
Seismic Vulnerability of Semarang, Indonesia for Shallow Crustal Fault 
Earthquake 

1*Windu Partono, 2Masyhur Irsyam, 3Muhammad Asrurifak, 1Undayani Cita Sari,   1Victor
1*Civil Engineering Department, Engineering Faculty, Diponegoro University, Semarang, Indonesia 
2Civil Engineering Department, Faculty of Civil and Environmental Engineering, Bandung Institute of Technology, 
Bandung, Indonesia 
3Faculty of Civil Engineering and Planning, Institut Sains dan Teknologi Nasional, Jakarta, Indonesia

Received: 2024-03-23 
Revised: 2024-05-08  
Accepted: 2025-02-19 
Published: 2025-04-28

Key words: earthquake-
microzoning; 
deterministic; peak 
ground acceleration; fault; 
probabilistic

Correspondent email :  
windupartono@lecturer.
undip.ac.id 

Abstract. In 2017, the National Centre for Earthquake Studies of Indonesia released the distribution of 25 
shallow crustal fault lines throughout the island of Java in Indonesia and four of them (Semarang, Demak, 
Rawapening and Weleri fault lines) are located around the city of Semarang. The presence of four shallow crustal 
fault earthquake sources, has led to the need to understand the potential earthquake hazards of Semarang 
through the development of earthquake-microzoning maps. Earthquake-microzoning maps of Semarang 
should be developed with reference to the Indonesian earthquake hazard maps and based on the deterministic 
and probabilistic seismic hazard approaches. Through the development of earthquake-microzoning maps, 
it is possible to estimate the areas with the highest and lowest surface-shaking (peak ground acceleration). 
The earthquake-microzoning maps based on the Semarang and Demak fault earthquake scenarios provide a 
preliminary indication that buildings constructed using the Indonesian Seismic Code (SNI 1726:2002) will 
experience stronger surface-shaking if the earthquake magnitude from both sources is at least M5.5. The 
results of the analysis for the creation of earthquake-microzoning maps based on the Rawapening and Weleri 
fault earthquake scenarios provide a preliminary indication that buildings constructed using SNI 1726:2002 
are expected to experience slightly weaker ground-shaking if the earthquake magnitude from both sources 
reaches a maximum of M6.5. All buildings constructed in this area using SNI 1726:2012 and SNI 1726:2019 are 
expected to experience weaker surface-shaking due to the four earthquake source scenarios with a maximum 
magnitude of M6.5. 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.

©2022  by the authors. Licensee Indonesian Journal of Geography, Indonesia. 
This article is an open access  article distributed under the terms and conditions of the Creative Commons 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.

1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1.  Introduction
Indonesia is an area with very high seismic activity. 

This makes the Indonesian archipelago very vulnerable 
to earthquake disasters. The high seismic activity in the 
Indonesian region is due to the meeting and collision of three 
large plates: the Eurasia, Indo-Australian and Pacific plates. As 
a consequence of the collisions and active movement of several 
plates, earthquake source lines are scattered throughout 
the Indonesian archipelago. In general, earthquake sources 
scattered in the Indonesian archipelago are grouped into 
subduction and shallow crustal fault sources.

In 2017, the National Centre for Earthquake Studies 
(PuSGeN) released the distribution of 25 shallow crustal fault 
lines throughout the island of Java in Indonesia. Four fault 
lines (Semarang, Demak, Rawapening and Weleri fault lines) 
are located around the city of Semarang. Figure 1 shows the 
four shallow crustal fault lines located around the research 
area. Among the four fault lines, the Semarang fault is an 
active fault that passes through the city of Semarang.

The presence of four shallow crustal fault earthquake 
sources, has led to the need for a greater understanding of 
the potential earthquake hazards of Semarang through the 

development of earthquake-microzoning maps. Earthquake-
microzoning maps of Semarang have been developed with 
reference to the Indonesian earthquake hazard maps and 
based on the deterministic seismic hazard analysis (DSHA) 
and probabilistic seismic hazard analysis (PSHA) approaches 
(Indonesian standard design for building, SNI 1726:2012 and 
SNI 1726:2019).

