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Abstract: Due to the paucity of studies regarding the seismic assessment of buildings in Brazil, this study 
aims to present and discuss a seismic reliability assessment of a reinforced concrete framed structure designed 
according to the Brazilian standard ABNT NBR 6118:2014 without the consideration of the seismic design 
requirements of ABNT NBR 15421:2006. Herein, fragility functions are generated through probabilistic 
seismic demand analysis, and integrated with hazard curves for Northeastern Brazil to generate regional 
failure probability maps for three limit-states: Immediate Occupancy (IO), Life Safety (LS), and Collapse 
Prevention (CP). The results indicated that the building performance is adequate for IO; however, for LS and 
CP, an unacceptable performance is observed. 

Keywords: reinforced concrete, earthquakes, fragility functions, reliability. 

Resumo: Diante da escassez de estudos sobre a avaliação sísmica de edificações brasileiras, esse estudo tem 
como objetivo apresentar e discutir a avaliação da confiabilidade sísmica de um pórtico de concreto armado 
dimensionado de acordo com a ABNT NBR 6118:2014 sem a consideração do dimensionamento sísmico 
prescrito pela ABNT NBR 15421:2006. Neste trabalho, funções de fragilidade são geradas através de análises 
probabilísticas de demanda sísmica e integradas com curvas de ameaça sísmica da região Nordeste do Brasil 
para gerar mapas regionais de probabilidade de falha para três estados limites: Ocupação Imediata (IO), 
Segurança à Vida (LS) e Prevenção ao Colapso (CP). Os resultados indicam que o desempenho da edificação 
é adequado para IO, mas para LS e CP, um desempenho inaceitável é observado. 
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1 INTRODUCTION 

Brazil is located in a stable mid-plate South America region. The country, however, presents a considerable history 
of small-to-moderate earthquakes (Berrocal et al. [1], Assumpção et al. [2]). According to [2], in Brazil, moment 
magnitude (M) 5.0 events occur on average every five years, whereas M6.0 events are expected on average every 
50 years. Since seismic risk is a combination of seismic hazard, exposure and structures’ vulnerability, and although 
strong earthquakes are not expected or less frequent, if buildings are not properly detailed and designed to withstand 
seismic loads, high losses due to small-to-moderate events may be expected. For instance, Nievas et al. [3] present an 
extensive database of events worldwide with M from 4.0 to 5.5 for which damage and/or casualties have been reported. 
It also has to be highlighted damaging events that have occurred in Brazil, e.g., the João Câmara earthquake in Rio 
Grande do Norte state and the Itacarambi earthquake in Minas Gerais state ([2], Takeya et al. [4]); the latter causing the 
first reported fatal victim due to earthquakes in Brazil. 

However, the first earthquake-resistant structural design code for buildings in Brazil, ABNT NBR 15421:2006 [5], 
was published only in 2006. However, modern ductile design principles, such as capacity-based design and special 
detailing rules (see Fardis [6]), were not included in the code. Before 2006, seismic loads have been traditionally 
considered only in special structures such as nuclear power plants (Santos and Lima [7]). A survey conducted by 
Miranda et al. [8] indicates that, even after ABNT NBR 15421:2006, seismic design may not have been properly 
considered by engineers for several reasons such as the lack of studies showing its importance. Moreover, the 
inconsistencies in the provisioned design acceleration map zones outlined by recent preliminary maps and some 
researchers ([2], Lopes and Nunes [9], Dourado [10], Petersen et al. [11], Nóbrega et al. [12]), as well as the possibility 
of induced earthquake events (Barros et al. [13], Silva et al. [14]), indicate that buildings in some regions may 
experience ground motions intensities higher than they were designed for. 

Despite the possibility of potentially damaging earthquakes in Brazil, studies regarding the seismic assessment of 
the buildings in the country are still scarce. Structural seismic performance, as well as the adequacy of code provisions, 
can be assessed by means of reliability analyses using fragility functions (FF) and hazard curves. The former depicts 
the conditional probability that a structure will exceed a limit-state for various levels of ground shaking represented by 
an intensity measure (IM) (Siqueira et al. [15]), whereas the latter depicts the mean annual frequency of exceedance of 
the IM levels for the structure’s site (McGuire [16]); both concepts are present in the performance-based earthquake 
engineering context and can be used to assess the failure probability of a structure during its lifetime (Krawinkler [17]). 

