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Abstract. The Mw 6.0 earthquake that occurred on May 23, 2025, caused significant damage to the
Rafflesia Asri Housing Complex in Bengkulu City. This study aims to examine the dynamic response of
the soil and the seismic vulnerability level of the area using the microtremor method and the Horizontal-to-
Vertical Spectral Ratio (HVSR) approach. The parameters analyzed include soil dominant frequency (fy),
amplification factor (4,), seismic vulnerability index (K;), Peak Ground Acceleration (PGA) estimates,
and shear wave velocity (V;). Measurements were taken at 40 observation points. The analysis results show
that f values range from 1.56 to 6.73 Hz, A, ranges from 1.97 to 6.46, K, ranges from 1.15 to 10.38, PGA
ranges from 0.15 to 0.32 g, and V; ranges from 143 to 400 m/s. Zones with low f,, high A, and K, and

PGA followed by low V; correlated with more significant building damage. These findings confirm that
local soil dynamics play a dominant role in controlling seismic amplification and building damage patterns,
underscoring the importance of microtremor-based seismic microzonation analysis for earthquake risk
mitigation in Bengkulu City
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INTRODUCTION

Due to its location in the active subduction zone in the western portion of Sumatra Island, where the Indo-
Australian Plate meets the Eurasian Plate and is impacted by the Sumatra Fault System to the east, the province
of Bengkulu is among the areas of Indonesia most susceptible to earthquakes (Mase et al., 2021). The Bengkulu
region is regularly vulnerable to moderate to strong earthquakes due to this tectonic process, which increases
the risk of damage to residential areas and infrastructure (Choirunnisa et al., 2025).

According to a seismic microzonation study conducted in Bengkulu City, the majority of the region
consists of soft soil layers and new alluvial sediment with low shear wave velocity (1§) values (Kirana et al.,
2025). By intensifying seismic waves, these geological and geotechnical elements make buildings more
vulnerable to earthquake damage and raise ground vibration sensitivity (Harlianto et al., 2025). The site effect,
a phenomenon of increased vibration caused by local soil properties, is crucial in regulating the spatial
distribution of damage levels in a region (Rahayu et al., 2022).

Historically, the Bengkulu region has been hit by several major earthquakes that caused severe damage,
such as the Bengkulu-Enggano earthquake in 2000 (Mw 7.9) and the Bengkulu-Mentawai earthquake in 2007
(Mw 8.4), as well as a series of aftershocks that had a significant impact on residential areas and public
infrastructure (Refrizon et al., 2025). The accumulation of tectonic stress in the Sunda Arc and the high
intensity of seismic activity along the Sumatra subduction zone suggest that a significant earthquake is still
possible. Therefore, to lessen the effects of earthquakes, risk-reduction studies that consider local geological
conditions are crucial (Khalqillah et al., 2025).

Apriana and colleagues in Bengkulu City employed the Horizontal-to-Vertical Spectral Ratio (HVSR)
approach in combination with the microtremor method to ascertain soil dynamic features and seismic
susceptibility levels (Apriana et al., 2025) in Bengkulu City, the results show that moderate to high
amplification factors (4,) and low dominant frequency values (f;) are common and frequently linked to soft
sediment layers and shallow deposits (Siburian et al., 2024). Relatively few studies, particularly in residential
areas, quantitatively and directly relate microtremor parameters to the actual patterns of building damage
brought on by particular earthquakes. This restriction shows a lack of work to confirm the link between the
degree of building damage seen in the field and the dynamic response of the soil.
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The earthquake that occurred on May 23, 2025, had a magnitude of Mw 6.0, a hypocenter depth of
approximately 84 km, and was felt in the Bengkulu City area and its surroundings. According to an analysis
of the source mechanism, the Indo-Australian Plate deformed during subduction beneath the Eurasian Plate
via a thrust fault, triggering an intraslab earthquake (Badan Meteorologi, Klimatologi, dan Geofisika, 2025).
Hundreds of homes in Bengkulu City and Central Bengkulu Regency were damaged as a result of this incident,
with the Rafflesia Asri Housing Complex in Betungan Village, Selebar District, suffering the greatest damage.
As seen in Figure 1 (a and b), the identified damage includes cracked walls, structural element damage, and a
decline in building quality. The unequal distribution of damage demonstrates how subsurface conditions and
the local soil's dynamic response to the building's intensity (Lorenzo-velazquez & Cabas, 2009).

