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Abstract Ahmad Yani International Airport is located in Semarang (the Capital
City of Central Java Province) Indonesia. The airport was first operated on June 6
2018 and designed it using 2012 Indonesian Seismic Code (SNI 1726:2012
in Seismic resistance design codes for building and other structures, Jakarta,
pp 1–138, [16]). The airport was commercially operated one year after the new
Indonesian Seismic Hazard Maps 2017 released (ISHM-2017). The most important
information obtained from ISHM-2017 is the new predicted seismic source located
close to the airport area. This paper expresses the seismic hazard analysis (SHA) of
the airport area based on the new ISHM-2017. The analysis is performed by
conducting three basic SHA steps such as the Probabilistic and Deterministic
Seismic Hazard Analysis (PSHA and DSHA), a combination of PSHA and DSHA
for developing Most Considered Earthquake Risk (MCER) spectral acceleration and
the final analysis is related with the calculation of surface spectral acceleration for
developing design spectral acceleration (DSA). The new DSA is then compared to
the previous DSA developed based on SNI 1726:2012 (SNI 1726:2012 in Seismic
resistance design codes for building and other structures, Jakarta, pp 1–138, [16])
and also compared to the surface spectral acceleration developed using site response
analysis (SRA). The result of the study shows that the new DSA has no significant
differences and improvements compared to the previous DSA (SNI 1726:2012 in
Seismic resistance design codes for building and other structures, Jakarta,
pp 1–138, [16]) and SRA results.
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1 Introduction

The new Ahmad Yani International Airport, Semarang Indonesia was first operated
on June 6 2018. The position of the new airport is close to the old airport and
moved to the north side of the old airport area. The main objective of the devel-
opment of the airport is for increasing the passengers demand capacity per year. The
new airport uses the same runway with the previous one. The major improvement is
the position of airport terminal is moved from the south-part to the north-part of
runway and the terminal area is increased from 6708 to 58,652 m2. The airport is
located in the north-part of the city and located at the coastal area. The airport was
first operated one year after the ISHM-2017 released. Based on the ISHM-2017 the
airport location is closed to the new seismic source shallow crustal fault, Semarang
Fault. The Semarang fault trace is spreading from the western-part to the center-part
of the city. Based on the ISHM-2017 there is another fault trace which is located
and spread out at the eastern-part of the city. Figure 1 shows the bird view of the
airport area and Fig. 2 shows the airport position toward Semarang fault (with
minimum 1 km distance) and Lasem fault (with minimum 5 km distance).

Due to the position of the airport against two closest seismic sources, the
earthquake scenarios should be taken into consideration for evaluating the capa-
bilities of the infrastructures within the airport area in resisting earthquake waves.
A comprehensive investigation should be performed not only to all buildings and

Fig. 1 Bird view Ahmad Yani International Airport
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facilities within the airport area but also for the seismic mechanisms that might
happen to all seismic sources. This paper express one aspect of seismic mitigation
related with the possibilities of seismic forces that could be changed to all buildings
within the airport. The seismic forces used for building evaluation is developed
based on the new ISHM-2017 data and then compared to the previous seismic
forces design developed using SNI 1726:2012 [15] and SRA caused by shallow
crustal fault earthquake scenario.

Based on the SNI 1726:2012 [15] the seismic forces that can be applied to the
buildings is design spectral acceleration (DSA). By using the DSA model of
seismic forces, the strength and stability of building structures due to earthquake
force scenarios can be predicted.

2 Methodology

The development of DSA can be divided into three basic steps. The first step is the
Probabilistic and Deterministic Seismic Hazard Analysis (PSHA and DSHA).
Following the same method for developing ISHM-2017, the PSHA is developed by
conducting 2% probability of exceedance in 50 years or 2500 years earthquake
return periods [3, 9]. The DSHA is performed based on the maximum earthquake
magnitude and the closest distance of earthquake source to site position. The
ground motion prediction equations (GMPE) or attenuation functions used for
spectral acceleration calculation in PSHA and DSHA are divided into four different

Fig. 2 Position of airport toward two closest seismic sources
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seismic models such as Shallow Crustal Fault, Shallow Crustal Background,
Interface Subduction Megathrust and Benioff Subduction Intraslab. Table 1 shows
the GMPE used for spectral acceleration calculation [9]. The weight factor used
for spectral acceleration calculation is a factor for obtaining the average value of
three different GMPE.

