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Abstract

Introduction: Algeria has experienced numerous destructive earthquakes, resulting in significant loss of human lives,
buildings, and equipment. To mitigate this risk, this study aims to quantify the potential damage to existing strategic
buildings in the city of Constantine, located in the northeast of Algeria. Many of these buildings are old, designed and
constructed during the colonial era before the implementation of the Algerian seismic code. Thus, they are required to be
strengthened and retrofitted. Methods: The LM2 method, defined in RISK-UE (WP4), based on nonlinear static analysis
and spectral response, is used to develop fragility curves. In this context, a structural system mainly consists of moment-
resisting reinforced concrete frames with partial infill walls. In this study, three types of strategic buildings are considered:
low-rise (two stories), mid-rise (four stories), and high-rise (six stories). The current Algerian seismic code RPA99/ version
2003 (MHUV 2003) is used to assess the seismic demand. As a result, capacity curves are developed for two primary
directions: local and global behavior, identified according to the limits specified in FEMA 356/273 and ATC 40. Based on
these results, fragility curves are generated, defining four damage states: slight, moderate, extensive, and complete in

terms of spectral displacement.
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Introduction

Assessing the seismic vulnerability of existing
buildings is a very important field. This issue affects
almost all buildings in Algeria, mainly because they
were constructed during a period when structures
were designed without seismic standards, taking into
account only the impact of vertical loads. Furthermore,
changes in activity, unregulated transformations, lack
of maintenance, and deterioration due to budget cuts
predictably can lead to safety issues in future. Fragility
curves are a very useful tool for mitigating seismic risk.
As a result, defining the response of these structures to
earthquakes is highly complex and depends on several
parameters related to the building’s characteristics
and seismic excitation. In Algeria, the current level
of knowledge regarding the seismic behavior of
buildings is not highly advanced. In this context, our
investigation will focus on developing a methodology
to predict damage, as expressed by fragility curves,
in order to quantify potential damage that is reached
or exceeded. In the field of structural earthquake
engineering, fragility functions can be used to estimate
the probability of occurrence of various damage states
in certain buildings at an observed value of a specified
intensity measure (Foli¢ and Coki¢, 2021). Our case
study is based on three models of the existing strategic
constructions in the city of Constantine, which

is considered the third most important city in Algeria.
The structural system most commonly used at that
time mainly composed of moment-resisting reinforced
concrete frames with partial infill walls. In this study,
three types of strategic buildings are considered: low-
rise (two stories), mid-rise (four stories), and high-rise
(six stories).

Several previous studies conducted by various
researchers considered the important role of fragility
curves as a tool for assessing seismic vulnerability
and expected damage to buildings after an
earthquake. Below are citations from some of them:

In2022, Fikriand Inghaminvestigated the behavior
of non-ductile mid-rise masonry infill buildings in
New Zealand. They used the Incremental Dynamic
Analysis (IDA) method, along with the generation of
fragility curves. The buildings were subjected to both
mainshocks and aftershocks. Fragility curves for four
damage states were determined in order to examine
the failure of buildings constructed before the
introduction of ductility criteria. Buildings were found
to have suffered slight damage from the mainshocks
and severe damage from the aftershocks (Fikri and
Ingham, 2022).

In 2022, Zucconi et al. analyzed the seismic
performance of a reinforced concrete building
designed without any seismic criteria, characterized
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by a seismically-stronger and a seismically-weaker
direction, such as several existing reinforced
concrete-framed structures designed for vertical
load only. Bidirectional ground motions were applied
to the structure. The OpenSees software was used
to create a 3D model, taking into account the joint
deformability of the panels, which enabled the
derivation of fragility curves at various states of
damage corresponding to the European earthquake
standard (Zucconi et al., 2022).

In 2019, Al-Nimry conducted a study on the
seismic fragility of low- and mid-rise RC infilled
frame buildings of 2, 4, and 6 stories in Jordan.
The buildings comprised of stone-concrete infill
panels. Al-Nimry relied on expert reports and
conducted pushover analyses to determine the
capacity response of each modeled building. The
study considered four damage states and defined
corresponding thresholds (Al-Nimry, 2019).

