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Abstract

Recently on the November 4, 2022 at 03:00 PM, a Mww 5.6 earthquake struck Cianjur district of West Java province, Indonesia.
To our best knowledge, an earthquake will cause a massive damage to the manmade infrastructure and this responsible for a
massive casualty. A building damage is affected by various determinant factors. One of important factors is the geological
bedrock variations. Here this research aiming to elaborate the associations of geological bedrocks in Cianjur district with
residential building damages caused by recent earthquakes. The results confirm that majority of building damages account for
54.67% of the total building was associated with quaternary volcanic bedrocks. The second massive building damages were
observed for Andesitic Dacitic volcanic rocks accounted for 32.07%. To conclude, elaborations of geological bedrock-building
damage will contribute to the better planning in the future that can reduce the damages in the urban settings.
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1. Introduction

1.1 West Java earthquakes
Indonesia is one of the countries in the world that is very vulnerable to earthquakes. For almost a century, the USGS has records of at |

more than 150 earthquakes with magnitudes greater than 7 in the period 1901-2019. One of the regions in Indonesia that is very susceptibl
earthquakes is West Java. These areas are vulnerable due to the presence of faults combined with soli characteristics and slope. Landslides
considered an associate disaster following an earthquake since West Java's topography is dominated by hilly regions with very steep slopes.

In West Java, there are at least three faults that have the potential to cause massive earthquakes (Supendi et al. 2018). Those faults include
Cimandiri fault (Setyonegoro et al. 2013, Febriani 2016, Marliyani et al. 2016), the Baribis fault, and the Lembang fault. Cimandiri is an ac
fault located in the region of southern Sukabumi, West Java, that extends from Pelabuhan Ratu to Padalarang. While Baribis is located in
northern parts, and Lembang in the central parts. (Fitri et al. 2019). To the east of the Cimandiri fault lies the Lembang fault.

Baribis fault is located in the northern part of the West Java area. The fault is the result of the subduction movement of the Indo-Austra
plate with the Eurasia plate of about 57 mm per year In Sumatra, the boundary between the two is accommodated by the Sumatran fault. Howe
in Java, the movement of the Sunda Megathrust could be transferred to inland faults in Java such as the Cimandiri fault, the Lembang fault,

this Baribis fault in Western Java (Simanjorang et al. 2020, Daryono et al. 2021).
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The Lembang fault (Daryono et al. 2019) extended for 24 kilometers. The western part of this fault
runs through Paropong district, and the Lembang fault is parallel to the Java subduction zone, which
lies 300 km off shore from the southern coast of Java Island. To the west of the Lembang fault lies the
Cimandiri fault. The north-facing fault scarp of the Lembang fault has slopes steeper than 40°. The
east-west profile shows that the scrap has a height above the surface of about 300 m (Meilano et al.
2012, Nugraha et al. 2019).

1.2 Residential building susceptibility

Building damage as resulted from earthquake is associated with the geological rock. As a result of
the 2016 Kumamoto Earthquake, Japan, most building damage was associated with the liquefaction
process (Setiawan et al. 2017). Soil liquefaction that occurred in this area after earthquake was mainly
affected by the very loose silt and sand layer at a depth of around 6 m below the ground surface, and
the existence of the Kiyama river as well. In Indonesia, ground shaking was also observed following
Mw7.5 strike-slip event at shallow depths within Palu Bay and underneath Palu city. This earthquake
has triggered the liquefaction of sandy soils that has damaged residential a building at village scales

(Goda et al. 2019).
1.3 Cianjur earthquake

On November 21, 2022, at 13:21 WIB (UTC +07:00), a Mww 5.6 earthquake struck near Cianjur in West Java, Indonesia. The earthquake
occurred at a depth of 11 km (7 mi), classifying it as a shallow event. It had a strike-slip focal mechanism and is associated with seismic activity
on the Cimandiri Fault. The recent earthquake had a greater impact because it ruptured within a few kilometers of the city of Cianjur.