The spectral acceleration of PSHA for each site is calculated using the Total
Probability Theorem [11]. The DSHA spectral acceleration is calculated using the
same GMPE and the maximum magnitude used for the calculation is adopted based
on the research conducted by National Center for Earthquake Studies [13]. Figure 3
shows 0.2 s and Fig. 4 shows 1 s uniform hazard curves developed using PSHA at
(110.4°, −7°) [13]. Table 2 shows PSHA with 2% probability of exceedance in
50 years at 4 (four) different points surrounding the airport position. Table 3 shows
DSHA calculated at the same four points.

The next seismic hazard analysis is conducted by combining the PSHA and
DSHA for obtaining the Most Considered Earthquake (MCE). The MCE is per-
formed by conducting Risk Targeted Ground Motion (RTGM) analysis of PSHA
that can produce 1% probability of building collapse in 50 years and combine the
RTGM analysis result with 84th percentile of DSHA. The RTGM analysis is
performed following the same method described by Luco et al. [10], Sengara et al.
[14] and ASCE/SEI 7-16 [2] by modifying logarithmic standard deviation (b) equal
to 0.65 and adjusting direction factor 1.1 and 1.3 for long and short period spectral
hazard. The combination analysis of RTGM and DSHA will produce MCER SS
(short period) and S1 (long period) spectral acceleration. Table 4 shows MCER SS
and S1 calculated at 4 points surrounding Ahmad Yani International Airport.

Two spectral acceleration MCER SS and S1 are then used for developing the final
steps such as surface spectral accelerations (SMS and SM1) and DSA (SDS and SD1).
Based on SNI 1726:2012 [15] and ASCE/SEI 7-16 [2] the DSA (SDS and SD1) is
2/3 (two-third) of the surface spectral acceleration SMS and SM1. The surface

Table 1 Ground motion prediction equation

No Seismic source model GMPE Weight factor

1 Shallow crustal fault Boore and Atkinson [5] 0.333

Campbell and Bozorgnia [6] 0.333

Chiou and Youngs [7] 0.333

2 Shallow background Boore and Atkinson [5] 0.333

Campbell and Bozorgnia [6] 0.333

Chiou and Youngs [7] 0.333

3 Interface subduction megathrust Abrahamson et al. [1] 0.333

Zhao et al. [18] 0.333

Atkinson and Boore [4] 0.333

4 Benioff subduction intraslab Youngs et al. [17] 0.333

Atkinson and Boore [4] 0.333

Atkinson and Boore [4] 0.333
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spectral acceleration SMS and SM1 at the airport area are calculated using two site
factors Fa (for SS) and Fv (for S1). The value of Fa and Fv are calculated based on
the site class soil [2, 15]. This research used two types of site factors such as site
factor used by SNI 1726:2012 [15] and site factors announced by Stewart and
Seyhan [16] as a modified site factor for SE class used by ASCE/SEI 7-16 [2].
These two models of site factor are used for developing SMS and SM1 surface
spectral acceleration.
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Fig. 3 Uniform hazard curve 0.2 s calculated at (110.4°, −7°) [13]
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Fig. 4 Uniform hazard curve 1 s calculated at (110.4°, −7°) [13]
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The DSA developed based on the new SHMI-2017 and ASCE/SEI 7-16 [2] is
then compared to the previous DSA at the same location calculated using SNI
1726:2012 [15]. If the new DSA is equal or almost equal or less than the DSA
develop from SNI 1726:2012 [15], the buildings and infrastructures located at the
airport area are predicted have the capability in resisting earthquake caused by all
seismic sourced introduced in SHMI-2017.

The DSA calculated using two different seismic codes, SNI 1726:2012 [15] and
modified ASCE/SEI 7-16 [2], are then compared to the surface spectral acceleration
calculated using Site Response Analysis (SRA). The SRA was performed using
geotechnical investigation data and Microtremor investigation data. The purpose of
the Microtremor investigation is for predicting the bedrock elevation [8]. Using this
bedrock elevation and soil dynamic data, the SRA is then performed based on
Kelvin-Voigt equivalent linear model. The predicted bedrock elevation investiga-
tion was performed by Partono et al. [12]. Surface spectral acceleration was
developed using acceleration time history produced by San Simeon earthquake
(reverse mechanism) data having a magnitude of 6.52 Mw and epicenter distance
5.07 km. The acceleration time histories used in SRA was collected from Pacific
Earthquake Engineering Research (PEER) database. The magnitude value is

Table 2 PSHA spectral
acceleration calculated for 2%
probability of occurrence in
50 years [13]

No Longitude (°) Latitude (°) PSHA

0.2 s (g) 1 s (g)

