounit. The most of these
geounits with the higher economic losses have also a predominant period of the soil layer between 0.20 to 0.30 s
which is also the predominant period of the RC buildings with 4 to 7 stories according to Navarro et al. (2007)
[15].
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Fig. 7 — Economic losses distribution for each geounit in the city of Adra.

Finally, if we compare the damage distribution of the seismic series 1993-1994 in the city of Adra (Figure
8), we can see that the damaged buildings in that seismic series are located in the geounits with highest economic
losses, that is, there is good correlation between the scenario computed for the 1910 Adra earthquake with
recently observed damage scenarios.

3 @
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Fig. 8 — Damaged buildings in the city of Adra during the 1993-1994 seismic series (taken from Martinez-Pagan
etal., 2015 [9])

5. Conclusions

From the previous results, the following conclusions can be addressed:

o Soil effect is very important in the city of Adra and a repetition of the 1910 Adra earthquake will affect
the most of the buildings with PGA values higher than 0.26 g, significantly higher than the 0.19 g
predicted by the new seismic hazard map (developed for Spain for a return period of 475 yrs) (I.G.N.,
2013 [12])

10
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o A repetition of the 1910 Adra earthquake will suppose a dramatic impact in the city of Adra due to the
high vulnerability of its current building stock (the most of the buildings are non-engineered ones
constructed without any seismic design criteria)

e From the damage distribution, a relationship between the increase of the extensive damage for mid to high
rise RC buildings and the predominant period of the soil can be established addressing the point that the
new buildings have to try avoid a predominant period closer to the predominant period of the soil

e The most of the damage buildings are unreinforced masonry buldings and reinforced concrete frame pre-
code mainly with waffled-slabs floors.

e The use of a logic tree has allowed to obtain the damage and losses results taking into consideration the
uncertainties of averaging the ground motion for the centroid of each geounit instead of a continuous
distribution.

Finally, taking into consideration that waffled-slab floors structures are predominant in the city an additional
effort has to be given to estimate specific damage functions for this structure in Adra.
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