In 2016, Vazurkar and Chaudhari developed
fragility curves for three RC buildings with 3 and 4
stories. The method involved modeling the structures
in SAP 2000 and using pushover analysis and
then utilizing the results for plotting fragility curves,
aiming to reduce seismic risk. The fragility curves
were generated for four damage states considering
spectral displacement (Vazurkar and Chaudhari,
2016).

In 2013, Mehani et al. aimed to develop fragility
curves for existing low-rise and mid-rise RC
buildings in Algeria. They used Japanese Seismic
Index Methodology and characterized the observed
damage states of existing buildings. The study was
based on the designer’s calculation method and the
seismic code applied to four categories of buildings
classified according to their construction period (pre-
1955, during 1956-1980, during 1981-1999, and
post-1999) (Mehani and al., 2013).

The main objective of these previous studies was
to evaluate the effectiveness of the LM2 method
to develop fragility curves, irrespective of research
diversity. The parameters taken into accountincluded
various aspects, such as the typology of case studies,
site characteristics, building construction systems,
construction periods, software used for modeling,
and compliance with seismic codes. Additionally, the
methodology was applied. Despite the differences
among the issues examined, this approach aims to
estimate the probability of damage states and their
corresponding thresholds, whether they are high or
low. Finally, these results were used as preliminary
data sources to assess the seismic vulnerability of
buildings.

Basics of the LM2 method

Nonlinear static analysis

A building’s capacity is represented by a force-
displacement model (Fig. 1). It is obtained by
applying the nonlinear static method, which defines
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Fig. 1. The physical significance of the capacity curve defined by the
base shear force as a function of displacement. (Roy and al., 2007)

the response of the structure when subjected to an
increasing lateral load according to a predefined
model assimilated to a system response. This
response considers a single equivalent degree
of freedom, driven by a single dominant vibration
mode, until it reaches a target displacement (Souki
and Dijebbar, 2014). Additionally, it assesses
the development of damage (Milutinovic and
Trendafiloski, 2003). Bilinearization is used to build
capacity curves, and the model is defined by control
points — yield capacity and ultimate capacity in
accordance with the FEMA 273 guidelines (FEMA
273, 1997).

Creating a capacity curve is the most important
and challenging task, considering factors such as
geometric configuration, material characteristics,
type of construction system, technology used,
and seismic code requirements (Milutinovic and
Trendafiloski, 2003).

Development of fragility curves

Developing fragility curves for structures is based
on analytical studies of structures. Fragility curves
are derived from a resulting function identified in the
damage probability matrix for buildings exceeding
(Psk[Ds>ds|Y=yk]) orbeing (Psk[Ds=ds|Y=yk]) within
a particular damage state threshold (Milutinovic and
Trendafiloski, 2003). This is a function of nonlinear
response, determined by spectral demand or seismic
intensity (Nollet and al., 2009). Damage states can
be classified into four categories: slight, moderate,
extensive, and complete. It is standard practice to
exclude the “D” or “No Damage” state from fragility
curves (Baylon and al., 2023). A fragility curve from
a model is characterized by the median value and
the log-normal standard deviation (8) of seismic
hazard parameter, i.e., the spectral displacement Sd
(Milutinovic and Trendafiloski, 2003):

P[d, /Sd]:({iln[gsd j] (1)

ds d,ds

87



Architecture and Engineering

Volume 9 Issue 2 (2024)

S;: is the spectral displacement (seismic hazard
parameter).

S4.4s- is the median value of spectral displacement
at which the building reaches a certain threshold of
the damage state d, (Milutinovic and Trendafiloski,
2003).

B is the standard deviation of the natural logarithm
of spectral displacement of the damage state d..

@: is the standard normal cumulative distribution
function.