1 110.3 −6.9 0.73536 0.34395

2 110.3 −7.0 1.01976 0.43813

3 110.4 −6.9 0.70469 0.33458

4 110.4 −7.0 0.99770 0.43311

Table 3 DSHA 2017 [13] No Longitude (°) Latitude (°) DSHA

0.2 s (g) 1 s (g)

1 110.3 −6.9 0.7503 0.1857

2 110.3 −7.0 1.4334 0.3638

3 110.4 −6.9 0.6405 0.1524

4 110.4 −7.0 1.4494 0.3873

Table 4 MCER SS and S1 at
4 points close to the Airport
position

No Longitude (°) Latitude (°) MCER

SS (g) S1 (g)

1 110.3 −6.9 0.73536 0.34395

2 110.3 −7.0 1.01976 0.43813

3 110.4 −6.9 0.70469 0.33458

4 110.4 −7.0 0.99770 0.43311
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adjusted based on the SHMI-2017 information for Semarang fault. For seismic
hazard analysis the maximum magnitude of Semarang fault model is adjusted to 6.5
Mw.

3 Result and Discussions

Ahmad Yani International Airport is located closed to two seismic sources
Semarang and Lasem faults. As mention in Fig. 2 the minimum distance to
Semarang fault trace is approximately less than 1 km and the minimum distance to
Lasem fault trace is less than 5 km. To evaluate the effect of those two seismic
sources toward the airport buildings it is important to check the distribution of PGA
(Peak Ground Acceleration), short period (0.2 s) and long period (1 s) spectral
acceleration calculated using PSHA and DSHA. Figure 5 shows the PGA map,
Fig. 6 shows the 0.2 s spectral acceleration map and Fig. 7 shows the distribution
of 1 s spectral acceleration map developed using PSHA (PUSGEN, 2017) for the
whole area of the city. The development of three seismic hazard maps is conducted
using 2% probability of exceedance in 50 years or 2500 years return period
earthquake. As it can seen in those three figures the maximum spectral acceleration
is distributed close to the fault trace. The PGA, 0.2 s and 1 s spectral accelerations
are in between 0.19–0.21 g, 0.8–1.1 g and 0.37–0.44 g respectively (“g” is a
gravitational acceleration = 9.81 m/s2).

Fig. 5 PGA map with 2% probability of occurrence in 50 years [13]
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Fig. 6 Hazard map 0.2 s with 2% probability of occurrence in 50 years [13]

Fig. 7 Hazard map 1 s with 2% probability of occurrence in 50 years [13]
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The evaluation of airport area toward seismic acceleration is also conducted
using DSHA. Figure 8 shows the distribution of PGA caused by subduction
earthquake having a maximum magnitude of 8.5 Mw. Figure 9 shows the distri-
bution of PGA caused by Semarang and Lasem faults having a maximum mag-
nitude of 6.6 Mw [13]. It can be seen in Figs. 8 and 9 the PGA values causes by
subduction earthquake with magnitude 8.5 Mw is less than 0.1 g. However the
PGA values caused by fault earthquake are greater than subduction earthquake.

The MCER SS and S1 spectral accelerations calculation were developed using the
combination of PSHA (for producing RTGM spectral acceleration with 1% prob-
ability of collapses in 50 years) and 84th percentile of DSHA. The RTGM calcu-
lation was performed by conducting the same method proposed by Luco et al. [10]
and ASCE/SEI 7-16 [2] and applying different logarithmic standard deviation value
“b” equal to 0.65 and adjusting 1.1 and 1.3 direction factors for short and long
period spectral accelerations. Table 4 shows the MCER SS and S1 data calculated at
four different points located closed to airport position. The reason why it should be
calculated at four points due to the position of the airport coordinate is not equal
toward national seismic hazard maps coordinate data developed by ISHM-2017.
The MCER SS and S1 were calculated at (110.35°, −6.95°) airport coordinate by
conducting weight factor of four points. The weight factor is developed based on
the site distance toward four points. The MCER SS and S1 result obtained at this
point is 0.7965 and 0.3512 g respectively. Due to the coordinate of airport position,
the MCER SS and S1 should be verified based on the closest four pairs SS and S1
values as mention in Table 4.