Figure 1. (a) Damage to building walls caused by the May 23, 2025 earthquake in the Rafflesia Asri Housing Complex
(b) Damage to structural elements of buildings at the research site.

Given these conditions, the goal of this study is to identify the features of soil dynamic response and
investigate their relationship to building damage patterns in the Rafflesia Asri Housing Complex. to determine
the shear wave velocity (V5), seismic vulnerability index (Kj), amplification factor (4,), dominant frequency
parameter (fy), and peak ground acceleration (PGA). Using the Horizontal-to-Vertical Spectral Ratio (HVSR)
approach, the analysis used a microtremor method. These parameters were correlated with the distribution of
building damage from the May 23, 2025, earthquake using an integrative approach. This made it possible to
assess the impact of local geological conditions on seismic hazard at the micro scale more thoroughly. Unlike
previous studies in Bengkulu City, which were generally limited to mapping microtremor parameters, this
study directly links fy, Ao, Ky, PGA, and V; to the actual damage distribution caused by a specific earthquake
event. This method strengthens the scientific foundation for risk mitigation techniques, earthquake-resistant
building design, and spatial planning in the Bengkulu coastal region while providing empirical validation of
the relationship between soil dynamic response characteristics and structural damage levels.

METHODOLOGY
Geology Regional

Locally interspersed with the Bintunan Formation (Q7p) and andesite units (T,qy), the Rafflesia Asri

Housing Complex and its environs are made up of both young alluvial deposits (Q,¢) and old alluvial deposits
(Q4t2), which are dominated by loose materials like clay, silt, and fine sand (Figure 2). Alluvial deposits form
through sedimentation in river, coastal, and swamp environments (Chapkanski et al., 2022).
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Figure 2. Examine the Geological Map

The presence of thick, soft alluvial layers greatly impacts the dynamic response characteristics of the soil.
The impedance contrast between the layers causes the velocity to drop and the amplitude to increase when
seismic waves move from stiffer rocks, like T,qp or Qrp, to softer Qg sediments (Carcione et al., 2017).
Furthermore, a heterogeneous, easily deformed seismic response at spatial scales can result from lateral
variations in amplification caused by the transition between hard rock and soft sediment.

Acquisition Data

The Rafflesia Asri Housing Complex, located at coordinates 3°52'59” — 3°53'83" S and 102°20'48" —
102°20'80" E in Betungan Village, Selebar District, Bengkulu Province, was the site of microtremor
measurements in June 2025 (Figure 3). This area was designated as the research location because it was
affected by an earthquake on May 23, 2025, and is a rapidly developing residential area located in an active
tectonic zone, thus having a relatively high potential for seismic vulnerability.
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Figure 3. Point of Measurement for Microtremors

Data were gathered at 40 uniformly spaced measurement sites, about 20 meters apart, throughout the
study area to show spatial variations in subsurface conditions. A Gemini 2 Sn-1405 short-period portable
seismometer was used to measure microtremor. Three ground motion components were recorded: two
horizontal (East-West and North-South) and one vertical (Up-Down). To generate steady, consistent, and
representative microtremor signals of local soil dynamics, signal recording was carried out for 30 minutes at
each observation station at a sampling frequency of 200 Hz in accordance with the guidelines (SESAME,
2004). The data obtained from seismometer recordings are stored as signal recordings in the *SAF format
(Fadli et al., 2023) (Figure 4).
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Figure 4. At station T7, the microtremor signal recording and window selection procedure

The microtremor approach is a passive geophysical method that takes advantage of low-amplitude natural
ground vibrations caused by both natural and man-made phenomena (Farid & Mase, 2020). Because it is
passive, doesn’t require artificial vibration sources, and is affordable and useful for urban and regional
applications, this approach is frequently used in seismic microzonation research (Gosar, 2017).

