File Korespondensi:

©COoNORrLDE

el
= o

NMNRONNONMRNNOMNRNNONRNNR R R R R PR
PN RWNPOORND TR WN

29.
30.

31.
32.
33.

34.
35.
36.
37.
38.

Proofreading Awal tanggal 02 - 06 — 2020

Paper IJTECH Windu Partono 2020_Tracked Proofreading 05 - 06 - 2020
Pendaftaran 1JTech tanggal 07 - 06 — 2020

Bukti Penerimaan Berkas dari 1JTech tanggal 07 - 06 — 2020

Paper IJTECH #CVE-4132 tanggal 07 - 06 — 2020

Initial Screening dari editor 1JTech tanggal 09 - 08 — 2020

Paper Revisi hasil perbaikan Initial Screening tanggal 12 — 08 — 2020

Hasil Review Tahap 1 dari Website 1JTech tanggal 28 — 07 — 2021

Konfirmasi Review 1 tahap 1 tanggal 28 - 07 — 2021

Lampiran Reviewer_attachment_4254 tahap 1 tanggal 28 - 07 - 2021

Email jawaban dari Editor 1JTech tanggal 05 - 08 — 2021

Hasil Review tahap 2 tanggal 15 — 08 — 2021

Hasil Proofreading tahap 2 tanggal 17 — 08 — 2021

Reviewer Response tahap 2 tanggal 19 — 08 — 2021

Submit paper hasil review tahap 2 tanggal 19 — 08 — 2021

Email Pemberitahuan Penerimaan Revisi Paper tahap2 tanggal 19 - 08 — 2021
Email Pemberitahuan Accepted Paper dari Editor Chief tanggal 30 - 08 — 2021
Email Pemberitahuan Accepted Paper dari Managing Editor tanggal 30 - 08 — 2021
Lampiran Email Reviewer Comment Accepted Paper tanggal 30 - 08 — 2021
Lampiran Invoice Accepted Paper tanggal 30 - 08 — 2021

. Email ke editor IJtech tentang koreksi Invoice tanggal 30 — 08 — 2021
. Email Jawaban Perubahan Invoice tanggal 01 - 09 — 2021
. Lampiran Revisi Invoice tanggal 01 — 09 — 2021

Email Pemberitahuan Pembayaran Publication Fee tanggal 02 — 09 — 2021

. Email Pemberitahuan Penerimaan Publication Fee tanggal 02 — 09 — 2021

. Email Pemberitahuan Hasil Pengecekan Line Editing Tanggal 28 — 12 — 2021

. Lampiran Email Hasil Perbaikan Line Editing Tanggal 28 — 12 — 2022

. Email Pemberitahuan Perbaikan Paper Hasil Pemeriksaan Line Editing tanggal 02 — 01 —

2022

Lampiran Paper Hasil Perbaikan Line Editing tanggal 02 — 01 - 2022

Email Pemberitahuan Perbaikan Paper dan Permintaan Pengisian Copyright Form
tanggal 06 — 01 - 2022

Lampiran Final Paper tanggal 06 — 01 — 2022

Lampiran Copyright Form tanggal 06 — 01 — 2022

Email Pemberitahuan Perbaikan Final Paper dan Pengiriman isian Copyright Form
tanggal 07 — 01 — 2022

Lampiran Revisi Paper Final tanggal 07 — 01 — 2022

Lampiran Isian Copyright Form tanggal 07 — 01 — 2022

Email Pemberitahuan Penerbitan Journal tanggal 19 — 01 — 2022

Lampiran Paper R2-CVE-4132 tanggal 20 — 01 — 2022

Lampiran Dokumen lengkap Penerbitan Journal tanggal 20 — 01- 2022



Quote for Windu Partono: Paper IJTECH Windu Partono 2020 (1) (ref. no.
202006-2131636)

PRS <accoedk@gmail.com>

windu_bapake_dila@yahoo.com

Tue, 2 June 2020 at 7:18 pm

Dear Windu Partono,

Thank you for sending us your document(s) for proofreading. IMPORTANT: Could we please ask you
to confirm the following details? You can do this by paying the amount shown below.

Document name: Paper IJTECH Windu Partono 2020 (1)
Our reference number: 202006-2131636

Word count: 3,675

Net Amount: £47.74

VAT @ 20.00%: £0.00

Total Amount Payable: £47.74

Deadline: 15 June 2020 at 11pm (Please note that we would need at least 1 week after we have
received payment.)

Format: British English

Style guide: International Journal of Technology at http://ijtech.eng.ui.ac.id/about/3/online-submission
Particular comments: NON

Username: pw040720180342

Password: fdlal2&W

Website: https://goo.gl/lzM9y1b

We require payment in advance. Please log into our Payment Portal using the above login details.
Through this portal you can pay through PayPal or Sagepay and you can also download and print
invoices and receipts.