Cianjur is very susceptible to the earthquake. A sequence of previous earthquakes proves this. Since 1844, numerous earthquakes have been
recorded. In 1910, 1912, 1958, 1982, and 2000, earthquakes caused damage and casualties in the area.

Considering the vulnerability of Cianjur and the fact that it is located near a fault, and at the same time that Cianjur is a populated city,
information on how residential building damage was associated with geological rocks is urgently needed. This is very important because it is one

of the crucial components of mitigation and planning efforts in the future.

2. Methods
The research frameworks describing methods for this study is available in Fig-

ure 1. The method follows Hidayat (2022).

Variables

Study area Association

+ Filed survey
+  Interpretation of geological data
*  Mapping and overlaying

Fig 1 Research frameworks.

2.1. Study area
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The study area was numerous subdistricts within Cianjur (Figure 2), a district located in the West Java province that was struck by an
earthquake on November 21, 2022. This district has an area of 3,614 km? and a population of 2,244 people. The geocoordinate of Cianjur is 6° 49
16” S and 107° 08’ 24" E, or 6.8212005° S and 107.1400351° E. Cianjur district was bordered by mountainous areas in the north and lowland and

coastal areas in the south.
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Fig 2 Subdistrict within Cianjur district, West Java, Java island, Indonesia.

2.2. Residential building surveys

The majority of the information needed for this study is the number of damaged residential buildings in the Cianjur subdistrict. This data was
collected from primary and secondary sources. The primary data was collected through direct observation. The secondary data came from
interviews and literature reviews. Documents that are included in literature reviews are mainly disaster reports containing numbers of casualties
and damaged houses. The reports were official documents published and circulated by authorized government agencies. The numbers of damaged

residential buildings were recorded and tabulated in a GIS database.

2.3. Geological surveys
The geological data used in this is the geological bedrock. The bedrock data was secondary data provided by a geological agency. The bedrock

data described the types of rocks that lie in the Cianjur district. The bedrock data were then recorded and tabulated in a GIS database.

2.4. Mapping and analysis

This study's analysis is primarily based on mapping and overlaying. The data, along with its tabulated data on damaged buildings obtained
from surveys, were then visualized and mapped into a vector layer. This vector layer consists of polygons representing surveyed subdistricts of
Cianjur district along with their number of damaged houses. The vector layer of damaged houses was then overlaid with a vector layer of mapped
geological bedrock. The delineations of damaged house vector layers followed the subdistrict border. While the delineations of geological bedrocks
were independent and did not follow the subdistrict borders. It means that one subdistrict can have more than one geological bedrock. Similarly,

one geological bedrock can occur in more than one subdistrict. All the mapping and analysis were implemented using the GIS platform.

3. Results and Discussion
3.1. Damaged buildings

Figure 3 depicts the spatial distributions of damaged buildings based on current available data in subdistricts within Cianjur district, West Java,
Java island, Indonesia. It is clear that the majority of damaged buildings were concentrated in the district's northern and western parts, which were

cut off from the mountainous areas. A high concentration of damaged buildings with a range of 9,705-10,411 houses was also observed in the
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northwest. This area was surrounded by areas that experienced quite high numbers of damaged buildings, ranging from 1,128 to 9,705 houses. The
number of damaged buildings was decreasing in the east. Then, the north and west sides experienced more earthquakes in comparison to the south

and east sides.
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Fig 4 Geological bedrocks in subdistricts within Cianjur district, West Java, Java island, Indonesia (ADC: Andesitic Dacitic, MI: Miocene
Intrusive, MPS: Miocene Pliocene Sediment, MSR: Miocene Sedimentary Rocks, NV: Neogene Volcanic, OMV: Oligo-Miocene Volcanic, QV:
Quarternary Volcanic, SD: Superficial Deposits).
3.2. Geological bedrocks