SNI 1726:2002 considers subduction earthquake sources 
as the only earthquake sources that affect the entire territory 
of Indonesia. The earthquake map presented in SNI 1726:2002 
uses a 500-year return period. Since SNI 1726:2002 only 
includes subduction earthquake sources, it is necessary to 
evaluate the vulnerability level of the city of Semarang to 
potential earthquake-shaking due to shallow faults. This is 
especially true for buildings constructed before 2012, which 
were designed and built based on SNI 1726:2002.

The national earthquake hazard maps developed by 
PuSGeN in 2017 were created for the entire Indonesian 
archipelago. However, the earthquake maps created in 2017 
are very difficult to use to estimate ground-shaking (i.e., 
peak ground acceleration [PGA]) caused by earthquake 
event scenarios. For example, the 2017 earthquake maps are 
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difficult to use to estimate the ground-shaking that the city 
of Semarang would experience from a nearby shallow crustal 
fault earthquake scenario. It is necessary to develop earthquake 
hazard maps for smaller areas (cities or regencies) that are 
located close to the earthquake’s source. Maps developed for 
smaller areas are also known as earthquake-microzoning 
maps. The development of earthquake-microzoning maps can 
be conducted using two approaches: DSHA and PSHA.

Research in earthquake-microzoning has been conducted 
in Indonesia. Irsyam et al. (2015) presented the results of 
research on the earthquake-microzoning hazard risk due to 
subduction and shallow fault sources. They determined the risk 
of ground-shaking in bedrock in the event of an earthquake 
originating from subduction. Examples of earthquake events 
due to shallow faults were also simulated in this research. The 
simulation of the earthquake risk due to shallow faults is due 
to the fact that the city of Jakarta is not located near a shallow 
fault line. The estimated ground-shaking was calculated based 
on standard penetration test (N30) observation data and 
shear-wave velocity (Vs30) values from microtremor testing. 
Earthquake-prone areas can be predicted based on the Vs30 
values. The higher the Vs30 value in an area, the smaller the 
level of ground-shaking caused by an earthquake. Firmansyah 
et al. (2019) presented multi-hazard research in the city of 
Bukittinggi considering earthquakes, landslides, fire and 
flooding. The results show areas at high risk due to all four 
hazards. This research also investigated disaster mitigation to 
reduce risks, considering hazard, vulnerability and resilience 
factors. 

Pranata and Triyono (2021) presented the results 
of earthquake-microzoning research in the Jakarta area. 
They presented Vs30 map of the city of Jakarta based on 
seismometer investigations. Estimates of earthquake-prone 
areas are predicted based on the Vs30 values. Maze et al. (2021) 
conducted earthquake-microzoning research in the city of 
Bengkulu. This research was conducted using seismometer and 
cone penetration test (CPT) data. Seismometer investigation 
was used to predict the soil layer from the bedrock elevation 
up to the surface elevation. The soil layer was predicted based 

on the results of horizontal to vertical spectral ratio (HVSR) 
analysis. The CPT study was used to predict the physical 
properties of the soil layers. The vulnerability level of the 
area to earthquake hazards was predicted based on the Vs30 
values and the physical properties of the subsoil. This research 
was conducted only to obtain the Vs30 maps. Seismic-
microzoning research for Bandung was conducted by Ridwan 
et al. (2024). This research only produced a Vs30 distribution 
map, and it was conducted based on field observations using 
array seismometer equipment. 

The results of the earthquake-microzoning research 
described above are mostly based on the observation of 
Vs30 values. The potential earthquake hazard due to shallow 
crustal fault earthquake sources located on land was not 
considered. The Yogyakarta earthquake in 2006, the Pidie Jaya 
Aceh earthquake in 2016 and the Palu earthquake in 2018 
are examples that indicate the need to conduct earthquake-
microzoning research for earthquake event scenarios caused 
by shallow fault earthquake sources. The earthquake-
microzoning research conducted in this study is focused on 
the impact of earthquake scenarios caused by four shallow 
fault sources located around the city of Semarang. The surface 
ground acceleration (peak ground acceleration (PGAM) values 
calculated according to SNI 1726:2002 up to 2019 and used in 
building design are compared with the results of surface PGA 
(PGAS) calculations based on earthquake event scenarios 
(DSHA). The PGAS values were calculated based on four 
earthquake source scenarios with magnitudes of M5 to M6.5.

