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Abstract. Developing ment of site coefficients and design spectral response acceleration are two 
important steps in the seismic design of buildings. The site coefficients calculation describeds in the 
Indonesian Seismic Code 2019 are partially following the same method proposed by the American 
Standard Code for Seismic Design 2016. Two information or data needs for site coefficients 
calculations are site soil class  and Risk-Targeted Maximum Considered Earthquake (MCER-Ss and 
MCER-S1 for short and long periods of spectral acceleration, respectively) values. Three different site 
soil classes usually used for building designs are hard/SC, medium/SD and soft/SE soils.  Two site 
coefficients (Fa/short and Fv/long periods) are used for surface and design spectral response 
accelerations calculations. The Indonesian Seismic Code has providesd two simple tables for 
developping Fa and Fv. If the MCER-Ss and MCER-S1 values developed at one site are not exactly 
equal to the values presented in these tables, the site coefficients can be predicted using straight-
line interpolation between the two closest values. Different results are observed when the straight-
line interpolation is adjusted for  Fa and Fv prediction compared to the same values developed using 
website facility based software prepared by the Ministry of Public Works and Human Settlements. 
This study evaluates the site coefficients and design spectral response acceleration predictions at 
Semarang City, Indonesia, based on straight-line interpolation and website software calculations. 
The evaluation was conducted at 203 soil boring positions within the study area. The site soil classes 
were predicted using average N-SPT (Standard Penetration Test) values at top ofin the top 30 m soil 
deposit layer. Three different site soil classes are were observed at in the study area. In On average, 
the biggest largest difference of site coefficients and design spectral response acceleration were 
observed for SD and SE class. However, for the SC site soil class, the difference of between the two 
analysis methods is small and approximately similar. 

Keywords: Design spectral response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 

1. Introduction 

The Indonesian Seismic Code for Buildings dDesign SNI 1726 (2019) has alreadywas 
announced on in 2019 by the Ministry of Public Works and Human Settlements. Some of the 
information introduceds in this new seismic code are was partially adopted from the 
American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important 
information items adopted from ASCE/SEI 7-16 are the site coefficients and design spectral 
response acceleration calculation methods. Compared to the previous seismic code 2012, 
which was totally adopted from ASCE/SEI 7-16, the new 2019 Indonesian seismic code in 
for developing site coefficients is was partially adopted from the ASCE/SEI 7-16. Another 
information item used for developing site coefficients is was adopted from (Stewart and 
Seyhan, 2013). Due to the improvedment methods for developing site coefficients for site 
soil classes SD and SE describeds in ASCE/SEI 7-16, not all information describeds in this 
the American Code are was adopted by SNI 1726:2019.  The requirements of site analysis 
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requirements for developing site coefficients for SD and SE classes induced an alternative 
method for developing these site coefficients. Site coefficients for SD and SE classes 
presentsed at in the new Indonesian Seismic Code 2019 are completely adopted from 
(Stewart and Seyhan, 2013) and partially adopted from ASCE/SEI 7-16.  

Following the new Indonesian Seismic Code 2019, especially in developing site 
coefficients, the Ministry of Public Works and Human Settlements announced a new 
website facility for response spectral design calculations. Site coordinates or building 
position coordinates (in terms of longitude and latitude) and site soil class are two 
information data needs for design spectral response acceleration calculations. Risk-Targeted 

Maximum Considered Earthquake, MCER-SS, MCER-S1, and two spectral designs, SDS and SD1, are 
four important information values calculated by the website facility software. No 
information related with to site coefficients Fa and Fv can be obtained from the new website 
2019. Due to iun-complete information related with to the Fa and Fv site coefficients, these 
values can be calculated using Equation 1 and Equation 2. Ss and S1 present inside these 
two equations represent MCER-SS and MCER-S1. All SDS, SS, SD1 and S1 values are were 
obtained from the website facility. 
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To evaluate the Fa and Fv site coefficients calculated using Equations 1 and 2, straight 
-line interpolation can be conducted using two MCER-SS and MCER-S1 website calculations 
and applying site coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv 
are then recalculated following the procedure described by SNI 1726:2019. Equation 3 
shows a simple formula for site coefficients calculations for Fa and Fv.  Figure 1 shows a 
schematic diagram for the straight-line interpolation of Fa and Fv values. “F” and “S” 
represent the site coefficient to be calculated and the MCER value obtained from the website 
facility, respectively. M1 and M2 represent two boundary MCER values close to M. F1 and 
F2 represent two site coefficients for M=M1 and M=M2, respectively. M1(SNI), M2(SNI), 
F1(SNI) and F2(SNI) are four values obtained from SNI 1726:2019 tables data. Fa and Fv 
are calculated separately using Equation 3. The M1, M2, F1 and F2 values used for Fa and 
Fv calculations are not similar.  
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Figure 1 Straight-line interpolation for Fa and Fv calculations 
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This paper describes the evaluation of site coefficients Fa and Fv calculated using the 
website facility and the straight-line interpolation of SNI 1726:2019 and the corresponding 
design spectral response acceleration calculations developed using these two approaches. 
The purpose of this study is to evaluate the performance of the website software facility in 
developing site coefficients Fa and Fv and designing spectral response acceleration. The 
study was performed at Semarang City, Indonesia and conducteding at 203 soil boring 
investigation positions. Figure 21 shows 203 boring positions within the study area. All 
boring investigations conducted at in this study having had a minimum of 30 m depth and 
a maximum of 60 m depth. The aAverage N-SPT (N30) of the top 30 m soil deposit layer of 
each boring position are was applied used for site soil class interpretation (Partono et al., 
2019a and 2019b; Sengara et al., 2019; Rajesh et al., 2013; Sarfraz and Asif, 2015).  The N-
SPT (standard penetration test) data for each boring location are was collected from a 
recorded boring-log prepared by the boring master. The maximum N-SPT data used in this 
study and collected from boring-logs is was 60. N-SPT values equal toof 60 are were applied 
for N-SPT data greater than 60 (usually recorded using “>60” at in the boring-log). 
Following the same procedure describeds by SNI 1726:2019, the N30 is was calculated 
using Equation 4, where “di” and “Ni” inside this equation represent the thickness and N-
SPT value of any soil layer “i”, respectively.  
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Figure 2 Soil boring position 
 
2. Methods 

 The eEvaluation of site coefficients within the study area are was conducted following 
five basic steps, such as site class interpretation, Risk-Targeted Maximum Considered 
Earthquake and design spectral response acceleration calculations using the website 
facility, site coefficients calculations based on the website output, site coefficients 
calculations using SNI 1726:2019 tables and  procedures, and finally, comparative analysis 
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of site coefficients and design spectral response acceleration results calculated using the 
two differentce approaches.  
 

2.1.  Site soil class interpretation 
 The site soil class interpretation was conducted at 203 boring positions using N30 data. 
Figure 3(a) shows the distribution ofn N30 within the study area. Based on the N30 data 
developed at all boring locations, the site soil classes are were interpreted based on SNI 
1726:2019. Table 1 shows the basic classification criteria for developing identifying site soil 
class. Only three different site soil classes are presented in this table. Site class SA, SB and 
SF are not available within this table.  Figure 3(b) shows the corresponding site soil class 
distribution developed based on site classification, as shown in Table 1. Site class 
distribution at in the study area is dominated by SD and SE classes. Site class SCE are was 
observed at thein small areas in the middle and southern part of the study area.  
 
Table 1 Site Classification 

Site Class N30  

SC > 50 

SD 15 - 50 

SE < 15 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 N30 (a) and site soil classes (b) distribution maps 
 

2.2.  MCER and Design Spectral Response Acceleration Calculation 
 The MCER calculations are were performed at 203 boring positions using the website 
facility. Based on the site class distribution of the study area, three different MCER-SS and 
MCER-S1 distributions are were also observed in the study area. Table 2 shows the 
distribution of minimum and maximum MCER-SS and MCER-S1 for the three different site 
classes. Table 3 shows the distribution of design spectral response acceleration (SDS and 
SD1) developed fromusing the website.  
 
Table 2 MCER-SS and MCER-S1 Distribution 

Site 

Class 

MCER-SS (g) MCER-S1 (g) 

minimum maximum minimum maximum 

SC 0.8459 0.9668 0.3653 0.4097 

SD 0.8098 0.9579 0.3546 0.4071 

(a) (b) 



SE 0.696 0.9274 0.3185 0.3936 

 

2.3.  Site Coefficients Fa and Fv Website 
 The sSite coefficients Fa and Fv calculations were performed based on the MCER-SS, 
MCER-S1, SDS and SD1 values obtained from the website facility. The site coefficients were 
calculated using Equation 1 and 2. Table 4 shows the distribution of minimum and 
maximum Fa and Fv developed using these four values. Following the boundary values of 
Fa and Fv describeds in SNI 1726:2019 tables data, the minimum and maximum Fa values 
developed at in the study area are were divided into two different boundary values. A few 
MCER-SS data observed at the study area values are were less than 0.75 g. However, most of 
the MCER-SS values are were distributed in between 0.75 g to and 1 g.   
 
Table 3 SDS and SD1 Distribution Developed Using the Website Facility 

Site 

Class 

SDS (g) SD1 (g) 

minimum maximum minimum maximum 

SC 0.68 0.77 0.37 0.41 

SD 0.63 0.71 0.46 0.51 

SE 0.64 0.71 0.58 0.63 

  
 
Table 4 Fa and Fv Distribution Developed Using the Website Facility 

Site 

Class 

Fa 1st Boundary Fa 2nd Boundary Fv 

min. max. min. max. min. max. 

SC - - 1.19 1.21 1.478 1.519 

SD - - 1.112 1.167 1.879 1.949 

SE 1.323 1.4 1.148 1.292 2.401 2.732 

 

2.4.  Site Coefficients Fa and Fv SNI 1726:2019  
 The sStraight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and tables data provided by SNI 1726:2019. Based on the MCER-SS and MCER-S1 
values obtained from the website facility, the minimum and maximum boundaries for these 
two site coefficients can be estimated. Table 5 shows the minimum and maximum 
boundaries of Fa and Fv values used for straight-line interpolation calculations.  
 
Table 5 Fa and Fv Boundary Values Used for Straight-line Interpolation 

Site 

Class 

Fa  Fv 

MCER-SS (g) MCER-S1 (g) 

0.5 0.75 1.0 0.3 0.4 

SC 1.2 1.2 1.2 1.5 1.5 

SD 1.4 1.2 1.1 2.0 1.9 

SE 1.7 1.3 1.1 2.8 2.4 

 
3. Results and Discussion 
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The MCER-SS for the SC site class, as shown in Table 2, are distributed in betweenfrom 
0.8459 g through 0.9668 g. The Fa values for the SC site class developed based on the 
website, facility as shown in Table 4, are distributed in between 1.21 and 1.19. All Fa 
valuesvalues developed from the website are consistent and almost equal to the Fa value 
from SNI 1726:2019. In On average the absolute difference of Fa is zero. The difference of 
in Fa values developed using the website data are less than 0.01 compared to the Fa 
requirement of SNI 1726:2019. Figure 4(a) shows the distribution of Fa site coefficients for 
the SC site class. FaL and FaW present inside this figure represents straight-line and website 
data acquisition and interpolation. The R2 value for site class SC is close to zero, because the 
Fa values calculated using these two models are nearly constant for all MCER-SS values. 

The MCER-SS for the SD site class in the study area are were distributed almost equally 
to the SC site class. Table 2 shows the distribution of MCER-SS for the SD site class. The values 
are distributed in betweenfrom 0.8098 g through 0.9579 g. Following the same procedure 
conducted as for the SC site class, the Fa site coefficients for the SD site class developed at 
in the study area should be distributed in between 1.2 and 1.1. Due to the MCER-SS being 
distributed closed to 1 g, the Fa values obtained from the study area are closed to 1.1. As 
shown in Table 4, the Fa values are were distributed in between 1.167 and 1.112. Figure 
4(b) shows the distribution of Fa values for site class SD in terms of MCER-SS values. As it 
can be seen in Figure 4(b), the R2 (determination coefficients) value is 0.7858, or less than 
1. The straight-line interpolation developed based on the SNI 1726:2019 data and table are 
better compared to the Fa values developed using the website facility. However, in on 
average, the absolute difference of between Fa values developed using these two models 
are is 0.0105 and the line distributions are almost similar (coincide). 

The MCER-SS distribution for the SE site class calculated from the website facility areis 
in between 0.696 and 0.9274 g. Based on SNI 1726:2019, all MCER-SS for site class SE are 
were distributed in between two different boundary values, from 0.5 g through 0.75 g for 
the 1st boundary and from 0.75 g through 1 g for the 2nd boundary. The straight-line 
interpolation for all MCER-SS are was also separated into two different boundary values. The 
first Fa values are were distributed in between 1.4 and 1.323. Due to the MCER-SS values, 
the Fa site coefficients are were distributed closed to 1.3. However, the second Fa site 
coefficients are were distributed in between 1.292 and 1.148. Figure 4(c) shows the 
distribution of Fa site coefficients for the SE site class. Two different straight-line 
interpolations are observed seen in this figure, following the two different boundary values 
of SNI 1726:2019. The straight-line interpolation for site class SE is better compared to site 
class SC and SD. The absolute average difference of between Fv for site class SE is 0.02.  

 

 

 

 

 

 

 

 

 

 

y = -0.4x + 1.5

R² = 1

y = -0.3872x + 1.4866

R² = 0.7858

1.1

1.11

1.12

1.13

1.14

1.15

1.16

1.17

1.18

0.8 0.85 0.9 0.95 1

F
a

MCER-SS (g)

Fa Site Class SD

Fa L

Fa W

Linear (Fa L)

Linear (Fa W)

y = -1.6x + 2.5

R² = 1

y = -0.8x + 1.9

R² = 1

y = -1.6195x + 2.5174

R² = 0.9578

y = -0.828x + 1.9218

R² = 0.9597

1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

F
a

MCER-SS (g)

Fa Site Class SE

Fa L1 Fa L2 Fa W1 Fa W2

Linear (Fa L1) Linear (Fa L2) Linear (Fa W1) Linear (Fa W2)

y = 2E-13x + 1.2

R² = -4E-14

y = -0.0057x + 1.2059

R² = 0.0012

1.18

1.185

1.19

1.195

1.2

1.205

1.21

1.215

0.8 0.85 0.9 0.95 1

F
a

MCER-SS

Fa Site Class SC

Fa L

Fa W

Linear (Fa L)

Linear (Fa W)(a) (b) 

(c) 



 

 

 

 

 

Figure 4 Fa Distributions in Terms of MCER-SS Values for Site Class SC (a), SD (b) and SE (c) 

 The evaluation of site coefficients was also conducted for long period spectral 
acceleration MCER-S1. Using the same procedure used for MCER-SS, the evaluation was 
performed for site soils SC, SD and SE. Based on the minimum and maximum MCER-S1 values 
calculated using the website facility, all MCER-S1 values at in the study area are were 
distributed in between 0.3 g throughand 0.4 g. For site classes SC and SD, there is one boring 
position having a value of MCER-S1 greater than 4 g., It ismaking it difficult to perform a 
straight-linear interpolation. To reduce the difficulties in the analysis, the MCER-S1 greater 
than 4 g is was excluded in from the analysis. Figure 5(a), (b) and (c) shows the distribution 
of site coefficients Fv for site soil class SC, SD and SE, respectively.  All Fv values calculated 
using the website facility and straight-line interpolation are almost equal or coincide except 
for site class SD. Most of the Fv values of SD site class developed using the website facility 
are greater than the same Fv values developed using straight-line interpolation. The R2 (R 
squared) value developed atfor this model is far from 1. The Fv values for site class SD 
developed at in the study area is were far from the linear model as whatthat SNI 1726:2019 
expected. The R2 for site class SC are is not available (close to zero) because the Fv and 
MCER-S1 correlations are nearly constant. A good performance of Fv and MCER-S1 
correlation was observed for site class SE, both for website output and straight-line 
interpolation. The R2 obtained for this site class nearly is 1.  “Fv L” and “Fv W” present at in 
all figures represent straight-line interpolation (SNI 1726:2019 procedures) and website 
facility calculations, respectively. In On average, the absolute differences of between Fv are 
0.015, 0.036 and 0.033 for site class SC, SD and SE, respectively. 
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Figure 5 Fv Distributions in Terms of MCER-S1 Values for Site Class SC (a), SD (b) and SE (c) 
 

Fa and Fv are two site coefficients used for developing surface spectral acceleration 
and design spectral response acceleration. The differentce performances of these two site 
coefficients Fa and Fv developed using two different procedures can be neglected or 
avoided as far asbecause there was no significant difference in the design spectral response 
acceleration results developed using these two methods. The difference in the accuracy 
value used for both methods will produce different site coefficients and directly impact to 
the performance of Fa and Fv outputs for all site soil classes. To evaluate the performance 
of Fa and Fv calculated using these two methods, the design spectral response acceleration 
calculation was also performed in this study. The purpose of this analysis is was to evaluate 
the performance of design spectral response acceleration SDS and SD1 based on the Fa and 
Fv values calculated using two different methods. Figure 6 shows the performance of SDS 
design spectral response acceleration in terms of MCER-SS developed from the website 
facility and straight-line interpolation. Figure 7 shows the performance of SD1 design 
spectral response acceleration in terms of MCER-S1 calculated using the same methods used 
for SDS calculation. As it can be seen in Figures 6 and 7, a good correlation performance 
between SDS and SD1 in terms of MCER-SS and MCER-S1, respectively, are was observed in this 
study. Based on these two figures there are no significancte differences of in SDS and SD1 
performance calculated based on the website and straight-line interpolation. The SDS and 
SD1 developed at for the study area using the website facility are accepted the according to 
the requirement criterium of SNI 1726:2019. Table 6 shows the minimum and maximum 
SDS and SD1 values and the average difference of SDS and SD1 calculated using the two 
methods for all site classes. The average difference, as presented in Table 6, is the absolute 
differences of in SDS and SD1. The maximum average differences (ave. diff.), 0.02 g 
approximately, are was observed at the SD site class for SDS and SD1 spectral design 
calculation. However, the average difference for site class SC and SE are were less than 0.01 
g. 

 

 

 

 

 

 

 

 

 

 

Figure 6 SDS Distribution Charts for Site Class SC, SD and SE 
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Figure 6 SD1 Distribution Charts for Site Class SC, SD and SE 
 

Table 6 SDS and SD1 Performance for Three Site Classes, SC, SD and SE 

Site 

Class 

SDS (g)   SD1 (g) 

Website Straight-Line Ave. 

Diff.  

Website Straight-Line Ave. 

Diff. min. max. min. max. min. max. min. max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 

SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 

SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
4. Conclusions 

The new seismic code for buildings design (SNI 1726:2019) has alreadywas 
announced by the Ministry of Public Works and Human Settlements. A wWebsite facility 
was also announced as a complementary part of the code has also announced. One 
important information thing which should be taken into accountconsidered is the design 
spectral response acceleration calculation for buildings. The design spectral response 
acceleration can be developed using the website facility and manual calculations using 
SNI 1726:2019 procedures. 

The evaluation ofEvaluations of site coefficients calculated using the website facility 
and straight-line interpolation were performed at 203 boring positions at thein 
Semarang City. No significant differences of were found in Fa and Fv site coefficients 
calculated using both methods. The biggest difference of in site coefficients Fa 
calculations was observed for site classes SD and SE. The difference of in site coefficients 
for site soil class SD and SE are was less than 0.03. However, for site soil class SC, the 
difference is was less than 0.01. For site coefficient Fv, the biggest difference was 
observed for site soil classes SD and SE, with a maximum of 0.04. However, the difference 
of in site coefficient Fv for site class SC is was less than 0.02.  

The design spectral response accelerations SDS and SD1 calculated using site 
coefficients Fa and Fv are were also evaluated at for the study area. No significant 
differences of in design spectral response accelerations SDS and SD1 were found for all site 
classes. The biggest design spectral response acceleration difference for site class SD 
calculated using the two methods are was less than 0.02 g.  However, for site class SC and 
SE, are the differences were less than 0.01 g.  
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Abstract. Developing site coefficients and design spectrum response acceleration are two 
important steps in the seismic design of buildings. Two information needs for site coefficient 
calculations are site soil class and Risk-Targeted Maximum Considered Earthquake (MCER). Three 
different site soil classes usually used for building designs. Two site coefficients (Fa and Fv spectral 
acceleration) are used for design spectrum response acceleration calculations. The Indonesian 
Seismic Code provides two tables for developing these site coefficients. The site coefficients can be 
predicted using straight-line interpolation between the two closest values. Different results were 
observed when the straight-line interpolation is adjusted for Fa and Fv prediction compared to the 
same values developed using website based software. This study evaluates the site coefficients 
and design spectrum response acceleration predictions at Semarang City, Indonesia according to  
straight-line interpolation and website software calculations. The evaluation was conducted at 
203 soil boring positions within the study area. The site soil classes were predicted using average 
N-SPT (Standard Penetration Test) values in the top 30 m soil deposit layer. Three different site 
soil classes were observed in the study area. On average the largest difference of site coefficients 
and design spectrum response acceleration were observed for SD and SE classes. However, for the 
SC site soil class the difference between the two analysis methods is small and approximately 
similar. 

Keywords: Design spectrum response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 

1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some information introduced in this new seismic code was partially adopted from 
the American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important items 
adopted from ASCE/SEI 7-16 are the site coefficients and design spectrum response 
acceleration calculation methods. Compared to the SNI 1726:2012, which was totally 
adopted from ASCE/SEI 7-10, the SNI 1726:2019 for developing site coefficients was 
partially adopted from ASCE/SEI 7-16. 
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 Another item used for developing site coefficients was adopted from (Stewart and 
Seyhan, 2013). Due to the improved methods for developing site coefficients for site soil 
classes SD and SE describes in ASCE/SEI 7-16, not all information described in the 
American Code was adopted by SNI 1726:2019. The site analysis requirements for 
developing site coefficients for SD and SE classes induced an alternative method for 
developing these site coefficients. Site coefficients for SD and SE classes presented in the 
new Indonesian Seismic Code 2019 are completely adopted from (Stewart and Seyhan, 
2013).  

 Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility for 
response spectrum design calculations. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two data needs for design spectrum 
response acceleration calculations. Risk-Targeted Maximum Considered Earthquake 
(MCER) SS (short periods) and S1 (long periods) (Luco et al., 2007; Sengara, 2012; Allen et 
al., 2015; Sengara et al., 2020), and two spectral designs, SDS and SD1, are four important 
values calculated by the website facility software. No information related to site 
coefficients Fa and Fv can be obtained from the new website. Due to in-complete 
information related to the Fa and Fv site coefficients, these values can be estimated using 
Equation 1 and Equation 2. All SDS, SS, SD1 and S1 values were obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two SS and S1 website calculations and applying site 
coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for site coefficient calculations for Fa and Fv. Figure 1 shows a schematic diagram for the 
straight-line interpolation of Fa and Fv values. “F” and “MW” represent the site coefficient to 
be estimated and the MCER value obtained from the website, respectively. M1S and M2S 
represent two boundary MCER values close to Mw. F1S and F2S represent two site 
coefficients for Mw=M1S and Mw=M2S, respectively. M1S, M2S, F1S and F2S are four values 
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation 
3. The M1S, M2S, F1S and F2S values used for Fa and Fv calculations are not similar. 

 

                                  SSW

SS

SS FMM
MM

FF
F 11

12

12 )( +−










−

−
=                                                                  (3) 

 

 This paper describes the site coefficients and the design spectrum response 
acceleration verification using the website and the straight-line interpolation of SNI 
1726:2019. The study was performed at Semarang City, Indonesia and conducted at 203 
soil boring investigation positions. Figure 2 shows 203 boring positions within the study 
area. All boring investigations conducted in this study had a minimum 30 m depth and a 
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maximum 60 m depth. The average Standard Penetration Test (N-SPT) of the topmost 30 
m soil deposit layer (N30) of every boring position was used for site soil class 
interpretation (Moghaddam, 2011; Partono et al., 2019a; Partono et al., 2019b; Syaifuddin 
et al., 2020). The N-SPT data for each boring location was collected from a recorded 
boring-log prepared by the boring master. The maximum N-SPT data used in this study 
and collected from boring-log was 60. N-SPT values of 60 were applied for N-SPT data 
greater than 60 (usually recorded using “>60” in the boring-log). Following the procedure 
described by SNI 1726:2019, the N30 was estimated using Equation 4, where “di” and “Ni” 
represent the thickness and N-SPT value of any soil layer “i”, respectively. 

 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations 
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Figure 2 Soil boring position 

 
2. Methods 
 The evaluation of site coefficients within the study area was conducted following five 
basic steps: 

• Site class interpretation,  

• MCER (SS and S1) and design spectrum response acceleration calculations using the 
website,  

• Site coefficient calculation based on the website output  

• Site coefficient calculation based on SNI 1726:2019 tables and procedures 
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• Comparative analysis of site coefficients and design spectrum response acceleration 
based on two different approaches. 

 

2.1.  Site soil class interpretation 
 The site soil class interpretation was conducted at 203 boring positions using N30 
data. Figure 3(a) shows the distribution of N30 within the study area. According to the N30 
data developed at all boring locations, the site soil classes were interpreted according to 
SNI 1726:2019. Table 1 shows the basic classification criteria for identifying site soil class. 
Only three different site soil classes are presented in this table. Site class SA, SB and SF are 
not available within this table. Figure 3(b) shows the corresponding site soil class 
distribution developed according to site classification as shown in Table 1. Site class 
distribution in the study area is dominated by SD and SE classes. Site class SC was 
observed in small areas in the middle and southern part of the study area. 
 
Table 1 Site classification 

Site Class N30  

SC > 50 

SD 15 - 50 

SE < 15 

 
 
 

 

 

 

 

 

 

 

 

(a) (b) 

Figure 3 N30 (a) and site soil classes (b) distribution maps 

 
2.2. MCER and Design Spectrum Response Acceleration Calculation 

 The MCER calculations were performed at 203 boring position using the website. 
According to the site class distribution of the study area, three different SS and S1 
distributions were also observed in the study area. Table 2 shows the distribution of 
minimum and maximum SS and S1 for the three different site classes. Table 3 shows the 
distribution of design spectrum response acceleration (SDS and SD1) developed using the 
website.  
 

2.3. Site Coefficients Fa and Fv Website 
 Site coefficient Fa and Fv calculations were performed according to the SS, S1, SDS and 
SD1 values obtained from the website. The site coefficients were estimated using Equation 
1 and 2. Table 4 shows the distribution of minimum and maximum Fa and Fv developed 
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using these four values. Following the boundary values of Fa and Fv described in SNI 
1726:2019 tables, the minimum and maximum Fa values developed in the study area were 
divided into two different boundary values. A few SS values were less than 0.75 g. 
However, most of the SS values were distributed between 0.75 to 1 g. 

 
Table 2 SS and S1 distribution 

Site 

Class 

SS(g) S1 (g) 

minimum Maximum minimum maximum 

SC 0.8459 0.9668 0.3653 0.4097 

SD 0.8098 0.9579 0.3546 0.4071 

SE 0.696 0.9274 0.3185 0.3936 

 
Table 3 SDS and SD1 distribution developed using the website 

Site 

Class 

SDS (g) SD1 (g) 

minimum maximum minimum maximum 

SC 0.68 0.77 0.37 0.41 

SD 0.63 0.71 0.46 0.51 

SE 0.64 0.71 0.58 0.63 

 
Table 4 Fa and Fv distribution developed using the website 

Site 

Class 

Fa 1st Boundary Fa 2nd Boundary Fv 

min. max. min. max. min. max. 