The acquired microtremor data were processed using TerraWare-HV software running on Python version
3.7.0 using the Horizontal-to-Vertical Spectral Ratio (HVSR) approach. The HVSR method, a microtremor
analysis technique, is used to compare the amplitude spectrum ratio of the horizontal-to-vertical components
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of ground vibration (Helinnes et al., 2025). The initial processing stage in TerraWare-HV automatically
removes transient noise, but the operator can also review and manually adjust the time window to ensure data
quality. The Fast Fourier Transform (FFT) method is then used to split the filtered signal into multiple
stationary time frames and convert it into the frequency domain.

The Konno-Ohmachi method is then used to smooth the amplitude spectrum of the transformation results
(Senkaya, 2025). An HVSR is obtained by combining the spectra of the two horizontal components using the
root-mean-square (RMS) approach and then comparing the results with the spectrum of the vertical component
(Figure 5). The peak of the HVSR curve represents the dominant frequency of the ground (fy), and the
amplification factor (4,) is indicated by the peak amplitude.

Inverted Model vs. Observed Model at. Station T1.saf Inverted Model vs. Observed Model at. Station T7.saf
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Figure 5. Curve matching of observations and inversions

The seismic vulnerability index (Kjy), which measures the sensitivity of soil layers to seismic shocks, is
then computed using the acquired parameters f; and Ay. According to Nakamura (2008), in equation 1, the
seismic vulnerability index is formulated as follows
_4
o
A high K; value indicates relatively soft soil conditions and a greater potential for damage during an earthquake
(Sunardi et al., 2025).

K, Q)

A Peak Ground Acceleration (PGA) estimate, which characterizes the maximum ground acceleration
caused by earthquake shaking, was also performed to support the assessment of surface seismic hazard
potential (Hadi et al., 2012).

The Kanai (1966) empirical equation, which takes into account the distance from the epicentre, the
characteristics of the local soil, and the parameters of the earthquake source, was used to calculate the estimated
PGA value. This allowed for an assessment of the impact of soil response on the increase in surface
acceleration. Mathematically, PGA is formulated as Equation 2

5 36 1,83
1M-(1 - R+0,167 ——%—
_100,6 (1,66+5")log R+0,16 (2)

R
N

Where a is the ground acceleration at the observation point (gal), Ty is the dominant period of the ground

ag=

(s), M is the earthquake magnitude (Mw), and R is the distance from the epicenter to the measurement point
(km).
Furthermore, the stiffness and elasticity of subsurface materials are described by the shear wave velocity
(V;) parameter. The I} value is a crucial metric in this study for classifying site conditions and assessing the
local soil response to seismic shocks (Kirana et al., 2025). Using the TerraWare-HV software running on
Python 3.7.0, the HVSR inversion operation yields the V; value. The observed HVSR curve, derived from
field-recorded microtremor data, yields the HVSR inversion parameters. HVSR inversion is a process used to
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analyse observed HVSR data and determine the most appropriate soil model (Jamal et al., 2017). Table 1
displays the many classes into which site circumstances are categorised according to the V; value.

Table 1. Site classification is determined based on shear wave velocity (V), with reference to the standards set out in
SNI (Rabbani et al., 2025).