Examples of PGAM calculation results in the city of 
Yogyakarta based on SNI 1726:2002 range from 0.12 g to 0.2 
g. Acceleration time histories recorded at YOGI station in 
Yogyakarta, shows that the PGAS value ranges from 0.32 g 
to 0.34 g (Elnashai et al., 2007). The PGAS value due to the 
earthquake in 2006 was one and a half times greater than the 
PGAM values used in buildings design based on SNI 1726:2002.

The information needed for the earthquake-microzoning 
map of Semarang includes the geological, geophysical and 
geotechnical conditions of the region. Data on the geological 
conditions in this study were obtained from the geological 

Figure 1. Fault lines around the city of Semarang
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map of Magelang and Semarang Sheets issued in 1996. Figure 
2 shows the geological map of Semarang and the position of 
the Semarang fault line. Figure 2 shows that the northern part 
of Semarang consists of a fairly extensive layer of alluvium 
and is estimated to cover one-third of the study area. Soft 
soil (Qa/Alluvium) is located in the northern part of the 
city. Sedimentary rock formations are located in the central 
and southern parts of the city. Several formations, such as 
the Damar Formation (Qtd), Kaligetas Formation (Qpkg), 
Kalibening Formation (Tmpk), Kerek Formation (Tmk), 
Kaligesik Volcano Formation (Qpk), Gajah Mungkur Volcano 
Formation (Qhg), Andesite (Tma), Kemalon Volcano Rocks 
(Qks), and Jongkong Formation (Qpj) are scattered around the 
central and southern parts of the city (Thanden et al., 1996].

Following the results of seismometer tests conducted in 
Semarang, the Vs30 map was developed. The Vs30 value was 
calculated at 241 seismometer points. Figure 3a shows the 
Vs30 map of Semarang. Figure 3a shows that the northern 
area of Semarang has a maximum Vs30 value of 200 m/s. Vs30 

values between 200 m/s and 350 m/s are spread over most 
of the central and southern parts of the city. A small portion 
of the southern part of the city of Semarang has Vs30 values 
between 400 m/s and 450 m/s.

Figure 3b shows the distribution map of N30 values 
analyzed at 210 drilling points. The distribution of N30 values 
is almost the same as the Vs30 distribution, with N30 values 
less than 20 distributed in the northern part of the city. Areas 
with N30 values between 20 and 50 are scattered in the central 
and southern parts of the city. Small areas with N30 values 
between 50 and 60 are scattered in the southern part of the 
study area.

2.  Methods
The calculation of the PGA value of Semarang was carried 

out using two approaches, DSHA and PSHA. The DSHA 
approach was carried out by considering earthquake event 
scenarios due to the shallow crustal fault with magnitudes 
of M5 to M6.5. The calculation of the PGA with PSHA or a 

Figure 2. Geological map of Semarang and the Semarang fault line

(a)                                                                                                                (b) 
Figure 3. Vs30 distribution map (a), and N30 distribution map (b).
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combination of the DSHA and PSHA approaches was carried 
out with reference to the Indonesian earthquake regulations 
SNI 1726: 2002 (PSHA), SNI 1726: 2012 (PSHA and DSHA) 
and SNI 1726: 2019 (PSHA and DSHA). Figure 4 shows the 
methodology for the seismic vulnerability evaluation of the 
study area. As shown in Figure 4, the basic method to determine 
the seismic vulnerability of Semarang is to compare the PGAM 
values calculated based on the seismic code (SNI 1726) and 
the PGAS values based on the deterministic calculation 
of earthquake scenarios. The DSHA and PSHA spectral 
acceleration calculations for SNI 1726:2012 were conducted 
using seven different attenuation functions, from Abrahamson 
and Silva (2008), Boore and Atkinson (2008), Campbell and 
Bozorgnia (2008), Chiou and Youngs (2008), Idriss (2008), 
Youngs et.al. (1997) and Zhao et. al. (2006). However, the 
DSHA and PSHA spectral acceleration calculations for SNI 
1726:2019 were conducted using an attenuation function 
developed by five different research teams: Abrahamson et al. 
(2014), Boore et al. (2014), Campbell and Bozorgnia (2014), 
Chiou and Youngs (2014) and Idriss (2014).