Damage states

The damage probability matrix (DPM) for
systematic damage situations, derived from the
harm caused by a previous earthquake or an
appropriate parametric structural response, is used
to study the expected likelihood of damage occurring
in existing buildings. However, simplified methods
were used to study the damage state thresholds
(dg), which are determined by the capacity curves
calculated from the studied structures. Based on
the fragility curves, specific damage states (ds) are
defined in terms of four categories: slight, moderate,
extensive, and complete. The threshold value (S4)
and the standard deviation () for each damage
state can be determined using the bi-linear spectrum
curve (Barbat and al., 2010; Lantada and al., 2010)
(Fig. 2, Table 1), based on the threshold value of the

Saw b ————— —

Say - ——

Spectral Acceleration (Sa)

I

: =
Sas Sawm S Sae
Spectral Displacement {S¢)

Fig. 2. Threshold values of the damage state as a function
of the bilinear capacity spectrum (Nagashree and al., 2016)

damage state according to the LM2 method of RISK-
UE (Milutinovic and Trendafiloski, 2003).

Methodology guideline

Estimating the probability of damage involves
a series of steps summarized in this guideline:

1. Selecting and identifying buildings, taking into
account their span and number of stories.

2. Defining the behavioral laws of materials
according to the Algerian concrete standard (DTR,
B., 1993), modeled as confined and unconfined
concrete (Mander and al, 1988), with longitudinal
and transverse steel.

3. Modeling the structure in 3D using appropriate
software, considering static loading conditions
including dead and live loads.

4. Defining the seismic demand according to the
Algerian seismic code RPA99/version 2003 (MHUV
2003). It can be expressed by Eq. (2) below:

1.254 1+1(2.5n2—1j 0<T<T;;
T R

2.5n(1 .25A)(Qj T, <T<Ty;
S, R 2)

2/3
g 2.5n(1.25A)[%j(T?2j Ty <T <3.0s;

2/3 5/3
2.51(1.254) Q (i) (QJ T >3.0s,
3 T R
where:

A: the ground acceleration of 0.25 g. The soil
is classified as a firm site (S2) according to the
Algerian seismic code RPA99/version 2003 (MHUV
2003). The vibration periods corresponding to the
horizontal axis as a function of spectral acceleration
are T1=0.15sand T2 = 0.40 s, with R representing
the global behavior factor.

5. The identification of plastic hinges, as
described by an idealized behavioral law and
performance limits outlined in FEMA 356 (FEMA,
2000), applies to composite bending columns and
simple bending beams.

Table 1. Relationship between the threshold (§d) and standard deviation ()

for each damage state

Damage states Median value Standard deviation

Slight Sa; =0.7D, Sy =025+0.07In(p, )

Moderate §d2 =D, S42=02+0.18In(p, )

Extensive Sa; =D, +025(D,-D,) Sq1=0.1+0.41n(p, )

Complete §d4 =D, Sy1=0.15+0.5In(p, )
Where:

Sa : is the median value of spectral displacement, and subscripts 1, 2, 3, and 4 indicate the damage
state: slight, moderate, extensive, and complete, respectively.

Dy . is the yield spectral displacement.
D, . is the ultimate spectral displacement.
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6. The evolution of the capacity curves in the case
studies (force-displacement) progresses differently
along the two primary directions, XX and YY.

7. Converting the demand and capacity curves
into the Acceleration Displacement Response
Spectrum (ADRS) form (Hemsas and Elachachi,
2007), according to the ATC 40 guidelines (Applied
Technology Council, 1996).

8. The bilinear idealization (Fig. 3) of ADRS curves
is characterized by two limit states: Yield and ultimate
(Milutinovic and Trendafiloski, 2003), according to
the FEMA 273 guidelines (FEMA 273, 1997).

9. Overlaying two curves of capacity and
demand to determine the performance point at their
intersection (Fig. 4).

10. The evolution of the fragility curve is based
on the shape of the log-normal probability of
predicted damage in terms of spectral displacement.
Damage states are categorized as slight, moderate,
extensive, and complete.