Fragility functions can be empirical-based or analytical-based. The empirical-based FF can be derived using past 
earthquake survey damage reports, whereas the analytical-based FF are obtained through numerical analyses, especially 
for low seismic activity regions [15], e.g., Brazil, where field data of earthquakes is insufficient. Hazard curves are 
derived through probabilistic seismic hazard analysis (PSHA) of a specific region or site [16]. While there are a few 
PSHA studies for Brazil ([2], [10], [11], Souza et al. [18], Almeida et al. [19], Borges et al. [20], Alves [21], 
Nóbrega et al. [22]), studies focusing on fragility functions are currently lacking, as can be observed in the database 
presented in Silva et al. [23], although several were conducted worldwide (Ramamoorthy et al. [24], 
Ellingwood et al. [25], Ramamoorthy et al. [26], Kappos and Panagopoulos [27], Rajeev and Tesfamariam [28], 
Jeon et al. [29], Amirsaradi et al [30]). 

This study aims to develop fragility functions for a reinforced concrete (RC) framed structure designed according 
to the Brazilian code ABNT NBR 6118:2014 [31] but with no earthquake resistant design, and perform its reliability 
assessment. Non-linear dynamic analyses using ground motion records are performed on finite element models of the 
RC structure to estimate the seismic demand. Fragility functions are then generated, and the failure probability for three 
limit states in a 50-year period is assessed by their convolution with seismic hazard curves for Northeastern Brazil. The 
results provide insight on the adequacy of the analyzed building in different locations through a regional failure 
probability map. 

2 RELIABILITY ANALYSIS AND FRAGILITY FUNCTIONS METHODOLOGY 

Within the framework of the performance-based earthquake engineering, structural performance can be defined as 
the probability that the seismic demand (D) on a structural system exceeds its structural capacity (C) 
(Cornell et al. [32]), which can also be stated in terms of fragility functions for several levels of ground motions 
intensity measure (IM). Both D and C inherently follow a distribution function due to uncertainties in ground motions 
characteristics (i.e., record-to-record variability), in material properties, geometry, construction quality, and modelling 
issues [26]; and, therefore, a probabilistic approach is required. Under the common assumption that the demand, the 
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capacity, and the fragility function follow lognormal distributions, the structural fragility of a system can be computed 
in a closed-form expression as follows (Equation 1): 
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Where Φ is the standard normal cumulative distribution function; SD and σD|IM are the median and logarithmic 
dispersion of the seismic demand, respectively; SC and σC are the capacity’s median and dispersion, respectively; and 
σM represents the uncertainty in modelling the structural, e.g., non-simulated collapse modes. Note that the dispersion 
σ may also be referred as β in the literature, but herein we adopted σ to avoid confusion with the reliability index symbol 
(discussed later in this section). 

The probabilistic parameters of the demand (SD and σD|IM) are obtained by means of a cloud analysis 
(Jalayer et al. [33]), which consists in performing non-linear dynamic analyses using unscaled ground motion records 
on numerical models of the structure. Each model is generated considering materials and system’s properties as random 
variables, whose values are sampled from their distribution using Latin Hypercube Sampling (McKay et al. [34]), and 
is randomly paired with each ground motion, as performed by Celik and Ellingwood [35]. The adopted random variables 
are indicated in Table 1: concrete strength (fc), yield strength of longitudinal reinforcement (fy), yield strength of 
transverse reinforcement (fyw), modulus of elasticity of reinforcement (Es), and damping ratio (ζ). The values in Table 1 
should not be confused with the parameters used in design that consider characteristic values of materials strength 
and/or adopt code-prescribed values. 

Table 1. Random variables adopted. 