The calculation of the PGAS values requires geological, 
geophysical and geotechnical data from the research area. 
Geological data are needed to determine the distribution 
of the rock lithology and the position of alluvium deposits 
in the observation area. Geological data are also needed to 
determine the earthquake source mechanisms; this data 
include the fault rupture width and the average depth of the 
rupture. Geotechnical data are required for the calculation 
of N30, which is the average N-SPT (Standard Penetration 
Test) value to a depth of 30 m below the ground surface.  The 
geophysical information required for surface PGA calculation 

is Vs30 values, the average Vs (shear wave velocity obtained 
from seismometer investigation) values to a depth of 30 
m. The second piece of information that can be obtained 
from seismometer investigation is the approximate bedrock 
elevation, which is the elevation of the rock layer with a 
minimum Vs value of 760 m/s.

This research does not present a map of the distribution 
of the population, type and condition of buildings scattered 
throughout the city of Semarang and potentially affected by 
an earthquake event. This study only presents a description 
of the predicted ground-shaking (PGAS) due to earthquake 
event scenarios and compares it with the PGAM values 
used in earthquake-resistant building planning. This study 
only presents the distribution of areas affected by a single 
earthquake event.

Earthquake Source Distance Calculation
The distance of the earthquake source to the observation 

point is an indispensable parameter in DSHA and PSHA 
earthquake hazard analysis. The observation points used in 
the calculation of the earthquake source distance are drilling 
points and seismometer testing points (Partono et al., 2016, 
2021, 2023). To facilitate the calculation of the distance from 
the observation point to the earthquake source, software has 
been developed using the VB6 (Visual Basic 6) programming 
language (Partono et al., 2021).

Soil Boring and Seismometer Investigations
Standard penetration investigations to obtain the N-SPT 

values of Semarang have been conducted at 210 boring points 
with a minimum depth of 30 m and a maximum depth of 60 

PGA Permukaan

START

Geological,  Geophysical and Geotechnical Informations

Surface PGA (PGAM) Calculations Based on SNI 
1726:2002 - 2019

N30, Vs30 and Site Soil Data and Maps

Seismic Sources Mechanism and Position

Surface PGA (PGAS) of Earthquake Scenarios M 
5 - 6.5  (Deterministic Analysis)PGAM Maps Based on SNI 1726:2002 - 2019

PGAS Maps Of Earthquake Scenarios

Seismic Vulnerability Evaluation   

STOP

Figure 4. Seismic vulnerability of the city of Semarang
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m. The maximum N-SPT value found in this investigation is 
60. The locations of soil borings conducted in this area can be 
seen in Figure 5a. Figure 5a shows that the drilling locations 
are not evenly distributed throughout the Semarang area. This 
is because most of the boring observation points were obtained 
following the soil investigation used for building foundation 
design.

One of the objectives of earthquake hazard analysis is to 
estimate the value of the PGA in bedrock (SB). To calculate 
the PGA in bedrock, earthquake source scenario data and 
attenuation functions are required. The attenuation function 
(i.e., the ground motion prediction equation [GMPE]) is 
an empirical equation that can be used to estimate the level 
of ground-shaking caused by an earthquake scenario. The 
seismic parameters needed for the PGA calculation values 
are the magnitude, the distance from the earthquake source 
to the observation location and the seismic mechanism of 
the earthquake source. An important parameter that is also 
required in the calculation of the PGA is the VS30 value. 
Figure 5b shows 241 seismometer testing points and ten 
seismometer-array investigation positions. The purpose of 
seismometer array testing is to verify the results of single-
seismometer testing and estimate the elevation of bedrock 
with a minimum Vs value of 760 m/s.

Earthquake Source Distance Calculation
The distance from the observation points to the 

earthquake source was determined based on the position 
of 241 seismometer testing points. Based on the calculation 
of the distance of each seismometer testing point, a map of 
the distribution of the distance to the four shallow fault 
earthquake sources was developed.  Figures 6a and 6b show 
the distance distribution contours of the Semarang fault line 
and the Demak fault line. Figures 6c and 6d show the distance 
distribution contours of the Rawapening fault line and the 
Weleri fault line. The four fault distance maps were calculated 
at 241 seismometer testing positions. From the four figures, it 
can be seen that the Semarang fault earthquake source is the 
closest to the entire Semarang area, followed by the Demak 
fault, Rawapening fault and Weleri fault.