Geological bedrock in Cianjur, where the earthquake was present, varied (Figure 4). At least there were eight types of geological bedrock. The
bedrocks in the north were different from the bedrocks in the central and southern parts. The northern parts, where the most damaged buildings
were recorded, were dominated by quarternary volcanic bedrocks. This bedrock covers almost 7 subdistricts that have high numbers of damaged
houses (Figure 5). The northern parts were bordered by Andesitic Dacitic bedrocks. In contrast, the central parts of Cianjur were dominated by
Neogene volcanic bedrocks. Miocene-Pliocene sediments dominated the lowland southern parts of Cianjur. The results (Figure 6) confirm that
majority of building damages account for 54.67% of the total building was associated with quaternary volcanic bedrocks. The second massive

building damages were observed for Andesitic Dacitic volcanic rocks accounted for 32.07%.
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Fig 5 Overlaid of Quarternary Volcanic geological bedrocks with damaged houses in subdistricts within Cianjur district, West Java, Java island,

Indonesia.
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Fig 6 Compositions of damaged houses in every geological bedrocks (ADC: Andesitic Dacitic, MPS: Miocene Pliocene Sediment, MSR:
Miocene Sedimentary Rocks, NV: Neogene Volcanic, QV: Quarternary Volcanic) in subdistricts within Cianjur district, West Java, Java island,

Indonesia.

Discussion

This research is the first to elaborate on the association between geological rocks and building damage due to the earthquake. This information
is crucial considering that understanding the scale and distribution of building damage along with its confounding factors will guide the
improvement of disaster management (Bhattacharjee et al. 2021). The results obtained in this study highlighted the association of geological rocks
with the damaged houses as a proxy for earthquake disaster, which was corroborated with the previous researches.

The variations in geological characteristics are determinant factors that regulate and differentiate the magnitude of earthquakes in certain
locations. As observed and learned from the previous earthquake in Palu (Hidayat 2022), the geological and topographic conditions of the Palu
area really control the distribution of damage caused by earthquakes. In valleys, which consist of soft sediments, there is an increase in earthquake
vibrations, which results in increased levels of damage. Strengthening earthquakes or earthquake vibrations due to geological conditions has an
important impact on the level of damage to buildings that occurs.

The geological rocks characterized by the deposits of the Holocene age are more susceptible to earthquakes. The rock formations generally
consist of material that has not undergone compacting and is therefore loose. The rock structure generally consists of sand at the top, silt at the
middle, and clay at the bottom. In this study, it was clearly observed that most damaged buildings were recorded in the volcanic bedrock. Aside

from volcanic rocks, Andesitic Dacitic rocks have also contributed to a significant number of damaged buildings.
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The characteristics of volcanic rocks are related to the number of damaged buildings associated with the types of volcanic rocks. Volcanic soil
is known for being problematic and hazardous because of its peculiar behavior (Sumartini et al. 2018). It is ejected from volcanic activity and has
unique properties in its mineral content, chemical content, porosity, fabric, interlocking between grains, and cementation process. The results of
this can be seen in Japan, one of the countries that has similarities to Indonesia due to its geological characteristics and location, which is also
located in the Ring of Fire. A large number of earthquake-induced building damages have been reported in specific volcanic rocks (Miyagi et al.
2011, Kayen et al. 2016, Hazarika et al. 2018), which is comparable to the result obtained in Cianjur.

Despite the fact that this study is the first to elaborate on the links between earthquake-induced building damage and geological bedrock, there
is still room for improvement. First, this study excludes a possible landslide as another factor that could cause and contribute to residential building
damage; in the future, it is recommended to distinguish whether the building was damaged by ground shaking or struck by a landslide. Another
important variable that is overlooked in this study is the characteristics of the building itself. The number of floors, the shape of the building,
building style, ground foundation condition, seismic design, and the quality of the building's construction, including the material properties, are

all factors to consider (Jin et al 2020).

Conclusions

To our best knowledge, a systematic analysis elaborating on the association of bedrock with damaged buildings has not been implemented so
far. Finally, this study assessed and confirmed that variations in bedrock differentiate the magnitude of an earthquake represented by numbers.
Quaternary volcanic bedrocks are most responsible for the most damaged buildings. High numbers of damaged buildings within volcanic bedrock

were also related to the areas of this bedrock that cover almost 7 subdistricts.
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