Determination Distribution Mean Coefficient of variation Reference 
fc (MPa) Normal 33.01 0.15 Nogueira [36] 
fy (MPa) Normal 576.00 0.08 Nogueira [36] 
fyw (MPa) Normal 690.93 0.08 Nogueira [36] 
Es (GPa) Normal 201.00 0.033 Mirza and MacGregor[37] 

ζ Log-normal 0.042 0.76 Healey et al. [38] 

The maximum structural demand and the intensity measure of each simulation are related through a linear regression 
in the logarithmic space to determine the Probabilistic Seismic Demand Model (PSDM); that is, SD and σD|IM. 
Based on [32], the relation between SD and IM is assumed to follow the power law in Equation 2, which can be restated 
in the logarithmic space through Equation 3. The coefficients a and b are obtained directly from the linear regression, 
whereas σD|IM is obtained by Equation 4, where N is the number of simulations and di is the maximum demand on the 
structure. 
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Herein, the spectral acceleration fixed at the 1s period, Sa(T = 1s), is adopted as the intensity measure (IM). It is chosen 
because there are large scale seismic hazard studies for South America using this IM [11], from which we can obtain the 
hazard curves. Moreover, the authors evaluated other two IM available from the hazard curves by [11]: peak ground 
acceleration and spectral acceleration fixed at the 0.2s period; both performed poorer than the adopted IM considering the 
proficiency and the sufficiency criteria described in Padgett et al. [39] and in Du et al. [40], thereby were excluded. 

Ground motion records are applied in both orthogonal horizontal directions of the numerical model, therefore the 
geometric mean of the two orthogonal components is used as IM (Baker and Cornell [41]). The demand on the structure is 
measured by the inter-story drift ratio (IDR) observed during analysis among all floors, since it is well related to structural 
damage and have also been adopted by several researchers and design standards ([24], [25], Whittaker et al. [42]). IDR is 
defined by the relative displacements between floors divided by the floor height; the maximum IDR value observed among 
all floors in the analysis represents the seismic demand. 

The structural capacity (C) can be defined as the maximum response that a structure can withstand without reaching a 
limit state (Wen et al. [43]). Three limit states are considered: Immediate Occupancy (IO), Life Safety (LS) and Collapse 
Prevention (CP). These limit states are qualitatively described in terms of building performance and functionality by 
ASCE/SEI 41-17 [44] (Table 2), in which the damage pattern observed depicts consequences that are readily identifiable in 
post-earthquake situations, and are meaningful to society. In addition, they have been widely adopted by researchers; thus, 
their use herein facilitates further comparisons with other works [35]. Other limit states related to structural and nonstructural 
damage, repairment measures and down-time can be found elsewhere ([24], FEMA P-58-1 [45], HAZUS MH-R1 [46]). 

Table 2. Qualitative description of the limit states. 

Limit state Description 

Immediate Occupancy (IO) 
No permanent drift. Structure substantially retains its original strength and stiffness. Equipment and contents are 
generally secure but might not operate due to mechanical failure or lack of utilities. Some cracking of facades, 

partitions, and ceilings. Elevators can be restarted. Fire protection operable. Continued occupancy likely. 

Life Safety (LS) 
Some residual strength and stiffness left in all stories. Gravity-load-bearing elements function. Building might 
not be economical to repair. Falling hazards, such as parapets, mitigated, but many architectural, mechanical, 

and electrical systems are damaged. Continued occupancy might not be likely before repair. 

Collapse Prevention (CP) 
Small residual stiffness and strength to resist lateral loads, but gravity load-bearing columns function. Large 

permanent drifts. Some exits blocked. Extensive damage to nonstructural components. Infills and parapets failed 
or at incipient failure. Building is near collapse in aftershocks and should not continue to be occupied. 

Values of SC for IO, LS and CP are adopted as 0.5%, 1.0% and 2.0%, according to [24]. The same value of 0.3 is 
assumed for σC for all limit states, and also for σM, as suggested by [43]. One should note that adopting the same σC for 
all limit states is a simplification, since higher limit states present a greater uncertainty due to the complexity of 
structural behavior with the failure approximation (Tavares et al. [47]). 

