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Abstract. An important key to determining the disaster risk is exposure. It is truly dynamic in space and
time due to the expansion and change of the settlements. A seismic hazard is an earthquake disaster that
can deliver damage to the physical environment. Hence, it is required to analyse the objects exposed by
an active earthquake source in the Bandung Basin. The exposed objects that experience the most impact
due to the shock of the earthquake are residential buildings. The West Bandung Regency was opted as
our study area due to the high-risk zone for earthquake waves based on seismic hazard calculation. This
paper tried to analyse the seismic exposure as the impact of earthquake waves around the Bandung Basin
on physical buildings in the West Bandung Regency using a geospatial analytics approach. The result
shows that the location area with many damaged buildings correlates with the spatial distribution of

surface peak ground acceleration.

1 Introduction

During the past two decades, the number of earthquakes
has increased dramatically in West Java, primarily
attributed to induced seismicity from the Sunda
Megathrust and the Lembang Fault, as shown in Fig. 1
[1,2,3]. The increased seismic disaster risk has affected
several West Java regencies, including West Bandung
Regency. Thus, scientific information related to physical
buildings that are affected by seismic hazards is needed.

Peak Ground Acceleration (PGA) computation can be
used to determine the seismic hazard that affects
buildings[4,5]. The PGA values on the surface were
obtained using Earthquake waves propagation. These
values were used as an input for spatial analysis.

Spatial analysis is to map the buildings that are
exposed to seismic hazards. The spatial distribution of
seismic hazards and buildings that are affected by seismic
waves can be achieved with a geographic information
system approach [6]. Spatial analysis to estimate the
spatial distribution of point samples at the unknown
location required interpolation. Two spatial interpolation
methods are widely used by GIS practitioners, namely
Inverse Distance Weighting (IDW) and Kriging [7]. The
IDW interpolation method is claimed to have a lighter
performance than Kriging [7]. Hence, this study applied
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the IDW to map the seismic exposure of physical
buildings.
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Fig. 1. Earthquake events in the last 20 years in West Java
province. Mw > 3.5 (USGS)

2 Study Area

There are three sub-districts in West Bandung Regency;
namely Batujajar, Cihampelas, and Cililin. Several soil
field investigations, Core Penetrant Test (CPT), known as
CPTu, settled on these areas, as shown in Fig. 2.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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Fig. 2. The study area, along with the sampling location of
CPT, is marked with an orange circle. It is consists of three
sub-districts in West Bandung Regency.

CPTu-01 and CPTu-02 are located in the Batujajar
sub-district. This area is a densely populated residential
zone. Different from Batujajar area, Cihampelas sub-
district dominated by a water area, which is Saguling dam.
The physical building is located in the eastern part of this
subdistrict. CPTu-03, CPTu-04, CPTu-09 and CPTu-10
were found in this subdistrict. The third is Cililin sub-
district, which is the largest subdistrict in West Bandung
Regency. This area consists of half land and half water,
and the building infrastructures are distributed in the
southern part of Cililin sub-district.

3 Methodology

The study used PGA values as the main source to map
buildings that were exposed to seismic hazards. Nonlinear
approach analysis was used to calculate the PGA values
[8][9]. It was assumed that the shear waves had been
propagated vertically in the one-dimensional layer under
some soil layer conditions; homogenous, infinite extent,
and horizontal motion [10]. It can be expressed in a given
equation:
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Where p is the soil unit mass, d is horizontal
displacement, z is the depth, t is the time, 7 is the shear
stress, and 1 is the mass damping parameter. The
displacement, velocity, and acceleration are then
calculated using a finite difference formulation as
follows:
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Where ¥ is motion velocity, a;,, is the acceleration at
nodes i (i = 1, ..., n) and n-step. The PGA computation

was applied to eight CPT samples. The location of each
CPT sample can be seen in Fig. 2.

The PGA values were interpolated using IDW to estimate
the PGA distribution. The IDW calculates the weighted
averages of sample values to estimate the unknown value
Z given particular location x [7,11]. Mathematically, the
IDW method can be represented as:
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Where B is the inverse distance power and > 0, w; is
the weight value at n (n = 1, ..., n) location that is the
euclidean distance, and z is the observed value.

A field survey was carried out to obtain ground truth
data of physical building using the Global Earthquake
Model (GEM) taxonomy framework. Moreover, stratified
random sampling was employed to select sample sites.
There are ten random samples placed inside a rounded
buffer of 2.5km of each CPT sample. There are 80 random
physical building sample data over 8 CPT points that were
collected.

The parcel of building map was developed by using
manual digitization due to data limitations.

4 Results

The PGA values on each sample location vary between
0.47 —0.70, as shown in Table 1.

Table 1. The PGA computation result

ID QAnax SUrface
CPTu-01 0.54
CPTu-02 0.62
CPTu-03 0.54
CPTu-04 0.70
CPTu-07 0.52
CPTu-08 0.47
CPTu-09 0.51
CPTu-10 0.51
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Fig. 3. The interpolated map of PGA values on the surface
along with the building parcel and the building condition.

Fig. 4. A building located at CPTu-04. It has a wide crack
opened and was marked inside a red box.

Fig. 5. A building located at CPTu-08 has structural damage. It
was marked inside a red box.

Building condition in CPTu-04 located at Cihamplas
that has been severely damaged can be seen in Fig. 4. On

the one hand, the building with cracks in the Cililin sub-
district can be seen in Fig. 5.

The highest value of PGA is located at Cihamplas sub-
district, while the lowest value is located at Cililin sub-
district. There is a strong correlation between the PGA
value on the surface and the building that has cracks. It
can be seen in Fig. 3. There are many buildings in
Cihamplas sub-district that have cracks. The number of
damaged buildings observed in Cihamplas is almost 70%.
Conversely, Cililin sub-district that has the lowest value
of PGA also has lesser damaged buildings, with
approximately 25% of total buildings having cracks.

5 Conclusion

The seismic exposure of building maps gives us insight
into the particular area prone to an earthquake disaster. It
also can help to predict and estimate the building damages
and losses. Our result confirms that the PGA value on the
surface has a strong correlation with the number of
damaged buildings. This shows that using the geospatial
analytics approach can capture the seismic exposure
related to the existing buildings. However, in future
research, we must delve deeper into the causes of
structural damage using building taxonomies
classification and machine learning to automate building
footprint extraction using high-resolution imageries and
estimate the number of damaged buildings. Hence, we can
model and quantify the number of building exposed to
seismic hazards more precisely.
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