SC - - 1.19 1.21 1.478 1.519 

SD - - 1.112 1.167 1.879 1.949 

SE 1.323 1.4 1.148 1.292 2.401 2.732 

 
2.4. Site Coefficients Fa and Fv SNI 1726:2019 
 Straight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and table data provided by SNI 1726:2019. According to the SS and S1 values 
obtained from the website, the minimum and maximum boundaries for these two site 
coefficients can be estimated. Table 5 shows the minimum and maximum boundaries of Fa 
and Fv values used for straight-line interpolation calculations. 
 

3. Results and Discussion 

 The SS for the SC site class as shown in Table 2, are distributed from 0.8459 through 
0.9668 g. The Fa values for the SC site class developed according to the website, as shown 
in Table 4, are distributed between 1.21 and 1.19. All Fa values developed from the 
website are consistent and almost equal to the Fa value from SNI 1726:2019. On average 
the absolute difference of Fa is zero. The difference in Fa values developed using the 
website data are less than 0.01 compared to the Fa requirement of SNI 1726:2019. Figure 
4(a) shows the distribution of Fa site coefficients for the SC site class. FaL and FaW inside 
this figure represent straight-line and website data acquisition and interpolation. The R2 
value for site class SC is close to zero, because the Fa values estimated using these two 
models are nearly constant for all SS values. 
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 The SS for the SD site class in the study area were distributed almost equally to the SC 
site class. Table 2 shows the distribution of SS for the SD site class. The values are 
distributed from 0.8098 through 0.9579 g. Following the same procedure as for the SC site 
class, the Fa site coefficients for the SD site class developed in the study area should be 
distributed between 1.2 and 1.1. Due to the SS being distributed close to 1 g, the Fa values 
obtained from the study area are close to 1.1. As shown in Table 4, the Fa values were 
distributed between 1.167 and 1.112. Figure 4(b) shows the distribution of Fa values for 
site class SD in terms of SS values. As can be seen in Figure 4(b), the R2 (determination 
coefficients) value is 0.7858, or less than 1. The straight-line interpolation developed 
according to the SNI 1726:2019 data and table are better compared to the Fa values 
developed using the website. However, on average the absolute difference between Fa 
values developed using these two models is 0.0105 and the line distributions are almost 
similar (coincide). 

 
Table 5 Fa and Fv boundary values used for straight-line interpolation 

Site 

Class 

Fa  Fv 

SS(g) S1 (g) 

0.5 0.75 1.0 0.3 0.4 

SC 1.2 1.2 1.2 1.5 1.5 

SD 1.4 1.2 1.1 2.0 1.9 

SE 1.7 1.3 1.1 2.8 2.4 

 

 The SS distribution for the SE site class estimated from the website is between 0.696 
and 0.9274 g. According to SNI 1726:2019, all SS for site class SE were distributed 
between two different boundary values, from 0.5 through 0.75 g for the 1st boundary and 
from 0.75 through 1 g for the 2nd boundary. The straight-line interpolation for all SS was 
also separated into two different boundary values. The first Fa values were distributed 
between 1.4 and 1.323. Due to the SS values, the Fa site coefficients were distributed close 
to 1.3. However, the second Fa site coefficients were distributed between 1.292 and 1.148. 
Figure 4(c) shows the distribution of Fa site coefficients for the SE site class. Two different 
straight-line interpolations are seen in this figure, following the two different boundary 
values of SNI 1726:2019. The straight-line interpolation for site class SE is better 
compared to site class SC and SD. The absolute average difference between Fv for site class 
SE is 0.02. 

 The site coefficients evaluation was also conducted for long period spectral 
acceleration S1. Using the same procedure used for SS, the evaluation was performed for 
SC, SD and SE site classes. According to the minimum and maximum S1 values estimated 
using the website, all S1 values in the study area were distributed between 0.3 and 0.4 g. 
For site classes SC and SD, there is one boring position having a value of S1 greater than 
0.4 g, making it difficult to perform a straight-linear interpolation. To reduce the 
difficulties in the analysis, the S1 greater than 0.4 g was excluded from the analysis. Figure 
5(a), (b) and (c) shows the distribution of site coefficient Fv for SC, SD and SE site soil 
classes, respectively.   
 All Fv values estimated using the website and straight-line interpolation are almost 
equal or coincide except for site class SD. Most of the Fv values of SD site class developed 
using the website are greater than the same Fv values developed using straight-line 
interpolation. The R2 (R squared) value for this model is far from 1. The Fv values for site 
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class SD developed in the study area were far from the linear model that SNI 1726:2019 
expected. The R2 for site class SC is not available (close to zero) because the Fv and S1 
correlation are nearly constant. A good performance of Fv and S1 correlation was 
observed for site class SE, both for website output and straight-line interpolation. The R2 
obtained for this site class is nearly 1. “Fv L” and “Fv W” present in all figures represent 
straight-line interpolation (SNI 1726:2019 procedures) and the website calculations, 
respectively. On average the absolute differences between Fv are 0.015, 0.036 and 0.033 
for SC, SD and SE site classes, respectively. 
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(c) 

Figure 4 Fa Distributions in terms of SS values for SC (a), SD (b) and SE (c) site classes 

 
Fa and Fv are two site coefficients used for developing surface spectral acceleration 

and design spectrum response acceleration. The different performances of these two site 
coefficients developed using two different procedures can be neglected or avoided as far 
as there was no significant difference in the design spectrum response acceleration results 
developed using these two methods. The difference in the accuracy value used for both 
methods will produce different site coefficients and directly impact the performance of SDS 
and SD1 outputs for all site soil classes.  

To verify the performance of Fa and Fv estimated using these two methods, the design 
spectrum response acceleration calculation was also conducted in this study. The purpose 
of the analysis was to verify the performance of design spectrum response acceleration 
SDS and SD1 according to the site coefficients values estimated using two different methods. 
Figure 6(a) shows the performance of SDS design spectrum response acceleration in terms 
of SS developed from the website and straight-line interpolation. Figure 6(b) shows the 
performance of SD1 design spectrum response acceleration in terms of S1 estimated using 
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the same methods used for SDS calculation. As can be seen in Figure 6(a) and 6(b), a good 
correlation performance between SDS and SD1 in terms of SS and S1, respectively, was 
observed in this study. According to these two figures there are no significant differences 
in SDS and SD1 performance estimated according to the website and straight-line 
interpolation.  
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(c) 

Figure 5 Fv Distributions in terms of S1 values for SC (a), SD (b) and SE (c) site classes 

 

Table 6 SDS and SD1 performance for all site classes 

Site 

Class 

SDS (g)   SD1 (g) 

Website Straight-Line Ave. 

Diff.  

Website Straight-Line Ave. 

Diff. min. max. min. max. min. max. min. max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 

SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 

SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
 The SDS and SD1 developed for the study area using the website are accepted according 
to the requirement criterium of SNI 1726:2019. Table 6 shows the minimum and 
maximum SDS and SD1 values and the average difference of SDS and SD1 estimated using the 
two methods for SC, SD and SE site classes. The average difference of SDS and SD1, as 
presented in Table 6, is the absolute differences of SDS and SD1. The maximum average 
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for SDS and SD1 
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spectral design, respectively. However, the average difference of SDS for site classes SC and 
SE were less than 0.007 g, approximately.  The average difference of SD1 for SC and SE site 
classes were less than 0.004 g. 

 

 

 

 

 

 

 

 

 

(a) (b) 

Figure 6 SDS (a) and SD1 (b) distribution charts for SC, SD and SE site classes 

 
4. Conclusions 

 The new seismic code for buildings design (SNI 1726:2019) was announced in 
2019. A website facility was also announced as a complementary part of the code. One 
important thing which should be considered is the design spectrum response 
acceleration calculation for buildings. The design spectrum response acceleration can 
be developed using the website and manual calculation using SNI 1726:2019 
procedures. 

Evaluations of site coefficients estimated using the website and straight-line 
interpolation were performed at 203 boring positions in Semarang City. No significant 
differences were found in Fa and Fv site coefficients estimated using both methods. The 
largest difference in site coefficients Fa calculations was observed for SD and SE site 
classes. The difference in site coefficients for SD and SE site soil classes was less than 
0.03. However, for SC site soil class, the difference was less than 0.01. For site 
coefficient Fv, the largest difference was observed for SD and SE site soil classes with a 
maximum of 0.04. However, the difference in site coefficient Fv for site class SC was less 
than 0.02. 

The design spectrum response accelerations SDS and SD1 estimated using site 
coefficients Fa and Fv were also verified for the study area. No significant differences in 
design spectrum response accelerations SDS and SD1 were found for all site classes. The 
largest design spectrum response accelerations difference for SD estimated using the 
two methods was less than 0.02 g. However, for SC and SE site classes the differences 
were less than 0.01 g.  

 
Acknowledgements 

 This study was financially supported by Engineering Faculty, Diponegoro University, 
The Ministry of Education and Culture, The Republic of Indonesia. The authors also 
appreciate the Center for Housing and Settlement Research and Development for 
supporting data and information during the development of this study. 
 
 



Last Name of the Corresponding Author (et al.)   55 

References 

Allen T.I., Luco N. and Halchuck S., 2015. Exploring Risk-Targeted Ground Motions for The 
National Building Code of Canada. In: The 11th Canadian Conference on Earthquake 
Engineering, Canadian Association of Eartquake Engineering, July 21 – 24 

ASCE/SEI 7-16, 2010. Minimum design loads for buildings and other structures, American 
Society of Civil Engineers 

ASCE/SEI 7-16, 2017. Minimum design loads and associated criteria for buildings and 
other structures, American Society of Civil Engineers 

Luco, N., Ellingwood B.R., Hamburger R.O., Hooper J.D., Kimball J.K., and Kircher C.A., 
2007. Risk-Targeted versus current seismic design maps for the conterminous United 
States. In: Structural Engineers Association of California 2007 Convention Proceedings, 
pp. 163-175 

Moghaddam A. N., 2011, Significance of accurate seismic site class determination in 
structural design. In: 2011 Pan-Am CGS Geotechnical Conference, October 2-6, 
Ontario Canada 

Partono W., Irsyam M., Wayan S. I., Asrurifak, Kistiani F. and Sari U.C., 2019a, Development 
of Design Response Spectrum Acceleration for Building Based on New Indonesian 
Seismic Hazard Maps 2017. In: Lecture Notes in Civil Engineering 53, Springer Nature 
Switzerland AG 2020, AICCE’19 Conference, 21-22 August 2019, Penang Malaysia  

Partono W., Irsyam M., Sengara I. W. and Asrurifak M., 2019b. Seismic Microzonation of 
Semarang, Indonesia, Based on Probabilistic and Deterministic Combination Analysis, 
International Journal of Geomate, Vol. 16, Issue 57, pp. 176-182 

Sengara I. W., 2012. Investigation on Risk-Targeted Seismic Design Criteria for a High-rise 
Building in Jakarta-Indonesia. In: 15th World Conference on Earthquake Engineering, 
Lisboa Portugal, September 24-28 

Sengara I. W., Irsyam M., Sidi I. D., Mulia A., Asrurifak M., Hutabarat D. and Partono W.. 
2020. New 2019 Risk-Targeted Ground Motions for Spectral Design Criteria in 
Indonesian Seismic Building Code. In: E3S Web Conf. Volume 156 in, 4th International 
Conference on Earthquake Engineering & Disaster Mitigation (ICEEDM 2019), Padang 
Sumatera Barat 26 – 27 September 2019 

SNI 1726:2012, 2012. Tata Cara Perencanaan Ketahanan Gempa untuk Struktur Bangunan 
Gedung dan Non Gedung (Seismic Resistance Design Codes for Building and Other 
Structures), Badan Standardisasi Nasional, ICS 91.120.25; 91.080.01 

SNI 1726:2019, 2019. Tata Cara Perencanaan Ketahanan Gempa untuk Struktur Bangunan 
Gedung dan Non Gedung (Seismic Resistance Design Codes for Building and Other 
Structures), Badan Standardisasi Nasional, ICS 91.120.25; 91.080.01 

Stewart J. A. and Seyhan E., 2013, Semi-Empirical Nonlinear Site Amplification and its 
Application in NEHRP Site Factors, Pacific Earthquake Engineering Research Center 
(PEER) Report 2013/13. November 2013, University of California, Berkeley, USA 

Syaifuddin F., Widodo A. and Warnana D. D., 2020, Surabaya earthquake hazard soil 
assessment. In: E3S Web of Conferences 156, 02001 in 4th ICEEDM 2019 Conference, 
Padang, 26-27 September 

 

https://ui.adsabs.harvard.edu/#search/q=author:%22Sengara%2C+I.+Wayan%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Irsyam%2C+Masyhur%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Mulia%2C+Andri%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Hutabarat%2C+Daniel%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Partono%2C+Windu%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/#search/q=author:%22Partono%2C+Windu%22&sort=date%20desc,%20bibcode%20desc


[IJTech] Revise initial screening manuscript #CVE-4132 
 

Some content in this message has been blocked because the sender isn't in your Safe senders list. I trust content from 
noreply@ijtech.eng.ui.ac.id. | Show blocked content 

Some content in this message has been blocked because the sender isn't in your Safe senders 

list. 

I 
IJTech <noreply@ijtech.eng.ui.ac.id> 
Sun 8/9/2020 11:43 PM 

 

 

 

 

 

To: 

•  Windu Partono 

Cc: 

•  masyhur.irsyam@yahoo.co.id; 
•  asrurifak@gmail.com 

+2 others 
 

 

 

Screening result : Revise 

Dear Dr. Windu Partono Partono, 

I am writing to you regarding the manuscript #CVE-4132 entitled "Site Coefficients and 
Design Spectrum Response Acceleration Evaluation of New Indonesian 2019 
Website Response Spectra" which you submitted to International Journal of Technology 
(IJTech). 
After we made an initial screening we found some problem including: 

1. Unsuitable Format 
2. 1. Delete author information, The submission will undergo the blind-review process. 

Hence, the submitted file MUST NOT include any author information. Author information 
will be added after the blind-review process. 2. Please reduce the pages, the maximum 
of the paper length 10 pages. 

We recommend that this manuscript be revised in order to proceed to peer review. 

You must respond to this revise and resubmit request before 17 Aug 2020, after which 
point we will presume that you have withdrawn your submission from International Journal 
of Technology (IJTech) Online System. 

javascript:void(0);
javascript:void(0);
javascript:void(0);


Yours sincerely, 

Dr. Nyoman Suwartha 
nsuwartha@eng.ui.ac.id 
Managing Editor 
International Journal of Technology (IJTech) 
p-ISSN: 2086-9614 
e-ISSN: 2087-2100 
https://ijtech.eng.ui.ac.id/ 

 

 

 

mailto:nsuwartha@eng.ui.ac.id
https://ijtech.eng.ui.ac.id/


International Journal of Technology v(i) pp-pp (YYYY) 
 Received Month Year / Revised Month Year / Accepted Month Year 

 

 International Journal of Technology 
 
 http://ijtech.eng.ui.ac.id  

  

 

Site Coefficients and Design Spectrum Acceleration Evaluation of New 
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Abstract. Developing site coefficients and design spectrum response acceleration are two 
important steps in the seismic design of buildings. The site coefficient calculation described in the 
Indonesian Seismic Code 2019 partially follow the method proposed by the American Standard 
Code for Seismic Design 2016. Two information or data needs for site coefficient calculations are 
site soil class and Risk-Targeted Maximum Considered Earthquake (MCER) SS (short period) and S1 
(long period) spectral acceleration. Three different hard/SC, medium/SD and soft/SE site soil 
classes usually used for building designs. Two site coefficients (Fa and Fv for short and long periods 
spectral acceleration) are used for surface and design spectrum response acceleration 
calculations. The Indonesian Seismic Code provides two simple tables for developing these site 
coefficients. If the SS and S1 values developed at one site are not exactly equal to the values 
presented in these tables, the site coefficients can be predicted using straight-line interpolation 
between the two closest values. Different results are observed when the straight-line interpolation 
is adjusted for Fa and Fv prediction compared to the same values developed using website based 
software. This study evaluates the site coefficients and design spectrum response acceleration 
predictions at Semarang City, Indonesia according to  straight-line interpolation and website 
software calculations. The evaluation was conducted at 203 soil boring positions within the study 
area. The site soil classes were predicted using average N-SPT (Standard Penetration Test) values 
in the top 30 m soil deposit layer. Three different site soil classes were observed in the study area. 
On average the largest difference of site coefficients and design spectrum response acceleration 
were observed for SD and SE classes. However, for the SC site soil class the difference between the 
two analysis methods is small and approximately similar.. 

Keywords: Design spectrum response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 
1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some information introduced in this new seismic code was partially adopted from 
the American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important items 
adopted from ASCE/SEI 7-16 are the site coefficients and design spectrum response 
acceleration calculation methods. Compared to the SNI 1726:2012, which was totally 
adopted from ASCE/SEI 7-10, the SNI 1726:2019 for developing site coefficients was 
partially adopted from ASCE/SEI 7-16. 
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 Another item used for developing site coefficients was adopted from (Stewart and 
Seyhan, 2013). Due to the improved methods for developing site coefficients for site soil 
classes SD and SE describes in ASCE/SEI 7-16, not all information described in the 
American Code was adopted by SNI 1726:2019. The site analysis requirements for 
developing site coefficients for SD and SE classes induced an alternative method for 
developing these site coefficients. Site coefficients for SD and SE classes presented in the 
new Indonesian Seismic Code 2019 are completely adopted from (Stewart and Seyhan, 
2013).  

 Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility for 
response spectrum design calculations. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two data needs for design spectrum 
response acceleration calculations. Risk-Targeted Maximum Considered Earthquake 
(MCER) SS (short periods) and S1 (long periods) (Luco et al., 2007; Sengara, 2012; Allen et 
al., 2015; Sengara et al., 2020), and two spectral designs, SDS and SD1, are four important 
values calculated by the website facility software. No information related to site 
coefficients Fa and Fv can be obtained from the new website. Due to in-complete 
information related to the Fa and Fv site coefficients, these values can be estimated using 
Equation 1 and Equation 2. All SDS, SS, SD1 and S1 values were obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two SS and S1 website calculations and applying site 
coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for site coefficient calculations for Fa and Fv. Figure 1 shows a schematic diagram for the 
straight-line interpolation of Fa and Fv values. “F” and “MW” represent the site coefficient to 
be estimated and the MCER value obtained from the website, respectively. M1S and M2S 
represent two boundary MCER values close to Mw. F1S and F2S represent two site 
coefficients for Mw=M1S and Mw=M2S, respectively. M1S, M2S, F1S and F2S are four values 
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation 
3. The M1S, M2S, F1S and F2S values used for Fa and Fv calculations are not similar. 
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 This paper describes the site coefficients and the design spectrum response 
acceleration verification using the website and the straight-line interpolation of SNI 
1726:2019. The study was performed at Semarang City, Indonesia and conducted at 203 
soil boring investigation positions. Figure 2 shows 203 boring positions within the study 
area. All boring investigations conducted in this study had a minimum 30 m depth and a 
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maximum 60 m depth. The average Standard Penetration Test (N-SPT) of the topmost 30 
m soil deposit layer (N30) of every boring position was used for site soil class 
interpretation (Moghaddam, 2011; Partono et al., 2019a; Partono et al., 2019b; Syaifuddin 
et al., 2020). The N-SPT data for each boring location was collected from a recorded 
boring-log prepared by the boring master. The maximum N-SPT data used in this study 
and collected from boring-log was 60. N-SPT values of 60 were applied for N-SPT data 
greater than 60 (usually recorded using “>60” in the boring-log). Following the procedure 
described by SNI 1726:2019, the N30 was estimated using Equation 4, where “di” and “Ni” 
represent the thickness and N-SPT value of any soil layer “i”, respectively. 

 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations 
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Figure 2 Soil boring position 

 
2. Methods 
 The evaluation of site coefficients within the study area was conducted following five 
basic steps: 

 Site class interpretation,  

 MCER (SS and S1) and design spectrum response acceleration calculations using the 
website  

 Site coefficient calculation based on the website output  

 Site coefficient calculation based on SNI 1726:2019 tables and procedures 
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 Comparative analysis of site coefficients and design spectrum response acceleration 
based on two different approaches. 

 

2.1.  Site soil class interpretation 
 The site soil class interpretation was conducted at 203 boring positions using N30 
data. Figure 3(a) shows the distribution of N30 within the study area. According to the N30 
data developed at all boring locations, the site soil classes were interpreted according to 
SNI 1726:2019. Table 1 shows the basic classification criteria for identifying site soil class. 
Only three different site soil classes are presented in this table. Site class SA, SB and SF are 
not available within this table. Figure 3(b) shows the corresponding site soil class 
distribution developed according to site classification as shown in Table 1. Site class 
distribution in the study area is dominated by SD and SE classes. Site class SC was 
observed in small areas in the middle and southern part of the study area. 
 
Table 1 Site classification 

Site Class N30  

SC > 50 
SD 15 - 50 
SE < 15 

 
 
 

 

 

 

 

 

 

 

 

(a) (b) 

Figure 3 N30 (a) and site soil classes (b) distribution maps 

 
2.2. MCER and Design Spectrum Response Acceleration Calculation 

 The MCER calculations were performed at 203 boring position using the website. 
According to the site class distribution of the study area, three different SS and S1 
distributions were also observed in the study area. Table 2 shows the distribution of 
minimum and maximum SS and S1 for the three different site classes. Table 3 shows the 
distribution of design spectrum response acceleration (SDS and SD1) developed using the 
website.  
 

2.3. Site Coefficients Fa and Fv Website 
 Site coefficient Fa and Fv calculations were performed according to the SS, S1, SDS and 
SD1 values obtained from the website. The site coefficients were estimated using Equation 
1 and 2. Table 4 shows the distribution of minimum and maximum Fa and Fv developed 
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using these four values. Following the boundary values of Fa and Fv described in SNI 
1726:2019 tables, the minimum and maximum Fa values developed in the study area were 
divided into two different boundary values. A few SS values were less than 0.75 g. 
However, most of the SS values were distributed between 0.75 to 1 g. 

 
Table 2 SS and S1 distribution 

Site 
Class 

SS(g) S1 (g) 

minimum Maximum minimum maximum 

SC 0.8459 0.9668 0.3653 0.4097 
SD 0.8098 0.9579 0.3546 0.4071 
SE 0.696 0.9274 0.3185 0.3936 

 
Table 3 SDS and SD1 distribution developed using the website 

Site 
Class 

SDS (g) SD1 (g) 

minimum maximum minimum maximum 

SC 0.68 0.77 0.37 0.41 
SD 0.63 0.71 0.46 0.51 
SE 0.64 0.71 0.58 0.63 

 
Table 4 Fa and Fv distribution developed using the website 

Site 
Class 

Fa 1st Boundary Fa 2nd Boundary Fv 

min. max. min. max. min. max. 

SC - - 1.19 1.21 1.478 1.519 
SD - - 1.112 1.167 1.879 1.949 
SE 1.323 1.4 1.148 1.292 2.401 2.732 

 
2.4. Site Coefficients Fa and Fv SNI 1726:2019 
 Straight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and table data provided by SNI 1726:2019. According to the SS and S1 values 
obtained from the website, the minimum and maximum boundaries for these two site 
coefficients can be estimated. Table 5 shows the minimum and maximum boundaries of Fa 
and Fv values used for straight-line interpolation calculations. 
 

3. Results and Discussion 

 The SS for the SC site class as shown in Table 2, are distributed from 0.8459 through 
0.9668 g. The Fa values for the SC site class developed according to the website, as shown 
in Table 4, are distributed between 1.21 and 1.19. All Fa values developed from the 
website are consistent and almost equal to the Fa value from SNI 1726:2019. On average 
the absolute difference of Fa is zero. The difference in Fa values developed using the 
website data are less than 0.01 compared to the Fa requirement of SNI 1726:2019. Figure 
4(a) shows the distribution of Fa site coefficients for the SC site class. FaL and FaW inside 
this figure represent straight-line and website data acquisition and interpolation. The R2 
value for site class SC is close to zero, because the Fa values estimated using these two 
models are nearly constant for all SS values. 
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 The SS for the SD site class in the study area were distributed almost equally to the SC 
site class. Table 2 shows the distribution of SS for the SD site class. The values are 
distributed from 0.8098 through 0.9579 g. Following the same procedure as for the SC site 
class, the Fa site coefficients for the SD site class developed in the study area should be 
distributed between 1.2 and 1.1. Due to the SS being distributed close to 1 g, the Fa values 
obtained from the study area are close to 1.1. As shown in Table 4, the Fa values were 
distributed between 1.167 and 1.112. Figure 4(b) shows the distribution of Fa values for 
site class SD in terms of SS values. As can be seen in Figure 4(b), the R2 (determination 
coefficients) value is 0.7858, or less than 1. The straight-line interpolation developed 
according to the SNI 1726:2019 data and table are better compared to the Fa values 
developed using the website. However, on average the absolute difference between Fa 
values developed using these two models is 0.0105 and the line distributions are almost 
similar (coincide). 

 
Table 5 Fa and Fv boundary values used for straight-line interpolation 

Site 
Class 

Fa  Fv 

SS(g) S1 (g) 

0.5 0.75 1.0 0.3 0.4 

SC 1.2 1.2 1.2 1.5 1.5 
SD 1.4 1.2 1.1 2.0 1.9 
SE 1.7 1.3 1.1 2.8 2.4 

 

 The SS distribution for the SE site class estimated from the website is between 0.696 
and 0.9274 g. According to SNI 1726:2019, all SS for site class SE were distributed 
between two different boundary values, from 0.5 through 0.75 g for the 1st boundary and 
from 0.75 through 1 g for the 2nd boundary. The straight-line interpolation for all SS was 
also separated into two different boundary values. The first Fa values were distributed 
between 1.4 and 1.323. Due to the SS values, the Fa site coefficients were distributed close 
to 1.3. However, the second Fa site coefficients were distributed between 1.292 and 1.148. 
Figure 4(c) shows the distribution of Fa site coefficients for the SE site class. Two different 
straight-line interpolations are seen in this figure, following the two different boundary 
values of SNI 1726:2019. The straight-line interpolation for site class SE is better 
compared to site class SC and SD. The absolute average difference of Fv for site class SE is 
0.02. 

 The site coefficients evaluation was also conducted for long period spectral 
acceleration S1. Using the same procedure used for SS, the evaluation was performed for 
SC, SD and SE site classes. According to the minimum and maximum S1 values estimated 
using the website, all S1 values in the study area were distributed between 0.3 and 0.4 g. 
For site classes SC and SD, there is one boring position having a value of S1 greater than 
0.4 g, making it difficult to perform a straight-linear interpolation. To reduce the 
difficulties in the analysis, the S1 greater than 0.4 g was excluded from the analysis. Figure 
5(a), (b) and (c) shows the distribution of site coefficient Fv for SC, SD and SE site soil 
classes, respectively.   
 All Fv values estimated using the website and straight-line interpolation are almost 
equal or coincide except for site class SD. Most of the Fv values of SD site class developed 
using the website are greater than the same Fv values developed using straight-line 
interpolation. The R2 (R squared) value for this model is far from 1. The Fv values for site 
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class SD developed in the study area were far from the linear model that SNI 1726:2019 
expected. The R2 for site class SC is not available (close to zero) because the Fv and S1 
correlation are nearly constant. A good performance of Fv and S1 correlation was 
observed for site class SE, both for website output and straight-line interpolation. The R2 
obtained for this site class is nearly 1. “Fv L” and “Fv W” present in all figures represent 
straight-line interpolation (SNI 1726:2019 procedures) and the website calculations, 
respectively. On average the absolute differences between Fv are 0.015, 0.036 and 0.033 
for SC, SD and SE site classes, respectively. 
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(c) 

Figure 4 Fa Distributions in terms of SS values for SC (a), SD (b) and SE (c) site classes 

 
Fa and Fv are two site coefficients used for developing surface spectral acceleration 

and design spectrum response acceleration. The different performances of these two site 
coefficients developed using two different procedures can be neglected or avoided as far 
as there was no significant difference in the design spectrum response acceleration results 
developed using these two methods. The difference in the accuracy value used for both 
methods will produce different site coefficients and directly impact the performance of SDS 
and SD1 outputs for all site soil classes.  