In order to pay for new orders, please click on ‘My Orders’; then, in the orange section, click on the
reference number of the order for which you wish to pay. By choosing ‘Payment' you will be able to
pay for this particular order; by clicking on 'Print Invoice' you can print or download the invoice.

If you wish to print or download a receipt and invoice for your previous orders, please click on the
appropriate reference number in your 'Past Orders' (blue section).

Once we have received payment, we will carry out your proofreading as stated above in the details
section. We urge you to arrange payment as soon as possible; otherwise, we may not be able to
complete your proofreading before the required deadline.

The proofreader corrects and ensures consistency of spelling (British or American English, depending
on which is specified above in the Format section), grammar and punctuation, and the format of sub-
headings, bibliographical references, tables, figures, etc. If no style guide is supplied we correct
references to the style that is prevalent in the document and to ensure continuity. We do not reduce
documents to within the word limit and we do not revise the format of references in a document, for
example, from in-text citations to footnote references or numbered references.

We have recently been experiencing some problems receiving emails and attachments from some
University and business accounts. If you have not heard from us within 2 hours during normal
business hours after you have sent your work it is possible that your email has not been received.
Please resend it from a webmail account such as Hotmail, Yahoo or Gmail.

We will be in touch!

Yours sincerely

Grace Matthews



Payment received: Paper JTECH Windu Partono 2020 (1) (ref. no. 202006-
2131636)

Yahoo/Inbox

PRS <accoeda@gmail.com>

To:windu_bapake_dila@yahoo.com

Wed, 3 June 2020 at 11:16 am

Dear Windu Partono,

Many thanks for your payment. Your account is now settled in full.

We will carry out your proofreading by the deadline we have given you (15/06/2020 23:00).

We have recently been experiencing some problems receiving emails and attachments from some
University and business accounts. If you have not heard from us within 2 hours during normal
business hours after you have sent your work it is possible that your email has not been received.
Please resend it from a webmail account such as Hotmail, Yahoo or GMAIL.

Yours sincerely

Steve Jones

P.S. Get 10% discount (max. £10) on your next order when you introduce one of our posts with a
short paragraph and place a link to it on your university website (Visit Our Website --> Resources -->
Advice on How to Get Published)



Proofreading complete: Paper IJTECH Windu Partono 2020 (1) (ref. no.
202006-2131636)

Yahoo/Inbox

PRS <accoedj@gmail.com>
To:windu_bapake_dila@yahoo.com
Fri, 5 June 2020 at 1:56 pm

Dear Windu Partono,

We have completed the proofreading you asked for. Please find attached two versions of each
document. One is the tracked version, showing all the changes our proofreader has made. You can
use the tracking function of Word to accept or reject each change individually. The second is the
clean version, which you can use if you do not wish to review the changes we have made. Please
note there may be some comments from the proofreader in both versions.

If the clean version still shows corrections please follow the following steps: Press Ctrl+Shift+E and
you should see in the task bar a new menu, click on the drop down menu and select 'Final'.

When you are submitting or resubmitting your article to a scientific or academic journal, remember to
inform the journal editor in your covering letter that your paper has been professionally proofread. We
will be delighted to provide you with verification that your article has been proofread by PRS, so
please request a certificate to accompany your paper, especially if the journal editor has already
indicated a need for professional proofreading.

If you have further questions about the proofreading, feel free to get in touch.

Thank you for using our service this time. We would be very happy to provide you with further
services in the future!

We have recently been experiencing some problems with emails and attachments from some
University and business accounts. If you have not heard from us within 2 hours during normal
business hours after you have sent your work it is possible that your email has not been received.
Please send it from a webmail account such as Hotmail, Yahoo or GMAIL.

