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Abstract - Thisresearch presents an analysis of seismic vulnerability in dwellings built without engineering criteria, aiming to determine
their levels of vulnerability. Rapid Visual Screening (RVS) methods, such as those proposed by FEMA P-154 and developed by INDECI,
were employed to assess the vulnerability of 20 dwellings. Additionally, a quantitative validation was conducted on two of these
dwellings using parameters like lateral drift to complement the qualitative analysis. The results obtained through FEMA P-154 indicate
that 50% of the dwellings exhibit a "Very High" level of vulnerability, 45% a "High" level, and 5% a "Low" level. Meanwhile, the
INDECI method classifies 45% of the dwellings as having "Very High" vulnerability and 55% as "High." The quantitative evaluation of
lateral drift showed that Dwelling 1 and Dwelling 2 experienced excessive drift values of 0.006979 and 0.004624, respectively,
classifying both as "vulnerable” to seismic events. When comparing the qualitative methods (FEMA P-154 and INDECI) with the
quantitative method (lateral drift), slight discrepancies were identified in the assigned vulnerability levels, although they maintained a
close correlation. While the qualitative methods indicated high and very high vulnerability, the quantitative method classified them as
"Vulnerable." Despite these differences, the results converge in highlighting the high susceptibility of the analyzed dwellings to seismic
events. These findings emphasize the need to prioritize structural reinforcements to reduce seismic risk levels in the evaluated area.
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1. Introduction

Seismic vulnerability in self-built dwellings without engineering supervision is a critical issue in high-seismicity regions,
especially in densely populated urban areas such as Las Gaviotas de Oguendo, Callao, Peru. Informal construction in these
areas significantly increases the risk of structural collapse during an earthquake due to the lack of proper design standards
and the use of low-quality materials [1,2]. This situation is common in various regions worldwide, and the need for rapid
and effective assessments has driven the development of rapid visual screening (RVS) methods, such as those proposed by
FEMA P-154 and INDECI, to preliminarily estimate the seismic vulnerability of dwellings [3,4].

The state of the art in seismic vulnerability assessments has shown that RVS methods are effective in identifying at-risk
dwellings, although they have limitations in terms of accuracy and subjectivity, especially in informal constructions with
complex architectural configurations. Some studies have proposed improvements to traditional RVS methods by
incorporating fuzzy logic systems, which help manage uncertainty and reduce the inherent subjectivity in visual inspections
[5,6]. Furthermore, recent research in similar environments, such as unreinforced masonry dwellings in Peru and the
Himalayan region in India, has implemented complementary analyses, including fragility curves and lateral drift tests, to
guantitatively validate RVS results and provide a more robust risk assessment [7,8]. Additionally, digital tools have been
developed to integrate qualitative resistance and vulnerability indices, enabling more accurate and accessible assessments of
at-risk dwellings. These tools have also proven effective by adapting to local regulations and optimizing the speed of analyses
[9,10].

This research addresses the seismic vulnerability assessment of 20 dwellings in Las Gaviotas de Oquendo using the RVS
methods of FEMA P-154 and INDECI, and performs a quantitative validation on two of these dwellings through lateral
distortion analysis. The lateral drift analysis allows for an accurate quantification of the structural risk of the dwellings,
complementing the initial assessment conducted with RVS [11,12]. This integrated approach responds to the need for
methods that combine speed and accuracy to identify and quantify the seismic vulnerability level of the analyzed area,
offering a methodological tool that facilitates decision-making and the formulation of effective mitigation and structural
reinforcement strategies to improve population safety against future seismic events.
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2. Methods and tools

For the seismic vulnerability assessment of the dwellings in the Las Gaviotas de Oquendo neighborhood, the study
employs a combination of qualitative and quantitative methods, incorporating tools and techniques that enable a
comprehensive evaluation. The methodology is organized into three main components: the use of rapid visual screening
(RVS) methods through the FEMA P-154 and INDECI approaches, and a quantitative analysis of lateral distortions
supported by ETABS software.

2.1. Qualitative RVS Methods
Los métodos RVS son herramientas de inspeccion visual que permiten clasificar preliminarmente el nivel de

vulnerabilidad de las edificaciones [13]. En este estudio, se utilizan dos enfoques: FEMA P-154 e INDECI.

o FEMA P-154: Developed by the Federal Emergency Management Agency (FEMA), this method focuses on a
rapid classification of buildings based on the observation of structural and geometric characteristics, such as
configuration and construction materials [14, 15]. This method allows for the assessment of a building’s seismic
vulnerability by identifying factors that influence its structural performance [16].

e INDECI: Adapted to the Peruvian context, this method expands the FEMA P-154 analysis by incorporating
local factors such as soil type and compliance with national regulations, making it particularly relevant for
assessing non-engineered dwellings [17, 18].

The combination of both methods enables a more accurate preliminary assessment by integrating an international
standard with an approach tailored to the local context.