11. Estimating the probabilities of damage for
each potential damage state described for a given
performance point according to the appropriate
fragility model (Fig. 5).
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Fig. 3. Capacity curve in ADRS format (Mouroux and al., 2021)
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Fig. 4. Determination of the performance point (Mouroux and al,
2021)

PlSlight]

£ | PlModerate]

. Re—PlComplete]
0.05 0.1 015 02 0.35 0.3
Spectral displacement {m)

Fig. 5. Probability for each damage state as a function
of spectral displacement (Barbat et al, 2012)

Analytical modeling

This paper presents the development of fragility
curves using the LM2 method described in RISK-
UE (Milutinovic and Trendafiloski, 2003), using two
sets of functions: capacity and building demand.
The structural system of the models consists of
frame-type structures with partial infill walls, applied
to three types of existing strategic reinforced
concrete buildings. The buildings were constructed
between 1980 and 2008 in accordance with Algerian
regulations and are therefore classified as having low
code compliance. The models are low-, medium-,
and high-rise, with 2, 4, and 6 stories, respectively.
Each model is characterized by a different number
of stories. The design of these buildings considering
the response spectrum was numerically modeled in
three dimensions using ETABS version 9.7.2 and
SAP 2000 version 2014 to calculate plastic hinges.
The structures were designed to withstand dead
and live loads, as well as seismic forces, based on
the response spectrum of zone lla, group 1A, and
design acceleration of 0.25 g in accordance with
RPA99/version 2003 (MHUV 2003). The modeling
of buildings depends on various parameters related
to the structural design and seismic excitation,
considering geometric sizes, material properties,
and reinforcement of structural elements according
to load guidelines (DTR, B. C. 2.2, 1988). It is
worth noting that the lateral resistance systems of
the three models differ: model 1 features external
walls and internal partitions made of brick, model 2
incorporates filled hollow bricks in masonry, while
model 3 uses external walls made of concrete
blocks. The modeled structures are shown in Fig. 6.

The following Tables 2 and 3 summarize all the
parameters mentioned above.

The simultaneous effects of gravity and lateral
loads are typically included in the nonlinear analysis
of structures (Al-Nimry, 2019). Therefore, a triangular
loading model is employed to account for lateral
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Fig. 6. Representative building structure models

Table 2. Geometric and structural characteristics of different buildings

(50x90) cm?8¢16 + 10416
Edge
(35x55) cm?8¢16 + 414

(35x55) cm28¢16 + 4914
Edge

(35x55) cm? 816 + 4914
Center

(35x55) cm?8¢p16 + 4914

Model 3 Model 2 Model 1 Model characteristics
6 4 2 No. of stories
Story ‘1’ Story ‘1’ Stories ‘1, 2’ Height
H=3.45m H=4.36m H=3.5m of stories
Stories ,2, 3,4, 5, 6’ Stories ,2, 3, 4’
H=355m H=3.6m
817.0675 m? 456.705 m? Floor area (m?)
Built in the 1980s Built in 2008 Built in 2000 Period of construction
Hospital administrative and | Administrative unit of the Surgical clinic of the Location
medical unit government building, Daksi | children’s hospital, El
El Khroub Mansourah
Hollow concrete block, Hollow concrete block, Full slab, thickness: 20 cm | Floor type
thickness: 20 + 5 cm thickness: 16 + 4 cm
Corner Corner Corner Columns

(30x45) cm? 6¢14 + 212
Edge

(30x45) cm?6¢14 + 2912
Center

(30x45) cm? 6414 + 2¢12

(dimensions, reinforcement)

Principal
(50x75) cm?
8¢14 + 6612
Chainage
(50x75) cm?
8¢14 + 6612

Principal
(35x55) cm?
6¢14 +2¢10
Chainage type 1
(35x40) cm?
6¢12 +2¢10
Chainage type 2
(35x75) cm?
6p14 + 4612

Corner (30x45) cm?
6010 + 2012
Center

(30x45) cm?