Yours sincerely
Emma Taylor

Download all attachments as a zip file

Paper UTECH Windu Partono 2020_clean.docx

1™MB

Paper JTECH Windu Partono 2020_Tracked.docx

T™MB


https://apis.mail.yahoo.com/ws/v3/mailboxes/@.id==VjN-OyRqV5MVUCRfGVypS4zxu7r89LHv_49HpjNXmOXl0zupM5JQ_SB2U1HRIHDu2hED47SW-e3uuHqZfopRITLWKQ/messages/@.id==ALDsM2cZtEBGXtnsmQLeYMxi3oo/content/parts/@.id%20in%20%5B'2','3','1.2'%5D/refresh?appid=YMailNorrin&ymreqid=6b352a6f-8ea3-3f13-1cfc-2d000c01dc00
https://apis.mail.yahoo.com/ws/v3/mailboxes/@.id==VjN-OyRqV5MVUCRfGVypS4zxu7r89LHv_49HpjNXmOXl0zupM5JQ_SB2U1HRIHDu2hED47SW-e3uuHqZfopRITLWKQ/messages/@.id==ALDsM2cZtEBGXtnsmQLeYMxi3oo/content/parts/@.id==2/refresh?appid=YMailNorrin&ymreqid=6b352a6f-8ea3-3f13-1cfc-2d000901dc00
https://apis.mail.yahoo.com/ws/v3/mailboxes/@.id==VjN-OyRqV5MVUCRfGVypS4zxu7r89LHv_49HpjNXmOXl0zupM5JQ_SB2U1HRIHDu2hED47SW-e3uuHqZfopRITLWKQ/messages/@.id==ALDsM2cZtEBGXtnsmQLeYMxi3oo/content/parts/@.id==2/refresh?appid=YMailNorrin&ymreqid=6b352a6f-8ea3-3f13-1cfc-2d000901dc00
https://apis.mail.yahoo.com/ws/v3/mailboxes/@.id==VjN-OyRqV5MVUCRfGVypS4zxu7r89LHv_49HpjNXmOXl0zupM5JQ_SB2U1HRIHDu2hED47SW-e3uuHqZfopRITLWKQ/messages/@.id==ALDsM2cZtEBGXtnsmQLeYMxi3oo/content/parts/@.id==3/refresh?appid=YMailNorrin&ymreqid=6b352a6f-8ea3-3f13-1cfc-2d000901dc00
https://apis.mail.yahoo.com/ws/v3/mailboxes/@.id==VjN-OyRqV5MVUCRfGVypS4zxu7r89LHv_49HpjNXmOXl0zupM5JQ_SB2U1HRIHDu2hED47SW-e3uuHqZfopRITLWKQ/messages/@.id==ALDsM2cZtEBGXtnsmQLeYMxi3oo/content/parts/@.id==3/refresh?appid=YMailNorrin&ymreqid=6b352a6f-8ea3-3f13-1cfc-2d000901dc00

[IJTech] Account Created in IJTech Online System

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

[JTech <noreply@ijtech.eng.ui.ac.id>
Sun 6/7/2020 1:58 PM

To:

= =

e  Windu Partono

Account Confirmation

Dear Dr. Windu Partono Partono,

Welcome to the International Journal of Technology (IJTech) Online System for
submission and review

Your account has been created at https://ijtech.eng.ui.ac.id/ as follows:
USER ID:
Password :
If you would like to reset the password above, after login into application please click / go
to the link below:

https://ijtech.eng.ui.ac.id/dashboard/edit/password
Thank you for your kind contribution. We are looking forward to receiving your manuscript
at your earliest convenience.

Yours sincerely,

Editorial System

International Journal of Technology (IJTech)
p-ISSN: 2086-9614

e-ISSN: 2087-2100

https://ijtech.eng.ui.ac.id/



javascript:void(0);
javascript:void(0);
javascript:void(0);
https://ijtech.eng.ui.ac.id/
https://ijtech.eng.ui.ac.id/dashboard/edit/password
https://ijtech.eng.ui.ac.id/

]Site \Coefficients and Design Spectral Response Acceleration Evaluation of
New Indonesian 2019 Website Response Spectra

Windu Partonoi, Masyhur Irsyam?2, Muhammad Asrurifak3, Undayani Cita Sari?,
Sumarsono?

1Civil Engineering Department, Engineering Faculty, Diponegoro University, Semarang 50275, Indonesia

2Civil Engineering Department, Faculty of Civil and Environmental Engineering, Bandung Institute of
Technology, Bandung 40132, Indonesia

3 Faculty of Civil Engineering and Planning, Institut Sains dan Teknologi Nasional, Jakarta - Indonesia

Abstract. Developing ment-oefsite coefficients and design spectral response acceleration are tw
important steps in the seismic design of buildings. The site coefficients calculation describeds in th
Indonesian Seismic Code 2019 are-partially following the same method proposed by the America
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 (MCEg-Ss an
MCER-S; for short and long periods of spectral acceleration, respectively) values. Three different sit
soil classes usually used for building designs are hard/SC, medium/SD and soft/SE soils.- Two sit
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 MCEg-Ss and MCEg-S; 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 faeility-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 calculationg.
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 attep-ofin the top 30 m so
deposit layer. Three different site soil classes are-were observed atin the study area. ##-On average,
the biggest-largest difference of site coefficients and design spectral response acceleration werg
observed for SD and SE class. However, for the SC site soil class, the difference efbetween the twp
analysis methods is small and approximately similar.