Site Classification Shear Wave Velocity V5 (m/s)
SA (Hard Rock) >1500
SB (Rock) 750 — 1500
SC (Very dense soil and soft rock 350 -750
SD (Stiff Soil) 175-350
SE (Soft Soil) <175
RESULTS AND DISCUSSION

Table 2. Descriptive Statistics of Microtremor Parameters and Seismic Response Characteristics

Parameters Minimum Maximum Mean Standard Deviation Range
fo 1,56 Hz 6,73 Hz 3,68 Hz 1,15 Hz 5,17 Hz

Ay 1,97 6,46 3,35 1,17 4,49

Ky 1,15 10,38 3,52 2,51 9,23
PGA 0,15¢g 032¢g 023 ¢g 0,037 g 0,17 g
Vs (m/s) 143 m/s 400 m/s 278 m/s 91,6 m/s 257 m/s

Table 2 presents descriptive statistics for the parameters of the microtremor analysis, including the
dominant frequency (fp), the amplification factor (4), the seismic vulnerability index (Kj), the peak ground
acceleration (PGA), and the shear wave velocity (V) for 40 observation points. The statistics presented include
the minimum, maximum, mean values, as well as the standard deviation and range, which are used to describe
the general characteristics and degree of variation of each parameter at the study site. In general, the variations
observed in the values indicate heterogeneity in subsurface conditions that may influence the dynamic response
of the soil to seismic shaking. To better understand these characteristics, each parameter was analyzed
separately, beginning with the dominant frequency (fy).

The dominant frequency (fy) is a fundamental parameter in analysing soil dynamic response, as it reflects
the natural frequency of the surface sediment layer during seismic wave propagation (Amirudin et al., 2023).
A low f value generally indicates the presence of relatively thick soft sediments. In contrast, a high f; value
is associated with stiffer materials or shallow bedrock, which are generally less sensitive to seismic activity
(Ansory et al., 2024).

Rafflesia Asri Housing Complex's dominant frequency distribution map (Figure 6) displays notable
spatial variation in f values, which range from 1.56 to 6.73 Hz. The research areas centre and eastern regions
are primarily home to low f; values (1.56-3.29 Hz), suggesting the presence of soft, relatively thick sediment
that may resonate at low frequencies. This condition is even more risky if the building vibrations match the
ground vibrations, because the building can vibrate more strongly and be more easily damaged (Handayania
et al., 2025). Most of the study area is dominated by moderate f, values (3.29-5.01 Hz), which indicate
moderate soil stiffness, while high f; values (5.01-6.73 Hz) are scattered locally in the north and south,
indicating a predominance of stiffer soils or relatively thin sediments. Even though alluvial deposits
predominate in the area, this variation shows that subsurface conditions are heterogeneous.
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Figure 6. Map of Dominant Frequency Value Distribution

Amplification (4gy) is a soil reaction parameter that reflects the degree of seismic wave amplitude
amplification caused by geological conditions and the dynamic properties of subsurface layers (Fahrezi et al.,
2025). Since a high A, value is linked to an increase in wave amplitude brought on by a decrease in seismic
wave velocity, it denotes a higher risk of earthquakes (Hadi et al., 2025)

Figure 7 illustrates the range of amplification factors (Ay) in the study area, which varies from 1.97 to
6.46, indicating variations in the capacity of surface soil layers to enhance seismic wave amplitudes. The
central and southern regions of the research area are dominated by areas with low to moderate A values (1.97—
4.22), suggesting moderate amplification. On the other hand, local observations in the north and northwest
show high to extremely high A, values (4.97—6.46), which the substantial impedance differential between
bedrock and soft sediments will greatly amplify (Hossain et al., 2025). Numerous seismic microzonation
studies in the Bengkulu region have also documented a strong site effect, which is reflected in this phenomenon
(Siagian et al., 2025).
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Figure 7. Amplification Value Distribution Map

The susceptibility of soil layers to deformation during an earthquake is quantitatively described by the
seismic vulnerability index (Kg) (Amirudin et al., 2023). The K;; a combination of Amplification controls value
(Ap) and Dominant Frequency (f), where high A and low f; tend to produce large K, values, while low 4,
and higher f, produce small K values (Setyowati et al., 2024).
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The distribution map of K, in Rafflesia Asri Housing Complex (Figure 8) ranges from 1.15 to 10.38.