To verify the performance of Fa and Fv estimated using these two methods, the design 
spectrum response acceleration calculation was also conducted in this study. The purpose 
of the analysis was to verify the performance of design spectrum response acceleration 
SDS and SD1 according to the site coefficients values estimated using two different methods. 
Figure 6(a) shows the performance of SDS design spectrum response acceleration in terms 
of SS developed from the website and straight-line interpolation. Figure 6(b) shows the 
performance of SD1 design spectrum response acceleration in terms of S1 estimated using 
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the same methods used for SDS calculation. As can be seen in Figure 6(a) and 6(b), a good 
correlation performance between SDS and SD1 in terms of SS and S1, respectively, was 
observed in this study. According to these two figures there are no significant differences 
in SDS and SD1 performance estimated according to the website and straight-line 
interpolation of SNI 1726:2019 procedures.  
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Figure 5 Fv Distributions in terms of S1 values for SC (a), SD (b) and SE (c) site classes 

 

Table 6 SDS and SD1 performance for all site classes 

Site 
Class 

SDS (g)   SD1 (g) 

Website Straight-Line Ave. 
Diff.  

Website Straight-Line Ave. 
Diff. min. max. min. max. min. max. min. max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 
SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
 The SDS and SD1 developed for the study area using the website are accepted according 
to the requirement criterium of SNI 1726:2019. Table 6 shows the minimum and 
maximum SDS and SD1 values and the average difference of SDS and SD1 estimated using the 
two methods for SC, SD and SE site classes. The average difference of SDS and SD1, as 
presented in Table 6, is the absolute differences of SDS and SD1. The maximum average 
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for SDS and SD1 



54  Please Put the Title of the Paper in this Line with Capitalize Each Words,  
 This Second Line can be Used if Necessary 

spectral design, respectively. However, the average difference of SDS for site classes SC and 
SE were less than 0.007 g, approximately.  The average difference of SD1 for SC and SE site 
classes were less than 0.004 g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 SDS (a) and SD1 (b) distribution charts for SC, SD and SE site classes 

 
4. Conclusions 

 Evaluations of site coefficients estimated using the website and straight-line 
interpolation were performed at 203 boring positions in Semarang City. No significant 
differences were found in Fa and Fv site coefficients estimated using both methods. The 
largest difference in site coefficients Fa calculations was observed for SD and SE site 
classes. The difference in site coefficients for SD and SE site soil classes was less than 
0.03. However, for SC site soil class, the difference was less than 0.01. For site 
coefficient Fv, the largest difference was observed for SD and SE site soil classes with a 
maximum of 0.04. However, the difference in site coefficient Fv for site class SC was less 
than 0.02. 

The design spectrum response accelerations SDS and SD1 estimated using site 
coefficients Fa and Fv were also verified for the study area. No significant differences in 
design spectrum response accelerations SDS and SD1 were found for all site classes. The 
largest design spectrum response accelerations difference for SD estimated using the 
two methods was less than 0.02 g. However, for SC and SE site classes the differences 
were less than 0.01 g.  
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Abstract. Developing site coefficients and design spectrum response acceleration are two 
important steps in the seismic design of buildings. The site coefficient calculation described in the 
Indonesian Seismic Code 2019 partially follow the method proposed by the American Standard 
Code for Seismic Design 2016. Two information or data needs for site coefficient calculations are 
site soil class and Risk-Targeted Maximum Considered Earthquake (MCER) SS (short period) and S1 
(long period) spectral acceleration. Three different hard/SC, medium/SD and soft/SE site soil 
classes usually used for building designs. Two site coefficients (Fa and Fv for short and long periods 
spectral acceleration) are used for surface and design spectrum response acceleration 
calculations. The Indonesian Seismic Code provides two simple tables for developing these site 
coefficients. If the SS and S1 values developed at one site are not exactly equal to the values 
presented in these tables, the site coefficients can be predicted using straight-line interpolation 
between the two closest values. Different results are observed when the straight-line interpolation 
is adjusted for Fa and Fv prediction compared to the same values developed using website based 
software. This study evaluates the site coefficients and design spectrum response acceleration 
predictions at Semarang City, Indonesia according to  straight-line interpolation and website 
software calculations. The evaluation was conducted at 203 soil boring positions within the study 
area. The site soil classes were predicted using average N-SPT (Standard Penetration Test) values 
in the top 30 m soil deposit layer. Three different site soil classes were observed in the study area. 
On average the largest difference of site coefficients and design spectrum response acceleration 
were observed for SD and SE classes. However, for the SC site soil class the difference between the 
two analysis methods is small and approximately similar.. 

Keywords: Design spectrum response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 
1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some information introduced in this new seismic code was partially adopted from 
the American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important items 
adopted from ASCE/SEI 7-16 are the site coefficients and design spectrum response 
acceleration calculation methods. Compared to the SNI 1726:2012, which was totally 
adopted from ASCE/SEI 7-10, the SNI 1726:2019 for developing site coefficients was 
partially adopted from ASCE/SEI 7-16. 
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 Another item used for developing site coefficients was adopted from (Stewart and 
Seyhan, 2013). Due to the improved methods for developing site coefficients for site soil 
classes SD and SE describes in ASCE/SEI 7-16, not all information described in the 
American Code was adopted by SNI 1726:2019. The site analysis requirements for 
developing site coefficients for SD and SE classes induced an alternative method for 
developing these site coefficients. Site coefficients for SD and SE classes presented in the 
new Indonesian Seismic Code 2019 are completely adopted from (Stewart and Seyhan, 
2013).  

 Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility for 
response spectrum design calculations. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two data needs for design spectrum 
response acceleration calculations. Risk-Targeted Maximum Considered Earthquake 
(MCER) SS (short periods) and S1 (long periods) (Luco et al., 2007; Sengara, 2012; Allen et 
al., 2015; Sengara et al., 2020), and two spectral designs, SDS and SD1, are four important 
values calculated by the website facility software. No information related to site 
coefficients Fa and Fv can be obtained from the new website. Due to in-complete 
information related to the Fa and Fv site coefficients, these values can be estimated using 
Equation 1 and Equation 2. All SDS, SS, SD1 and S1 values were obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two SS and S1 website calculations and applying site 
coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for site coefficient calculations for Fa and Fv. Figure 1 shows a schematic diagram for the 
straight-line interpolation of Fa and Fv values. “F” and “MW” represent the site coefficient to 
be estimated and the MCER value obtained from the website, respectively. M1S and M2S 
represent two boundary MCER values close to Mw. F1S and F2S represent two site 
coefficients for Mw=M1S and Mw=M2S, respectively. M1S, M2S, F1S and F2S are four values 
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation 
3. The M1S, M2S, F1S and F2S values used for Fa and Fv calculations are not similar. 
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 This paper describes the site coefficients and the design spectrum response 
acceleration verification using the website and the straight-line interpolation of SNI 
1726:2019. The study was performed at Semarang City, Indonesia and conducted at 203 
soil boring investigation positions. Figure 2 shows 203 boring positions within the study 
area. All boring investigations conducted in this study had a minimum 30 m depth and a 

susil
Text
I think, it should not be like this, in writing the referrence

susil
Highlight

susil
Highlight

susil
Highlight

susil
Highlight
What is the rules and consideration in using this estimation?

susil
Highlight



48  Please Put the Title of the Paper in this Line with Capitalize Each Words,  
 This Second Line can be Used if Necessary 

maximum 60 m depth. The average Standard Penetration Test (N-SPT) of the topmost 30 
m soil deposit layer (N30) of every boring position was used for site soil class 
interpretation (Moghaddam, 2011; Partono et al., 2019a; Partono et al., 2019b; Syaifuddin 
et al., 2020). The N-SPT data for each boring location was collected from a recorded 
boring-log prepared by the boring master. The maximum N-SPT data used in this study 
and collected from boring-log was 60. N-SPT values of 60 were applied for N-SPT data 
greater than 60 (usually recorded using “>60” in the boring-log). Following the procedure 
described by SNI 1726:2019, the N30 was estimated using Equation 4, where “di” and “Ni” 
represent the thickness and N-SPT value of any soil layer “i”, respectively. 

 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations 
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Figure 2 Soil boring position 

 
2. Methods 
 The evaluation of site coefficients within the study area was conducted following five 
basic steps: 

 Site class interpretation,  

 MCER (SS and S1) and design spectrum response acceleration calculations using the 
website  

 Site coefficient calculation based on the website output  

 Site coefficient calculation based on SNI 1726:2019 tables and procedures 
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 Comparative analysis of site coefficients and design spectrum response acceleration 
based on two different approaches. 

 

2.1.  Site soil class interpretation 
 The site soil class interpretation was conducted at 203 boring positions using N30 
data. Figure 3(a) shows the distribution of N30 within the study area. According to the N30 
data developed at all boring locations, the site soil classes were interpreted according to 
SNI 1726:2019. Table 1 shows the basic classification criteria for identifying site soil class. 
Only three different site soil classes are presented in this table. Site class SA, SB and SF are 
not available within this table. Figure 3(b) shows the corresponding site soil class 
distribution developed according to site classification as shown in Table 1. Site class 
distribution in the study area is dominated by SD and SE classes. Site class SC was 
observed in small areas in the middle and southern part of the study area. 
 
Table 1 Site classification 

Site Class N30  

SC > 50 
SD 15 - 50 
SE < 15 

 
 
 

 

 

 

 

 

 

 

 

(a) (b) 

Figure 3 N30 (a) and site soil classes (b) distribution maps 

 
2.2. MCER and Design Spectrum Response Acceleration Calculation 

 The MCER calculations were performed at 203 boring position using the website. 
According to the site class distribution of the study area, three different SS and S1 
distributions were also observed in the study area. Table 2 shows the distribution of 
minimum and maximum SS and S1 for the three different site classes. Table 3 shows the 
distribution of design spectrum response acceleration (SDS and SD1) developed using the 
website.  
 

2.3. Site Coefficients Fa and Fv Website 
 Site coefficient Fa and Fv calculations were performed according to the SS, S1, SDS and 
SD1 values obtained from the website. The site coefficients were estimated using Equation 
1 and 2. Table 4 shows the distribution of minimum and maximum Fa and Fv developed 
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using these four values. Following the boundary values of Fa and Fv described in SNI 
1726:2019 tables, the minimum and maximum Fa values developed in the study area were 
divided into two different boundary values. A few SS values were less than 0.75 g. 
However, most of the SS values were distributed between 0.75 to 1 g. 

 
Table 2 SS and S1 distribution 

Site 
Class 

SS(g) S1 (g) 

minimum Maximum minimum maximum 

SC 0.8459 0.9668 0.3653 0.4097 
SD 0.8098 0.9579 0.3546 0.4071 
SE 0.696 0.9274 0.3185 0.3936 

 
Table 3 SDS and SD1 distribution developed using the website 

Site 
Class 

SDS (g) SD1 (g) 

minimum maximum minimum maximum 

SC 0.68 0.77 0.37 0.41 
SD 0.63 0.71 0.46 0.51 
SE 0.64 0.71 0.58 0.63 

 
Table 4 Fa and Fv distribution developed using the website 

Site 
Class 

Fa 1st Boundary Fa 2nd Boundary Fv 

min. max. min. max. min. max. 

SC - - 1.19 1.21 1.478 1.519 
SD - - 1.112 1.167 1.879 1.949 
SE 1.323 1.4 1.148 1.292 2.401 2.732 

 
2.4. Site Coefficients Fa and Fv SNI 1726:2019 
 Straight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and table data provided by SNI 1726:2019. According to the SS and S1 values 
obtained from the website, the minimum and maximum boundaries for these two site 
coefficients can be estimated. Table 5 shows the minimum and maximum boundaries of Fa 
and Fv values used for straight-line interpolation calculations. 
 

3. Results and Discussion 

 The SS for the SC site class as shown in Table 2, are distributed from 0.8459 through 
0.9668 g. The Fa values for the SC site class developed according to the website, as shown 
in Table 4, are distributed between 1.21 and 1.19. All Fa values developed from the 
website are consistent and almost equal to the Fa value from SNI 1726:2019. On average 
the absolute difference of Fa is zero. The difference in Fa values developed using the 
website data are less than 0.01 compared to the Fa requirement of SNI 1726:2019. Figure 
4(a) shows the distribution of Fa site coefficients for the SC site class. FaL and FaW inside 
this figure represent straight-line and website data acquisition and interpolation. The R2 
value for site class SC is close to zero, because the Fa values estimated using these two 
models are nearly constant for all SS values. 
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 The SS for the SD site class in the study area were distributed almost equally to the SC 
site class. Table 2 shows the distribution of SS for the SD site class. The values are 
distributed from 0.8098 through 0.9579 g. Following the same procedure as for the SC site 
class, the Fa site coefficients for the SD site class developed in the study area should be 
distributed between 1.2 and 1.1. Due to the SS being distributed close to 1 g, the Fa values 
obtained from the study area are close to 1.1. As shown in Table 4, the Fa values were 
distributed between 1.167 and 1.112. Figure 4(b) shows the distribution of Fa values for 
site class SD in terms of SS values. As can be seen in Figure 4(b), the R2 (determination 
coefficients) value is 0.7858, or less than 1. The straight-line interpolation developed 
according to the SNI 1726:2019 data and table are better compared to the Fa values 
developed using the website. However, on average the absolute difference between Fa 
values developed using these two models is 0.0105 and the line distributions are almost 
similar (coincide). 

 
Table 5 Fa and Fv boundary values used for straight-line interpolation 

Site 
Class 

Fa  Fv 

SS(g) S1 (g) 

0.5 0.75 1.0 0.3 0.4 

SC 1.2 1.2 1.2 1.5 1.5 
SD 1.4 1.2 1.1 2.0 1.9 
SE 1.7 1.3 1.1 2.8 2.4 

 

 The SS distribution for the SE site class estimated from the website is between 0.696 
and 0.9274 g. According to SNI 1726:2019, all SS for site class SE were distributed 
between two different boundary values, from 0.5 through 0.75 g for the 1st boundary and 
from 0.75 through 1 g for the 2nd boundary. The straight-line interpolation for all SS was 
also separated into two different boundary values. The first Fa values were distributed 
between 1.4 and 1.323. Due to the SS values, the Fa site coefficients were distributed close 
to 1.3. However, the second Fa site coefficients were distributed between 1.292 and 1.148. 
Figure 4(c) shows the distribution of Fa site coefficients for the SE site class. Two different 
straight-line interpolations are seen in this figure, following the two different boundary 
values of SNI 1726:2019. The straight-line interpolation for site class SE is better 
compared to site class SC and SD. The absolute average difference of Fv for site class SE is 
0.02. 

 The site coefficients evaluation was also conducted for long period spectral 
acceleration S1. Using the same procedure used for SS, the evaluation was performed for 
SC, SD and SE site classes. According to the minimum and maximum S1 values estimated 
using the website, all S1 values in the study area were distributed between 0.3 and 0.4 g. 
For site classes SC and SD, there is one boring position having a value of S1 greater than 
0.4 g, making it difficult to perform a straight-linear interpolation. To reduce the 
difficulties in the analysis, the S1 greater than 0.4 g was excluded from the analysis. Figure 
5(a), (b) and (c) shows the distribution of site coefficient Fv for SC, SD and SE site soil 
classes, respectively.   
 All Fv values estimated using the website and straight-line interpolation are almost 
equal or coincide except for site class SD. Most of the Fv values of SD site class developed 
using the website are greater than the same Fv values developed using straight-line 
interpolation. The R2 (R squared) value for this model is far from 1. The Fv values for site 
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class SD developed in the study area were far from the linear model that SNI 1726:2019 
expected. The R2 for site class SC is not available (close to zero) because the Fv and S1 
correlation are nearly constant. A good performance of Fv and S1 correlation was 
observed for site class SE, both for website output and straight-line interpolation. The R2 
obtained for this site class is nearly 1. “Fv L” and “Fv W” present in all figures represent 
straight-line interpolation (SNI 1726:2019 procedures) and the website calculations, 
respectively. On average the absolute differences between Fv are 0.015, 0.036 and 0.033 
for SC, SD and SE site classes, respectively. 
 
 
 

 

 

 

 

 

 

 

(a) (b) 

 

 

 

 

 

 

 

 

 

(c) 

Figure 4 Fa Distributions in terms of SS values for SC (a), SD (b) and SE (c) site classes 

 
Fa and Fv are two site coefficients used for developing surface spectral acceleration 

and design spectrum response acceleration. The different performances of these two site 
coefficients developed using two different procedures can be neglected or avoided as far 
as there was no significant difference in the design spectrum response acceleration results 
developed using these two methods. The difference in the accuracy value used for both 
methods will produce different site coefficients and directly impact the performance of SDS 
and SD1 outputs for all site soil classes.  

To verify the performance of Fa and Fv estimated using these two methods, the design 
spectrum response acceleration calculation was also conducted in this study. The purpose 
of the analysis was to verify the performance of design spectrum response acceleration 
SDS and SD1 according to the site coefficients values estimated using two different methods. 
Figure 6(a) shows the performance of SDS design spectrum response acceleration in terms 
of SS developed from the website and straight-line interpolation. Figure 6(b) shows the 
performance of SD1 design spectrum response acceleration in terms of S1 estimated using 
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the same methods used for SDS calculation. As can be seen in Figure 6(a) and 6(b), a good 
correlation performance between SDS and SD1 in terms of SS and S1, respectively, was 
observed in this study. According to these two figures there are no significant differences 
in SDS and SD1 performance estimated according to the website and straight-line 
interpolation of SNI 1726:2019 procedures.  
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(c) 

Figure 5 Fv Distributions in terms of S1 values for SC (a), SD (b) and SE (c) site classes 

 

Table 6 SDS and SD1 performance for all site classes 

Site 
Class 

SDS (g)   SD1 (g) 

Website Straight-Line Ave. 
Diff.  

Website Straight-Line Ave. 
Diff. min. max. min. max. min. max. min. max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 
SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
 The SDS and SD1 developed for the study area using the website are accepted according 
to the requirement criterium of SNI 1726:2019. Table 6 shows the minimum and 
maximum SDS and SD1 values and the average difference of SDS and SD1 estimated using the 
two methods for SC, SD and SE site classes. The average difference of SDS and SD1, as 
presented in Table 6, is the absolute differences of SDS and SD1. The maximum average 
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for SDS and SD1 
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spectral design, respectively. However, the average difference of SDS for site classes SC and 
SE were less than 0.007 g, approximately.  The average difference of SD1 for SC and SE site 
classes were less than 0.004 g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 SDS (a) and SD1 (b) distribution charts for SC, SD and SE site classes 

 
4. Conclusions 

 Evaluations of site coefficients estimated using the website and straight-line 
interpolation were performed at 203 boring positions in Semarang City. No significant 
differences were found in Fa and Fv site coefficients estimated using both methods. The 
largest difference in site coefficients Fa calculations was observed for SD and SE site 
classes. The difference in site coefficients for SD and SE site soil classes was less than 
0.03. However, for SC site soil class, the difference was less than 0.01. For site 
coefficient Fv, the largest difference was observed for SD and SE site soil classes with a 
maximum of 0.04. However, the difference in site coefficient Fv for site class SC was less 
than 0.02. 

The design spectrum response accelerations SDS and SD1 estimated using site 
coefficients Fa and Fv were also verified for the study area. No significant differences in 
design spectrum response accelerations SDS and SD1 were found for all site classes. The 
largest design spectrum response accelerations difference for SD estimated using the 
two methods was less than 0.02 g. However, for SC and SE site classes the differences 
were less than 0.01 g.  
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Abstract. Developing site coefficients and design spectrum response acceleration are two 
important steps in the seismic design of buildings. The site coefficient calculation described in the 
Indonesian Seismic Code 2019 partially follows the method proposed by the American Standard 
Code for Seismic Design 2016. Two information or data needs for site coefficient calculations are 
the site soil class and the Risk-Targeted Maximum Considered Earthquake (MCER) SS (short 
period) and S1 (long period) spectral acceleration. Three different hard/SC, medium/SD and 
soft/SE site soil classes are usually used for building designs. Two site coefficients (Fa and Fv for 
short and long periods spectral acceleration) are used for surface and design spectrum response 
acceleration calculations. The Indonesian Seismic Code provides two simple tables for developing 
these site coefficients. If the SS and S1 values developed at aone site are not exactly equal to the 
values presented in these tables, the site coefficients can be predicted using straight-line 
interpolation between the two closest values. Different results are observed when the straight-line 
interpolation is adjusted for Fa and Fv prediction compared to the same values developed using 
website- based software. This study evaluates the site coefficients and design spectrum response 
acceleration predictions at Semarang City, Indonesia, according to  straight-line interpolation and 
website software calculations. The evaluation was conducted at 203 soil boring positions within 
the study area. The site soil classes were predicted using average N-SPT (Standard Penetration 
Test) values in the top 30 m soil deposit layer. Three different site soil classes were observed in 
the study area. On average, the largest differences of the site coefficients and design spectrum 
response acceleration were observed for the SD and SE classes. However, for the SC site soil class 
the difference between the two analysis methods is small and they are approximately similar. 

Keywords: Design spectrum response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 

1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important 
types of information adopted from ASCE/SEI 7-16 are the site coefficients and design 
spectrum response acceleration calculation methods. OAnother information used for 
developing site coefficients was adopted from (Stewart and Seyhan, 2013). Due to the 
improved methods for developing site coefficients for site soil classes SD and SE 
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describeds in ASCE/SEI 7-16, not all the information described in the American Code was 
adopted by SNI 1726:2019. Site coefficients for the SD and SE classes presented in the new 
Indonesian Seismic Code 2019 are completely adopted from (Stewart and Seyhan, 2013). 

Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility for 
response spectrum design calculations. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two data needs for design spectrum 
response acceleration calculations. Risk-Targeted Maximum Considered Earthquake 
(MCER) SS (short periods) and S1 (long periods) (Luco et al., 2007; Allen et al., 2015; 
Sengara et al., 2020), and two spectral designs, SDS and SD1, are four important values 
calculated by the website facility software. No information related to site coefficients Fa 
and Fv can be obtained from the new website, however. Due to in-complete information 
related to the Fa and Fv site coefficients, these values can be estimated using Equation 1 
and Equation 2. All SDS, SS, SD1 and S1 values were obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two SS and S1 website calculations and applying site 
coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for site coefficient calculations for Fa and Fv. Figure 1 shows a schematic diagram for the 
straight-line interpolation of Fa and Fv values. “F” and “MWMw” represent the site coefficient 
to be estimated and the MCER value obtained from the website, respectively. M1S and M2S 
represent two boundary MCER values close to Mw. F1S and F2S represent two site 
coefficients for Mw=M1S and Mw=M2S, respectively. M1S, M2S, F1S and F2S are four values 
obtained from the SNI 1726:2019 tables. Fa and Fv are estimated separately using Equation 
3.  
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This paper describes the site coefficients and the design spectrum response 
acceleration verification using the website and the straight-line interpolation describeds 
in SNI 1726:2019. The study was performed at Semarang City, Indonesia, and conducted 
at 203 soil boring investigation positions. The study was conducted at this city because 
the boring investigation and N-SPT measurement data for site class calculation were 
available and distributed overat the whole part of the study area. The distribution of the 
site soil classes can easily be assessedperformed based on the real distribution of boring 
investigations.  Figure 2 (a) shows the 203 boring positions within the study area and the 
N30 distribution. All boring investigations conducted in this study had a minimum 30 m 
and a maximum 60 m depth. The average Standard Penetration Test (N-SPT) of the 
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topmost 30 m soil deposit layer (N30) of every boring position was used for site soil class 
interpretation (Moghaddam, 2011; Partono et al., 2019; Syaifuddin et al., 2020). Figure 2 
(b) shows the distribution of site soils classes (Partono et al., 2021) based on the N30 data. 
The maximum N-SPT data used in this study and collected from the boring-log was 60. 
Following the procedure described by SNI 1726:2019, the N30 was estimated using 
Equation 4, where “di” and “Ni” represent the thickness and N-SPT value of any soil layer 
“i”, respectively. 

The same parameter that can be used for site interpretation is the average shear wave 
velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can 
be calculated using the same method as shown inat Eq. 4 and replacing the Ni value by VSi. 
The VS value can be collected using seismic refraction MASW (Multichannel Analysis of 
Surface Waves) or array seismometer investigations. Prakoso et al. (2017) described athe 
comparativeison study of VS investigation based on MASW and soil boring data. The VS 
value developed using MASW is more reliable compared to the same Vs value developed 
based on the boring investigation. Pramono et al. (2018) described the predominant 
frequency investigation at Lombok Iisland following the 2018 earthquake event. The 
greater the VS30 value used, the greater the predominant frequency obtained from wavelet 
analysis of ground motion. The investigation of VS30 and predominant frequency 
correlation was also conducted by Pramono et al. (2017) at the Palu area. 

 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations 
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2. Methods 

 The evaluation of site coefficients within the study area was conducted following five 
basic steps: 

• Site class interpretation,  
• MCER (SS and S1) and design spectrum response acceleration calculations using the 

website  
• Site coefficient calculation based on the website output  
• Site coefficient calculation based on SNI 1726:2019 tables and procedures 
• Comparative analysis of site coefficients and design spectrum response acceleration 

based on the two different approaches, website data and linear interpolation 
procedure. 

2.1.  Site Ssoil Cclass Iinterpretation 
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 The site soil class interpretation was conducted at 203 boring positions using N30 
data. According to the N30 data developed at all boring locations, the site soil classes were 
interpreted according to SNI 1726:2019. Table 1 shows the basic classification criteria for 
identifying the site soil class. Only three different site soil classes are presented in this 
table. Site classes SA, SB and SF are not available within this table. Figure 2(b) shows the 
corresponding site soil class distribution developed according to the site classification as 
shown in Table 1. The sSite class distribution in the study area is dominated by the SD and 
SE classes. Site class SC was observed in small areas in the middle and southern part of the 
study area (Partono et al., 2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 

SD 15 - 50 

SE < 15 

 
 
 
 
 
 
 
 
 
 
 
 
                             (a)                            (b) 

Figure 2 Boring investigations and N30 distribution (a) and site soil classes (b) distribution maps 
 
2.2. MCER and Design Spectrum Response Acceleration Calculation 

 The MCER calculations were performed at 203 boring positions using the website. 
According to the site class distribution of the study area, three different SS and S1 
distributions were also observed in the study area. Table 2 shows the total boring 
investigations for each site class and the distribution of minimum and maximum SS, S1, SDS 
and SD1 for the three different site classes developed using the website. 
 
Table 2 SS, S1, SDS and SD1 distribution 

Site 

cClass 

Total 

bBoring 

iInvest. 