The fragility function and its lognormal parameters can then be determined from Equation 5 following a substitution 
of the linear regression parameters (see Equation 3). The values of θ and σ in Equations 6 and Equation 7 are the 
fragility functions’ median and dispersion, respectively. 

( ) ( ) ( )

2 2 2
|

ln
ln  

[ | ]

C

D IM C M

S ln a
IM

bP LS IM

b

σ σ σ

 
− − 

= Φ  
 + +
 
  

  (5) 

( ) ( )ln ln
exp CS a

b
θ

 −
 =  
 

  (6) 

2 2 2
|D IM C M

b

σ σ σ
σ

+ +
=   (7) 



E. M. V. Pereira, G. H. F. Cavalcante, I. D. Rodrigues, L. C. M. Vieira Júnior, and G. H. Siqueira 

Rev. IBRACON Estrut. Mater., vol. 15, no. 1, e15110, 2022 5/13 

Once the fragility functions are defined, the mean annual frequency of exceedance of the limit state i (λi) is computed 
using the basic reliability theorem in Equation 8 (Melchers and Beck [48]), where Fc(IM) is the fragility function and 
fd(IM) is the derivative of a hazard curve. The annual probability of failure (pf) over a period of time t is determined 
according to Equation 9, and the Reliability Index (β) according to Equation 10. The obtained values of pf and β can be 
compared to prescribed acceptance criteria found in literature or codes to check if the structural safety is adequate or 
not. A summary of the methodology is presented in Figure 1. 

( ) ( ),i C i d

IM

F IM f IM dIMλ = ∫   (8) 

1 t
fp e λ− ⋅= −   (9) 

( )1  fpβ −=−Φ   (10) 

The hazard curves developed by [11] are adopted herein, because they are publicly available for several geographic 
coordinates in South America, and ready for use in engineering applications, unlike the results of other hazard studies in 
Brazil. A class D soil is considered in this study; therefore, the accelerations must be amplified, because the reference soil 
in [11] is the limit between classes B and C. The soil amplification factors of ASCE/SEI 7-16 [49] are used for this, since the 
reference soil is the same. The hazard curves and the generated fragility functions paper are applied in Equation 8 to estimate 
the failure probability of the RC building at a regional scale in Northeastern Brazil, selected due to the relatively higher 
seismicity of this region. Maps of the estimated failure probability for the three limit states are generated to depict where the 
structure would experience unacceptable performance according to the criteria reported in the literature. 

 
Figure 1. Summary of analytical seismic fragility and reliability analysis methodology. 

Herein, the β values adopted by Priyadarshini et al. [50] are selected to evaluate the adequacy of the analyzed structure 
for each limit state (Table 3). These values are somewhat consistent and less conservative than the ones proposed by the 
Probabilistic Model Code [51] and ISO 2394 [52]. Regarding Collapse Prevention, they are more conservative than the one 
required by [49] (i.e., pf of 1% in 50 years), but less conservative than other values used to generate seismic design maps in 
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other countries (see Silva et al. [53]). Accordingly, the selected values represent a compromise between the less and more 
restrictive criteria found in the literature. The acceptable reliability depends on the consequences of failures and the cost of 
mitigating measures, as well as any other variables that somehow affect society, consequently the required reliability for 
hospitals or taller buildings, for example, should be more stringent. The values of pf (t = 50 years) in Table 3 are used 
afterwards to verify if the expected seismic performance of the building described in the next section is adequate or not. 

Table 3. Acceptance criteria in terms of annual failure probability (pf) and reliability index (β) for each limit state. 