Areas with low to moderate K values (1.15-5.77) dominate the central to southern parts and reflect relatively

low to moderate seismic vulnerability. On the other hand, the northwest, north, and east of the research area
contain the majority of the zones with high to extremely high K, values (7.31-10.38). Areas with low f, and

high Ay, which denote soft sediments with high amplification potential, consistently correlate with this pattern.
These results are consistent with earlier studies conducted in Bengkulu, which discovered that high K, values

are a crucial sign of regions that have a high risk of earthquake damage (Mentari et al., 2023).
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The interpretation of seismic hazard levels in the research area is further supported by the Peak Ground
Acceleration (PGA) analysis shown in Figure 9. The Rafflesia Asri Housing Complex has PGA values ranging
from 0.15 g to 0.32 g, with most areas having medium values (0.20-0.26 g). Zones with high to extremely
high PGA (0.26-0.32 g) were found locally, especially in the study areas' northern and northeastern regions.
High PGA values indicate strong shaking, which can raise the risk of damage, especially for structures that
don't meet earthquake codes. The estimates' validity is reinforced by the fact that the PGA values acquired fall
within the medium-to-high acceleration zones as per PUSGEN (2017) earthquake hazard mapping.
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The analysis of shear wave velocity (1;) is further refined as a proxy for the subsurface layer's stiffness
based on the parameter results (fy, A, Ky, and PGA). Variations in the V5 range at each observation point
reflect the lateral and vertical distribution of constituent materials and indicate the dynamic response
characteristics and local geological conditions. Controlling soil behavior during earthquakes is largely
dependent on V;, an elastic parameter that is sensitive to lithology, compaction level, and sediment mechanical
properties.

Figure 10. 3D modelling of underground distribution in Rafflesia Asri Housing Complex

Figure 10 shows a 3D visualisation of the V; distribution in the subsurface volume at the Rafflesia Asri
Housing Complex. In the research area, the shear wave velocity (V;) values vary from 143 m/s to 400 m/s.
Zones with low V; values (143 m/s—229 m/s), indicated by blue to cyan colours, indicate the presence of soft
sediments or loose soil in the shallow layers. The predominance of soil materials with moderate to relatively
rigid stiffness, on the other hand, is indicated by zones with medium to high V; values (229400 m/s), which
are represented by green to red colors. Both the dominance of SC- to SE-site classes in the SNI classification,
which are typically linked to relatively high seismic wave amplification potential, and lithological conditions,
such as alluvial deposits made of clay, silt, sand, and gravel, are reflected in these variations in I} values, as
shown in Table 3.

Table 3. Research site lithology (Anggi et al., 2025)

Research Soil Class Vs (m/s) Material Research Soil Class Vs (m/s) Material
Point Type Point Type

Point 1 SD 175-350 Sand Point 2 SE <175 Clay

SE <175 Clay SD 175-350 Silt

SD 175-350 Silt SE <175 Clay

SC 350750 Gravel SD 175-350 Sand
Point 3 SD 175-350 Silt Point 4 SD 175-350 Sand

SE <175 Clay SE <175 Silt

SD 175-350 Sand SD 175-350 Clay

SC 350750 Gravel SC 350750 Gravel
Point 5 SD 175-350 Silt Point 6 SD 175-1350 Silt