SS(g) SDS (g) S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 

SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 

SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 
2.3. Site Coefficients Fa and Fv Website 
 Site coefficient Fa and Fv calculations were performed according to the SS, S1, SDS and 
SD1 values obtained from the website. The site coefficients were estimated using Equations 
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1 and 2. Table 3 shows the distribution of minimum and maximum Fa and Fv developed 
using these four values. Following the boundary values of Fa and Fv described in the SNI 
1726:2019 tables, the minimum and maximum Fa values developed in the study area were 
divided into two different boundary values. A few SS values were less than 0.75 g. 
However, most of the SS values were distributed between 0.75 andto 1 g. 
 
2.4. Site Coefficients Fa and Fv SNI 1726:2019 
 Straight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and table data provided by SNI 1726:2019. According to the SS and S1 values 
obtained from the website, the minimum and maximum boundaries for these two site 
coefficients can be estimated. Table 3 shows the minimum and maximum boundaries of 
the Fa and Fv values used for straight-line interpolation calculations. The Fa and Fv 

minimum and maximum boundary values displayed in Table 3 were obtained from SNI 
1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 data 

Site 

cClass 

Total 

ddata 

Linear iInterpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.519 1.21 1.478 1.519 0 58.82 

SD 90 1.4 1.2 1.1 2.0 1.9 1.949 1.167 1.879 1.949 3.41 56.82 

SE 79 1.7 1.3 1.1 2.8 2.4 2.732 1.4 2.401 2.732 13.92 50.63 

 
3. Results and Discussion 

 The SS for the SC site class as shown in Table 2, are distributed from 0.8459 through 
0.9668 g. The Fa values for the SC site class developed according to the website, as shown 
in Table 3, are distributed between 1.19 and 1.21. All the Fa values developed from the 
website are consistent and almost equal to the Fa value from SNI 1726:2019 (Table 3). As 
can be seen in Table 3, the Fa values of SNI 1726:2019 are constant and equal to 1.2. The 
difference in Fa values developed using the website data isare less than 0.01 compared to 
the Fa requirement of SNI 1726:2019. According to Table 3, for all 34 data, the total data 
with a minimum difference of 0.01 is 0%. Figure 3(a) shows the distribution of Fa site 
coefficients for the SC site class in terms of MCER-SS values. The Linear and Website 
legends inside this figure represent straight-line interpolation following SNI 1726:2019 
and website data acquisition. The R2 value for site class SC is close to zero, because the Fa 
values estimated using these two models are nearly constant for all SS values. The R2 
(coefficient of determination) value is used for evaluation of the fitting line (linear fit 
model) performance. The evaluation was performed for the distribution of Fa or Fv to the 
linear regression line model. The minimum and maximum R2 values are 0 and 1 (100%), 
respectively. The higher the R2, the better the linear fitting model difference with theto Fa 
or Fv data distribution. 

 The distribution of SS values for the SD site class in the study area wasere distributed 
almost equally to the SC site class. Table 2 shows the distribution of SS for the SD site class. 
The values are distributed from 0.8098 through 0.9579 g. Following the same procedure 
as for the SC site class, the Fa site coefficients for the SD site class developed in the study 
area should be distributed between 1.2 and 1.1. Due to the SS being distributed close to 1 
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g, the Fa values obtained from the study area are close to 1.1. As shown in Table 3, the Fa 
values were distributed between 1.112 and 1.167. The total data having a minimum 
difference of 0.01 are 3.41%. Figure 3(b) shows the distribution of Fa values for site class 
SD in terms of MCER-SS values. As can be seen in Figure 3(b), the R2 value obtained from 
the regression analysis is 0.7858, or less than 1. The straight-line interpolation developed 
according to the SNI 1726:2019 data and table are better compared to the Fa values 
developed using the website. However, on average the absolute difference between Fa 
values developed using these two models is 0.0105 and the line distributions are 
veryalmost similar (coincide). 

 The SS distribution for the SE site class estimated from the website is between 0.696 
and 0.9274 g. According to SNI 1726:2019, all SS for site class SE were distributed 
between two different boundary values, from 0.5 through 0.75 g for the 1st boundary and 
from 0.75 through 1 g for the 2nd boundary. The straight-line interpolation for all SS was 
also separated into two different boundary values. The first Fa values were distributed 
between 1.4 and 1.323. Due to the SS values, the Fa site coefficients were distributed close 
to 1.3. However, the second Fa site coefficients were distributed between 1.292 and 1.148. 
Figure 3(c) shows the distribution of Fa values for the SE site class. Two different straight-
line interpolations are seen in this figure, following the two different boundary values of 
SNI 1726:2019. The absolute average difference of Fa for site class SE is 0.02. As can be 
seen in Table 3, 13.92% of 79 data haveing a minimum difference of 0.01. 

Fa and Fv are the two site coefficients used for developing surface spectral 
acceleration and design spectrum response acceleration. The different performances of 
these two site coefficients developed using two different procedures can be neglected or 
avoided, since as far as there was no significant difference in the design spectrum 
response acceleration results developed using these two methods. The difference in the 
accuracy value used for both methods will sometimes will produce different site 
coefficients and directly impact the performance of the SDS and SD1 outputs for all site soil 
classes.  

To verify the performance of Fa and Fv estimated using these two methods, the design 
spectrum response acceleration calculation was also conducted in this study. The purpose 
of the analysis was to verify the performance of the design spectrum response 
acceleration SDS and SD1 according to the site coefficients values estimated using the two 
different methods. Figure 3(d) shows the performance of the SDS design spectrum 
response acceleration in terms of MCER-SS developed from the website and straight-line 
interpolation. As can be seen in Figure 3(d), a good correlation performance between SDS 
in terms of SS, was observed in this study. According to this figure, there are no significant 
differences in the SDS performance estimated according to the website and straight-line 
interpolation of SNI 1726:2019 procedures for all three site classes SC, SD and SE. 

The Fa distribution map developed from the 203 boring positions was also conducted 
based on the website and linear interpolation analysis. Figure 4 (a) and 4(b) show two Fa 
distribution maps. The Fa distribution maps developed using the website and linear 
interpolation are almost equal. The Fa values developed at the study area are distributed 
between 1.2 and 1.4. The largest Fa values were observed at the small north-eastern area 
of the city. 

The site coefficients evaluation was also conducted for long period spectral 
acceleration MCER-S1. Using the same procedure as used for SS, the evaluation was 
performed for the SC, SD and SE site classes. According to the minimum and maximum S1 
values estimated using the website, all the S1 values in the study area were distributed 
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between 0.3185 and 0.4097 g (sSee Table 2.) or approximately between 0.3 and 0.4 g. For 
site classes SC and SD, there is one boring position having a value of S1 greater than 0.4 g, 
making it difficult to perform a straight-linear interpolation. To reduce the difficulties in 
the analysis, the S1 greater than 0.4 g was excluded from the analysis. Figure 5(a), (b) and 
(c) show the distribution of the site coefficient Fv for the SC, SD and SE site soil classes, 
respectively.   

 

 

 

 
 
 
 
 
 
 
 
 

(a) (b) 

 
 
 
 
 
 
 
 
 
 

(c) (d) 
 

Figure 3 Fa distributions in terms of MCER-SS values for SC (a), SD (b), SE (c) site classes and 
correlation of SDS and MCER-SS developed based on linear interpolation and wWebsite software (d) 
 

 

 

 

 

 

 

 

                                      (a)             (b) 

Figure 4 Fa distribution maps developed using website software (a) and linear interpolation (b) 
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 All the Fv values estimated using the website and straight-line interpolation are 
almost equal or coincide except for site class SD. Most of the Fv values of the SD site class 
developed using the website are greater than the same Fv values developed using straight-
line interpolation. The R2 (R squared) value for this model is far from 1. The Fv values for 
site class SD developed based on website calculation were far from the linear model that 
SNI 1726:2019 expected. The R2 for site class SC is not available (close to zero) because 
the Fv and S1 correlation are nearly constant. A good performance of Fv and S1 correlation 
was observed for site class SE, for both thefor website output and straight-line 
interpolation. The R2 obtained for this site class is nearly 1. On average the absolute 
differences between Fv are 0.015, 0.036 and 0.033 for the SC, SD and SE site classes, 
respectively. According to Table 3, the total data with a minimum difference of 0.01 for the 
SC, SD and SE site classes are greater than 50%. 

Figure 5(d) shows the performance of SD1 design spectrum response acceleration in 
terms of MCER-S1 estimated using the same methods as used for SDS calculation. As can be 
seen in Figure 5(d), a good correlation performance between SD1 in terms of S1, was 
observed in this study. According to this figure, there are no significant differences in the 
SD1 performance for the SC, SD and SE site classes, estimated according to the website and 
straight-line interpolation of SNI 1726:2019 procedures. 

The Fv distribution maps were also developed based on the website and linear 
interpolation analysis. Figure 6(a) and 6(b) show two Fv distribution maps. The Fv 
distribution maps developed using the website and linear interpolation are almost equal. 
The Fv values developed using the website were distributed between 1.4 and 2.8. 
However, the Fv values developed using linear interpolation were distributed between 1.5 
and 2.8. The largest Fv values were observed at the northern part of the city. 
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Figure 5 Fv dDistributions in terms of MCER-S1 values for SC (a), SD (b), SE (c) site classes and 
correlation of SD1 and MCER-S1 developed based on linear interpolation and wWebsite software (d) 
 

The SDS and SD1 developed for the study area using the website are accepted according 
to the requirement criterionum of SNI 1726:2019. Table 4 shows the minimum and 
maximum SDS and SD1 values and the average difference of SDS and SD1 estimated using the 
two methods for the SC, SD and SE site classes. The average difference of SDS and SD1, as 
presented in Table 4, is the absolute differences of SDS and SD1. The maximum average 
differences (aAve. dDiff.), 0.02 g and 0.015 g, were observed at the SD site class for SDS and 
SD1 spectral design, respectively. However, the average differences of SDS for site classes SC 
and SE were less than 0.0044 g, approximately.   

 

 

 

 

 

 

 

 

 

(a) (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

Table 4 SDS and SD1 performance for all site classes 

Site 

cClass 

SDS (g)   SD1 (g) 

Website Linear Ave. 

dDiff.  

Website Linear Ave. 

dDiff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 

SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 

SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
4. Conclusions 

 Evaluations of site coefficients estimated using the website and straight-line 
interpolation were performed at 203 boring positions in Semarang City. No significant 
differences were found in the Fa and Fv site coefficients estimated using the twoboth 
methods. The largest difference in site coefficients Fa calculations was observed for the SD 
and SE site classes. The difference in site coefficients for the SD and SE site soil classes was 
less than 0.03. However, for the SC site soil class, the difference was less than 0.01. For site 
coefficient Fv, the largest difference was observed for the SD and SE site soil classes with a 
maximum of 0.04. However, the difference in site coefficient Fv for site class SC was less 
than 0.02. When the Fa and Fv site coefficients need to be calculated, the linear 
interpolation of SNI 1726:2019 is better compared to the same values calculated using 
MCER-SS, MCER-S1, SDS and SD1 obtained from the website. 
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No significant differences in design spectrum response accelerations SDS and SD1 were 
found for all site classes. The largest design spectrum response accelerations difference 
for SD estimated using the two methods was less than 0.02 g. However, for the SC and SE 
site classes the differences were less than 0.005 g.  
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Site Coefficients and Design Spectrum Acceleration Evaluation of New 

Indonesian 2019 Website Response Spectra 

 

Response and Revision made by Author(s) 

 Reviewer #1: 

No Comments Revision/Changes 

1 Introduction: 
1. The writing of the reference should 

be check 
 
 
 
 
 
2. What is the consideration in 

choosing Semarang city? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Improvement citation of the references 
were performed on page 1 and 2. 
Additional citations and references were 
also conducted following the IJTech 
template journal. See improvement 
citations on page 3 and 4 and additional 
references on page 10. 
 

2. This study was performed as part of the 
seismic microzonation research of the 
study area. One of the important 
information needs for seismic 
microzonation research is the 
development of site amplification or site 
coefficients calculation. To performed 
the site coefficients or site 
amplifications, boring investigation, N-
SPT (Standard penetration Test) and 
shear wave velocity (Vs) data are 
required. Development of site 
coefficients at the alluvial area as part of 
the research was also performed at this 
study area. The next two figures show 
two example study of VS30 and N30 
developed at the study area (Partono at 
al. 2021).  

 
The alluvial (SE) study related with the 
development or site amplifications or 
site coefficients (Submitted, reviewed at 
another journal and not published yet) 
was also performed at the study area 
following ASCE/SEI 7-16 procedures (see 
the third figure). The study was 
performed at Semarang due to the 
completeness boring investigation and 
N-SPT measurement data that has been 
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collected from the study area. See page 
4.  

 

 

 

 

 

 

 

Site class based on N30 data 

 

 

 

 

 

 
 
Site class based on VS30 data 

 

 

 

 

 

 

 

 

 

 
 
 
 
Site coefficients investigations on the 
alluvial area. 

 

See improvement of abstract on page 1 
related with the background reason of 
choosing Semarang as the study area. 
 
Based on the N-SPT data collected from 
203 boring investigations, the 
distribution of Fa and Fv in graphical and 
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3. What is the rules and consideration 

in using this estimation (Equations 
1 and 2)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Does the author considers the 

geological problem, such as land 
subsidence, structural geology 
etc.? 

spatial map formats were carried out in 
this study. See Figures 3 to 6 on page 7 
to 9.  

 
3. The values that can be obtained from 

the website software are SS, S1, SDS and 
SD1. No Fa and Fv values can be obtained 
from the website. When the Fa and Fv 
are two values required for a specific 
analysis (ex. Research on developing site 
amplification), following the basic 
methods described on the SNI 1726, 
these two values can be obtained based 
on these three equations 

SMS = Fa*SS                     (1) 
Fa = SMS/SS                      (2) 

 

SDS = 2/3*SMS                 (3) 

        SMS = SDS/(2/3)               (4) 

          

         Fa = SDS/(2/3*SS)          (5) 

         Fv = SD1/(2/3*S1)          (6) 

 

These two equations (5 and 6) were 
conducted for developing Fa and Fv 
based on four values SS, S1, SDS and SD1 

obtained from the website.  

Fa and Fv can also be calculated using Fa 
and Fv tables prepared by SNI 
1726:2019. These two values can be 
obtained by using SS and S1 obtained 
from the website.  

4. Land subsidence and structural geology 
problems were not reviewed in this 
study. The site coefficients analysis 
conducted at the study area was 
calculated or predicted based on the N-
SPT data collected from soil boring 
investigations and following the 
procedure described by SNI 1726:2019.   
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2 Methodology: 

1. After writing the figure, it should 
explain about the picture 

 

 

 

 

 

 

 

 

2. Again, what is the problem with 
Semarang city? 

1. Additional explanation was carried out 
for all figures seen in the manuscript. 
See explanation of Figure 1 on page 2; 
explanation of Figures 2(a) and 2(b) on 
page 2 and 3. Figure 3(a) to 3(d) on page 
6 and 7. See explanation of all figures 
carried out in the paper.   
 
Improvement of figures position and 
numbers and additional figures were 
conducted due to the requirement of 
site coefficients analysis results 
explanation and the restriction of 
maximum page of the journal. 
 

2. This study was performed as part of the 
seismic microzonation research of 
Semarang (see explanation on 
introduction part question no 2). This 
paper describes only the analysis 
results of the website software 
performance in calculating Fa and Fv. 
These two values (not displayed in the 
website) were calculated using four 
spectral acceleration MCER-SS, MCER-S1, 
SDS and SD1. Based on these four 
spectral acceleration values, the site 
coefficients Fa and Fv can be calculated, 
evaluated and compared it with the 
basic linear interpolation procedure 
described by SNI 1726:2019. The 
objective of the analysis is to check 
whether or not the software following 
the standard requirement procedure 
describes in SNI 1726:2019.  
According to the evaluation 
performance of Fa and Fv developed in 
the study area, no significance 
difference observed at the study area.     

  

3 Results and discussion: 

1. In the manuscript, why the 
author/s four (4) number after 
point? The correlation (R square) is 
so small. Is it still answer the 

1. The R2 displayed in Figures 4 and 6 were 
readjusted and the decimal number has 
changed to maximum 2. The R2 can be 
displayed using percent (%) or original 
value. The maximum R2 is 1 or 100%. 
The R2 for SC site class obtained in this 
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question? 
 

study and developed based on the 
website was too small and close to 0 
although the line interpolation of the Fa 
and Fv is linear and not horizontal. 
These conditions (R2≈0) can be 
obtained for horizontal or nearly 
horizontal line fitting (the dependent 
values of linear interpolation are 
constant).  
According to the Fa and Fv tables of SNI 
1726:2019 and the MCER-SS and MCER-
S1 values calculated at the study area, 
the Fa values are equal to 1.2 and the Fv 
values are equal to 1.5. The R2 
developed for SC site class are equal to 
zero.  
See regression line fitting model of Fa 
and Fv for site class SC in Figures 3(a) 
and 5(a) on page 7 and 8, respectively.  

4 References: 

1. Please use more up to date 
references. Especially the journal. 

 

1. Additional and updating references 
were already carried out in the 
manuscript. See improvement 
references on page 10. 

   

 

  Reviewer #2: 

No Comments Revision/Changes 

1 Introduction: 
1. The aim of the paper is rather 

unclear, as the site coefficients and 
design spectrum response 
acceleration implemented in the 
website are just the application of 
the Indonesian Seismic Code 2019. 

 
 
 
 
 
 
 
 
 
 
 

1. The background reason why the site 
coefficients Fa and Fv and design 
spectrum response acceleration MCER-
SS and MCER-S1 obtained from the 
website were evaluated in this study. All 
information obtained from the website 
should be checked whether or not the 
website performs the analysis following 
the right procedures described in the 
SNI 1726:2019.  
 
This study was conducted as part of the 
seismic microzonation research of the 
City. When the Fa and Fv values are used 
as the site amplification or site 
coefficients, as what the team evaluate 
at the alluvial area, the values obtained 
from the linear interpolation of the SNI 
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2. The differences discussed are not 

clear whether there are actual 
fundamental differences or just 
value rounding / or algorithm 
issues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1726:2019 is better compared to same 
values developed using SS, S1, SDS and SD1 
obtained from the website  
 
The aim of this study is to evaluate or to 
check that the SDS and SD1 obtained from 
the website were calculated following 
the SNI 1726:2019 procedure. This 
paper describes the verification results 
of the SS, S1, SDS and SD1 developed using 

website analysis in calculating Fa and Fv 
values and compared it with the SNI 
1726:2019 results calculation. Two 
MCER-SS and MCER-S1 developed from 
the website were conducted as the basic 
values used for Fa and Fv calculation of 
SNI 1726:2019. See additional 
information related with the objective of 
this study on page 2. 
   

2. The differences of Fa and Fv or SDS and SD1 
values discussed in the manuscript 
conducted using linear interpolation and 
the website are real, although the 
differences are small enough. Especially 
when the MCER-SS, MCER-S1, SDS and SD1 
obtained from the website were used 
for Fa and Fv calculation. The calculation 
results developed using the website 
slightly different to the results calculated 
based on the SNI 1726:2019 Fa and Fv 
tables. The differences performance of 
Fa and Fv calculated using these two 
methods could be due to the maximum 
decimal number (2 number after 
decimal sign, compared to 4 number of 
MCER-SS and MCER-S1 output of the 
website) of SDS and SD1.  Although the SDS 
and SD1 calculated using these two 
methods are almost equal. When two 
site coefficients or site amplification are 
required for other study, the Fa and Fv 
values developed using linear 
interpolation and SNI tables is much 
better compared to the same two values 
developed directly from the website. 
Figures 6(a) and (b) on Page 9 show the 



International Journal of Technology 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

small differences of Fv calculation and 
distribution at the study area, although 
the differences are small enough. 
An example comparative performance 
of the Fv calculation using the website 
output and the “Stand Alone Software 
/SAS” (two software developed by 
Puskim PUPR) was also conducted, to 
bring a clear information related with 
the performance of these two software 
(the differences of Fv calculations not 
presented in the manuscript).  
 
 
 
 
 
 
 
 
 
 
Fv distribution calculated using SS, S1, SDS 
and SD1 obtained from the website 
 
 
 
 
 
 
 
 
 
 
Fv distribution calculated using SS and S1 
obtained from the website and Fv table 
of SNI 1726:2019 
 
 
 
 
 
 
 
 
 
Fv distribution performance for SD site 
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3. The authors need to clarify this so 

that the context and the 
contribution of this article are clear. 

 
 
 
 
 
  
4. Equation 4 needs to revise so that it 

would be the same as that in SNI 
1726:2019. 

class calculated using SAS software. 
 
 
 
 
 
 
 
 
 
 
Fv distribution performance for SD site 
class calculated using the website 
software. 
 
According to these two figures, no 
MCER-S1 greater than 0.4 g when the 
value calculated using SAS software. 
However, one MCER-S1 greater than 0.4 
g was observed when the calculation at 
the study area was performed using the 
website.  
 

3. The context of these article is clear and 
give a clear contribution to the reader 
when the Fa and Fv and maybe FPGA need 
to be calculated, the calculation using 
linear interpolation of SNI 1726:2019 is 
more accurate compared to the same 
values calculated based on the Website 
outputs. See conclusion on page 9. 

 
4. Improvement of equation 4 was carried 

out in the paper. See improvement 
equation 4 on page 3. 

2 Methodology: 

1. Are there any locations with site 
class SF? This particularly of 
interest because northern 
Semarang areas are well known for 
very deep soft clays deposits.  

 

 

 

1. No SF analysis results and investigation 
data were discussed in this study. Only 
site class SC, SD and SE were discussed in 
this paper. All site classes SC, SD and SE 
were developed based on N-SPT data. All 
Fa and Fv calculations using the website 
or SNI procedures were calculated based 
on the average N-SPT data (N30). It could 
be the SF site class can be obtained at the 
northern part of the study area when the 
detail investigation related with the SF 
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2. It suggested Figure 3a is to have the 
intervals being easily referenced 
for Figure 3b.  

 

 

 

 

 

3. It is suggested that Table 1 is to 
have the information about how 
many locations for each site class 
category.  

 

4. For Table 2 through 4, it is 
suggested to change “Site Class” to 
“Locations with Site Class” to avoid 
any confusion what site class in 
these tables refers to (for example, 
Ss and S1 are for SBC site class, why 
there are SC through SE site class).  

site class are conducted at this area.  
  

2. Improvement of Figure 3(a) was 
performed and merged it with Figure 2. 
The Figure 3(a) and 3(b) has changed to 
Figure 2(a) and 2(b). The basic spatial 
data information of Figure 2(b) was 
rearranged based on Figure 2(a). See 
improvement of Figures 2(a) and 2(b) on 
page 4. 

 

3. The information related with the total 
data for SC, SD and SE were added at 
Tables 2 and 3. See improvement of Table 
2 on page 4 and Table 3 on page 5. 

 

4. No improvement of the column title for 
“Site class” information. Additional 
column related with “Location with Site 
Class” was conducted at Table 2 and 3. 
Due to the restriction of the total page 
number Table 3 was readjusted and 
merged it with Table 2. Table 5 was 
merged to Table 4 and the title has 
changed to Table 3. No SBC site class was 
investigated for this study because the 
basic analysis for Fa and Fv calculations 
was performed based on N30 data.  

3 Results and discussion: 

1. Regression analyses of FaL and FvL 
(Figure 4 and 5) may not be 
conceptually appropriate as FaL 
and FvL are just application of the 
tabulated values in SNI 1726:2019. 
Descriptive statistics may be more 
appropriate for discussing Fa anf Fv 
for Site Class SC (Figure 4a and 5a) 

 

 

 

 

 

1. Regression analysis of Fa and Fv using 
linear interpolation are important in term 
of website performance evaluation. The 
basic requirement of Fa and Fv calculated 
using the website should be match with 
the linear interpolation method 
described by the SNI 1729:2019.  
 
Additional information related with the 
difference results of the website and 
linear interpolation was conducted at 
Table 3 on page 5. The minimum 
difference of 0.01 for Fa and Fv was 
investigated for all 203 data. The 
explanation of the difference (%) for site 
class SC, SD and SE can be seen on page 
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2. Please provide critical discussions 
whether the differences discussed 
in Section 3, shown in the figures 
and summarized in Table 4 are 
actual fundamental differences or 
just value rounding / algorithm 
issues. This is important to 
highlight the actual contribution of 
this article to this broad topic. 

 
 

5 – 8.  
 
For SC site class the Fa values calculated 
at 34 boring positions using linear 
interpolation are constant and equal to 
1.2 and the Fv values are also constant 
and equal to 1.5. The R2 calculated for Fa 
and Fv are equal to zero. The same Fa and 
Fv calculated using the website are nearly 
constant and the R2 value obtained from 
the website are close to zero.  
 

2. Based on the Fa and Fv calculations 
conducted at 203 boring positions at the 
study area. When the Fa and Fv values are 
required (ex in site specific analysis 
research), it is better to use these two 
values obtained from the linear 
interpolation described by SNI and 
conducting Fa and Fv table of SNI 
1726:2019. The information required 
from the website are the MCER-SS and 
MCER-S1.  

4 References: 

1. No comments. 
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Abstract. Developing site coefficients and design spectrum response acceleration are two 
important steps in the seismic design of buildings. The site coefficient calculation described in the 
Indonesian Seismic Code 2019 partially follows the method proposed by the American Standard 
Code for Seismic Design 2016. Two information needs for site coefficient calculations are the site 
soil class and the Risk-Targeted Maximum Considered Earthquake (MCER) SS (short period) and S1 
(long period) spectral acceleration. Three different hard/SC, medium/SD and soft/SE site soil 
classes are usually used for building designs. Two site coefficients (Fa and Fv for short and long 
period spectral acceleration) are used for surface and design spectrum response acceleration 
calculations. The Indonesian Seismic Code provides two tables for developing these site 
coefficients. If the SS and S1 values developed at a site are not exactly equal to the values presented 
in these tables, the site coefficients can be predicted using straight-line interpolation between the 
two closest values. Different results are observed when the straight-line interpolation is adjusted 
for Fa and Fv prediction compared to the same values developed using website-based software. 
This study evaluates the site coefficients and design spectrum response acceleration predictions at 
Semarang City, Indonesia according to straight-line interpolation and website software 
calculations. The evaluation was conducted at 203 soil boring positions and performed as part of 
seismic microzonation research of the study area. The site soil classes were predicted using 
average N-SPT (Standard Penetration Test) values in the top 30 m soil deposit layer. Three 
different site soil classes were observed in the study area. On average the largest differences of the 
site coefficients and design spectrum response acceleration were observed for the SD and SE 
classes. However, for the SC site soil class the difference between the two analysis methods is 
small and they are approximately similar. 

Keywords: Design spectrum response acceleration; MCER; N-SPT; Site coefficient; Straight-line 
interpolation 

 

1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important 
types of information adopted from ASCE/SEI 7-16 are the site coefficients and design 
spectrum response acceleration calculation methods. Other information used for 
developing site coefficients was adopted from Stewart and Seyhan (2013). Due to the 
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improved methods for developing site coefficients for site soil classes SD and SE described 
in ASCE/SEI 7-16, not all the information described in the American Code was adopted by 
SNI 1726:2019. Site coefficients for SD and SE classes presented in the new Indonesian 
Seismic Code 2019 are completely adopted from Stewart and Seyhan (2013). 

Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility for 
response spectrum design calculations. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two data needs for design spectrum 
response acceleration calculations. Risk-Targeted Maximum Considered Earthquake 
(MCER) SS (short periods) and S1 (long periods) (Luco et al., 2007; Allen et al., 2015; 
Sengara et al., 2020), and two spectral designs, SDS and SD1, are four important values 
calculated by the website facility software. No information related to site coefficients Fa 
and Fv can be obtained from the new website. Due to incomplete information related to 
the Fa and Fv site coefficients from the website, these values can be calculated using 
Equation 1 and Equation 2. All SDS, SS, SD1 and S1 values were obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two SS and S1 website calculations and applying site 
coefficient (Fa and Fv) tables data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for site coefficient calculations for Fa and Fv. Figure 1 shows a diagram for the straight-line 
interpolation of Fa and Fv values. “F” and “Mw” represent the site coefficient to be estimated 
and the MCER value obtained from the website, respectively. M1S and M2S represent two 
boundary MCER values close to Mw. F1S and F2S represent two site coefficients for Mw=M1S 
and Mw=M2S, respectively. M1S, M2S, F1S and F2S are four values obtained from the SNI 
1726:2019 tables. Fa and Fv are estimated separately using Equation 3.  
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This paper describes the site coefficients and the design spectrum response 
acceleration verification using the website and the straight-line interpolation described in 
SNI 1726:2019. The objective of this study is to evaluate whether or not the website 
performs the analysis following the same procedures used by SNI 1726:2019. The study 
was performed at Semarang City, Indonesia and conducted at 203 soil boring investigation 
positions. The study was conducted as part of seismic microzonation research of the city. 
One of the important information needs for seismic microzonations is the development of 
soil amplification or site coefficient measurements at the study area.  Boring investigation 
and N-SPT measurement data for site class calculation were available and distributed over 
the whole of the study area. Figure 2 (a) shows the 203 boring positions within the study 
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area and the N30 distribution. All boring investigations conducted in this study had a 
minimum 30 m and a maximum 60 m depth. The average Standard Penetration Test (N-
SPT) of the topmost 30 m soil deposit layer (N30) of every boring position was used for 
site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; Syaifuddin et al., 
2020). Figure 2 (b) shows the distribution of site soil classes developed based on the N30 
data (Partono et al., 2021). The maximum N-SPT data used in this study and collected 
from the boring-log was 60. Following the procedure described by SNI 1726:2019, the N30 
was estimated using Equation 4, where “di” and “Ni” represent the thickness and N-SPT 
value of any soil layer “i”, respectively. 

The same parameter that can be used for site interpretation is the average shear wave 
velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can 
be calculated using the same method as shown in Eq. 4 and replacing the Ni value by VSi. 
The VS value can be collected using seismic refraction MASW (Multichannel Analysis of 
Surface Waves) or array seismometer investigations. Prakoso et al. (2017) described a 
comparative study of VS investigation based on MASW and soil boring data. The VS value 
developed using MASW is more reliable compared to the same VS value developed based 
on the boring investigation. Pramono et al. (2018) described the predominant frequency 
investigation at Lombok Island following the 2018 earthquake event. The greater the VS30 
value used, the greater the predominant frequency obtained from wavelet analysis of 
ground motion. The investigation of VS30 and predominant frequency correlation was also 
conducted by Pramono et al. (2017) at the Palu area. 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations 
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2. Methods 

 The evaluation of site coefficients within the study area was conducted following five 
basic steps: 

• Site class interpretation,  
• MCER (SS and S1) and design spectrum response acceleration calculations using the 

website  
• Site coefficient calculation based on the website output  
• Site coefficient calculation based on SNI 1726:2019 tables and procedures 
• Comparative analysis of site coefficients and design spectrum response acceleration 

based on the two different approaches, website data and straight-line interpolation. 

2.1.  Site Soil Class Interpretation 
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 The site soil class interpretation (Fig. 2b) was conducted at 203 boring positions 
using N30 data and no geological data used for developing this map. According to the N30 
data developed at all boring locations, the site soil classes were interpreted according to 
SNI 1726:2019. Table 1 shows the basic classification criteria for identifying the site soil 
class. Only three different site soil classes are presented in this table. Site classes SA, SB 
and SF are not available within this table. Figure 2(b) shows the corresponding site soil 
class distribution developed according to the site classification as shown in Table 1. The 
site class distribution in the study area is dominated by the SD and SE classes. Site class SC 
was observed in small areas in the middle and southern part of the city (Partono et al., 
2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 

SD 15 - 50 

SE < 15 

 
 
 
 
 
 
 
 
 
 
 
                             (a)                            (b) 

Figure 2 Boring investigations and N30 distribution (a) and site soil classes (b) distribution maps 
 
2.2. MCER and Design Spectrum Response Acceleration Calculation 

 The MCER calculations were performed at 203 boring position using the website. 
According to the site class distribution of the study area, three different MCER-SS and 
MCER-S1 distributions were also observed in the study area. Table 2 shows the total boring 
investigations for each site class and the distribution of minimum and maximum MCER-SS, 
MCER-S1, SDS and SD1 for the three different site classes developed using the website. 
 
Table 2 SS, S1, SDS and SD1 distribution obtained from the website 

Site 

class 

Total 

data 

MCER-SS(g) SDS (g) MCER-S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 

SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 

SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 
2.3. Site Coefficients Fa and Fv Website 
 Site coefficient Fa and Fv calculations were performed according to the MCER-SS, 
MCER-S1, SDS and SD1 values obtained from the website. The site coefficients were 
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estimated using Equation 1 and 2. Table 3 shows the distribution of minimum and 
maximum Fa and Fv developed using these four values. Following the boundary values of 
Fa and Fv described in the SNI 1726:2019 tables, the minimum and maximum Fa values 
developed in the study area were divided into two different boundary values. A few SS 
values were less than 0.75 g. However, most of the SS values were distributed between 
0.75 and 1 g. 
 
2.4. Site Coefficients Fa and Fv SNI 1726:2019 
 Straight-line interpolation was also performed for Fa and Fv calculations by using 
Equation 3 and table data provided by SNI 1726:2019. According to the MCER-SS and 
MCER-S1 values obtained from the website, the minimum and maximum boundaries for 
these two site coefficients can be estimated. Table 3 shows the minimum and maximum 
boundaries of the Fa and Fv values used for straight-line interpolation calculations. The Fa 
and Fv minimum and maximum boundary values displayed in Table 3 were obtained from 
SNI 1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables 

Site 

class 

Total 

data 

Linear Interpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.19 1.21 1.478 1.519 0 58.82 

SD 90 1.4 1.2 1.1 2.0 1.9 1.112 1.167 1.879 1.949 3.41 56.82 

SE 79 1.7 1.3 1.1 2.8 2.4 1.148 1.4 2.401 2.732 13.92 50.63 

 
3. Results and Discussion 

 The MCER-SS for the SC site class as shown in Table 2 are distributed from 0.8459 
through 0.9668 g. The Fa values for the SC site class developed according to the website, as 
shown in Table 3, are distributed between 1.19 and 1.21. All the Fa values developed from 
the website are consistent and almost equal to the Fa value from SNI 1726:2019 (Table 3). 
As can be seen in Table 3, the Fa values of SNI 1726:2019 are constant and equal to 1.2. 
The difference in Fa values developed using the website data is less than 0.01 compared to 
the Fa requirement of SNI 1726:2019. According to Table 3, for all 34 data, the total data 
with a minimum difference of 0.01 is 0%. Figure 3(a) shows the distribution of Fa site 
coefficients for the SC site class in terms of MCER-SS values. The linear and Website 
legends inside this figure represent straight-line interpolation following SNI 1726:2019 
and website data acquisition. The R2 value for site class SC is close to zero, because the Fa 
values estimated using these two models are nearly constant for all MCER-SS values. The 
R2 (coefficient of determination) value is used for evaluation of the fitting line (linear fit 
model) performance. The evaluation was performed for the distribution of Fa or Fv to the 
linear regression line model. The minimum and maximum R2 values are 0 and 1 (100%), 
respectively. The higher the R2, the better the linear fitting model difference with the Fa or 
Fv data distribution. 

 The distribution of MCER-SS values for the SD site class in the study area was almost 
equal to the SC site class. Table 2 shows the distribution of SS for the SD site class. The 
values are distributed from 0.8098 through 0.9579 g. Following the same procedure as for 
the SC site class, the Fa site coefficients for the SD site class developed in the study area 
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should be distributed between 1.2 and 1.1. Due to the SS being distributed close to 1 g, the 
Fa values obtained from the study area are close to 1.1. As shown in Table 3, the Fa values 
were distributed between 1.112 and 1.167. The total data having a minimum difference of 
0.01 are 3.41%. Figure 3(b) shows the distribution of Fa values for site class SD in terms of 
MCER-SS values. As can be seen in Figure 3(b), the R2 value obtained from the regression 
analysis is 0.7858, or less than 1. The straight-line interpolation developed according to 
the SNI 1726:2019 data and table are better compared to the Fa values developed using 
the website. However, on average the absolute difference between Fa values developed 
using these two models is 0.0105 and the line distributions are almost identical (coincide). 

 The MCER-SS distribution for the SE site class estimated from the website is between 
0.696 and 0.9274 g. According to SNI 1726:2019, all SS for site class SE were distributed 
between two different boundary values, from 0.5 through 0.75 g for the 1st boundary and 
from 0.75 through 1 g for the 2nd boundary. The straight-line interpolation for all MCER-SS 
was also separated into two different boundary values. The first Fa values (6 data) were 
distributed between 1.4 and 1.323. However, the second Fa (73 data) site coefficients were 
distributed between 1.292 and 1.148. Figure 3(c) shows the distribution of Fa values for 
the SE site class. Two different straight-line interpolations are seen in this figure, 
following the two different boundary values of SNI 1726:2019. The absolute average 
difference of Fa for site class SE is 0.029. As can be seen in Table 3, 13.92% of 79 data have 
a minimum difference of 0.01. 

Fa and Fv are the two site coefficients used for developing surface spectral 
acceleration and design spectrum response acceleration. The different performances of 
these two site coefficients developed using two different procedures can be neglected or 
avoided, since there was no significant difference in the design spectrum response 
acceleration results developed using these two methods. The difference in the accuracy 
value used for both methods will sometimes produce different site coefficients and 
directly impact the performance of the SDS and SD1 outputs for all site soil classes.  

To verify the performance of Fa and Fv estimated using these two methods, the design 
spectrum response acceleration calculation was also conducted in this study. The purpose 
of the analysis was to verify the performance of the design spectrum response 
acceleration SDS and SD1 according to the site coefficients values estimated using the two 
different methods. Figure 3(d) shows the performance of the SDS design spectrum 
response acceleration in terms of MCER-SS developed from the website and straight-line 
interpolation. As can be seen in Figure 3(d), a good correlation between SDS in terms of 
MCER-SS, was observed in this study. According to this figure there are no significant 
differences in the SDS performance estimated according to the website and straight-line 
interpolation of SNI 1726:2019 procedures for all three site classes SC, SD and SE. 

The Fa distribution map developed from the 203 boring positions was also conducted 
based on the website and linear interpolation analysis. Figure 4 (a) and 4(b) show two Fa 
distribution maps. The Fa distribution maps developed using the website and linear 
interpolation are almost equal. The Fa values developed at the study area are distributed 
between 1.2 and 1.4. The largest Fa values were observed at the small north-eastern area 
of the city. 

The site coefficients evaluation was also conducted for long period spectral 
acceleration MCER-S1. Using the same procedure as used for MCER-SS, the evaluation was 
performed for the SC, SD and SE site classes. According to the minimum and maximum 
MCER-S1 values estimated using the website, all the MCER-S1 values in the study area were 
distributed between 0.3185 and 0.4097 g (see Table 2.) or approximately between 0.3 and 
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0.4 g. For site classes SC and SD, there is one boring position having a value of MCER-S1 
greater than 0.4 g. Figures 5(a), (b) and (c) show the distribution of the site coefficient Fv 
for the SC, SD and SE site soil classes, respectively.   

 

 
 
 
 
 
 
 
 
 

(a) (b) 

 
 
 
 
 
 
 
 
 
 
 

(c) (d) 
 

Figure 3 Fa distributions in terms of MCER-SS values for SC (a), SD (b), SE (c) site classes and 
correlation of SDS and MCER-SS developed based on linear interpolation and website software (d) 
 

 

 

 

 

 

 

                                      (a)             (b) 

Figure 4 Fa distribution maps developed using website software (a) and linear interpolation (b) 
 

 All the Fv values estimated using the website and straight-line interpolation are 
almost equal or coincide except for site class SD. As shown in Figure 5(b), most of the Fv 
values of the SD site class developed using the website are greater than the same Fv values 
developed using straight-line interpolation. The R2 (R squared) value for this model is far 
from 1. The Fv values for site class SD developed based on website calculation were far 
from the linear model that SNI 1726:2019 expected. The R2 for site class SC is not 
available (close to zero) because the Fv and MCER-S1 correlation are nearly constant. A 
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good Fv and MCER-S1 correlation was observed for site class SE (see Figure 5(c)), for both 
the website output and straight-line interpolation. The R2 obtained for this site class is 
nearly 1. On average the absolute differences between Fv are 0.015, 0.036 and 0.033 for 
the SC, SD and SE site classes, respectively. According to Table 3, the total data with a 
minimum difference of 0.01 for the SC, SD and SE site classes are greater than 50%. 

Figure 5(d) shows the performance of SD1 design spectrum response acceleration in 
terms of MCER-S1 estimated using the same methods as used for SDS calculation. As can be 
seen in Figure 5(d), a good correlation between SD1 in terms of S1 was observed in this 
study. According to this figure, there are no significant differences in the SD1 performance 
for the SC, SD and SE site classes, estimated according to the website and straight-line 
interpolation of SNI 1726:2019 procedures. 

The Fv distribution maps were also developed based on the website and linear 
interpolation analysis. Figures 6(a) and 6(b) show two Fv distribution maps. The Fv 
distribution maps developed using the website and linear interpolation are almost equal. 
The Fv values developed using the website were distributed between 1.4 and 2.8. 
However, the Fv values developed using linear interpolation were distributed between 1.5 
and 2.8. The largest Fv values were observed at the northern part of the city. 

 

 

 

 

 

 

 

 

 

                                      (a)             (b) 

 

 

 

 

 

 

 

 

 

(c) (d) 

Figure 5 Fv distributions in terms of MCER-S1 values for SC (a), SD (b), SE (c) site classes and 
correlation of SD1 and MCER-S1 developed based on linear interpolation and website software (d) 
 

The SDS and SD1 developed for the study area using the website are accepted according 
to the requirement criterion of SNI 1726:2019. Table 4 shows the minimum and 
maximum SDS and SD1 values and the average difference of SDS and SD1 estimated using the 
two methods for the SC, SD and SE site classes. The average difference of SDS and SD1, as 
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presented in Table 4, is the absolute differences of SDS and SD1. The maximum average 
difference (Ave. diff.), 0.02 g and 0.015 g, were observed at the SD site class for SDS and SD1 
spectral design, respectively. However, the average differences of SDS for site classes SC 
and SE were less than 0.0044 g, approximately.   

 

 

 

 

 

 

 

 

(a) (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

Table 4 SDS and SD1 performance for all site classes 

Site 

class 

SDS (g)   SD1 (g) 

Website Linear Ave. 

diff.  

Website Linear Ave. 

diff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 

SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 

SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
4. Conclusions 

 Evaluations of site coefficients estimated using the website and straight-line 
interpolation were performed at 203 boring positions in Semarang City. No significant 
differences were found in the Fa and Fv site coefficients estimated using the two methods. 
The largest difference in site coefficients Fa calculations was observed for the SD and SE 
site classes. The difference in site coefficients for the SD and SE site soil classes was less 
than 0.03. However, for the SC site soil class, the difference was less than 0.01. For site 
coefficient Fv, the largest difference was observed for the SD and SE site soil classes with a 
maximum of 0.04. However, the difference in site coefficient Fv for site class SC was less 
than 0.02. When the Fa and Fv site coefficients need to be calculated, the linear 
interpolation of SNI 1726:2019 is better compared to the same values calculated using 
MCER-SS, MCER-S1, SDS and SD1 obtained from the website. 

No significant differences in design spectrum response accelerations SDS and SD1 were 
found for all site classes. The largest design spectrum response accelerations difference 
for SD estimated using the two methods was less than 0.02 g. However, for the SC and SE 
site classes the differences were less than 0.005 g.  
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Abstract. Developing Calculation of site coefficients and design spectrum response spectral 
acceleration are two important steps in the seismic design of buildings. According to Indonesian 
Seismic Code 2019, The site coefficient calculation described in the Indonesian Seismic Code 2019 
partially follows the method proposed by the American Standard Code for Seismic Design 2016. 
tTwo information requirements for site coefficient calculations are the site soil class and Risk-
Targeted targeted Maximum Considered Earthquake (MCER)- SS for short (short period) and 
MCER-S1 for long period (long period)) spectral acceleration. Three different site soil classes 
(hard//SC,, medium//SD, and soft//SE) are typically site soil classes used for building designs. 
Two different site coefficients (Fa and Fv for for MCER-SSshort- and Fv for MCER-S1long-period  
spectral acceleration) are used for surface and design response spectrum responsespectral 
acceleration calculations. The Indonesian Seismic Code provides two tables (Fa and Fv) tables for 
developing calculating these site coefficients. If the MCER-SS and or MCER-S1 values developed for a 
specific site are not exactly equal to the values in these Fa or Fv tables, the site coefficients can then 
be predicted using straight-line interpolation between the two closest Fa or Fv values within the 
tables. When the straight-line interpolation is adjusted for Fa and or Fv predictioncalculation, 
different results are were observed in comparison to the values developed using website-based 
software (prepared by Ministry of Public Works and Human Settlements). This study evaluates 
site coefficients and design response spectrum responsespectral acceleration predictions in 
Semarang City, Indonesia, according to straight-line interpolation method and website software   
calculations. The study was conducted at 203 soil boring positions and performed as part of 
seismic microzonation research in the study area. The site soil classes were predicted using 
average standard penetration test values (N-SPT) of the topmost 30 m soil deposit layer in the top 
30 m soil deposit layer(N30). Three different site soil classes were observed in the study area. On 
average, the largest differences between the two analysis (linear interpolation and website) 
methods in the site coefficient valuess and design response spectral spectrum response 
acceleration calculation were observed for the SD and SE classes. However, for the SC site soil 
class, the difference between the two analysis methods was small, with their values approximately 
similar. 

Keywords: Design spectrum response spectral acceleration; MCER; N-SPT; Site coefficient; 
Straight-line interpolation  
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1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019) was announced in 
2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7 of -2016, specifically the 
site coefficient valuess and design spectrum response spectral acceleration calculation 
methods. Other Additional information for developing the site coefficients was adopted 
from Stewart and Seyhan (2013). Due to the improved methods described in ASCE/SEI 7-
16 for developing site coefficients for site soil classes SD and SE, not all the information 
described in the American Code was adopted by SNI 1726:2019. Specifically, the site 
coefficients for the SD and SE classes presented in the new Indonesian Seismic Code 
2019SNI 1726:2019 were completely adopted from Stewart and Seyhan (2013). 

Following the new SNI 1726:2019, especially in developing site coefficients, the 
Ministry of Public Works and Human Settlements announced a new website facility 
software (online facility) for site coefficient and design response spectrum spectral design 
acceleration calculations. Site or building position coordinates (in terms of longitude and 
latitude) and site soil class are two data information requirements for design spectrum 
response spectral acceleration calculations.. Risk-Targeted targeted Maximum Considered 
Earthquake (MCER) acceleration,  MCER-SS for (short periods) and MCER-S1 for (long 
periods,) (Luco et al., 2007; Allen et al., 2015; Sengara et al., 2020), and two design 
response spectral designs acceleration, SDS and SD1, are four important values calculated 
by the website facility software. However, no information related to site coefficients Fa for 
short and Fv for long periods can be obtained from the new website. Thus, these values 
can be calculated using Equation 1 and Equation 2. , while Aall SDS, SS (MCER-SS), SD1, and S1 
(MCER-S1) values can be obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using two the SS and S1 website calculations and applying 
site coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then 
estimated following the procedure described by SNI 1726:2019. Equation 3 shows a simple 
formula for Fa and Fv  site coefficients calculations. Figure 1 shows a diagram of the 
straight-line interpolation of the Fa and Fv valuescalculation. F and Mw represent the site 
coefficient to be estimated and the MCER value obtained from the website, respectively; M1S 
and M2S represent two boundary MCER values close to Mw; F1S and F2S represent two the 
site coefficients for Mw = M1S and Mw = M2S, respectively; and M1S, M2S, F1S, and F2S are the 
four values obtained from the SNI 1726:2019 tables. Fa and Fv are estimated separately 
using Equation 3.  
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This paper describes the site coefficients and design response spectral spectrum 
response acceleration verification  verification calculated using the website facility and 
the straight-line interpolation described in SNI 1726:2019. The objective of the study was 
to evaluate whether or not the website performed the analysis following the same 
procedures used by SNI 1726:2019. The study was performed in Semarang City, 
Indonesia, and conducted at 203 soil boring investigation positions. The study was 
performed as part of seismic microzonation research in of the city. One of the important 
information requirements for seismic microzonations is the development development of 
soil amplification or site coefficient distribution map measurements at the study area. In 
this study, boring investigation and the standard penetration test (N-SPT) measurement 
data observed during boring investigation were used for site class calculation.  were 
available and distributed over the whole study area. Figure 2a shows the 203 boring 
positions within the study area and the N30 distribution. All boring investigations in this 
study were conducted at a minimum depth of 30 m and a maximum depth 60 m. The 
average standard penetration test (N-SPT) of the topmost 30 m soil deposit layer (N30) of 
every boring position was used for site soil class interpretation (Moghaddam, 2011; 
Partono et al., 2019; Syaifuddin et al., 2020). Figure 2a shows the 203 boring positions and 
the N30 distribution within the study area. Figure 2b shows the distribution of the site soil 
classes developed based on the N30 data (Partono et al., 2021). The maximum N-SPT data 
data used obtained in this study and collected from the boring log investigation was 60. 
Following the procedure described by SNI 1726:2019, the N30 value was estimated using 
Equation 4, where di and Ni represent the thickness and N-SPT value of any soil layer “ii", 
respectively. 

The same parameter that can also be used for site interpretation is the average shear 
wave velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value 
can be calculated using the same method as that shown in Eq. 4Equation 4 and replacing 
the Ni value with VSi. The VS value can be collected observed using seismic refraction 
multichannel analysis of surface waves (MASW) or seismometer array investigations. 
Prakoso et al. (2017) described a comparative study featuring of VS value obtained 
investigation based ofromn MASW investigation and soil boring (N-SPT) data. The VS 
value developed using MASW is was more reliable compared to that developed based on 
the boring investigationN-SPT data. Pramono et al. (20182020) described the 
predominant frequency investigation at Lombok Island following the 2018 earthquake 
event. The greater the VS30 value used, the greater the predominant frequency obtained 
from the wavelet analysis of the ground motion. Additionally, an 
investigationdevelopment of VS30 and predominant frequency correlation was also 
conducted by Pramono et al. (2017) in the Palu area. 

 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations  
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2. Methods 

 The evaluation of the site coefficients within from the study area was conducted 
following five basic steps: 

• Site class interpretation; 
• MCER (SS and S1) and design spectrum response spectral acceleration calculation 

using the website;  
• Site coefficient calculation based on the website output; 
• Site coefficient calculation based on SNI 1726:2019 tables and procedures; 
• Comparative analysis of the two different approaches in terms of their calculated 

site coefficients and design spectrum response spectral acceleration: the website 
data output and straight-line interpolation. 

2.1.  Site Soil Class Interpretation 
 Site soil class interpretation (Figure. 2b) was conducted for the 203 boring positions 
using N30 data (no geological data used in developing this map), with the site soil classes 
interpreted according to SNI 1726:2019. Table 1 shows the basic classification criteria for 
each site soil class. Only three different site soil classes are presented in this table, with 
site classes SA/hard rock, SB/rock, and SF/specific soil  unavailable. Figure 2b shows the 
corresponding site soil class distribution according to the site classification information in 
Table 1. The site class distribution in the study area is is dominated by the SD and SE 
classes; meanwhile, site class SC was observed in small areas in the middle and southern 
parts of the city (Partono et al., 2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 

SD 15–50 

SE < 15 

 
 
 
 
 
 
 
 
 
 
 
                             (a)                            (b) 

Figure 2 Boring investigation and N30 distribution(a) and: site soil classes (ab) and distribution 
maps (b) 
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2.2. MCER and Design Spectrum Response Spectral Acceleration Calculation 
 MCER calculations were performed for the 203 boring positions using the website. 
According to the site class distribution of the study area, three different MCER-SS and 
MCER-S1 distributions were also observed in the study area. Table 2 shows the total boring 
investigationsdata for each site class as well as the distribution of the minimum and 
maximum MCER-SS, MCER-S1, SDS, and SD1 for the three different site classes developed 
using the website. 
 
Table 2 SS, S1, SDS, and SD1 spectral acceleration distribution values obtained from the 
website 

Site 

Class 

Total 

Data 

MCER-SS(g) SDS (g) MCER-S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 

SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 

SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 

2.3. Site Coefficients Fa and Fv Website-calculated Fa and Fv values 
 Fa and Fv site coefficient calculations were performed according to the MCER-SS, MCER-
S1, SDS, and SD1 values obtained from the website. The site coefficients were then estimated 
using Equation 1 and 2. Table 3 shows the distribution of the minimum and maximum Fa 
and Fv values using these four values. Following According to the boundary values of Fa 
and Fv described in the SNI 1726:2019 tables, the minimum and maximum Fa values 
developed in the study area were divided into two different boundary values. A few MCER-
SS values were lower than 0.75 g; however, most of the MCER-SS values were between 0.75 
and 1 g. 
 