Limit state β (t = 1 year) pf (t = 1 year) pf (t = 50 year) 

IO 2.5 0.0062 0.2666 

LS 3.0 0.0013 0.0629 

CP 4.0 3.167 510⋅  0.0016 

2.1 Reinforced concrete building design 
A symmetrical three-story three-bay 3D RC frame designed according to ABNT NBR 6118:2014 [31] is analyzed. A low-

rise building is assessed because this typology is common in the Brazilian context (e.g., [14]), and tends to be more critical for 
seismic loads. Taller buildings have some inherent strength already provided by the wind load design, and are generally subjected 
to lower seismic loads due to the higher period of vibration. The elements’ cross-section and the building’s dimensions (Figure 2) 
are not necessarily representative of a specific building class in Brazil, since this definition would require an in-depth statistical 
study of several real buildings, which it is out of the scope of this paper; however, the adopted characteristics are enough to 
provide an overview of the expected seismic performance of low-rise frames. The number of bays has minor influence on the 
dynamic response of RC frames (Gkimprixis et al. [54]), hence three bays are assumed. Future studies should focus on other type 
of structures with different designs, and the consideration of masonry infills and soil-structure interaction. 

The structure is for residential use, designed considering wind (30m/s basic speed) and out-of-plumbness as lateral 
loads, presents a C25 concrete class, and CA-50 and CA-60 steel reinforcement. No seismic provisions were considered, 
as it is the purpose of this work. Details concerning the elements’ cross-section and the floor plan dimension are 
presented in Figure 2. All columns present 4Ø10.0mm as longitudinal reinforcement, equivalent to a 0.50% 
reinforcement ratio, and Ø5.0mm stirrups every 12 cm as transverse reinforcement. For beams, the longitudinal 
reinforcement ratio ranges from 0.42% to 1.28% depending on the beam and the section’s position in the span, and the 
shear design resulted in the minimum shear reinforcement ratio required by the code. 

 
Figure 2. Designed floor plan, dimensions (in centimeters), and structural elements (not in scale). 
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2.2 Numerical model 
Three-dimensional finite element models of the framed structure are generated in OpenSees (McKenna et al. [55]) 

(Figure 3). Reinforced concrete elements are modelled with displacement beam-column elements with spread plasticity 
and fiber sections; each beam and column with five and three finite elements, respectively. This modelling approach 
enables one to consider the confined concrete section core and unconfined concrete cover, as well as the longitudinal 
reinforcement, and the effect of physical non-linearities along the elements’ length. Vertical loads are uniformly 
distributed along beams and calculated according to the tributary area considering the combination 1.1(D + 0.25L), as 
per [44], where D and L are the dead loads and live loads, respectively. Masses are lumped into column’s nodes at floor 
level, and calculated according to the same combination. A modal analysis of the building’s numerical model revealed 
a mean fundamental period of 0.60 seconds. 

 
Figure 3. Summary of numerical model: elements, fiber cross-section, vertical loads, masses, and bi-directional ground motion input. 

Confined and unconfined concrete constitutive law is defined according to Chang and Mander [56]. Steel material is 
modelled according to Giuffré-Menegetto-Pinto law with isotropic strain-hardening (Filippou et al. [57]), whose parameters are 
defined based on the mean values proposed by Carreño et al. [58] (Figure 4). The adequacy of the finite element model’s response 
was verified by comparison with cyclic load experiments of simpler frames. Information on this can be found in Pereira [59]. 

 
Figure 4. Generic representation of concrete and steel material law. 

2.3 Ground motion records 
The ground motion suite adopted to perform the dynamic analyses is the one used by Medina and Krawinkler [60], 

as it has been used by other researchers worldwide (Mehanny and El Howary [61]). The adopted suite consists of 
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80 recorded ground motion (GM) pairs from western United States earthquakes with two orthogonal components in the 
horizontal directions; it presents magnitude and closest distance to fault rupture (R) ranging from 5.5 to 7.0 and 13km 
to 60km, respectively, and it was recorded in Soil Class D. The GM suite is extracted from the PEER NGA-West2 
database (Ancheta et al. [62]). The geometric mean of the two orthogonal components of all the individual records, 
along with the median and 10th and 90th percentile, are presented in Figure 5. 