Fig. 8 Deterministic PGA map caused by subduction earthquake
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The DSA at the airport is developed by first conducting the evaluation of boring
investigation result. Nine boring investigations were conducted on site with max-
imum 52 m depth. Standard Penetration Test (N-SPT) investigation was conducted
at each boring position with 2 m interval. Figure 10 shows the N-SPT profile result
conducted at 9 boring positions. Based on the result of nine boring investigations
the average of N-SPT value at top 30 m soil deposit (N-30) is 2.67 or less than 15.
Based on SNI 1726:2012 [15] the airport buildings and infrastructures are located in
SE (soft soil) class. As it can seen in Fig. 10 the N-SPT values at 0–10 m depth is
in between 0 and 2. The minimum to maximum values of N-SPT in between 10 and
20 m depth is 2 to 18 and for 20–30 m depth is in between 8 and 30.

Two site factors Fa and Fv are required for developing DSA at the airport
position. Two different methods are conducted at this location for obtaining Fa and
Fv. First by using the same values used by SNI 1726:2012 [15] and the second is by
using the values proposed by Stewart and Seyhan [16] (modified ASCE/SEI 7-16
[2]). Table 5 shows list of Fa and Fv site factors used in SNI 1726:2012 [15] and
Table 6 shows list of Fa and Fv site factors developed by Stewart and Seyhan [16]
(modified ASCE/SEI 7-16 [2]) for site class SE (soft soil). Table 7 shows two
difference results of site factor Fa and Fv calculated using the same MCER SS and
S1 values. Following the same method described by SNI 1726:2012 [15] and
ASCE/SEI 7-16 [2] the surface spectral acceleration SMS and SM1 can be calculated
by multiplying the site factor Fa toward SS and Fv toward S1. Table 8 shows the
SMS and SM1 calculated using two difference site factors, such as SNI 1726:2012
[15] and Stewart and Seyhan [16]. The SMS value calculated using Stewart and

Fig. 9 Deterministic PGA map caused by shallow crustal fault earthquake
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Fig. 10 N-SPT profiles developed from 9 position boring investigations

Table 5 Fa and Fv used by SNI 1726:2012 [15] for site class SE

Site factor Site class SE

Fa SS � 0.25 SS = 0.5 SS = 0.75 SS = 1 SS � 1.25

2.5 1.7 1.2 0.9 0.9

Fv S1 � 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 � 0.5

3.5 3.2 2.8 2.4 2.4

Table 6 Fa and Fv developed by Stewart and Seyhan [16] for site class SE

Site factor Site class SE

Fa SS � 0.25 SS = 0.5 SS = 0.75 SS = 1 SS = 1.25 SS � 1.5

2.4 1.7 1.3 1.1 0.9 0.8

Fv S1 � 0.1 S1 = 0.2 S1 = 0.3 S1 = 0.4 S1 = 0.5 S1 � 0.6

4.2 3.3 2.8 2.4 2.2 2.0
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Seyhan [16] (Table 6) is greater than the SMS calculated at the same location using
SNI 1726:2012 [15] (Table 5).

Based on SNI 1726:2012 [15] and modified ASCE/SEI 7-16 [2] all buildings
should be design using DSA as a model of seismic force. The existing buildings
which are already designed using previous DSA [15] shall be evaluated and
compared to the new DSA (modified ASCE/SEI 7-16 [2] code). The evaluation
should be performed for existing building due to the update data of earthquake
records. As already mention before that the existing buildings and infrastructures
within the airport area were designed based on SNI 1726:2012 [15]. The new
ISHM-2017 has already released in 2017. The DSA developed based on SNI
1726:2012 [15] should be compared to the DSA calculated based on ISHM-2017.
Table 9 shows the SDS and SD1 values calculated at the airport position (110.35°,
−6.95°) based on SNI 1726:2012 [15] and modified ASCE/SEI 7-16 [2]. As it can
seen in Table 8, the SMS and SM1 values for SNI 1726:2012 [15] are different
compared to Table 9. The SMS and SM1 in Table 8 are calculated using SS
(0.7965 g) and S1 (0.3512 g) as already mentioned in Table 7. However the SMS

and SM1 [15] in Table 9 were developed for existing airport design. Figure 11
shows two difference curves of DSA for site class SE calculated using SNI
1726:2012 [15] (SE-2012) and modified ASCE/SEI 7-16 [2] (SE-2019). As it can
be seen in this figure there is no significant improvement of DSA at the airport site.