2.4. Site Coefficients Fa and Fv SNI 1726:2019  
 Straight-line interpolation was also performed for Fa and Fv calculation using 
Equation 3 and the Fa and Fv tables data provided by SNI 1726:2019. According to the 
MCER-SS and MCER-S1 values obtained from the website, the minimum and maximum 
boundaries for these two site coefficients could be estimated. Thus, Table 3 shows the 
minimum and maximum boundaries of the Fa and Fv values used for the straight-line 
interpolation calculations. The Fa and Fv minimum and maximum boundary values 
displayed in Table 3 were obtained from SNI 1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables 

Site 

Class 

Total 

Data 

Linear Interpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.19 1.21 1.478 1.519 0 58.82 

SD 90 1.4 1.2 1.1 2.0 1.9 1.112 1.167 1.879 1.949 3.41 56.82 

SE 79 1.7 1.3 1.1 2.8 2.4 1.148 1.4 2.401 2.732 13.92 50.63 
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3. Results and Discussion 

 The MCER-SS values for the SC site class (Table 2) range from 0.8459 to 0.9668 g, 
while the Fa values for the SC site class developed according to the website (Table 3) range 
between 1.19 and 1.21. All the Fa values developed from the website are consistent with 
and almost equal to those from SNI 1726:2019 (Table 3). As can be seen in Table 3, the Fa 
values from SNI 1726:2019 are constant and equal to 1.2. The difference between the Fa 
values developed using the website data and those from SNI 1726:2019 is less than 0.01. 
According to Table 3, for all 34 data, the percentage of total data with a minimum 
difference of 0.01 is 0%. Figure 3a shows the distribution of the Fa site coefficients for the 
SC site class in terms of the MCER-SS values. The linear and website legends inside this 
figure represent the straight-line interpolation following SNI 1726:2019 and the website 
data acquisition. The R2 (coefficient of determination) value for site class SC is close to 0, 
because the Fa values estimated using these two models are nearly constant for all MCER-
SS values. The R2 value is used for evaluation of the fitting line (linear fit model) 
performance. The evaluation was performed for the distribution of Fa or Fv to the linear 
regression line model. The minimum and maximum R2 values are 0 and 1 (100%), 
respectively. The higher the R2, the better the linear fitting model difference with for the 
Fa or Fv data distribution. 
 The distribution of the MCER-SS values for the SD site class in the study area was 
almost equal to that of the SC site class. Table 2 shows the distribution of MCER-SS for the 
SD site class, with the values ranging from 0.8098 to 0.9579 g. Following the same 
procedure as that of the SC site class, the Fa site coefficients for the SD site class in the 
study area range between 1.2  and 1.1. Due to the MCER-SS being distributed around 1 g, 
the Fa values obtained from the study area are close to 1.1: As shown in Table 3, the Fa 
values range between 1.112 and 1.167. The total percent of data with a minimum 
difference of 0.01 is are 3.41%. Figure 3b shows the distribution of the Fa values for site 
class SD in terms of the MCER-SS values. As can be seen in Figure 3b, the R2 value obtained 
from the regression analysis is 0.7858, —oor less than 1. The straight-line interpolation 
values developed according to the SNI 1726:2019 data and tables were better compared 
to the Fa values developed using the website. However, on average, the absolute difference 
in the Fa values developed between these two models was 0.0105, and the line 
distributions were almost identical (i.e., coincided). 

 The MCER-SS distribution of the SE site class values estimated from the website 
ranged between 0.696 and 0.9274 g. According to SNI 1726:2019, all MCER-SS for site class 
SE were distributed between two different boundary values, from 0.5 through 0.75 g for 
the first boundary and from 0.75 through 1 g for the second boundary. The straight-line 
interpolation for all MCER-SS was also separated into two different boundary values. The 
first Fa boundary values (6 data) were distributed between 1.4 and 1.323; however, the 
second Fa (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3c 
shows the distribution of the Fa values for the SE site class. Two different straight-line 
interpolations can be observed in this figure in accordance with the two different 
boundary values from SNI 1726:2019. The absolute average difference in Fa for site class 
SE is 0.029. As can be seen in Table 3, 13.92% of the 79 data have a minimum difference of 
0.01. 

 

 Fa and Fv are the two site coefficients used for developing calculating surface spectral 
acceleration and design spectrum response spectral acceleration. The performance of the 
different values of these coefficients developed using the two different procedures 

Formatted: Space After:  0 pt

Formatted: Indent: First line:  0 cm

Commented [.85]: In such contexts, I revised “are distributed” to 

“range” for clarity; however, check to ensure this still fits your 

intended meaning. 

Formatted: Font: Cambria, 12 pt

Commented [.86]: I edited for clarity here but check to ensure 

this still fits your intended meaning.  

Formatted ...

Commented [.87]: When referring to countable data, I suggest 

“datapoints” instead. Review accordingly throughout.  

Formatted ...

Commented [.88]: Is this referring to ‘linear interpolation’? 

Ensure term consistency and clarity throughout. Also, in this case, 

ensure you’re specifically using the same wording as used in the 
figure.   

Formatted ...

Commented [.89]: Do you mean these ‘column headings’? 

Clarify. 

Formatted ...

Commented [.90]: These ‘methods’, you mean? Again, continue 

to review for this accordingly throughout.  

Formatted ...

Commented [.91]: Do you mean ‘the linear fit of the model’? 

Review. 

Formatted ...

Commented [.92]: In terms of its “fit” in this model? Clarify. 

Formatted ...

Commented [.93]: This is unclear and convoluted. Do you mean ...

Formatted ...

Formatted: Subscript

Commented [.94]: Ensure relevant measurement units are ...

Formatted: Font: Cambria, 12 pt

Commented [.95]: Do you mean ‘trend’? Review this word ...

Formatted: Font: Cambria, 12 pt

Commented [.96]: The use of ‘should be’ here was unclear and ...

Formatted ...

Commented [.97]: Define what you mean by ‘better’ in the ...

Formatted: Font: Cambria, 12 pt

Formatted ...

Commented [.98]: In terms of this ‘boundary’. Clarify. 

Formatted ...

Formatted: Indent: First line:  0 cm

Formatted: Indent: First line:  0 cm

Formatted: Font: Not Bold

Commented [.99]: Respectively? Clarify. 

Formatted: Font: Cambria, 12 pt

Commented [.100]: Performance in terms of what, specifically? ...

Formatted: Font: Cambria, 12 pt

Commented [.101]: Again, I suggest term consistency (i.e., ...



52  Please Put the Title of the Paper in this Line with Capitalize Each Words,  
 This Second Line can be Used if Necessary 

(straight line interpolation and using website facility) can be neglected or avoided, since 
there was no significant difference in the design spectrum response spectral acceleration 
results between these two methods. The difference in the accuracy value used for both 
methods will sometimes produce different site coefficients and directly impact the 
performance of the SDS and SD1 outputs for all site soil classes.  

 To verify the performance of the Fa and Fv values estimated using these two methods, 
design spectrum rresponse spectral acceleration calculation was also conducted in this 
study. The purpose of this analysis was to verify the performance of the design spectrum 
response spectral acceleration SDS and SD1 values according to the site coefficient values 
estimated calculated using the two different methods. Figure 3d shows the performance of 
the SDS design spectrum response spectral acceleration in terms of MCER-SS developed 
from the website and straight-line interpolation. As can be seen in Figure 3d, a good 
strong correlation between SDS in terms of MCER-SS was observed in this study. According 
to this figure, there are no significant differences in the SDS performance estimated using 
the website versus SNI 1726:2019  straight -line interpolation procedures for all three site 
classes (SC, SD, and SE). 

 The Fa distribution map developed from the 203 boring positions was also 
constructed based on the website and linear interpolation analysis. Figure 4a and 4b 
shows the two Fa distribution maps, which are almost equal. Specifically, the Fa values 
from the study area range between 1.2 and 1.4, with the largest Fa values observed in a 
small north-eastern portion of the city. 

 Site coefficient evaluation was also conducted for long-period MCER-S1 spectral 
acceleration. Using the same procedure as that used for MCER-SS, the evaluation was 
performed for the SC, SD, and SE site classes. Based on the minimum and maximum MCER-
S1 values estimated using the website, all MCER-S1 values in the study area were 
distributed between 0.3185 and 0.4097 g (see Table 2) or approximately between 0.3 and 
0.4 g. For site classes SC and SD, there was one boring position with a MCER-S1 value 
greater than 0.4 g. Figures 5a, b, and c show the distribution of the site coefficient Fv for 
the SC, SD, and SE site soil classes, respectively.   
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(c)         (d) 
 

 

Figure 3 Fa distributions in terms of MCER-SS values for SC (a), SD (b), and SE (c) site classes and 
the correlation of SDS and MCER-SS from the linear interpolation and website software (d) 

 
 

 

 

 

 

 

 

 

                                      (a)                                              (b) 

Figure 4 Fa distribution maps developed using website software (a) and linear interpolation (b) 
 

 All the Fv values estimated using the website and straight-line interpolation were 
almost equal or coincided— except for in site class SD. As shown in Figure 5b, most of the 
Fv values of the SD site class developed using the website are greater than the those 
developed using straight-line interpolation. The R2 value for this model was far from 1. 
The Fv values for site class SD from the website calculation were far from the linear model 
expected described by SNI 1726:2019. The R2 for site class SC was not available (close to 
0), because the Fv and MCER-S1 correlations were nearly constant or almost equal. A good 
Fv and MCER-S1 correlation was observed for site class SE (see Figure 5c) for the website 
output and straight-line interpolation methods. The R2 obtained for this site class was 
nearly 1. On average the absolute differences between Fv were 0.015, 0.036, and 0.033 for 
the SC, SD, and SE site classes, respectively. According to Table 3, the percent of total data 
with a minimum difference of 0.01 for the SC, SD, and SE site classes is greater than 50%. 

 Figure 5d shows the SD1 design spectrum response spectral acceleration performance 
in terms of MCER-S1 values estimated using the same methods as used in the SDS 
calculation. As can be seen in Figure 5d, a good correlation between SD1 in terms of MCER-
S1 was observed in this study. Also, according to this figure, there are no significant 
differences in the SD1 performance for the SC, SD, and SE site class estimates between the 
website and straight-line interpolation of SNI 1726:2019 procedures. 

Fv distribution maps were also developed based on the website and linear 
interpolation analysis. Figures 6a and 6b show two Fv distribution maps, which are almost 
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equal. The Fv values developed using the website ranged between 1.4 and 2.8, while the Fv 
values developed using linear interpolation ranged between 1.5 and 2.8. The largest Fv 
values were observed in the northern part of the city. 
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(c) (d) 

Figure 5 Fv distributions in terms of MCER-S1 values for SC (a), SD (b), SE (c) site classes and the 
correlation of SD1 and MCER-S1 developed based on linear interpolation and website software (d) 
 

 Fv distribution maps were also developed based on the website and linear 
interpolation analysis. Figures 6a and 6b show two Fv distribution maps, which are almost 
equal. The Fv values developed using the website ranged between 1.4 and 2.8, while the Fv 
values developed using linear interpolation ranged between 1.5 and 2.8. The largest Fv 
values were observed in the northern part of the city. 

 The SDS and SD1 developed for the study area using the website were accepted 
acceptable according to the requirement criterion of SNI 1726:2019. Table 4 shows the 
minimum and maximum SDS and SD1 values and the average difference in the SDS and SD1 
values between the two methods for the SC, SD, and SE site classes. As shown in Table 4, 
the average difference of SDS and SD1 is the absolute differences values of SDS and SD1. The 
maximum average difference (ave. diff.) for SDS and SD1, 0.0224 g and 0.0153 g, 
respectively, were observed in the SD site class. However, the average differences in SDS 
and SDS SD1 for site classes SC and SE were less than 0.0073 g and 0.0044 g, 
approximatelyrespectively.   
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                                     (a)                                (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

Table 4 SDS and SD1 performance for all site classes 

Site 

Class 

SDS (g)   SD1 (g) 

Website Linear Ave. 

diff.  

Website Linear Ave. 

diff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 

SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 

SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 

 
4. Conclusions 

 Evaluations of site coefficients estimated using the website and straight-line 
interpolation methods were performed for 203 boring positions in Semarang City. No 
significant differences were found in the Fa and Fv site coefficients between the two 
methods. The largest difference in the Fa site coefficient calculations was observed for the 
SD and SE site classes. The difference in site coefficients for the SD and SE site soil classes 
was less than 0.03, while, for the SC site soil class, the difference was less than 0.01. In 
terms of site coefficient Fv, the largest difference was observed for the SD and SE site soil 
classes with a maximum of 0.04. However, the difference in site coefficient Fv for site class 
SC was less than 0.02. When calculating Fa and Fv site coefficients, the linear interpolation 
method from SNI 1726:2019 is better compared to the calculated using MCER-SS, MCER-S1, 
SDS, and SD1 values obtained from the website. 

No significant differences in the design spectrum response spectral acceleration SDS 
and SD1 values were found for any of the site classes. The largest design spectrum 
response spectral acceleration difference in SD between the two methods was less than 
0.02 g, while, for the SC and SE site classes, the differences were less than 0.005 g.  
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Abstract. Calculation of site coefficient and design response spectral acceleration are two important 
steps in the seismic design of buildings. According to Indonesian Seismic Code 2019, two 
information requirements for site coefficient calculations are the site soil class and Risk-targeted 
Maximum Considered Earthquake (MCER-SS for short and MCER-S1 for long period) spectral 
acceleration. Three different hard/SC, medium/SD and soft/SE are typically site soil classes used 
for building designs. Two different site coefficients (Fa for MCER-SS and Fv for MCER-S1 spectral 
acceleration) are used for surface and design response spectral acceleration calculations. The 
Indonesian Seismic Code provides two (Fa and Fv) tables for calculating site coefficients. If the 
MCER-SS or MCER-S1 values developed for a specific site are not exactly equal to the values in Fa or 
Fv tables, the site coefficients can then be predicted using straight-line interpolation between the 
two closest Fa or Fv values within the tables. When the straight-line interpolation is adjusted for Fa 
or Fv calculation, different results were observed in comparison to the values developed using 
website-based software (prepared by Ministry of Public Works and Human Settlements). This study 
evaluates site coefficients and design response spectral acceleration predictions in Semarang City, 
Indonesia, according to straight-line interpolation method and website software  calculations. The 
study was conducted at 203 soil boring positions in the study area. The site soil classes were 
predicted using average standard penetration test values (N-SPT) of the topmost 30 m soil deposit 
layer (N30). Three different site soil classes were observed in the study area. On average, the largest 
differences between the two analysis (linear interpolation and website) methods in the site 
coefficient values and design response spectral acceleration calculation were observed for the SD 
and SE classes. However, for the SC site soil class, the difference was small, with their values 
approximately similar. 
 
Keywords: Design response spectral acceleration; MCER; N-SPT; Site coefficient; Straight-line 

interpolation 

 
1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in  
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2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7-16, specifically the site 
coefficient values and design response spectral acceleration calculation methods. 
Additional information for developing the site coefficients was adopted from Stewart and 
Seyhan (2013). Due to the improved methods described in ASCE/SEI 7-16 for developing 
site coefficients for site soil classes SD and SE, not all the information described in the 
American Code was adopted by SNI 1726:2019. Specifically, the site coefficients for the SD 
and SE classes presented in SNI 1726:2019 were completely adopted from Stewart and 
Seyhan (2013). 

Following the SNI 1726:2019, the Ministry of Public Works and Human Settlements 
announced a new website software (online facility) for site coefficient and design response 
spectral acceleration calculation. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two information requirements for design 
response spectral acceleration calculations. Risk-targeted Maximum Considered 
Earthquake (MCER) acceleration, MCER-SS for short and MCER-S1 for long periods, (Luco et 
al., 2007; Allen et al., 2015; Sengara et al., 2020), and two design response spectral 
acceleration, SDS and SD1, are four important values calculated by the website facility 
software. However, no information related to site coefficients Fa for short and Fv for long 
periods can be obtained from the new website. Thus, these values can be calculated using 
Equation 1 and Equation 2. All SDS, SS (MCER-SS), SD1, and S1 (MCER-S1) values can be 
obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using the SS and S1 website calculations and applying site 
coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for Fa and Fv site coefficients calculation. Figure 1 shows a diagram of the straight-line 
interpolation of the Fa and Fv calculation. F and Mw represent the site coefficient to be 
estimated and the MCER value obtained from the website, respectively; M1S and M2S 
represent two boundary MCER values close to Mw; F1S and F2S represent the site coefficients 
for M1S and M2S, respectively; and M1S, M2S, F1S, and F2S are the four values obtained from the 
SNI 1726:2019 tables. Fa and Fv are estimated separately using Equation 3.  
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This paper describes the site coefficients and design response spectral acceleration  
verification calculated using the website facility and the straight-line interpolation 
described in SNI 1726:2019. The objective of the study was to evaluate whether or not the 
website performed the analysis following the same procedures used by SNI 1726:2019. The 
study was performed in Semarang City, Indonesia, and conducted at 203 soil boring 
investigation positions. The study was performed as part of seismic microzonation research 
of the city. One of the important information requirements for seismic microzonation is the 
development of soil amplification or site coefficient distribution map at the study area. In 
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this study, the standard penetration test (N-SPT) data observed during boring investigation 
were used for site class calculation.  All boring investigations in this study were conducted 
at a minimum depth of 30 m and a maximum depth 60 m. The average standard penetration 
test (N-SPT) of the topmost 30 m soil deposit layer (N30) of every boring position was used 
for site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; Syaifuddin et al., 
2020). Figure 2a shows the 203 boring positions and the N30 distribution within the study 
area. Figure 2b shows the distribution of the site soil classes developed based on the N30 
data (Partono et al., 2021). The maximum N-SPT data obtained from the boring 
investigation was 60. Following the procedure described by SNI 1726:2019, the N30 value 
was estimated using Equation 4, where di and Ni represent the thickness and N-SPT value 
of any soil layer “i", respectively. 

The parameter that can also be used for site interpretation is the average shear wave 
velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can be 
calculated using the same method as that shown in Equation 4 and replacing the Ni value 
with VSi. The VS value can be observed using seismic refraction multichannel analysis of 
surface waves (MASW) or seismometer array investigations. Prakoso et al. (2017) 
described a comparative study of VS value obtained from MASW investigation and soil 
boring (N-SPT) data. The VS value developed using MASW was more reliable compared to 
that developed based on the N-SPT data. Pramono et al. (2020) described the predominant 
frequency investigation at Lombok Island following the 2018 earthquake event. The greater 
the VS30 value used, the greater the predominant frequency obtained from the wavelet 
analysis of the ground motion. Additionally, development of VS30 and predominant 
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area. 
 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations  
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2. Methods 

 The evaluation of the site coefficients from the study area was conducted following five 
basic steps: 
• Site class interpretation; 
• MCER (SS and S1) and design response spectral acceleration calculation using the 

website;  
• Site coefficient calculation based on the website output; 
• Site coefficient calculation based on SNI 1726:2019 tables and procedures; 
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• Comparative analysis of the two different approaches in terms of their calculated site 
coefficients and design response spectral acceleration: the website output and straight-
line interpolation. 

2.1.  Site Soil Class Interpretation 
 Site soil class interpretation (Figure 2b) was conducted for the 203 boring positions 
using N30 data, with the site soil classes interpreted according to SNI 1726:2019. Table 1 
shows the basic classification criteria for each site soil class. Only three different site soil 
classes are presented in this table, site classes SA/hard rock, SB/rock, and SF/specific soil 
unavailable. Figure 2b shows the corresponding site soil class distribution according to the 
site classification information in Table 1. The site class distribution in the study area is 
dominated by the SD and SE classes; meanwhile, site class SC was observed in small areas 
in the middle and southern parts of the city (Partono et al., 2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 
SD 15–50 
SE < 15 

 

  
(a) (b) 

Figure 2 (a) Boring investigation and N30; and (b) site soil classes distribution maps  

 
2.2. MCER and Design Response Spectral Acceleration Calculation 
 MCER calculations were performed for the 203 boring positions using the website. 
According to the site class distribution of the study area, different MCER-SS and MCER-S1 
distributions were also observed in the study area. Table 2 shows the total data for each 
site class as well as the distribution of the minimum and maximum MCER-SS, MCER-S1, SDS, 
and SD1 for the three different site classes developed using the website. 
 
Table 2 SS, S1, SDS, and SD1 spectral acceleration values obtained from the website 

Site 
Class 

Total 
Data 

MCER-SS(g) SDS (g) MCER-S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 
SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 
SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 

2.3. Website-calculated Fa and Fv values 
 Fa and Fv site coefficient calculations were performed according to the MCER-SS, MCER-
S1, SDS, and SD1 values obtained from the website. The site coefficients were then estimated 
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using Equations 1 and 2. Table 3 shows the distribution of the minimum and maximum Fa 
and Fv values using these four values. According to the boundary values of Fa and Fv 
described in the SNI 1726:2019 tables, the minimum and maximum Fa values developed in 
the study area were divided into two different boundary values. A few MCER-SS values were 
lower than 0.75 g; however, most of the MCER-SS values were between 0.75 and 1 g. 

2.4. Site Coefficients Fa and Fv SNI 1726:2019  
 Straight-line interpolation was also performed for Fa and Fv calculation using Equation 
3 and the Fa and Fv tables provided by SNI 1726:2019. According to the MCER-SS and MCER-
S1 values obtained from the website, the minimum and maximum boundaries for these two 
site coefficients could be estimated. Thus, Table 3 shows the boundaries of the Fa and Fv 
values used for the straight-line interpolation calculations. The Fa and Fv boundary values 
displayed in Table 3 were obtained from SNI 1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables 

Site 
Class 

Total 
Data 

Linear Interpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.19 1.21 1.478 1.519 0 58.82 
SD 90 1.4 1.2 1.1 2.0 1.9 1.112 1.167 1.879 1.949 3.41 56.82 
SE 79 1.7 1.3 1.1 2.8 2.4 1.148 1.4 2.401 2.732 13.92 50.63 

 

3. Results and Discussion  

 The MCER-SS values for the SC site class (Table 2) range from 0.8459 to 0.9668 g, while 
the Fa values for the SC site class developed according to the website (Table 3) range 
between 1.19 and 1.21. All the Fa values developed from the website are consistent with 
and almost equal to those from SNI 1726:2019 (Table 3). As can be seen in Table 3, the Fa 
values from SNI 1726:2019 are constant and equal to 1.2. The difference between the Fa 
values developed using the website data and those from SNI 1726:2019 is less than 0.01. 
According to Table 3, for all 34 data, the percentage of total data with a minimum difference 
of 0.01 is 0%. Figure 3a shows the distribution of the Fa site coefficients for the SC site class 
in terms of the MCER-SS values. The linear and website legends inside this figure represent 
the straight-line interpolation following SNI 1726:2019 and the website data acquisition. 
The R2 (coefficient of determination) value for site class SC is close to 0, because the Fa 
values estimated using these two models are nearly constant for all MCER-SS values. The R2 
value is used for evaluation of the fitting line (linear fit model) performance. The evaluation 
was performed for the distribution of Fa or Fv to the linear regression line model. The 
minimum and maximum R2 values are 0 and 1 (100%), respectively. The higher the R2, the 
better the linear fitting model difference for the Fa or Fv data distribution. 
 The distribution of the MCER-SS values for the SD site class in the study area was almost 
equal to that of the SC site class. Table 2 shows the distribution of MCER-SS for the SD site 
class, with the values ranging from 0.8098 to 0.9579 g. Following the same procedure as 
that of the SC site class, the Fa site coefficients for the SD site class in the study area range 
between 1.2 and 1.1. Due to the MCER-SS being distributed around 1, the Fa values obtained 
from the study area are close to 1.1: As shown in Table 3, the Fa values range between 1.112 
and 1.167. The total percent of data with a minimum difference of 0.01 are 3.41%. Figure 
3b shows the distribution of the Fa values for site class SD in terms of the MCER-SS values.  
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(a) (b) 

  
(c) (d) 

Figure 3 Fa distributions in terms of MCER-SS values for: (a) SC; (b) SD; and (c) SE  site classes; and 
(d) the correlation of SDS and MCER-SS from the linear interpolation and website software 
 
As can be seen in Figure 3b, the R2 value obtained from the regression analysis is 0.7858, or 
less than 1. The straight-line interpolation values developed according to the SNI 
1726:2019 data and tables were better compared to the Fa values developed using the 
website. However, on average, the absolute difference in the Fa values developed between 
these two models was 0.0105, and the line distributions were almost identical (i.e., 
coincided). 
 The MCER-SS distribution of the SE site class values estimated from the website ranged 
between 0.696 and 0.9274 g. According to SNI 1726:2019, all MCER-SS for site class SE were 
distributed between two different boundary values, from 0.5 through 0.75 g for the first 
boundary and from 0.75 through 1 g for the second boundary. The straight-line 
interpolation for all MCER-SS was also separated into two different boundary values. The 
first Fa boundary values (6 data) were distributed between 1.4 and 1.323; however, the 
second Fa (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3c 
shows the distribution of the Fa values for the SE site class. Two different straight-line 
interpolations can be observed in this figure in accordance with the two different boundary 
values from SNI 1726:2019. The absolute average difference in Fa for site class SE is 0.029. 
As can be seen in Table 3, 13.92% of the 79 data have a minimum difference of 0.01. 
 Fa and Fv are the two site coefficients used for calculating surface spectral acceleration 
and design response spectral acceleration. The performance of the different values of these 
coefficients developed using the two different procedures (straight line interpolation and 
using website facility) can be neglected or avoided, since there was no significant difference 
in the design response spectral acceleration results between these two methods. The 
difference in the accuracy value used for both methods will sometimes produce different 
site coefficients and directly impact the performance of the SDS and SD1 outputs for all site 
soil classes.  
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 To verify the performance of the Fa and Fv values estimated using these two methods, 
design response spectral acceleration calculation was also conducted in this study. The 
purpose of this analysis was to verify the performance of the design response spectral 
acceleration SDS and SD1 values according to the site coefficient values calculated using the 
two different methods. Figure 3d shows the performance of the SDS design response 
spectral acceleration in terms of MCER-SS developed from the website and straight-line 
interpolation. As can be seen in Figure 3d, a strong correlation between SDS in terms of 
MCER-SS was observed in this study. According to this figure, there are no significant 
differences in the SDS performance estimated using the website versus SNI 1726:2019 
straight line interpolation procedures for all three site classes (SC, SD, and SE). 
 The Fa distribution map developed from the 203 boring positions was also constructed 
based on the website and linear interpolation analysis. Figure 4a and 4b show the two Fa 
distribution maps, which are almost equal. Specifically, the Fa values from the study area 
range between 1.2 and 1.4, with the largest Fa values observed in a small north-eastern 
portion of the city. 
 

  
(a) (b) 

Figure 4 Fa distribution maps developed using: (a) website software; and (b) linear interpolation 
 

 Site coefficient evaluation was also conducted for long-period MCER-S1 spectral 
acceleration. Using the same procedure as that used for MCER-SS, the evaluation was 
performed for the SC, SD, and SE site classes. Based on the minimum and maximum MCER-
S1 values estimated using the website, all MCER-S1 values in the study area were distributed 
between 0.3185 and 0.4097 g (see Table 2) or approximately between 0.3 and 0.4 g. For 
site classes SC and SD, there was one boring position with a MCER-S1 value greater than 0.4 
g. Figures 5a, b, and c show the distribution of the site coefficient Fv for the SC, SD, and SE 
site soil classes, respectively.   

All the Fv values estimated using the website and straight-line interpolation were 
almost equal or coincided except for site class SD. As shown in Figure 5b, most of the Fv 
values of the SD site class developed using the website are greater than those developed 
using straight-line interpolation. The R2 value for this model was far from 1. The Fv values 
for site class SD from the website calculation were far from the linear model described by 
SNI 1726:2019. The R2 for site class SC was not available (close to 0), because the Fv and 
MCER-S1 correlations were nearly constant or almost equal. A good Fv and MCER-S1 
correlation was observed for site class SE (see Figure 5c) for the website output and 
straight-line interpolation methods. The R2 obtained for this site class was nearly 1. On 
average the absolute differences between Fv were 0.015, 0.036, and 0.033 for the SC, SD, 
and SE site classes, respectively. According to Table 3, the percent of total data with a 
minimum difference of 0.01 for the SC, SD, and SE site classes is greater than 50%. 
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(a) (b) 

  
(c) (d) 

Figure 5 Fv distributions in terms of MCER-S1 values for: (a) SC; (b) SD; (c) SE site classes; and (d) the 
correlation of SD1 and MCER-S1 developed based on linear interpolation and website software 
 

 Figure 5d shows the SD1 design response spectral acceleration performance in terms of 
MCER-S1 values estimated using the same methods as used in the SDS calculation. As can be 
seen in Figure 5d, a good correlation between SD1 in terms of MCER-S1 was observed in this 
study. Also, according to this figure, there are no significant differences in the SD1 
performance for the SC, SD, and SE site class estimates between the website and straight-
line interpolation of SNI 1726:2019 procedures. 