SE <175 Clay SD 175 -350 Sand
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Research Soil Class Vs (m/s) Material Research Soil Class Vs (m/s) Material
Point Type Point Type
SD 175-350 Sand SE <175 Clay
SC 350-750 Gravel SD 175 -350 Silt
SC 350750 Gravel
Point 7 SD 175350 Sand Point 8 SD 175 -350 Silt
SE <175 Clay SE <175 Clay
SC 350 -750 Gravel SD 175 -350 Sand
SC 350750 Gravel
Point 9 SC 350750 Gravel Point 10 SD 175-350 Sand
SE <175 Silt SE <175 Clay
SC 350 -750 Gravel SD 175 -350 Sand
SE <175 Silt SC 350 -750 Gravel
SC 350-750 Gravel
Point 11 SE <175 Clay Point 12 SD 175-350 Sand
SD 175 -350 Silt SD 175 -350 Silt
SD 175350 Sand SD 175 -350 Sand
SC 350-750 Gravel SC 350 -750 Gravel
Point 13 SD 175-350 Sand Point 14 SE <175 Clay
SE <175 Clay SD 175 -350 Silt
SD 175 -350 Silt SD 175 -350 Sand
SC 350750 Gravel
Point 15 SD 175350 Silt Point 16 SD 175 -350 Sand
SD 175-350 Sand SD 175 -350 Silt
SC 350 -750 Gravel SD 175 -350 Sand
SC 350750 Gravel
Point 17 SD 175 -350 Sand Point 18 SD 175 -350 Sand
SE <175 Clay SD 175 -350 Silt
SD 175 -350 Silt SC 350 -750 Gravel
SC 350 -750 Gravel
Point 19 SD 175 -350 Sand Point 20 SD 175 -350 Silt
SE <175 Clay SE <175 Clay
SD 175 -350 Silt SC 350 - 750 Gravel
SC 350750 Gravel
Point 21 SD 175 -350 Sand Point 22 SC 350750 Gravel
SC 350 -750 Gravel SE <175 Clay
SE <175 Clay SD 175 -350 Sand
SD 175-350 Sand SE <175 Clay
SC 350750 Gravel SC 350750 Gravel
Point 23 SD 175350 Sand Point 24 SC 350 -750 Gravel
SE <175 Clay SD 175-350 Sand
SC 350 -750 Gravel SD 175 -350 Silt
SC 350750 Gravel
Point 25 SC 350-750 Gravel Point 26 SC 350 -750 Gravel
SD 175-350 Silt SE <175 Clay
SD 175-350 Sand SD 175 -350 Sand
SC 350 -750 Gravel SC 350 - 750 Gravel
Point 27 SC 350 -750 Gravel Point 28 SE <175 Clay
SE <175 Clay SD 175 -350 Silt
SD 175350 Sand SE <175 Clay
SC 350-750 Gravel SC 350 -750 Gravel
Point 29 SC 350 -750 Gravel Point 30 SD 175 -350 Silt
SD 175 -350 Sand SD 175 -350 Sand
SD 175 -350 Silt SC 350 - 750 Gravel
SC 350750 Gravel
Point 31 SD 175 -350 Silt Point 32 SD 175 -350 Sand
SE <175 Clay SE <175 Clay
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Research Soil Class Vs (m/s) Material Research Soil Class Vs (m/s) Material
Point Type Point Type

SD 175-350 Sand SD 175 -350 Silt

SC 350-750 Gravel SC 350 -750 Gravel
Point 33 SD 175-350 Sand Point 34 SD 175 -350 Silt

SD 175-350 Silt SD 175 -350 Sand

SC 350-750 Gravel SC 3501750 Gravel
Point 35 SC 350 -750 Gravel Point 36 SC 350 -750 Gravel

SE <175 Silt SD 175-350 Silt

SC 350 -750 Gravel SE <175 Clay

SD 175-350 Sand SC 350750 Gravel
Point 37 SD 175-350 Sand Point 38 SD 175 -350 Silt

SE <175 Clay SD 175 -350 Sand

SD 175-350 Silt SC 350750 Gravel

SC 350750 Gravel SD 175 -350 Sand
Point 39 SD 175-350 Silt Point 40 SD 175 -350 Sand

SC 350-750 Gravel SE <175 Clay

SE <175 Clay SD 175 -350 Silt

SC 350-750 Gravel SC 350 -750 Gravel

These results are consistent with the study by Refrizon et al. (2025), which found that the Bengkulu City
region, composed primarily of young alluvial deposits, has a relatively low V; value and is vulnerable to seismic
wave amplification due to impedance contrast between the bedrock and sediment layers. Siburian et al. (2024),
also reported similar findings, demonstrating that zones with low 1§ in central and northern Bengkulu have
higher seismic vulnerability and HVSR amplification values.