This suite is adopted because it presents some desirable attributes for this study. The lower distance limit avoids near-
fault type events, whereas the upper limit minimizes the effect of different seismic attenuation between different regions, 
which is important since the records are not from Brazil. Also, the response spectrums ordinate ranges from more frequent 
to rarer expected accelerations in Brazil associated with different return periods such as 72, 475 and 2475 years, which is 
important to ensure the effectiveness of the linear regression [33]. It is also worth mentioning that the upper magnitude 
boundary is consistent with previous seismic hazard assessment studies performed for Brazil [11], [18]-[20]. 

 
Figure 5. Response spectrum of all records (left) and median, 10th percentile, and 90th percentile of the ground motion suite 

spectral accelerations (right). 

In addition, the adopted intensity measure attends the sufficiency criteria, as mentioned in Section 2. A sufficient 
IM helps to ensures an accurate estimate of the demand ([D|IM]), irrespective of the values of magnitude and distance 
of the adopted ground motion suite, and the validity of Equation 8 ([39], Luco and Cornell [63]); thus, the magnitude 
range of the GM suite does not strongly influence the results. 

Ideally, the GM used in analyses should be recorded in tectonically similar regions (Bommer and Acevedo [64]); 
however, GM for stable continental regions such as Brazil are not widely available, thereby records from tectonically 
active regions worldwide, artificially-generated ones, or scaled records from stable regions are commonly adopted. 
Artificial records for Brazil are not readily available, to the best of our knowledge, and their development is out of the 
scope of this paper. Scaling of records from stable regions could result in excessive scale factors, and introduce some 
bias in the analysis that we intend to avoid. Hence, the natural records from tectonically active regions by [60] are 
adopted; nevertheless, we acknowledge that further discussion on the issue of ground motion selection is necessary. 

3 RESULTS AND DISCUSSIONS 
The probabilistic seismic demand model (PSDM) and the fragility function (FF) are presented in Figure 6. The 

median values (θ) of the FF for IO, LS and CP are 0.1214, 0.2005, and 0.3313, and the dispersion (σ) is 0.4648. These 
parameters are important to reproduce the fragility functions in future seismic risk or reliability studies. 

 
Figure 6. Probabilistic Seismic Demand Model (PSDM) (left) and fragility functions (right) of the analyzed RC structure. 
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The FF are integrated with the hazard curves developed by Petersen et al. [11] for Northeastern Brazil using 
Equation 8, and a failure probability map for each limit state is plotted for in Figure 7, where the orange and the blue colors 
shades refers to the regions where the structure would depict inadequate and adequate failure probability, respectively, 
according to the criteria described in Section 2. For the Immediate Occupancy limit state, Figure 7a indicates that the 
structure outperforms the acceptance criteria in the entire Northeastern region. Nevertheless, probabilities up to 25% are 
obtained; thereby in situations in which non-structural elements are important to building functionality (e.g., hospitals), 
one should be aware that this value is somewhat high and may represent a threat. The same is valid for Life Safety 
(Figure 7b), which there is a relatively small zone among the states of Paraíba (PB) and Rio Grande do Norte (RN) where 
an inadequate failure probability is observed, with values up to 12%, almost twice the acceptable value. 

Regarding Collapse Prevention (Figure 7c), however, a large area with unacceptable failure probability is noticed, 
which implies that the building design is not enough to guarantee an adequate performance. A maximum probability of 
6% in 50 years is observed, which is a considerable high value about 38 times the acceptable limit. An area in the 
southwest of the state of Bahia (BA) shall be highlighted, since it its located in Zone 0 of ABNT NBR 15421:2006 [5], 
i.e., seismic design is not required, but a large zone with unacceptable failure probability is observed, which indicates 
a possible region where seismic design should in fact be considered. Failure probability in this area reaches about 3% 
in 50 years. On the other hand, the upper zone of the studied region is consistent with the Zone 1 of the code, where 
seismic design is required. 

 

 
Figure 7. Failure probability maps considering a 50-year period: a) Immediate Occupancy; b) Life Safety; c) Collapse Prevention. 
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The maps in Figure 7 depicts the failure probability given the structure is built in those regions. A large part of 
Northeastern region, notwithstanding, comprises low population density cities, whose constructions are not-engineered 
houses, thus an engineered three-story building is unlikely. Despite that, two highly populated state capitals (Fortaleza 
in CE, and Natal in RN) are located within the unacceptable probability zone in Figure 7. For these cities, Collapse 
Prevention failure probability resulted even higher than 1% in 50 years which corresponds to the less conservative 
acceptance criteria of [49] mentioned in Section 2. 