6010 + 2012

Beams
(dimensions, reinforcement)
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Table 3. Characteristics of concrete
and steel materials

Steel Concrete cﬁﬁ:ﬁ?;tlfs
- 20 MPa Compressive
strength
21E+5 (MPa) [29,858.594 (MPa) | Modulus
of elasticity
0.002 0.002 Elastic strain
0.01 0.0035 Ultimate strain
- 15 cm Spacing of
confinement
78 (kN/m3) 25 (kN/m3) Unit weight
400 MPa (HD) - Yield strength
400 MPa - Ultimate strength

forces, considering (G + bQ), and an additional
vertical force due to the structure’s weight defined
by the combination (G + Q). The behavioral law
of a plastic hinge for composite bending columns
and simple bending beams is described using the
Section Designer calculation of SAP 2000 software
version 2014 and is idealized in two parts. The first
part is limited by the initial yield, which involves the
appearance of cracking in the concrete and the initial
softening of the steel. The second part is limited by
the point of maximum strength and deformation
(Souki and djebbar, 2014). Additionally, the shear
capacity of columns and beams is considered,
including axial force from the vertical load, shear
strength, and flexural strength, which are indicated
in Eq. (3) (Waenpracha et al., 2023).

Lp =0.08Ly, +0.022,dy, (3)

L, : shear length.

L,: plastic hinge length.

d,. diameter of the longitudinal rebar.

f: yield strength of the longitudinal rebar.

This is recorded as the extent of the plastic
hinge (Park et al., 1982). It was developed based on
experimental findings from specimens of reinforced

Marment A
‘C,D,E (MU=M!‘HGX)
Mu=Mmax !
B CF
My LS
10
>
A Ry Ru Raotation

concrete with well-detailed plastic hinge regions
consisting of deformed reinforcing bars (Souki
and Djebbar, 2014). The details of the previously
established plastic hinge law are shown in Fig. 7.

Results and discussion

The analysis of different structures using the
nonlinear static procedure, more commonly known as
pushover analysis, provided us with capacity curves.
These curves were obtained for the two considered
directions (XX) and (YY) for each model (Fig. 8).

Following the analysis of the capacity curves
beyond the elastic range and considering the
development of plastic hinges from their appearance
in any structural element up to a certain level of
damage, their characteristics include resistance
to bending and deformation capacity. They are
influenced by several factors such as the intensity of
the normal force, the volumetric ratio of transverse
reinforcement, the longitudinal reinforcement ratio,
and the material behavior laws applied. In general,
their properties are determined by the nature,
typology, and geometry of the structures.

The base shear capacity obtained in model 3
is twice as high as that obtained in models 1 and
2 in both directions XX and YY. However, the
displacements recorded in model 1 are higher than
those obtained in models 2 and 3, with variations
ranging from 18 to 31 % in the YY direction and
30 % in the XX direction.

This implies that building model 3 demonstrates
the greatest capacity to resist lateral loads in both
directions compared to building models 1 and 2.
Conversely, model 1 exhibits the lowest capacity to
resist lateral loads in both directions. Additionally,
it undergoes greater displacement and experiences
higher energy dissipation compared to models 2
and 3. This suggests that model 3 is more rigid
and resistant, whereas model 1 offers significant
ductility and flexibility, enabling it to endure greater
deformations before failure. Physically, these
differences could be attributed to various factors
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Fig. 7. Simplified plastic hinge law and capacity curve
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Fig. 8. Capacity curves of low-, mid- and high-rise buildings in the XX and YY directions

such as building geometry, mass distribution, and the
stiffness of structural elements. Model 3 has more
favorable geometry, optimized mass distribution, and
stiffer structural elements, contributing to its higher
capacity and lower displacement under lateral loads.
Conversely, model 1 has smaller geometry, mass,
and structural elements, which result in lower capacity
and greater displacement under lateral loads.

The real behavior laws were converted into curves
in the form of ADRS (acceleration displacement
response spectrum) in accordance with the ATC-
40 guide (Applied Technology Council, 1996). The
curves are idealized in a bilinear form, taking into

92

account the limits established by the FEMA 356
guide (FEMA, 2000). Finally, the results of the two
boundary states, elastic and ultimate, of spectral
acceleration and displacement, as well as the mean
value and standard deviation S, and S, of each
damage state, are summarized in Table 4.