With the dominance of SC to SE site classes, the seismic vulnerability index (Ky) varies considerably.
High K, values are generally found in zones with relatively low Vg, indicating the presence of softer, less rigid
soil. According to Carcione et al. (2017) in these circumstances, impedance contrasts between sediment layers
cause seismic waves to slow down and undergo amplitude amplification, increasing the dynamic response of
the soil. On the other hand, because more rigid soil can lessen seismic wave amplification, the K, value is
typically lower in areas with higher V; (Farid et al., 2024).

This condition shows that some zones in the research area have relatively high seismic vulnerability to
earthquake shocks, even though the area is generally categorized as moderate sediment. The distribution of
PGA shows a similar pattern: lower V; values are typically associated with higher PGA values. This supports
the findings of Hadi et al. (2025), who found a direct correlation between higher maximum ground acceleration
and a higher risk of building damage for soft site classes (SD—SE).

Table 4. Classification of Potential Building Damage Based on Seismic Vulnerability Index (K;) and PGA

Damage class K, Value PGA (g) Measurement Point Description

Low <4 0.15 T4, T6, T8, T9, T11, T12, T15, Tl6, Geological conditions are relatively
T18, T21, T22, T23, T24, T25, T26, stable, with low seismic vulnerability
T27,T28,T29, T30, T33, T34, T35, and limited amplification effects. In the

T36, T37, T38, T39, T40 event of an earthquake, buildings are

expected to sustain only minor damage.

Moderate 4-7 0.20 T1, T2, T5,T7,T14, T17, T20, T31, Moderate seismic vulnerability, with
T32 buildings  potentially  experiencing

cracks and moderate non-structural
damage during strong earthquakes.
High >7 >0.26 T3, T10,T13,T19 High seismic vulnerability indicates an
increased risk of damage to buildings
due to ground amplification and high

ground accelerations during
earthquakes.
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Based on the classification presented in Table 4, points T3, T10, T13, and T19 are identified as having
the highest potential for earthquake-induced damage. These locations are characterized by high K; and PGA
values and correspond to areas where the most severe building damage was observed following the 23 May
2025 Bengkulu earthquake, as shown in Figure 1.

Overall, the relationship between the parameters fy, Ao, Ky, PGA, and V5 shows that the zones with the
highest seismic hazard potential in the Rafflesia Asri Housing Complex are concentrated in the northwest,
north, and east of the study area. These zones are characterised by low dominant frequencies, high
amplification factors, high seismic vulnerability indices, relatively high maximum ground accelerations, and
low Vg values. Low V; zones, high K, values, and high PGA values are spatially correlated, suggesting that
local amplification plays a major role in damage distribution. These results show that at the local level,
variations in distance from the earthquake source have less of an impact on damage levels than differences in
soil response characteristics. Thus, the findings of this study further support the significance of seismic
microzonation based on microtremors as a scientific foundation for Bengkulu City's spatial planning,
earthquake-resistant building design, and disaster mitigation strategy development.

CONCLUSION

According to the study's findings, the Rafflesia Asri Housing Complex in Bengkulu City's seismic
hazard levels and building damage patterns are greatly influenced by the soil's dynamic response. Microtremor
analysis using the HVSR method produced a dominant frequency (f;) value of 1.56-6.73 Hz, amplification
factors (A4g) of 1.97-6.46, seismic vulnerability index (K;) of 1.15-10.38, and maximum ground acceleration
(PGA) of 0.15-0.32 g. Analysis of shear wave velocity (V;) showed a range of 143—400 m/s with a
predominance of hard or very dense (SC) to soft (SE) soil classes.

Low fy, high Aj and K, and relatively large PGA are linked to zones with low V5 values (<200 m/s),
indicating the possibility of substantial seismic amplification. On the other hand, because of increased soil
stiffness, zones with higher 1§ values exhibit a smaller seismic response. The study areas northwest, north, and
east contain the highest seismic hazard zones, which correspond to the extent of building damage caused by
the May 23, 2025, earthquake. The significance of microtremor-based seismic microzonation as a foundation
for earthquake-resistant building design and disaster relief in Bengkulu City is highlighted by these findings.
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