Surface PGA (DSHA) Calculations of Earthquake Scenarios
The DSHA of the earthquake scenarios of the study 

area was conducted using the attenuation function (GMPE) 
from the 2014 NGA West-2 Model. The calculation of the 
PGA requires the distance from the observation point to the 
earthquake source, the value of Vs30 and earthquake source 
mechanism data such as the slip rate, Ztor and Rx or Rjb. Five 
GMPEs that are often used in DSHA are those developed by 
PEER NGA-West2. The GMPEs of Abrahamson et al. (2014), 
Boore et al. (2014), Campbell and Bozorgnia (2014), Chiou and 
Youngs (2014), Idriss (2014) and Gregor et al. (2012) are used 
on a limited basis for Vs30 values greater than 450 m/s. For 
the calculation of the PGA at bedrock elevation, Vs30 = 760 
m/s was applied to all GMPEs. The results of VS30 calculations 
at 241 seismometer test points showed Vs30 values less than 
450m/s for GMPEs other than those of Abrahamson et al. 
(2014), Boore et al. (2014), Campbell and Bozorgnia (2014) 
and Chiou and Youngs (2014). Figure 6 shows the results of 
acceleration spectra calculation using four GMPEs with Vs30 
taken as 760 m/s, and with magnitudes of M5, M5.5, M6 and 
M6.5. The four acceleration spectra at 0 s shown in Figure 7 
represent the average PGA values taken from the four GMPE 
models. Figure 8 shows three examples of the surface spectral 
acceleration of the Semarang fault earthquake scenario with a 
magnitude of M5, Rjb (seismic source distance) = 5-15 km and 
Vs30 = 100-400 m/s. 

As shown in Figure 7a the PGA values (bedrock) of the 
Semarang fault earthquake for magnitudes of M5, M5.5, M6 
and M6.5 are 0.14157 g, 0.20134 g, 0.25959 g and 0,32397 g, 
respectively. Figure 8a shows that the corresponding surface 
PGA values calculated at four different Vs30 values of 100 m/s, 
200 m/s, 300 m/s and 400 m/s are 0.1527 g, 0.15449 g, 0.14370 
g and 0.13327 g, respectively.

 
Surface PGA (PGAM) SNI 1726 Calculations

The creation of the SNI 1726:2002 surface PGA (PGAM) 
map aims to evaluate existing buildings that were designed 
using SNI 1726:2002. The selection of SNI 1726:2002 is based 
on the experience of the Yogya earthquake in 2006. Many 

(a)                                                                                               (b)

Figure 5. Soil boring investigation (a) and seismometer investigation (b) positions
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buildings built based on SNI 1726:2002 or previous regulations 
were unable to withstand surface ground-shaking due to a 
shallow fault earthquake with a magnitude of M6.3 (Elnashai 
et al., 2007). Figure 9a shows the distribution of PGAM values 
calculated at 241 seismometer observation points based on the 
SNI 1726:2002 code.

The calculation of PGAM is also carried out based on the 
earthquake regulations SNI 1726:2012 and SNI 1726:2019. The 
calculation of the PGAM values of SNI 1726:2002, 2012 and 2019 
at each investigation point was carried out by multiplying the 

PGA value at bedrock elevation with the amplification factor 
or site factor FPGA. Equation 1 shows the PGAM calculations 
methods based on the SNI 1726 code. PGAM, FPGA and PGA 
in Equation 1 represent the surface PGA, PGA amplification 
factor and PGA at bedrock elevation, respectively. Figure 9b 
shows the distribution of PGAM based on the SNI 1726:2012 
code. Figure 9c shows the distribution of PGAM calculated 
based on the SNI 1726:2019 code.

                                                                                                                                      (1)

(a)                                                                                        (b)

(c)                                                                                                (d)                      

Figure 6. Earthquake source distance distribution maps of Semarang (a), Demak (b), Rawapening (c) and Weleri (d) fault lines. 