One should note that the maps were generated considering soil class D. Different soils amplify differently the ground 
accelerations, thereby the expected failure probability depends on the soil class of the building’s site. The probabilities 
considering a soil class C are expected to be approximately half of those for soil class D, whereas for soil class B 
approximately five times smaller. For very soft soils (i.e., soil class E), the probabilities are expected to be on average 
two times higher. The fragility functions should obviously be different, since they were generated considering records 
from soil class D, but the largest influence should come from the hazard curves, so that the aforementioned estimates 
are enough to give an idea of what to expect. Regardless, the big picture would not change, and an unacceptable collapse 
probability would still be observed in a large area in the upper Northeastern, in spite of a much smaller area in the 
southwest of BA state, for all soil classes. 

An issue outlined by the maps is the presence of a relatively higher seismicity among the states of Paraíba (PB) and 
Rio Grande do Norte (RN), responsible especially for the unacceptable performance for Life Safety (Figure 7b). Based 
on the available earthquake catalog, and other preliminary PSHA studies in Brazil, for example [2], we should point 
out that the relatively higher hazard in this particular zone seems inconsistent, and can be a consequence of the 
methodology adopted by [11]. In [11], the maps are generated using the smoothed seismicity-based seismic sources, 
which depends directly on the location of past earthquakes occurrence. The use of international catalogs (hence less 
precise values of magnitudes and epicenter location) likely influenced the generation of this zone. In [2], the maps are 
generated using the same methodology, but with a national catalog, combined with seismic sources defined based on 
expert judgment. The final map does not highlight this zone. Therefore, we believe that the failure probability in that 
region is overestimated. Despite that, the proposed accelerations values between both are similar for the rest of the 
upper Northeastern, thus similar failure probabilities would be expected. The point of this discussion is not to discredit 
the work by [11], but to highlight the importance and the need for more national PSHA studies in Brazil. In addition, 
one should be aware that the reference soil class of the both works are different, therefore any comparisons must be 
made following the application of soil amplification factors to correct the accelerations. 

 

4 CONCLUSIONS 

Brazil, although located in a seismically stable continental region, is prone to small-to-moderate earthquakes, strong 
enough to inflict structural and non-structural damage if buildings are not seismic designed. Reliability studies are 
essential to provide information regarding the performance of the structures under loads such as earthquakes, and if 
they meet the diverse needs of society, for instance, different limit states. In addition, important information on how to 
improve structural performance can be obtained. 

However, studies focusing on the seismic reliability of the buildings designed according to Brazilian code provisions 
are still scarce. Herein, a three-story RC framed structure, designed according to ABNT NBR 6118:2014 but with no 
earthquake resistant design, is evaluated. Fragility functions were generated using non-linear dynamic analyses, and 
the failure probability of the structure was assessed considering different regions of Northeastern Brazil through 
combining the fragility with the hazard curves developed by Petersen et al. [11]. 

From the results it is possible to point out that the structure does not comply with Collapse Prevention structural 
requirements in several locations, and reaches considerable high values of failure probability. This result highlights the 
importance and the need for earthquake-resistant design in Brazil, since in a considerable area of Northeastern Brazil 
the collapse probability resulted unacceptable, including two state capital cities. Life Safety failure probability is 
inadequate in a much smaller area, whereas for Immediate Occupancy the building’s performance is acceptable. The 
results also bring awareness about the need for more rigorous seismic provisions in zones where design requirements 
are minimum and/or non-existent, i.e., the Zone 0 of ABNT NBR 15421:2006. 

Further research can provide more information for the improvement of acceleration design maps zoning, or 
demonstrate their adequacy, and provide information to improve seismic design provisions. The results in this paper 
should be improved as new PSHA for Brazil are developed. 
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