The fragility curves were determined by the
log-normal standard deviation (8) and the median
value (Sg), which are influenced by spectral
displacement S (Fig. 9).

The results indicate that incorporating three-
dimensional structural modeling and considering bi-
directional ground motion are fundamental aspects
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Table 4. Damage states with considered yield and ultimate points

Yield Ultimate Damage state thresholds
Building models point point _ _(spectral dlsplafement in cm) _
SAy SDy |SAu (SDu Sa g1 Sy B2 Sy B3 Sy B4
(%g) [(cm) [(%g) |[(cm) ! 2 3 4
Model ‘1’ xx 0.12 1.37 0.13 4.25 0.95 0.32 1.37 0.40 2.09 0.55 4.25 0.71
Model ‘2" xx 0.12 2.00 0.14 11.4 1.40 0.37 2.00 0.51 4.35 0.79 1.4 1.02
Model ‘3’ xx 0.13 1.16 0.16 7.89 0.81 0.38 1.16 0.54 2.84 0.86 7.89 1.10
Model ‘1’ yy 0.18 1.10 0.19 8.28 0.75 0.39 1.08 0.56 2.88 0.91 8.28 1.16
Model 2’ yy 0.15 4.29 0.16 9.20 3.00 0.36 |4.29 0.48 5.51 0.73 9.20 0.94
Model ‘3’ yy 0.18 1.80 0.21 6.60 1.26 0.34 1.80 0.43 3.00 0.61 6.60 0.79
Fragility curves of building model 1 in XX direction Fragility curves of buildingmodel 1 in YY direction
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Fig. 9. Fragility curves for RC building models in the XX and YY directions

93



Architecture and Engineering

Volume 9 Issue 2 (2024)

Modell
go,s n B Model2
9 Model3
(5]
£06 — — — —
o
g
504 (— — — N
©
S
£
So2 - - - I -
0 T T T 1
Slight Moderate Extensive Complete

Damage estimation process in xx direction

Fig. 10. Damage probability evaluation for RC building models in
the XX direction

in analyzing fragility curves. Specifically, the findings
highlight that fragility curves show a steeper incline for
the “slight” and “moderate” damage thresholds in both
the XX and YY directions across all three examined
models. This suggests that models 1, 2, and 3 are
more susceptible to fragility and vulnerability in both
orientations. Furthermore, this structural behavior is
confirmed in Table 4, which reveals that the median
values of the fragility curves are consistently lower
in both directions and for both damage thresholds,
“slight” and “moderate”, regardless of the model under
consideration. Conversely, the fragility curves for the
“extensive” and “complete” damage states illustrate
reduced vulnerability of the structures. This is supported
by the slight upward trend observed in the fragility
curves, aligning with higher median values across all
three models and in both directions analyzed.

The results of the damage probability evaluation
for each damage state in the XX and YY directions
for the studied buildings are shown in Figs. 10 and
11, respectively.

The main objective of this study was to assess the
seismic vulnerability of structures by calibrating the
fragility curves using the LM2 method, as outlined in
RISK-UE. Significant emphasis was placed on the
structural modeling of the analyzed models, as well
as on characterizing seismic inputs and identifying
damage state thresholds. Ultimately, the results of
the probability of damage states estimated from the
analysis of the fragility curves of the examined buildings
indicate higher vulnerability, primarily observed in
most models for slight and moderate damage states
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Fig. 11. Damage probability evaluation for RC building models
in the YY direction

in both the XX and YY directions. Conversely, for
extensive and complete damage states, vulnerability
is comparatively lower and more restrictive, which is
particularly evident in model 2 in the YY direction.