Table 1. PGAS of Semarang fault earthquake scenario magnitude M5
Rjb Vs30 = 100 m/s Vs30 = 200 m/s Vs30 = 300 m/s Vs30 = 400 m/s

5 km 0.15721 g 0.15449 g 0.14370 g 0.13327 g

10 km 0.09961 g 0.08777 g 0.07611 g 0.06819 g

15 km 0.07560 g 0.05608 g 0.04711 g 0.04156 g
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Figure 7. Spectral acceleration calculation of four GMPEs due to the Semarang fault earthquake scenarios at Rjb = 5 km (a), Rjb = 
10 km (b) and Rjb = 15 km (c).
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Figure 8. Surface spectral acceleration calculation of four GMPE due to the Semarang fault earthquake scenarios at Rjb = 5 km 
(a), Rjb = 10 km (b) and Rjb = 15 km (c).
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3.  Results and Discussion 
The calculation of the PGAS values due to shallow crustal 

fault earthquake scenarios was carried out from a magnitude 
of M5 up to a maximum magnitude of M6.5. The calculation 
of four earthquake magnitude scenarios for M5, M5.5, M6 
and M6.5 was conducted at 241 seismometer testing points. 
The calculation was performed by inputting the Vs30 value 
obtained from the seismometer investigation results and the 
distance of the earthquake source (Rjb) from each seismometer 
observation point to each fault earthquake source line.

Figure 10a shows the PGAS distribution due to the 
Semarang fault earthquake scenario with a magnitude of M6.5. 
In the M6.5 earthquake scenario, the city is expected to suffer 
surface-shaking ranging from 0.2 g to 0.6g. The maximum 
PGAS values are distributed in the northern part of the city 
and north of the Semarang fault line. PGAS maps were also 
generated for three Semarang fault earthquake scenarios with 
magnitudes of M6, M5.5 and M5. Figures 10b, 10c and 10d 
show the surface PGA distribution maps for three earthquake 
scenarios: M6, M5.5 and M5. Semarang will experience a 
PGAS of 0.15 g to 0.6 g due to an M6 earthquake. As a result 

of the M5.5 earthquake scenario, Semarang will experience 
surface-shaking between 0.1 g and 0.5 g. Meanwhile, due to 
an earthquake with a magnitude of M5, the city is expected to 
suffer surface-shaking from 0.05-0.4 g.

Based on the results of the PGAS calculations of the 
four magnitude scenarios, it can be seen that the strongest 
distribution of surface-shaking will occur in the northern 
area of the city. The weakest surface-shaking will occur in the 
southern part of the city. This is quite relevant because the 
southern part of Semarang is located at the greatest distance 
from the earthquake source, with a Vs30 value greater than 
that of the northern part of the city. Areas with a distance 
of less than 5 km to the Semarang fault line are expected to 
experience ground-shaking (PGAS) greater than 0.2g. This 
surface-shaking value is greater than the estimated shaking 
according to SNI 1726:2002. In contrast to the calculation 
results according to SNI 1726:2002, all buildings constructed 
according to SNI 1726:2012 and SNI 1726:2019 are expected 
to experience weaker surface-shaking the Semarang fault 
earthquake scenarios with a maximum magnitude of M6.5.

                                                                                                        
(a)

                                                                                                              
(b     (c)                               

Figure 9. PGAM distribution maps of SNI 1726:2002 (a), SNI 1726:2012 (b) and SNI 1726:2019 (c).
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PGAS calculations were also carried out for the Demak 
fault earthquake scenario, for the same four magnitude 
scenarios. Figure 11 shows two PGAS distribution maps due to 

the Demak fault earthquake with magnitudes of M6.5 and M5, 
respectively. Figure 11 shows that the largest PGAS values are 
distributed in the eastern part of Semarang. The PGAS caused 

(a)                                                                                                           (b)

 

(c)                                                                                                    (d)  

Figure 10. PGAS distribution map of Semarang fault earthquakes at M6.5 (a), M6 (b), M5.5 (c) and M5 (d).