The DSA developed using two different codes, SNI 1726:2012 [15] and mod-
ified ASCE/SEI 7-16 [2] are then evaluated toward SRA. The purposed of SRA is
to evaluate the possibility of earthquake force caused by specific earthquake sce-
nario. The SRA was performed by conducting earthquake scenario having a
magnitude of 6.52 Mw and epicenter distance 5.07 km which represents Semarang
fault earthquake scenario. The acceleration time histories (North-South/NS and

Table 7 Fa and Fv
calculated using two different
methods

Method SS = 0.7965 g S1 = 0.3512 g

Fa Fv

SNI 1726:2012 [15] 1.144 2.596

Stewart and Seyhan [16] 1.295 2.595

Table 8 The SMS and SM1

calculated using two different
site factors

Method SMS (g) SM1 (g)

SNI 1726:2012 [15] 0.9105 0.912

Stewart and Seyhan [16] 1.0305 0.912

Table 9 The SDS and SD1 calculated using two different seismic codes

Method SMS (g) SM1 (g) SDS (g) SD1 (g)

SNI 1726:2012 [15] 0.909 0.808 0.606 0.539

Modified ASCE/SEI 7-16 [2] 1.0305 0.912 0.687 0.608
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East-West/EW) used for SRA are collected from San Simeon earthquake. The San
Simeon earthquake was conducted for SRA calculation due to the difficulties for
collecting ground motion data of reverse mechanism source earthquakes. As it can
seen in Fig. 12 the surface spectral acceleration developed by using two directions
acceleration time histories (NS and EW) earthquake scenario are almost equal
compared to the DSA developed based on SNI 1726:2012 [15] (SE-2012) and
modified ASCE/SEI 7-16 [2] (SE-2019). Based on the DSA and SRA analysis as
can be seen in Fig. 12 the buildings and infrastructures within the airport area
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which already designed using SNI 1726:2012 [15] are predicted have the capa-
bilities in resisting earthquake scenarios due to Semarang and Lasem earthquake
having a magnitude 6.5 Mw and minimum 5 km epicenter distance to the airport
position.

4 Conclusions

Research on the evaluation of the new Ahmad Yani International Airport in
Semarang, Indonesia against predicted earthquake force has already performed. The
proposed of this research is to evaluate the capability of structures in resisting
predicted earthquakes with probability of exceedance 2% in 50 years. The evalu-
ation was performed due to the position of the airport area is less than 1 km to the
new developed Semarang Fault trace and less than 5 km to Lasem Fault trace. The
evaluation is restricted only on the design earthquake force criterion in terms of
DSA calculation results.

DSA is a model of earthquake force usually used for seismic resistance design
for buildings and non buildings. The new DSA is developed based on modified
ASCE/SEI 7-16 [2] by modifying the method of MCER SS and S1 calculation. The
MCER analysis is performed by combining RTGM with 1% probability of collapses
in 50 years and 84th percentile of DSHA. The RTGM analysis is performed using
PSHA result analysis by applying logarithmic standard deviation value “b” equal to
0.65 and direction factor 1.1 and 1.3 for short and long period spectral accelerations
respectively.

The second modification for DSA is conducted by using two site factors Fa and
Fv for developing surface spectral acceleration (SMS and SM1). The two Fa and Fv
site factor values are applied in this research by conducting the same values pro-
posed by Stewart and Seyhan [16].

The development of DSA is also conducted using 9 boring investigations. The
purpose of this investigation is to obtain the information of site soil class of the
airport area. The standard penetration test is also performed with interval 2 m
depths for obtaining N-SPT and average N-SPT values at the top 30 meters soil
layers at each boring position. Based on the average N-SPT (at top 30 m soil layer)
values calculated at 9 boring positions the airport area is located at soft soil
(SE) class.

Based on the site data obtained at the airport area, the DSA is then calculated and
compared with the DSA of SNI 1726:2012 [15]. The new DSA (calculated using
modified ASCE/SEI 7-16 [2]) is bigger compared to the previous DSA [15].
However there is no significant improvement of the new DSA compared to DSA
[15].

The DSA developed based on the modified ASCE/SEI 7-16 [2] and SNI
1726:2012 [15] are then compared to the surface spectral acceleration calculated
using site response analysis (SRA). The SRA was performed by conducting a
scenario earthquake having a magnitude of 6.52 Mw and 5.07 km epicenter
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distance which represents shallow crustal fault scenario (Semarang and Lasem fault
earthquake). The spectral acceleration developed by three different methods (ASCE
1726:2012, modified ASCE/SEI 7-16 [2] and SRA) are almost equal and have no
significant improvements. Based on the information related with the DSA and SRA
analysis, the buildings or infrastructures built in the airport area is predicted save
enough for resisting the predicted earthquake caused by Semarang and Lasem fault
having a magnitude of 6.5 Mw and epicenter distance minimum 5 km.
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