2.2. Quantitative Method: Lateral Distortion Analysis Using ETABS
To complement the qualitative assessment, a structural analysis of lateral distortions is conducted using ETABS, a
software specialized in simulating the seismic behavior of buildings.
e Structural Modeling in ETABS: Detailed models are created, incorporating geometry, materials, and
architectural configuration to accurately replicate the structural response to loads, facilitating the identification
of potential critical vulnerability points.
o Lateral Distortions: The lateral distortion analysis in ETABS measures the relative displacement between floors,
a key indicator of seismic vulnerability. This method evaluates the structural resistance to deformations and
susceptibility to damage, quantitatively complementing the qualitative assessment of RVS methods.

3. Methodology

To conduct this study, 20 dwellings in the Las Gaviotas de Oquendo urbanization were assessed using rapid seismic
vulnerability evaluation methods, specifically those proposed by FEMA P-154 and INDECI. Through this qualitative
assessment, a preliminary classification of seismic vulnerability levels was obtained for each dwelling, allowing for the
identification of those with the highest structural risk.

Subsequently, in two of these dwellings selected based on their vulnerability level a lateral distortion analysis was
performed using ETABS software. This gquantitative analysis focused on calculating the detailed structural response
under seismic loads, providing an accurate measure of the structures' susceptibility to an earthquake.

3.1. Application of FEMA P-154

Visits were conducted to the dwellings to identify their structural and architectural characteristics, recording the
information in inspection forms. The structural configuration was assessed based on its construction system and
geometric layout, identifying potential weaknesses. Vulnerability scores were then assigned considering factors such as
height, age, and state of preservation, classifying the dwellings into risk levels according to an established scale.
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Table 1: Vulnerability classification according to FEMA P-154.

VULNERABILITY INDEX

High 1-
Medium 2-
Low 3-

W

3.2. Application of the INDECI Method

Detailed inspections were conducted, incorporating additional variables such as soil geology and the local environment.
Peruvian regulatory criteria, which consider structural and design factors, were applied to provide a more contextualized
assessment. Finally, the dwellings were classified into vulnerability levels, establishing categories such as "Very High,"
"High," "Moderate," and "Low."

Table 2: Vulnerability classification according to INDECI.

LEVEL OF VULNERABILITY

High 18 - 24
Moderate 15-17
Low Up to 14

3.3. Application of Quantitative Analysis of Lateral Distortions in ETABS

To quantitatively validate the qualitative results and assess seismic vulnerability, two representative dwellings from the
study area were modeled in ETABS. Their structural and architectural characteristics, including beam, column, and slab
dimensions, material properties, and geometric layout, were incorporated to accurately replicate their structural behavior.

(a) (b)

Fig. 1: Floor plan and 3D view of the modelling: (a) dwelling 1; (b) dwelling 2.

Seismic loads were applied to the models following Peruvian regulations, considering the probable seismic intensity in
Callao and evaluating the response in different directions. Lateral distortion at each level was analyzed to determine the
relative displacement between floors, identifying structural vulnerabilities based on regulatory limits. Finally, drawing on
previous studies on masonry buildings subjected to lateral loads [19], the results were interpreted, and the vulnerability of
the structures was classified quantitatively.

Additionally, Huaco’s distortion classification table was adapted to classify the vulnerability of a dwelling based on the
ETABS distortion results.
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Table 3: Classification of vulnerability based on distortions.

Distortion Classification

1/3200 < distortion < 1/400 Not vulnerable

1/400 < distortion < 1/100 Vulnerable

1/100 < distortion High vulnerable

Based on this table, the seismic vulnerability was quantitatively assessed by considering distortions. When
establishing a range between 1/3200 and 1/800, the structure was classified as non-vulnerable, as the damage is minimal.
In the range of 1/400 to 1/200, the building was considered vulnerable since structural elements begin to lose their load-
bearing capacity. Finally, values of 1/100 or higher indicate high vulnerability, as the damage is severe and there is a
risk of collapse [20].

4. Results and analysis
4.1. FEMA P-154 Method

The analysis conducted using the FEMA P-154 method yielded the seismic vulnerability scores of the evaluated
dwellings, as shown in Figure 2. Fifty percent of the dwellings exhibit very high vulnerability, 45% show high
vulnerability, and only one dwelling, representing 5% of those evaluated, has low vulnerability.

4.2. INDECI Method

The analysis revealed the seismic vulnerability results of the evaluated dwellings, as shown in Figure 2. Forty-five
percent of the dwellings exhibit very high seismic vulnerability, while the remaining 55% have high vulnerability. These
dwellings also require structural interventions to improve their seismic performance.

5%
= VERY HIGH = VERY HIGH
45% HIGH 55% HIGH
MEDIUM MEDIUM
- LOowW . LOW
(a) (b)

Fig. 2: Percentage distribution of seismic vulnerability: (a) FEMA P-154; (b) INDECI.