Fv distribution maps were also developed based on the website and linear interpolation 
analysis. Figures 6a and 6b show two Fv distribution maps, which are almost equal. The Fv 
values developed using the website ranged between 1.4 and 2.8, while the Fv values 
developed using linear interpolation ranged between 1.5 and 2.8. The largest Fv values were 
observed in the northern part of the city. 
 The SDS and SD1 developed for the study area using the website were acceptable 
according to the requirement criterion of SNI 1726:2019. Table 4 shows the minimum and 
maximum SDS and SD1 values and the average difference in the SDS and SD1 values between 
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average 
difference of SDS and SD1 is the absolute values of SDS and SD1. The maximum average 
difference (ave. diff.) for SDS and SD1, 0.0224 g and 0.0153 g, respectively, were observed in 
the SD site class. However, the average differences in SDS and SD1 for site classes SC and SE 
were less than 0.0073 g and 0.0044 g, respectively. 
 

 Table 4 SDS and SD1 performance for all site classes 

Site 
Class 

SDS (g)   SD1 (g) 

Website Linear Ave. 
diff. 

Website Linear Ave. 
diff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 
SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 
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(a) (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

4. Conclusions 

Evaluations of site coefficients estimated using the website and straight-line 
interpolation methods were performed for 203 boring positions in Semarang City. No 
significant differences were found in the Fa and Fv site coefficients between the two 
methods. The largest difference in the Fa site coefficient calculations was observed for the 
SD and SE site classes. The difference in site coefficients for the SD and SE site soil classes 
was less than 0.03, while, for the SC site soil class, the difference was less than 0.01. In terms 
of site coefficient Fv, the largest difference was observed for the SD and SE site soil classes 
with a maximum of 0.04. However, the difference in site coefficient Fv for site class SC was 
less than 0.02. When calculating Fa and Fv site coefficients, the linear interpolation method 
from SNI 1726:2019 is better compared to the calculated using MCER-SS, MCER-S1, SDS, and 
SD1 values obtained from the website. 

No significant differences in the design response spectral acceleration SDS and SD1 
values were found for any of the site classes. The largest design response spectral 
acceleration difference in SD between the two methods was less than 0.02 g, while, for the 
SC and SE site classes, the differences were less than 0.005 g. 
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Abstract. Calculation of site coefficient and design response spectral acceleration are two important 
steps in the seismic design of buildings. According to Indonesian Seismic Code 2019, two 
information requirements for site coefficient calculations are the site soil class and Risk-targeted 
Maximum Considered Earthquake (MCER-SS for short and MCER-S1 for long period) spectral 
acceleration. Three different hard/SC, medium/SD and soft/SE are typically site soil classes used 
for building designs. Two different site coefficients (Fa for MCER-SS and Fv for MCER-S1 spectral 
acceleration) are used for surface and design response spectral acceleration calculations. The 
Indonesian Seismic Code provides two (Fa and Fv) tables for calculating site coefficients. If the 
MCER-SS or MCER-S1 values developed for a specific site are not exactly equal to the values in Fa or 
Fv tables, the site coefficients can then be predicted using straight-line interpolation between the 
two closest Fa or Fv values within the tables. When the straight-line interpolation is adjusted for Fa 
or Fv calculation, different results were observed in comparison to the values developed using 
website-based software (prepared by Ministry of Public Works and Human Settlements). This study 
evaluates site coefficients and design response spectral acceleration predictions in Semarang City, 
Indonesia, according to straight-line interpolation method and website software  calculations. The 
study was conducted at 203 soil boring positions in the study area. The site soil classes were 
predicted using average standard penetration test values (N-SPT) of the topmost 30 m soil deposit 
layer (N30). Three different site soil classes were observed in the study area. On average, the largest 
differences between the two analysis (linear interpolation and website) methods in the site 
coefficient values and design response spectral acceleration calculation were observed for the SD 
and SE classes. However, for the SC site soil class, the difference was small, with their values 
approximately similar. 
 
Keywords: Design response spectral acceleration; MCER; N-SPT; Site coefficient; Straight-line 

interpolation 

 
1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in  
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2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7-16, specifically the site 
coefficient values and design response spectral acceleration calculation methods. 
Additional information for developing the site coefficients was adopted from Stewart and 
Seyhan (2013). Due to the improved methods described in ASCE/SEI 7-16 for developing 
site coefficients for site soil classes SD and SE, not all the information described in the 
American Code was adopted by SNI 1726:2019. Specifically, the site coefficients for the SD 
and SE classes presented in SNI 1726:2019 were completely adopted from Stewart and 
Seyhan (2013). 

Following the SNI 1726:2019, the Ministry of Public Works and Human Settlements 
announced a new website software (online facility) for site coefficient and design response 
spectral acceleration calculation. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two information requirements for design 
response spectral acceleration calculations. Risk-targeted Maximum Considered 
Earthquake (MCER) acceleration, MCER-SS for short and MCER-S1 for long periods, (Luco et 
al., 2007; Allen et al., 2015; Sengara et al., 2020), and two design response spectral 
acceleration, SDS and SD1, are four important values calculated by the website facility 
software. However, no information related to site coefficients Fa for short and Fv for long 
periods can be obtained from the new website. Thus, these values can be calculated using 
Equation 1 and Equation 2. All SDS, SS (MCER-SS), SD1, and S1 (MCER-S1) values can be 
obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using the SS and S1 website calculations and applying site 
coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for Fa and Fv site coefficients calculation. Figure 1 shows a diagram of the straight-line 
interpolation of the Fa and Fv calculation. F and Mw represent the site coefficient to be 
estimated and the MCER value obtained from the website, respectively; M1S and M2S 
represent two boundary MCER values close to Mw; F1S and F2S represent the site coefficients 
for M1S and M2S, respectively; and M1S, M2S, F1S, and F2S are the four values obtained from the 
SNI 1726:2019 tables. Fa and Fv are estimated separately using Equation 3.  
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This paper describes the site coefficients and design response spectral acceleration 
verification calculated using the website facility and the straight-line interpolation 
described in SNI 1726:2019. The objective of the study was to evaluate whether or not the 
website performed the analysis following the same procedures used by SNI 1726:2019. The 
study was performed in Semarang City, Indonesia, and conducted at 203 soil boring 
investigation positions. The study was performed as part of seismic microzonation research 
of the city. One of the important information requirements for seismic microzonation is the 
development of soil amplification or site coefficient distribution map at the study area. In 
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this study, the standard penetration test (N-SPT) data observed during boring investigation 
were used for site class calculation.  All boring investigations in this study were conducted 
at a minimum depth of 30 m and a maximum depth 60 m. The average standard penetration 
test (N-SPT) of the topmost 30 m soil deposit layer (N30) of every boring position was used 
for site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; Syaifuddin et al., 
2020). Figure 2a shows the 203 boring positions and the N30 distribution within the study 
area. Figure 2b shows the distribution of the site soil classes developed based on the N30 
data (Partono et al., 2021). The maximum N-SPT data obtained from the boring 
investigation was 60. Following the procedure described by SNI 1726:2019, the N30 value 
was estimated using Equation 4, where di and Ni represent the thickness and N-SPT value 
of any soil layer “i", respectively. 

The parameter that can also be used for site interpretation is the average shear wave 
velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can be 
calculated using the same method as that shown in Equation 4 and replacing the Ni value 
with VSi. The VS value can be observed using seismic refraction multichannel analysis of 
surface waves (MASW) or seismometer array investigations. Prakoso et al. (2017) 
described a comparative study of VS value obtained from MASW investigation and soil 
boring (N-SPT) data. The VS value developed using MASW was more reliable compared to 
that developed based on the N-SPT data. Pramono et al. (2020) described the predominant 
frequency investigation at Lombok Island following the 2018 earthquake event. The greater 
the VS30 value used, the greater the predominant frequency obtained from the wavelet 
analysis of the ground motion. Additionally, development of VS30 and predominant 
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area. 
 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations  
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2. Methods 

 The evaluation of the site coefficients from the study area was conducted following five 
basic steps: 
• Site class interpretation; 
• MCER (SS and S1) and design response spectral acceleration calculation using the 

website;  
• Site coefficient calculation based on the website output; 
• Site coefficient calculation based on SNI 1726:2019 tables and procedures; 
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• Comparative analysis of the two different approaches in terms of their calculated site 
coefficients and design response spectral acceleration: the website output and straight-
line interpolation. 

2.1.  Site Soil Class Interpretation 
 Site soil class interpretation (Figure 2b) was conducted for the 203 boring positions 
using N30 data, with the site soil classes interpreted according to SNI 1726:2019. Table 1 
shows the basic classification criteria for each site soil class. Only three different site soil 
classes are presented in this table, site classes SA/hard rock, SB/rock, and SF/specific soil 
unavailable. Figure 2b shows the corresponding site soil class distribution according to the 
site classification information in Table 1. The site class distribution in the study area is 
dominated by the SD and SE classes; meanwhile, site class SC was observed in small areas 
in the middle and southern parts of the city (Partono et al., 2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 
SD 15–50 
SE < 15 

 

  
(a) (b) 

Figure 2 (a) Boring investigation and N30; and (b) site soil classes distribution maps  

 
2.2. MCER and Design Response Spectral Acceleration Calculation 
 MCER calculations were performed for the 203 boring positions using the website. 
According to the site class distribution of the study area, different MCER-SS and MCER-S1 
distributions were also observed in the study area. Table 2 shows the total data for each 
site class as well as the distribution of the minimum and maximum MCER-SS, MCER-S1, SDS, 
and SD1 for the three different site classes developed using the website. 
 
Table 2 SS, S1, SDS, and SD1 spectral acceleration values obtained from the website 

Site 
Class 

Total 
Data 

MCER-SS(g) SDS (g) MCER-S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 
SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 
SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 

2.3. Website-calculated Fa and Fv values 
 Fa and Fv site coefficient calculations were performed according to the MCER-SS, MCER-
S1, SDS, and SD1 values obtained from the website. The site coefficients were then estimated 
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using Equations 1 and 2. Table 3 shows the distribution of the minimum and maximum Fa 
and Fv values using these four values. According to the boundary values of Fa and Fv 
described in the SNI 1726:2019 tables, the minimum and maximum Fa values developed in 
the study area were divided into two different boundary values. A few MCER-SS values were 
lower than 0.75 g; however, most of the MCER-SS values were between 0.75 and 1 g. 

2.4. Site Coefficients Fa and Fv SNI 1726:2019  
 Straight-line interpolation was also performed for Fa and Fv calculation using Equation 
3 and the Fa and Fv tables provided by SNI 1726:2019. According to the MCER-SS and MCER-
S1 values obtained from the website, the minimum and maximum boundaries for these two 
site coefficients could be estimated. Thus, Table 3 shows the boundaries of the Fa and Fv 
values used for the straight-line interpolation calculations. The Fa and Fv boundary values 
displayed in Table 3 were obtained from SNI 1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables 

Site 
Class 

Total 
Data 

Linear Interpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.19 1.21 1.478 1.519 0 58.82 
SD 90 1.4 1.2 1.1 2.0 1.9 1.112 1.167 1.879 1.949 3.41 56.82 
SE 79 1.7 1.3 1.1 2.8 2.4 1.148 1.4 2.401 2.732 13.92 50.63 

 

3. Results and Discussion  

 The MCER-SS values for the SC site class (Table 2) range from 0.8459 to 0.9668 g, while 
the Fa values for the SC site class developed according to the website (Table 3) range 
between 1.19 and 1.21. All the Fa values developed from the website are consistent with 
and almost equal to those from SNI 1726:2019 (Table 3). As can be seen in Table 3, the Fa 
values from SNI 1726:2019 are constant and equal to 1.2. The difference between the Fa 
values developed using the website data and those from SNI 1726:2019 is less than 0.01. 
According to Table 3, for all 34 data, the percentage of total data with a minimum difference 
of 0.01 is 0%. Figure 3a shows the distribution of the Fa site coefficients for the SC site class 
in terms of the MCER-SS values. The linear and website legends inside this figure represent 
the straight-line interpolation following SNI 1726:2019 and the website data acquisition. 
The R2 (coefficient of determination) value for site class SC is close to 0, because the Fa 
values estimated using these two models are nearly constant for all MCER-SS values. The R2 
value is used for evaluation of the fitting line (linear fit model) performance. The evaluation 
was performed for the distribution of Fa or Fv to the linear regression line model. The 
minimum and maximum R2 values are 0 and 1 (100%), respectively. The higher the R2, the 
better the linear fitting model difference for the Fa or Fv data distribution. 
 The distribution of the MCER-SS values for the SD site class in the study area was almost 
equal to that of the SC site class. Table 2 shows the distribution of MCER-SS for the SD site 
class, with the values ranging from 0.8098 to 0.9579 g. Following the same procedure as 
that of the SC site class, the Fa site coefficients for the SD site class in the study area range 
between 1.2 and 1.1. Due to the MCER-SS being distributed around 1, the Fa values obtained 
from the study area are close to 1.1: As shown in Table 3, the Fa values range between 1.112 
and 1.167. The total percent of data with a minimum difference of 0.01 are 3.41%. Figure 
3b shows the distribution of the Fa values for site class SD in terms of the MCER-SS values.  
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(a) (b) 

  
(c) (d) 

Figure 3 Fa distributions in terms of MCER-SS values for: (a) SC; (b) SD; and (c) SE site classes; and 
(d) the correlation of SDS and MCER-SS from the linear interpolation and website software 
 
As can be seen in Figure 3b, the R2 value obtained from the regression analysis is 0.7858, or 
less than 1. The straight-line interpolation values developed according to the SNI 
1726:2019 data and tables were better compared to the Fa values developed using the 
website. However, on average, the absolute difference in the Fa values developed between 
these two models was 0.0105, and the line distributions were almost identical (i.e., 
coincided). 
 The MCER-SS distribution of the SE site class values estimated from the website ranged 
between 0.696 and 0.9274 g. According to SNI 1726:2019, all MCER-SS for site class SE were 
distributed between two different boundary values, from 0.5 through 0.75 g for the first 
boundary and from 0.75 through 1 g for the second boundary. The straight-line 
interpolation for all MCER-SS was also separated into two different boundary values. The 
first Fa boundary values (6 data) were distributed between 1.4 and 1.323; however, the 
second Fa (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3c 
shows the distribution of the Fa values for the SE site class. Two different straight-line 
interpolations can be observed in this figure in accordance with the two different boundary 
values from SNI 1726:2019. The absolute average difference in Fa for site class SE is 0.029. 
As can be seen in Table 3, 13.92% of the 79 data have a minimum difference of 0.01. 
 Fa and Fv are the two site coefficients used for calculating surface spectral acceleration 
and design response spectral acceleration. The performance of the different values of these 
coefficients developed using the two different procedures (straight line interpolation and 
using website facility) can be neglected or avoided, since there was no significant difference 
in the design response spectral acceleration results between these two methods. The 
difference in the accuracy value used for both methods will sometimes produce different 
site coefficients and directly impact the performance of the SDS and SD1 outputs for all site 
soil classes.  
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 To verify the performance of the Fa and Fv values estimated using these two methods, 
design response spectral acceleration calculation was also conducted in this study. The 
purpose of this analysis was to verify the performance of the design response spectral 
acceleration SDS and SD1 values according to the site coefficient values calculated using the 
two different methods. Figure 3d shows the performance of the SDS design response 
spectral acceleration in terms of MCER-SS developed from the website and straight-line 
interpolation. As can be seen in Figure 3d, a strong correlation between SDS in terms of 
MCER-SS was observed in this study. According to this figure, there are no significant 
differences in the SDS performance estimated using the website versus SNI 1726:2019 
straight line interpolation procedures for all three site classes (SC, SD, and SE). 
 The Fa distribution map developed from the 203 boring positions was also constructed 
based on the website and linear interpolation analysis. Figure 4a and 4b show the two Fa 
distribution maps, which are almost equal. Specifically, the Fa values from the study area 
range between 1.2 and 1.4, with the largest Fa values observed in a small north-eastern 
portion of the city. 
 

  
(a) (b) 

Figure 4 Fa distribution maps developed using: (a) website software; and (b) linear interpolation 
 

 Site coefficient evaluation was also conducted for long-period MCER-S1 spectral 
acceleration. Using the same procedure as that used for MCER-SS, the evaluation was 
performed for the SC, SD, and SE site classes. Based on the minimum and maximum MCER-
S1 values estimated using the website, all MCER-S1 values in the study area were distributed 
between 0.3185 and 0.4097 g (see Table 2) or approximately between 0.3 and 0.4 g. For 
site classes SC and SD, there was one boring position with a MCER-S1 value greater than 0.4 
g. Figures 5a, b, and c show the distribution of the site coefficient Fv for the SC, SD, and SE 
site soil classes, respectively.   

All the Fv values estimated using the website and straight-line interpolation were 
almost equal or coincided except for site class SD. As shown in Figure 5b, most of the Fv 
values of the SD site class developed using the website are greater than those developed 
using straight-line interpolation. The R2 value for this model was far from 1. The Fv values 
for site class SD from the website calculation were far from the linear model described by 
SNI 1726:2019. The R2 for site class SC was not available (close to 0), because the Fv and 
MCER-S1 correlations were nearly constant or almost equal. A good Fv and MCER-S1 
correlation was observed for site class SE (see Figure 5c) for the website output and 
straight-line interpolation methods. The R2 obtained for this site class was nearly 1. On 
average the absolute differences between Fv were 0.015, 0.036, and 0.033 for the SC, SD, 
and SE site classes, respectively. According to Table 3, the percent of total data with a 
minimum difference of 0.01 for the SC, SD, and SE site classes is greater than 50%. 
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(a) (b) 

  
(c) (d) 

Figure 5 Fv distributions in terms of MCER-S1 values for: (a) SC; (b) SD; (c) SE site classes; and (d) the 
correlation of SD1 and MCER-S1 developed based on linear interpolation and website software 
 

 Figure 5d shows the SD1 design response spectral acceleration performance in terms of 
MCER-S1 values estimated using the same methods as used in the SDS calculation. As can be 
seen in Figure 5d, a good correlation between SD1 in terms of MCER-S1 was observed in this 
study. Also, according to this figure, there are no significant differences in the SD1 
performance for the SC, SD, and SE site class estimates between the website and straight-
line interpolation of SNI 1726:2019 procedures. 

Fv distribution maps were also developed based on the website and linear interpolation 
analysis. Figures 6a and 6b show two Fv distribution maps, which are almost equal. The Fv 
values developed using the website ranged between 1.4 and 2.8, while the Fv values 
developed using linear interpolation ranged between 1.5 and 2.8. The largest Fv values were 
observed in the northern part of the city. 
 The SDS and SD1 developed for the study area using the website were acceptable 
according to the requirement criterion of SNI 1726:2019. Table 4 shows the minimum and 
maximum SDS and SD1 values and the average difference in the SDS and SD1 values between 
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average 
difference of SDS and SD1 is the absolute values of SDS and SD1. The maximum average 
difference (ave. diff.) for SDS and SD1, 0.0224 g and 0.0153 g, respectively, were observed in 
the SD site class. However, the average differences in SDS and SD1 for site classes SC and SE 
were less than 0.0073 g and 0.0044 g, respectively. 
 

 Table 4 SDS and SD1 performance for all site classes 

Site 
Class 

SDS (g)   SD1 (g) 

Website Linear Ave. 
diff. 

Website Linear Ave. 
diff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 
SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 
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(a) (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

4. Conclusions 

Evaluations of site coefficients estimated using the website and straight-line 
interpolation methods were performed for 203 boring positions in Semarang City. No 
significant differences were found in the Fa and Fv site coefficients between the two 
methods. The largest difference in the Fa site coefficient calculations was observed for the 
SD and SE site classes. The difference in site coefficients for the SD and SE site soil classes 
was less than 0.03, while, for the SC site soil class, the difference was less than 0.01. In terms 
of site coefficient Fv, the largest difference was observed for the SD and SE site soil classes 
with a maximum of 0.04. However, the difference in site coefficient Fv for site class SC was 
less than 0.02. When calculating Fa and Fv site coefficients, the linear interpolation method 
from SNI 1726:2019 is better compared to the calculated using MCER-SS, MCER-S1, SDS, and 
SD1 values obtained from the website. 

No significant differences in the design response spectral acceleration SDS and SD1 
values were found for any of the site classes. The largest design response spectral 
acceleration difference in SD between the two methods was less than 0.02 g, while, for the 
SC and SE site classes, the differences were less than 0.005 g. 
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Abstract 

 

Calculation of site coefficient and design response spectral acceleration are two important steps 
in the seismic design of buildings. According to Indonesian Seismic Code 2019, two information 
requirements for site coefficient calculations are the site soil class and Risk-targeted Maximum 
Considered Earthquake (MCER-SS for short and MCER-S1 for long period) spectral acceleration. 
Three different hard/SC, medium/SD and soft/SE are typically site soil classes used for building 
designs. Two different site coefficients (Fa for MCER-SS and Fv for MCER-S1 spectral acceleration) 
are used for surface and design response spectral acceleration calculations. The Indonesian 
Seismic Code provides two (Fa and Fv) tables for calculating site coefficients. If the MCER-SS or 
MCER-S1 values developed for a specific site are not exactly equal to the values in Fa or Fv tables, 
the site coefficients can then be predicted using straight-line interpolation between the two closest 
Fa or Fv values within the tables. When the straight-line interpolation is adjusted for Fa or Fv 
calculation, different results were observed in comparison to the values developed using website-
based software (prepared by Ministry of Public Works and Human Settlements). This study 
evaluates site coefficients and design response spectral acceleration predictions in Semarang 
City, Indonesia, according to straight-line interpolation method and website software  calculations. 
The study was conducted at 203 soil boring positions in the study area. The site soil classes were 
predicted using average standard penetration test values (N-SPT) of the topmost 30 m soil deposit 
layer (N30). Three different site soil classes were observed in the study area. On average, the 
largest differences between the two analysis (linear interpolation and website) methods in the site 
coefficient values and design response spectral acceleration calculation were observed for the SD 
and SE classes. However, for the SC site soil class, the difference was small, with their values 
approximately similar. 

Keywords 

Design response spectral acceleration; MCER; N-SPT; Site coefficient; Straight-line interpolation 

Introduction 

    The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in 2019. 
Some of the information introduced in this new seismic code was partially adopted from the 
American Standard Code for Seismic Design ASCE/SEI 7-16, specifically the site coefficient 
values and design response spectral acceleration calculation methods. Additional information for 
developing the site coefficients was adopted from Stewart and Seyhan (2013). Due to the 
improved methods described in ASCE/SEI 7-16 for developing site coefficients for site soil classes 
SD and SE, not all the information described in the American Code was adopted by SNI 1726:2019. 
Specifically, the site coefficients for the SD and SE classes presented in SNI 1726:2019 were 
completely adopted from Stewart and Seyhan (2013). 



Following the SNI 1726:2019, the Ministry of Public Works and Human Settlements 

announced a new website software (online facility) for site coefficient and design response spectral 

acceleration calculation. Site or building position coordinates (in terms of longitude and latitude) 

and site soil class are two information requirements for design response spectral acceleration 

calculations. Risk-targeted Maximum Considered Earthquake (MCER) acceleration, MCER-SS for 

short and MCER-S1 for long periods, (Luco et al., 2007; Allen et al., 2015; Sengara et al., 2020), and 

two design response spectral acceleration, SDS and SD1, are four important values calculated by the 

website facility software. However, no information related to site coefficients Fa for short and Fv for 

long periods can be obtained from the new website. Thus, these values can be calculated using 

Equation 1 and Equation 2. All SDS, SS (MCER-SS), SD1, and S1 (MCER-S1) values can be obtained 

from the website. 

                                                                                                                                                 

       (1) 

                                                                                                                                                 

        (2) 

To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using the SS and S1 website calculations and applying site 
coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then estimated following 
the procedure described by SNI 1726:2019. Equation 3 shows a simple formula for Fa and Fv site 
coefficients calculation. Figure 1 shows a diagram of the straight-line interpolation of the Fa and 
Fv calculation. F and Mw represent the site coefficient to be estimated and the MCER value obtained 
from the website, respectively; M1S and M2S represent two boundary MCER values close to Mw; 
F1S and F2S represent the site coefficients for M1S and M2S, respectively; and M1S, M2S, F1S, and F2S are 
the four values obtained from the SNI 1726:2019 tables. Fa and Fv are estimated separately using 
Equation 3. 

                                                                                         

                     (3) 

This paper describes the site coefficients and design response spectral acceleration 

verification calculated using the website facility and the straight-line interpolation described in SNI 

1726:2019. The objective of the study was to evaluate whether or not the website performed the 

analysis following the same procedures used by SNI 1726:2019. The study was performed in 

Semarang City, Indonesia, and conducted at 203 soil boring investigation positions. The study was 

performed as part of seismic microzonation research of the city. One of the important information 

requirements for seismic microzonation is the development of soil amplification or site coefficient 

distribution map at the study area. In this study, the standard penetration test (N-SPT) data 

observed during boring investigation were used for site class calculation.  All boring investigations 

in this study were conducted at a minimum depth of 30 m and a maximum depth 60 m. The average 

standard penetration test (N-SPT) of the topmost 30 m soil deposit layer (N30) of every boring 

position was used for site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; 

Syaifuddin et al., 2020). Figure 2a shows the 203 boring positions and the N30 distribution within 

the study area. Figure 2b shows the distribution of the site soil classes developed based on the 

N30 data (Partono et al., 2021). The maximum N-SPT data obtained from the boring investigation 

was 60. Following the procedure described by SNI 1726:2019, the N30 value was estimated using 



Equation 4, where di and Ni represent the thickness and N-SPT value of any soil layer “i", 

respectively. 

The parameter that can also be used for site interpretation is the average shear wave velocity 

(VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can be calculated using 

the same method as that shown in Equation 4 and replacing the Ni value with VSi. The VS value can 

be observed using seismic refraction multichannel analysis of surface waves (MASW) or 

seismometer array investigations. Prakoso et al. (2017) described a comparative study of VS value 

obtained from MASW investigation and soil boring (N-SPT) data. The VS value developed using 

MASW was more reliable compared to that developed based on the N-SPT data. Pramono et al. 

(2020) described the predominant frequency investigation at Lombok Island following the 2018 

earthquake event. The greater the VS30 value used, the greater the predominant frequency obtained 

from the wavelet analysis of the ground motion. Additionally, development of VS30 and predominant 

frequency correlation was also conducted by Pramono et al. (2017) in the Palu area. 

  

                                                                          

  

Figure 1 Straight-line interpolation for Fa and Fv calculations 

  

                                                                                                                                      (4) 

Conclusion 

Evaluations of site coefficients estimated using the website and straight-line interpolation 

methods were performed for 203 boring positions in Semarang City. No significant differences 

were found in the Fa and Fv site coefficients between the two methods. The largest difference in 

the Fa site coefficient calculations was observed for the SD and SE site classes. The difference in 

site coefficients for the SD and SE site soil classes was less than 0.03, while, for the SC site soil 

class, the difference was less than 0.01. In terms of site coefficient Fv, the largest difference was 

observed for the SD and SE site soil classes with a maximum of 0.04. However, the difference in 

site coefficient Fv for site class SC was less than 0.02. When calculating Fa and Fv site coefficients, 

the linear interpolation method from SNI 1726:2019 is better compared to the calculated using 

MCER-SS, MCER-S1, SDS, and SD1 values obtained from the website. 