Conclusion

This paper discusses the application of the
concepts of the LM2 method, as described in
RISK-UE, for the development of fragility curves
for existing strategic reinforced concrete buildings,
using the nonlinear static analysis approach, which
is a function of spectral displacement or seismic
earthquake parameters. The pushover analysis
demonstrates the true behavior of the structure
and enables the estimation of various resistance
and displacement characteristics. It also facilitates
specifying the level of damage assessment
and deducing the degree of ductility. This study
contributes to assessing the seismic vulnerability
of strategic buildings in major Algerian cities,
focusing on Constantine, the eastern capital, with
the aim of mitigating seismic risks. Furthermore,
it aims to review and improve various earthquake
regulations and seismic rules. The findings from
the fragility curve analysis provide a broader vision
and perspective for a more precise understanding
of Algeria’s seismic risk. The fragility curve is
considered an excellent source for preliminary
seismic analysis to assess the level of seismic
vulnerability, as well as for upgrading and retrofitting
existing buildings in Algeria. In future research, our
goal will be to study other constructions involving
shear walls and dual systems.
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AHHoOTauunA

BBepneHue: Armkvup nepexunn MHOXECTBO paspyLUUTENbHbIX 3EMIIETPACEHUN, NPUBEALUNX K 3HAYUTENMbHBLIM
YerioBEYECKUM KepTBaM, paspylleHusM 3gaHun u obopymoBaHus. Llemb pgaHHoro uccnepgoBaHus —
KONMMYecTBEHHas OLEHKa MoTeHuManbHoro yuiepba CyLlecTByOLWMX CTpaTerMyeckux 3gaHvui B ropoge
KoHcTaHT1Ha, pacnonoXeHHOM Ha CeBEePO-BOCTOKE ArXuMpa, C TeM YTOObl MUHMMM3NPOBATbL CEACMUYECKUN
puck. MHorve 13 aTnx 34aHuin — ctapble, CNPOEKTUPOBaHbI Y MOCTPOEHbI B KONTOHMAbHYIO 3M0XY, 40 BBEAEHUS
B OENCTBME aIMKMPCKUX CENCMMYECKUX HOpM. [1o3aTomMy MX HeobXoaMMO YKpenuTb U MOOEPHU3NPOBATH.
MeTopabl: [1nsi NOCTPOEHMs KpMBBIX XPYNKOCTM ncnonb3yeTtca metod LM2, onpegenexHbii B RISK-UE (WP4),
KOTOpbI OCHOBaH Ha HENMMHENHOM CTATMYECKOM aHanu3e W CrekTpanbHOM OTKMMKe. B 3TOM KOHTekcTe
KOHCTPYKTMBHasi CMCTEMA COCTOUT B OCHOBHOM M3 >XECTKMX XENne3o0eTOHHbIX KapKacoB C HEMOSHbIM
CTEHOBbIM 3arnornHeHveM. B gaHHOM vccnemoBaHMM paccMaTpuBalOTCS TpU TuMa CTpaTerMvyeckux 34aHuN:
ManosaTaxHble (OBa 3Taxa), CpedHeaTaXHble (YeTbipe dTaxa) U BbICOTHbIE (LWecTb aTaxen). [Ona oueHKu
cencMmyeckmx TpeboBaHMIM UCMONb3YTCA AECTBYOLLME amknpckue cencmmuydeckne Hopmbl (RPA99 Bepcum
2003 roga). B pe3ynbrare NOCTPOEHbI KpUBbIE MPOYHOCTY AMst ABYX OCHOBHbIX HanpaBeHui, ToKanbHoro u
rnmo6anbHOro NoBeAEeHUs, KOTOpbIE ONPenensitoTCs B COOTBETCTBMU C OFPaHUYEHUSIMU, yKasaHHbiMU B FEMA
356/273 n ATC 40. Ha ocHoBe 3TuX pe3ynbraTtoB MOCTPOEHbI KPUBLIE XPYMKOCTU, ONpeaensiolme YeTbipe
COCTOSIHVS Pa3pyLUEHUS: HE3HAYMTENbHOE, YMEPEHHOE, ODLUMPHOE M MOMHOE C TOYKM 3PEHUsT CMEKTpPanbHOro
nepemMeLLeHusl.

KntoueBble crioBa: KpuvBble XPYNKOCTU; COCTOsIHWE paspylueHus; mMetod LM2; HenmMHenHbIn cTtaTuyeckui
aHanus; »xenes3obeToHHOe 3aaHune.
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