4.3. Comparison Between RVS Methods

Both methods exhibit similar levels of vulnerability in most of the analyzed dwellings. The main difference is
observed in the wooden building, dwelling number 15. While the INDECI method considers a broader range of factors
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specific to the area, the FEMA P-154 method only takes into account the basic score for the dwelling, as it does not present
height or plan irregularities that could affect its vulnerability level.
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Fig. 3: Distribution of dwelling vulnerability using RVS methods.
4.3. Lateral Distortions

The following section presents the drift results for each analyzed dwelling using ETABS software.

Distortion (X-axis) Distortion (Y-axis)
? 2
1 1
1 [}
1 . L} .
| = @ = Onset of high 1 — @ — Onset of high
- | vulnerable distortions - | vulnerable distortions
[ =
_i) & Onset of vulnerable _L: 1 ¢ Onset of vulnerable
=] | distortions 3 ! distortions
[Thy 1 R . = [} . )
| = @ — Distortions not 1 — ® - Distortions not
| vulnerable ] vulnerable
| —&— Distortion X —@— Distortion
1
L 0 ¢
0 00025 0.005 0.0075 0.01 0  0.0005 0.001 0.0015 0.002 0.0025 0.003
Distortion Distortion
(a) (b)

Fig. 4: Lateral distortions of dwelling 1: (a) X-axis; (b) Y-axis

The dwelling 1 was classified as "Vulnerable" in the Y direction, especially on level 3, due to the lack of structural
stiffness caused by the presence of a single confined masonry wall at the back of the X direction. In the X direction, levels 1
and 2 were also classified as "Vulnerable." These structural deficiencies suggest cracking in the columns and the formation
of diagonal openings in the walls. Overall, the analysis concludes that dwelling 1 has a maximum vulnerability level
classified as "Vulnerable."
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Fig. 5: Lateral distortions of dwelling 2: (a) X-axis; (b) Y-axis

The dwelling 2 was classified as "Vulnerable™ in the X direction at levels 1 and 2, indicating the onset of cracks in
the columns and diagonal walls. At level 3, the classification was "High vulnerable,” reflecting an imminent risk of
collapse, loss of verticality, and failure of structural elements such as doors and partitions. In summary, the analysis
concludes that dwelling 2 has a maximum vulnerability level classified as "High vulnerable”.

4.4. Comparison between RVS and Quantitative Methods
For the comparison, the vulnerability level results obtained from both qualitative methods and the classification
from the quantitative analysis method will be considered. The following results are presented

Table 4: Comparison between RVS methods and quantitative methods in dwelling 1.

RVS Methods Quantitative Met.
FEMA P-154 INDECI Lateral distortions
Very high Very high Vulnerable
vulnerability vulnerability

In Dwelling 1, the qualitative methods classify it as having "very high" vulnerability, while the quantitative analysis
categorizes it as merely "vulnerable.” This indicates that, although the quantitative analysis does not consider it as highly
critical, it does recognize significant structural vulnerability.

Table 5: Comparison between RVS methods and quantitative methods in dwelling 2.

RVS Methods Quantitative Met.
FEMA P-154 INDECI Lateral distortions
Very high Very high High Vulnerable
vulnerability vulnerability

The agreement between qualitative and quantitative approaches in Dwelling 2 highlights the importance of
obtaining consistent results, which increases confidence in the evaluation. This similarity suggests that visual and
structural design assessments, as well as deformation measurements, identify a critical vulnerability in the dwelling.
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5. Conclusion

The analysis conducted using the FEMA P-154 method showed that 50% of the dwellings have very high
vulnerability, 45% have high vulnerability, and only 5% have low vulnerability. Additionally, the pounding identified
in 90% of the dwellings, along with plan irregularities (90%) and height irregularities (40%), highlights critical
deficiencies in structural design. This underscores the urgency of implementing improvements that comply with
Standard E.030 to ensure greater seismic resistance.

According to the results obtained with the INDECI method, 45% of the analyzed dwellings exhibit very high
vulnerability, while 55% have high vulnerability. This reflects severe structural deficiencies and the need to apply
reinforcement and adaptation measures to align these buildings with construction regulations and reduce the risk of collapse.

The lateral distortion analysis indicated that both dwellings have significant vulnerability. Dwelling 1, with a maximum
drift of 0.003309, was classified as "vulnerable™ and could sustain moderate structural damage even in minor earthquakes.
Dwelling 2, with a maximum drift of 0.01199, was classified as "highly vulnerable” and presents a greater risk of severe
damage, reinforcing the necessity for structural reinforcements in both constructions.

The comparison between qualitative and quantitative methods revealed both similarities and differences in the results.
In Dwelling 1, the qualitative methods determined a very high vulnerability, while the quantitative method classified it as
"vulnerable." In Dwelling 2, both methods agreed on a very high vulnerability classification. Despite these minor
discrepancies, the analyses confirmed that both dwellings are highly susceptible to seismic damage.
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