No significant differences in the design response spectral acceleration SDS and SD1 values 

were found for any of the site classes. The largest design response spectral acceleration 

difference in SD between the two methods was less than 0.02 g, while, for the SC and SE site 

classes, the differences were less than 0.005 g. 
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Abstract. Calculation of site coefficient and design response spectral acceleration are two important 
steps in the seismic design of buildings. According to Indonesian Seismic Code 2019, two 
information requirements for site coefficient calculations are the site soil class and Risk-targeted 
Maximum Considered Earthquake (MCER-SS for short and MCER-S1 for long period) spectral 
acceleration. Three different hard/SC, medium/SD and soft/SE are typically site soil classes used 
for building designs. Two different site coefficients (Fa for MCER-SS and Fv for MCER-S1 spectral 
acceleration) are used for surface and design response spectral acceleration calculations. The 
Indonesian Seismic Code provides two (Fa and Fv) tables for calculating site coefficients. If the 
MCER-SS or MCER-S1 values developed for a specific site are not exactly equal to the values in Fa or 
Fv tables, the site coefficients can then be predicted using straight-line interpolation between the 
two closest Fa or Fv values within the tables. When the straight-line interpolation is adjusted for Fa 
or Fv calculation, different results were observed in comparison to the values developed using 
website-based software (prepared by Ministry of Public Works and Human Settlements). This study 
evaluates site coefficients and design response spectral acceleration predictions in Semarang City, 
Indonesia, according to straight-line interpolation method and website software  calculations. The 
study was conducted at 203 soil boring positions in the study area. The site soil classes were 
predicted using average standard penetration test values (N-SPT) of the topmost 30 m soil deposit 
layer (N30). Three different site soil classes were observed in the study area. On average, the largest 
differences between the two analysis (linear interpolation and website) methods in the site 
coefficient values and design response spectral acceleration calculation were observed for the SD 
and SE classes. However, for the SC site soil class, the difference was small, with their values 
approximately similar. 
 
Keywords: Design response spectral acceleration; MCER; N-SPT; Site coefficient; Straight-line 

interpolation 
 
1. Introduction 

 The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in  
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2019. Some of the information introduced in this new seismic code was partially adopted 
from the American Standard Code for Seismic Design ASCE/SEI 7-16, specifically the site 
coefficient values and design response spectral acceleration calculation methods. 
Additional information for developing the site coefficients was adopted from Stewart and 
Seyhan (2013). Due to the improved methods described in ASCE/SEI 7-16 for developing 
site coefficients for site soil classes SD and SE, not all the information described in the 
American Code was adopted by SNI 1726:2019. Specifically, the site coefficients for the SD 
and SE classes presented in SNI 1726:2019 were completely adopted from Stewart and 
Seyhan (2013). 

Following the SNI 1726:2019, the Ministry of Public Works and Human Settlements 
announced a new website software (online facility) for site coefficient and design response 
spectral acceleration calculation. Site or building position coordinates (in terms of 
longitude and latitude) and site soil class are two information requirements for design 
response spectral acceleration calculations. Risk-targeted Maximum Considered 
Earthquake (MCER) acceleration, MCER-SS for short and MCER-S1 for long periods, (Luco et 
al., 2007; Allen et al., 2015; Sengara et al., 2020), and two design response spectral 
acceleration, SDS and SD1, are four important values calculated by the website facility 
software. However, no information related to site coefficients Fa for short and Fv for long 
periods can be obtained from the new website. Thus, these values can be calculated using 
Equation 1 and Equation 2. All SDS, SS (MCER-SS), SD1, and S1 (MCER-S1) values can be 
obtained from the website. 
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 To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using the SS and S1 website calculations and applying site 
coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then estimated 
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula 
for Fa and Fv site coefficients calculation. Figure 1 shows a diagram of the straight-line 
interpolation of the Fa and Fv calculation. F and Mw represent the site coefficient to be 
estimated and the MCER value obtained from the website, respectively; M1S and M2S 
represent two boundary MCER values close to Mw; F1S and F2S represent the site coefficients 
for M1S and M2S, respectively; and M1S, M2S, F1S, and F2S are the four values obtained from the 
SNI 1726:2019 tables. Fa and Fv are estimated separately using Equation 3.  
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This paper describes the site coefficients and design response spectral acceleration 
verification calculated using the website facility and the straight-line interpolation 
described in SNI 1726:2019. The objective of the study was to evaluate whether or not the 
website performed the analysis following the same procedures used by SNI 1726:2019. The 
study was performed in Semarang City, Indonesia, and conducted at 203 soil boring 
investigation positions. The study was performed as part of seismic microzonation research 
of the city. One of the important information requirements for seismic microzonation is the 
development of soil amplification or site coefficient distribution map at the study area. In 
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this study, the standard penetration test (N-SPT) data observed during boring investigation 
were used for site class calculation.  All boring investigations in this study were conducted 
at a minimum depth of 30 m and a maximum depth 60 m. The average standard penetration 
test (N-SPT) of the topmost 30 m soil deposit layer (N30) of every boring position was used 
for site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; Syaifuddin et al., 
2020). Figure 2a shows the 203 boring positions and the N30 distribution within the study 
area. Figure 2b shows the distribution of the site soil classes developed based on the N30 
data (Partono et al., 2021). The maximum N-SPT data obtained from the boring 
investigation was 60. Following the procedure described by SNI 1726:2019, the N30 value 
was estimated using Equation 4, where di and Ni represent the thickness and N-SPT value 
of any soil layer “i", respectively. 

The parameter that can also be used for site interpretation is the average shear wave 
velocity (VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can be 
calculated using the same method as that shown in Equation 4 and replacing the Ni value 
with VSi. The VS value can be observed using seismic refraction multichannel analysis of 
surface waves (MASW) or seismometer array investigations. Prakoso et al. (2017) 
described a comparative study of VS value obtained from MASW investigation and soil 
boring (N-SPT) data. The VS value developed using MASW was more reliable compared to 
that developed based on the N-SPT data. Pramono et al. (2020) described the predominant 
frequency investigation at Lombok Island following the 2018 earthquake event. The greater 
the VS30 value used, the greater the predominant frequency obtained from the wavelet 
analysis of the ground motion. Additionally, development of VS30 and predominant 
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area. 
 

 

 

 

 

 

Figure 1 Straight-line interpolation for Fa and Fv calculations  
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2. Methods 

 The evaluation of the site coefficients from the study area was conducted following five 
basic steps: 
• Site class interpretation; 
• MCER (SS and S1) and design response spectral acceleration calculation using the 

website;  
• Site coefficient calculation based on the website output; 
• Site coefficient calculation based on SNI 1726:2019 tables and procedures; 
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• Comparative analysis of the two different approaches in terms of their calculated site 
coefficients and design response spectral acceleration: the website output and straight-
line interpolation. 

2.1.  Site Soil Class Interpretation 
 Site soil class interpretation (Figure 2b) was conducted for the 203 boring positions 
using N30 data, with the site soil classes interpreted according to SNI 1726:2019. Table 1 
shows the basic classification criteria for each site soil class. Only three different site soil 
classes are presented in this table, site classes SA/hard rock, SB/rock, and SF/specific soil 
unavailable. Figure 2b shows the corresponding site soil class distribution according to the 
site classification information in Table 1. The site class distribution in the study area is 
dominated by the SD and SE classes; meanwhile, site class SC was observed in small areas 
in the middle and southern parts of the city (Partono et al., 2021). 
 
Table 1 Site classification 

Site Class N30  

SC > 50 
SD 15–50 
SE < 15 

 

  
(a) (b) 

Figure 2 (a) Boring investigation and N30; and (b) site soil classes distribution maps  

 
2.2. MCER and Design Response Spectral Acceleration Calculation 
 MCER calculations were performed for the 203 boring positions using the website. 
According to the site class distribution of the study area, different MCER-SS and MCER-S1 
distributions were also observed in the study area. Table 2 shows the total data for each 
site class as well as the distribution of the minimum and maximum MCER-SS, MCER-S1, SDS, 
and SD1 for the three different site classes developed using the website. 
 
Table 2 SS, S1, SDS, and SD1 spectral acceleration values obtained from the website 

Site 
Class 

Total 
Data 

MCER-SS(g) SDS (g) MCER-S1 (g) SD1 (g) 

Min. Max. Min. Max. Min. Max. Min. Max. 

SC 34 0.8459 0.9668 0.68 0.77 0.3653 0.4097 0.37 0.41 
SD 90 0.8098 0.9579 0.63 0.71 0.3546 0.4071 0.46 0.51 
SE 79 0.696 0.9274 0.64 0.71 0.3185 0.3936 0.58 0.63 

 

2.3. Website-calculated Fa and Fv values 
 Fa and Fv site coefficient calculations were performed according to the MCER-SS, MCER-
S1, SDS, and SD1 values obtained from the website. The site coefficients were then estimated 
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using Equations 1 and 2. Table 3 shows the distribution of the minimum and maximum Fa 
and Fv values using these four values. According to the boundary values of Fa and Fv 
described in the SNI 1726:2019 tables, the minimum and maximum Fa values developed in 
the study area were divided into two different boundary values. A few MCER-SS values were 
lower than 0.75 g; however, most of the MCER-SS values were between 0.75 and 1 g. 

2.4. Site Coefficients Fa and Fv SNI 1726:2019  
 Straight-line interpolation was also performed for Fa and Fv calculation using Equation 
3 and the Fa and Fv tables provided by SNI 1726:2019. According to the MCER-SS and MCER-
S1 values obtained from the website, the minimum and maximum boundaries for these two 
site coefficients could be estimated. Thus, Table 3 shows the boundaries of the Fa and Fv 
values used for the straight-line interpolation calculations. The Fa and Fv boundary values 
displayed in Table 3 were obtained from SNI 1726:2019.  
 
Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables 

Site 
Class 

Total 
Data 

Linear Interpolation (SNI) Website Diff. > 0.01 (%) 

Fa Fv Fa Fv 

Fa Fv MCER-SS(g) MCER-S1 (g) 
Min. Max. Min. Max. 

0.5 0.75 1.0 0.3 0.4 

SC 34 1.2 1.2 1.2 1.5 1.5 1.19 1.21 1.478 1.519 0 58.82 
SD 90 1.4 1.2 1.1 2.0 1.9 1.112 1.167 1.879 1.949 3.41 56.82 
SE 79 1.7 1.3 1.1 2.8 2.4 1.148 1.4 2.401 2.732 13.92 50.63 

 

3. Results and Discussion  

 The MCER-SS values for the SC site class (Table 2) range from 0.8459 to 0.9668 g, while 
the Fa values for the SC site class developed according to the website (Table 3) range 
between 1.19 and 1.21. All the Fa values developed from the website are consistent with 
and almost equal to those from SNI 1726:2019 (Table 3). As can be seen in Table 3, the Fa 
values from SNI 1726:2019 are constant and equal to 1.2. The difference between the Fa 
values developed using the website data and those from SNI 1726:2019 is less than 0.01. 
According to Table 3, for all 34 data, the percentage of total data with a minimum difference 
of 0.01 is 0%. Figure 3a shows the distribution of the Fa site coefficients for the SC site class 
in terms of the MCER-SS values. The linear and website legends inside this figure represent 
the straight-line interpolation following SNI 1726:2019 and the website data acquisition. 
The R2 (coefficient of determination) value for site class SC is close to 0, because the Fa 
values estimated using these two models are nearly constant for all MCER-SS values. The R2 
value is used for evaluation of the fitting line (linear fit model) performance. The evaluation 
was performed for the distribution of Fa or Fv to the linear regression line model. The 
minimum and maximum R2 values are 0 and 1 (100%), respectively. The higher the R2, the 
better the linear fitting model difference for the Fa or Fv data distribution. 
 The distribution of the MCER-SS values for the SD site class in the study area was almost 
equal to that of the SC site class. Table 2 shows the distribution of MCER-SS for the SD site 
class, with the values ranging from 0.8098 to 0.9579 g. Following the same procedure as 
that of the SC site class, the Fa site coefficients for the SD site class in the study area range 
between 1.2 and 1.1. Due to the MCER-SS being distributed around 1, the Fa values obtained 
from the study area are close to 1.1: As shown in Table 3, the Fa values range between 1.112 
and 1.167. The total percent of data with a minimum difference of 0.01 are 3.41%. Figure 
3b shows the distribution of the Fa values for site class SD in terms of the MCER-SS values.  
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(a) (b) 

  
(c) (d) 

Figure 3 Fa distributions in terms of MCER-SS values for: (a) SC; (b) SD; and (c) SE site classes; and 
(d) the correlation of SDS and MCER-SS from the linear interpolation and website software 
 
As can be seen in Figure 3b, the R2 value obtained from the regression analysis is 0.7858, or 
less than 1. The straight-line interpolation values developed according to the SNI 
1726:2019 data and tables were better compared to the Fa values developed using the 
website. However, on average, the absolute difference in the Fa values developed between 
these two models was 0.0105, and the line distributions were almost identical (i.e., 
coincided). 
 The MCER-SS distribution of the SE site class values estimated from the website ranged 
between 0.696 and 0.9274 g. According to SNI 1726:2019, all MCER-SS for site class SE were 
distributed between two different boundary values, from 0.5 through 0.75 g for the first 
boundary and from 0.75 through 1 g for the second boundary. The straight-line 
interpolation for all MCER-SS was also separated into two different boundary values. The 
first Fa boundary values (6 data) were distributed between 1.4 and 1.323; however, the 
second Fa (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3c 
shows the distribution of the Fa values for the SE site class. Two different straight-line 
interpolations can be observed in this figure in accordance with the two different boundary 
values from SNI 1726:2019. The absolute average difference in Fa for site class SE is 0.029. 
As can be seen in Table 3, 13.92% of the 79 data have a minimum difference of 0.01. 
 Fa and Fv are the two site coefficients used for calculating surface spectral acceleration 
and design response spectral acceleration. The performance of the different values of these 
coefficients developed using the two different procedures (straight line interpolation and 
using website facility) can be neglected or avoided, since there was no significant difference 
in the design response spectral acceleration results between these two methods. The 
difference in the accuracy value used for both methods will sometimes produce different 
site coefficients and directly impact the performance of the SDS and SD1 outputs for all site 
soil classes.  
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 To verify the performance of the Fa and Fv values estimated using these two methods, 
design response spectral acceleration calculation was also conducted in this study. The 
purpose of this analysis was to verify the performance of the design response spectral 
acceleration SDS and SD1 values according to the site coefficient values calculated using the 
two different methods. Figure 3d shows the performance of the SDS design response 
spectral acceleration in terms of MCER-SS developed from the website and straight-line 
interpolation. As can be seen in Figure 3d, a strong correlation between SDS in terms of 
MCER-SS was observed in this study. According to this figure, there are no significant 
differences in the SDS performance estimated using the website versus SNI 1726:2019 
straight line interpolation procedures for all three site classes (SC, SD, and SE). 
 The Fa distribution map developed from the 203 boring positions was also constructed 
based on the website and linear interpolation analysis. Figure 4a and 4b show the two Fa 
distribution maps, which are almost equal. Specifically, the Fa values from the study area 
range between 1.2 and 1.4, with the largest Fa values observed in a small north-eastern 
portion of the city. 
 

  
(a) (b) 

Figure 4 Fa distribution maps developed using: (a) website software; and (b) linear interpolation 
 

 Site coefficient evaluation was also conducted for long-period MCER-S1 spectral 
acceleration. Using the same procedure as that used for MCER-SS, the evaluation was 
performed for the SC, SD, and SE site classes. Based on the minimum and maximum MCER-
S1 values estimated using the website, all MCER-S1 values in the study area were distributed 
between 0.3185 and 0.4097 g (see Table 2) or approximately between 0.3 and 0.4 g. For 
site classes SC and SD, there was one boring position with a MCER-S1 value greater than 0.4 
g. Figures 5a, b, and c show the distribution of the site coefficient Fv for the SC, SD, and SE 
site soil classes, respectively.   

All the Fv values estimated using the website and straight-line interpolation were 
almost equal or coincided except for site class SD. As shown in Figure 5b, most of the Fv 
values of the SD site class developed using the website are greater than those developed 
using straight-line interpolation. The R2 value for this model was far from 1. The Fv values 
for site class SD from the website calculation were far from the linear model described by 
SNI 1726:2019. The R2 for site class SC was not available (close to 0), because the Fv and 
MCER-S1 correlations were nearly constant or almost equal. A good Fv and MCER-S1 
correlation was observed for site class SE (see Figure 5c) for the website output and 
straight-line interpolation methods. The R2 obtained for this site class was nearly 1. On 
average the absolute differences between Fv were 0.015, 0.036, and 0.033 for the SC, SD, 
and SE site classes, respectively. According to Table 3, the percent of total data with a 
minimum difference of 0.01 for the SC, SD, and SE site classes is greater than 50%. 
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(a) (b) 

  
(c) (d) 

Figure 5 Fv distributions in terms of MCER-S1 values for: (a) SC; (b) SD; (c) SE site classes; and (d) the 
correlation of SD1 and MCER-S1 developed based on linear interpolation and website software 
 
 Figure 5d shows the SD1 design response spectral acceleration performance in terms of 
MCER-S1 values estimated using the same methods as used in the SDS calculation. As can be 
seen in Figure 5d, a good correlation between SD1 in terms of MCER-S1 was observed in this 
study. Also, according to this figure, there are no significant differences in the SD1 
performance for the SC, SD, and SE site class estimates between the website and straight-
line interpolation of SNI 1726:2019 procedures. 

Fv distribution maps were also developed based on the website and linear interpolation 
analysis. Figures 6a and 6b show two Fv distribution maps, which are almost equal. The Fv 
values developed using the website ranged between 1.4 and 2.8, while the Fv values 
developed using linear interpolation ranged between 1.5 and 2.8. The largest Fv values were 
observed in the northern part of the city. 
 The SDS and SD1 developed for the study area using the website were acceptable 
according to the requirement criterion of SNI 1726:2019. Table 4 shows the minimum and 
maximum SDS and SD1 values and the average difference in the SDS and SD1 values between 
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average 
difference of SDS and SD1 is the absolute values of SDS and SD1. The maximum average 
difference (ave. diff.) for SDS and SD1, 0.0224 g and 0.0153 g, respectively, were observed in 
the SD site class. However, the average differences in SDS and SD1 for site classes SC and SE 
were less than 0.0073 g and 0.0044 g, respectively. 
 

 Table 4 SDS and SD1 performance for all site classes 

Site 
Class 

SDS (g)   SD1 (g) 

Website Linear Ave. 
diff. 

Website Linear Ave. 
diff. Min. Max. Min. Max. Min. Max. Min. Max. 

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 0.41 0.3653 0.4097 0.0044 
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 0.51 0.4599 0.4946 0.0153 
SE 0.64 0.71 0.6433 0.706 0.0073 0.58 0.63 0.5788 0.6315 0.0027 
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(a) (b) 

Figure 6 Fv distribution maps developed using website software (a) and linear interpolation (b) 
 

4. Conclusions 

Evaluations of site coefficients estimated using the website and straight-line 
interpolation methods were performed for 203 boring positions in Semarang City. No 
significant differences were found in the Fa and Fv site coefficients between the two 
methods. The largest difference in the Fa site coefficient calculations was observed for the 
SD and SE site classes. The difference in site coefficients for the SD and SE site soil classes 
was less than 0.03, while, for the SC site soil class, the difference was less than 0.01. In terms 
of site coefficient Fv, the largest difference was observed for the SD and SE site soil classes 
with a maximum of 0.04. However, the difference in site coefficient Fv for site class SC was 
less than 0.02. When calculating Fa and Fv site coefficients, the linear interpolation method 
from SNI 1726:2019 is better compared to the calculated using MCER-SS, MCER-S1, SDS, and 
SD1 values obtained from the website. 

No significant differences in the design response spectral acceleration SDS and SD1 
values were found for any of the site classes. The largest design response spectral 
acceleration difference in SD between the two methods was less than 0.02 g, while, for the 
SC and SE site classes, the differences were less than 0.005 g. 
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Abstract 

 

Calculation of site coefficient and design response spectral acceleration are two important steps 
in the seismic design of buildings. According to Indonesian Seismic Code 2019, two information 
requirements for site coefficient calculations are the site soil class and Risk-targeted Maximum 
Considered Earthquake (MCER-SS for short and MCER-S1 for long period) spectral acceleration. 
Three different hard/SC, medium/SD and soft/SE are typically site soil classes used for building 
designs. Two different site coefficients (Fa for MCER-SS and Fv for MCER-S1 spectral acceleration) 
are used for surface and design response spectral acceleration calculations. The Indonesian 
Seismic Code provides two (Fa and Fv) tables for calculating site coefficients. If the MCER-SS or 
MCER-S1 values developed for a specific site are not exactly equal to the values in Fa or Fv tables, 
the site coefficients can then be predicted using straight-line interpolation between the two closest 
Fa or Fv values within the tables. When the straight-line interpolation is adjusted for Fa or Fv 
calculation, different results were observed in comparison to the values developed using website-
based software (prepared by Ministry of Public Works and Human Settlements). This study 
evaluates site coefficients and design response spectral acceleration predictions in Semarang 
City, Indonesia, according to straight-line interpolation method and website software  calculations. 
The study was conducted at 203 soil boring positions in the study area. The site soil classes were 
predicted using average standard penetration test values (N-SPT) of the topmost 30 m soil deposit 
layer (N30). Three different site soil classes were observed in the study area. On average, the 
largest differences between the two analysis (linear interpolation and website) methods in the site 
coefficient values and design response spectral acceleration calculation were observed for the SD 
and SE classes. However, for the SC site soil class, the difference was small, with their values 
approximately similar. 

Keywords 

Design response spectral acceleration; MCER; N-SPT; Site coefficient; Straight-line interpolation 

Introduction 

    The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in 2019. 
Some of the information introduced in this new seismic code was partially adopted from the 
American Standard Code for Seismic Design ASCE/SEI 7-16, specifically the site coefficient 
values and design response spectral acceleration calculation methods. Additional information for 
developing the site coefficients was adopted from Stewart and Seyhan (2013). Due to the 
improved methods described in ASCE/SEI 7-16 for developing site coefficients for site soil classes 
SD and SE, not all the information described in the American Code was adopted by SNI 1726:2019. 
Specifically, the site coefficients for the SD and SE classes presented in SNI 1726:2019 were 
completely adopted from Stewart and Seyhan (2013). 



Following the SNI 1726:2019, the Ministry of Public Works and Human Settlements 

announced a new website software (online facility) for site coefficient and design response spectral 

acceleration calculation. Site or building position coordinates (in terms of longitude and latitude) 

and site soil class are two information requirements for design response spectral acceleration 

calculations. Risk-targeted Maximum Considered Earthquake (MCER) acceleration, MCER-SS for 

short and MCER-S1 for long periods, (Luco et al., 2007; Allen et al., 2015; Sengara et al., 2020), and 

two design response spectral acceleration, SDS and SD1, are four important values calculated by the 

website facility software. However, no information related to site coefficients Fa for short and Fv for 

long periods can be obtained from the new website. Thus, these values can be calculated using 

Equation 1 and Equation 2. All SDS, SS (MCER-SS), SD1, and S1 (MCER-S1) values can be obtained 

from the website. 

                                                                                                                                                 

       (1) 

                                                                                                                                                 

        (2) 

To verify the Fa and Fv site coefficients estimated using Equations 1 and 2, straight-line 
interpolation can be conducted using the SS and S1 website calculations and applying site 
coefficient (Fa and Fv) table data provided by SNI 1726:2019. Fa and Fv are then estimated following 
the procedure described by SNI 1726:2019. Equation 3 shows a simple formula for Fa and Fv site 
coefficients calculation. Figure 1 shows a diagram of the straight-line interpolation of the Fa and 
Fv calculation. F and Mw represent the site coefficient to be estimated and the MCER value obtained 
from the website, respectively; M1S and M2S represent two boundary MCER values close to Mw; 
F1S and F2S represent the site coefficients for M1S and M2S, respectively; and M1S, M2S, F1S, and F2S are 
the four values obtained from the SNI 1726:2019 tables. Fa and Fv are estimated separately using 
Equation 3. 

                                                                                         

                     (3) 

This paper describes the site coefficients and design response spectral acceleration 

verification calculated using the website facility and the straight-line interpolation described in SNI 

1726:2019. The objective of the study was to evaluate whether or not the website performed the 

analysis following the same procedures used by SNI 1726:2019. The study was performed in 

Semarang City, Indonesia, and conducted at 203 soil boring investigation positions. The study was 

performed as part of seismic microzonation research of the city. One of the important information 

requirements for seismic microzonation is the development of soil amplification or site coefficient 

distribution map at the study area. In this study, the standard penetration test (N-SPT) data 

observed during boring investigation were used for site class calculation.  All boring investigations 

in this study were conducted at a minimum depth of 30 m and a maximum depth 60 m. The average 

standard penetration test (N-SPT) of the topmost 30 m soil deposit layer (N30) of every boring 

position was used for site soil class interpretation (Moghaddam, 2011; Partono et al., 2019; 

Syaifuddin et al., 2020). Figure 2a shows the 203 boring positions and the N30 distribution within 

the study area. Figure 2b shows the distribution of the site soil classes developed based on the 

N30 data (Partono et al., 2021). The maximum N-SPT data obtained from the boring investigation 

was 60. Following the procedure described by SNI 1726:2019, the N30 value was estimated using 



Equation 4, where di and Ni represent the thickness and N-SPT value of any soil layer “i", 

respectively. 

The parameter that can also be used for site interpretation is the average shear wave velocity 

(VS) of the topmost 30 m soil deposit (VS30) (Naji et al., 2020). The VS30 value can be calculated using 

the same method as that shown in Equation 4 and replacing the Ni value with VSi. The VS value can 

be observed using seismic refraction multichannel analysis of surface waves (MASW) or 

seismometer array investigations. Prakoso et al. (2017) described a comparative study of VS value 

obtained from MASW investigation and soil boring (N-SPT) data. The VS value developed using 

MASW was more reliable compared to that developed based on the N-SPT data. Pramono et al. 

(2020) described the predominant frequency investigation at Lombok Island following the 2018 

earthquake event. The greater the VS30 value used, the greater the predominant frequency obtained 

from the wavelet analysis of the ground motion. Additionally, development of VS30 and predominant 

frequency correlation was also conducted by Pramono et al. (2017) in the Palu area. 

  

                                                                          

  

Figure 1 Straight-line interpolation for Fa and Fv calculations 

  

                                                                                                                                      (4) 

Conclusion 

Evaluations of site coefficients estimated using the website and straight-line interpolation 

methods were performed for 203 boring positions in Semarang City. No significant differences 

were found in the Fa and Fv site coefficients between the two methods. The largest difference in 

the Fa site coefficient calculations was observed for the SD and SE site classes. The difference in 

site coefficients for the SD and SE site soil classes was less than 0.03, while, for the SC site soil 

class, the difference was less than 0.01. In terms of site coefficient Fv, the largest difference was 

observed for the SD and SE site soil classes with a maximum of 0.04. However, the difference in 

site coefficient Fv for site class SC was less than 0.02. When calculating Fa and Fv site coefficients, 

the linear interpolation method from SNI 1726:2019 is better compared to the calculated using 

MCER-SS, MCER-S1, SDS, and SD1 values obtained from the website. 

No significant differences in the design response spectral acceleration SDS and SD1 values 

were found for any of the site classes. The largest design response spectral acceleration 

difference in SD between the two methods was less than 0.02 g, while, for the SC and SE site 

classes, the differences were less than 0.005 g. 
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