(a)                                                                                             (b)
Figure 11. PGAS distribution map for Demak fault earthquake magnitudes of M6.5 (a) and M5 (b).
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by the M6.5 scenario is expected to cause surface-shaking 
between 0.1 g and 0.5 g. Meanwhile, if there is an earthquake 
caused by the Demak fault with a magnitude of M5, the 
maximum PGAS values is 0.2 g. As a result of the Demak fault 
earthquake scenario with a maximum magnitude of M5.5, the 
entire city of Semarang is expected to experience less surface-
shaking than predicted by SNI 1726:2012. Based on the PGAS 
distribution maps of Demak fault earthquake scenarios with 
magnitudes of M6 or M6.5, all buildings located in the western 
part of the city and designed following SNI 1726:2012 are 
predicted to experience weaker surface-shaking.

All buildings constructed according to SNI 1726:2019 are 
expected to experience weaker surface ground-shaking than 
the ground-shaking caused by the Demak fault earthquake 
scenario with a maximum magnitude of M6.5. The opposite 
condition is predicted for all buildings constructed according 
to SNI 1726:2002. All buildings constructed according to SNI 
1726:2002 are expected to experience greater shaking due 
to the Demak fault earthquake scenario with a minimum 
magnitude of M5.5. In the event of an earthquake with a 
magnitude from M5.5 to M6.5, all buildings in the city are 
expected to experience surface ground-shaking greater than 
the estimated shaking according to SNI 1726:2002.

As shown in Figure 6, the distances of the 241 seismometer 
observation points to the Semarang fault line range from 0 
km to 15 km. However, the distances of the 241 seismometer 
observation points to the Demak fault line range from 5 km to 
30 km. The distance of the study area to the Rawapening fault 
line ranges from 15 km to 35 km. However, the distance from 
the city to the Weleri fault line ranges from 25 km to 60 km. 
From the distribution of earthquake source distances, it can be 
seen that the Rawapening fault is closer to the city of Semarang 
than the Weleri fault.

Figure 12a shows the PGAS map due to the Rawapening 
fault earthquake scenario with a magnitude of M6.5. Figure 
12b shows the distribution map of the PGAS due to the 
Weleri fault earthquake scenario with a magnitude of M6.5. 
According to Figure 12b, the PGAS ranges from 0.05 g to 0.25 
g. According to Figure 12a, the PGAS values caused by the 
Rawapening fault scenario with a magnitude of M6.5 range 
from 0.1 g to 0.25 g. Based on the results of this calculation, 

the PGAS values due to the Weleri fault earthquake scenario 
are smaller than those due to the Rawapening earthquake 
scenario with the same magnitude value.

According to the analysis of the PGAS calculations due 
to the Rawapening fault and Weleri fault earthquakes as 
shown in Figures 12a and 12b, all buildings designed based 
on SNI 1726:2002 are expected to experience weaker ground-
shaking for these two earthquake sources with a maximum 
magnitude of M6.5. Based on the analysis results according to 
SNI 1726:2012 and SNI 1726:2019, all buildings constructed 
according to these two earthquake codes are expected to 
experience weaker ground-shaking for the two earthquake 
sources with magnitudes reaching M6.5.

4.  Conclusion 
According to SNI 1726:2002, the Semarang area is estimated 

to have a maximum ground-shaking resistance (PGA) of 0.2 g. 
According to SNI 1726:2012 and SNI 1726:2019, the city of 
Semarang is estimated to have a maximum ground-shaking 
resistance (PGAM) of 0.6 g. The earthquake-microzoning map 
developed for the Semarang fault and Demak fault earthquake 
scenarios provides a preliminary indication that buildings 
constructed using SNI 1726:2002 (built before 2012) will 
experience stronger shaking if the earthquake magnitude from 
both sources is at least M5.5. The results of the analysis for the 
creation of earthquake-microzoning maps for the Rawapening 
fault and Weleri fault earthquake scenarios provide an initial 
indication that buildings constructed using SNI 1726:2002 are 
expected to experience slightly weaker ground-shaking if the 
earthquake strength from both sources reaches a maximum 
magnitude of M6.5. All buildings constructed in the Semarang 
area using SNI 1726:2012 and SNI 1726:2019 are expected 
to withstand surface-shaking caused by the four earthquake 
source scenarios with a maximum magnitude of M6.5. 
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