[CHN R = "R =R )

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

1. Introduction

The Indonesian Seismic Code for Buildings éDesign SNI 1726 (2019) has-alreadywa
announced e#in 2019 by the Ministry of Public Works and Human Settlements. Some of th
information introduceds in this new seismic code are-was partially adopted from th
American Standard Code for Seismic Design ASCE/SEI 7 (2016). Two important
infermatienitems adopted from ASCE/SEI 7-16 are the site coefficients and design spectral
response acceleration calculation methods. Compared to the previous seismic code 201
which was totally adopted from ASCE/SEI 7-16, the new 2019 Indonesian seismic code i
for developing site coefficients is-was partially adopted from the-ASCE/SEI 7-16. Anothe|
informatien-item used for developing site coefficients is-was adopted from (Stewart an
Seyhan, 2013). Due to the improvedment methods for developing site coefficients for 51t
soil classes SD and SE describeds in ASCE/SEI 7-16, not all information describeds in
the American Code are-was adopted by SNI 1726:2019.- The Feq&memeﬂ&s{eﬁsue analysi
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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, Sps and Spy, are
four important infermatien—values calculated by the website facility software. No
information related with-to site coefficients Fa and Fv can be obtained from the new website
2619. Due to ivn-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 MCERr-Ss and MCERr-S1. All Sps, Ss, Sp1 and Si values are-were
obtained from the website-facility.

Fa - ;D; (1)
3 S

Fv= 2501 )
35

To evaluate the Fa and Fv site coefficients calculated using Equations 1 and 2, straight
-line interpolation can be conducted using two MCERr-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
faeility, 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.

_(F2-FL (M -=M1)+F1 (3)
M2-M1
F1 (SNI) F
F2 (SNI)
ML (SNI) M2 (SNI)
M (Website)

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 thf
website facility-and the straight-line interpolation of SNI 1726:2019 and the correspondin
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. Th
study was performed at Semarang City, Indonesia and conducteding at 203 soil borin
investigation positions. Figure 24 shows 203 boring positions within the study area. A
boring investigations conducted at-in this study having-had a minimum e£30 m depth an
a maximum e£60 m depth. The aAverage N-SPT (N30) of the top 30 m soil deposit layer o
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 g
recorded boring-log prepared by the boring master. The maximum N-SPT data used in this
study and collected from boring-logs iswas 60. N-SPT values equal-teof 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 “[Nl" inside-thisequation-represent }the thickness and N

° A= Iie=)

= =0T (D

SPT value of any soil layer “i”, respectively.
30
N30 = - 4
& di (4)
i=i Ni
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Figure 2 Soil boring position

2. Methods

The eEvaluation of site coefficients within the study area are-was conducted followin
five basic steps,—such—as site class interpretation, Risk-Targeted Maximum Considere
Earthquake and design spectral response acceleration calculations using the websit
faeility, site coefficients calculations based on the website output, site coefficient
calculations using SNI 1726:2019 tables and -procedures, and finally, comparative analysi
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of site coefficients and design spectral response acceleration results calculated using the
two differentee 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 ofs 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 developingidentifying 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 atthein 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

110°26'00" 1102620 110'26'40" 130°2600" e p——

7300 o0 pidal

7300 ,*,
. v
i
mak

Site Class
SE (Soft Soil)
SD {Medium Soil)
SC {Hard Soil)

District

(a] Semarang | 2 0 2 ll.lmnm—-l (b)

1102600 1102620 1102640 o= prr——— o

District
Semarang

Kilometers

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
faeility. 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 (Sps and
Sp1) developed fremusing the website.

Table 2 MCERr-Ss and MCER-S1 Distribution

Site MCER-Ss (9) MCEr-S: (9)
Class  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

2.3. Site Coefficients Fa and Fv Website

The-sSite coefficients Fa and Fv calculations were performed based on the MCEg-Ss,
MCER-S1, Sps and Spi1 values obtained from the website-facility. The site coefficients werg
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 value
developed at-in the study area are-were divided into two different boundary values. A fey
MCER-Ss ld-a%aﬂbseﬁed—at—the—s%udy—a%e&%}a%ewere less than 0.75 g. However, most o
the MCER-Ss values are-were distributed in-between 0.75-g te-and 1 g.

.= U7

Table 3 Sps and Sp1 Distribution Developed Using the Website Eaeility ‘

Site Sos (9) So1(0)

Class  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 Eaeility

Site Fa 1% Boundary  Fa 2" Boundary Fv
Class 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 1148 1.292 2401 2.732

2.4. Site Coefficients Fa and Fv SNI11726:2019

FhesStraight-line interpolation was also performed for Fa and Fv calculations by usin
Equation 3 and tables data provided by SNI 1726:2019. Based on the MCEr-Ss and MCEg-St
values obtained from the website-facility, the minimum and maximum boundaries for thes
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

Fa Fv
MCEr-Ss ()  MCEr-S:1 (9)

05 075 10 03 0.4

SC 12 12 12 15 15
Sb 14 12 11 20 1.9
SE 17 13 11 28 2.4

Site
Class

3. Results and Discussion
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The MCERr-Ss for the SC site class, as shown in Table 2, are distributed in-betweenfrom
0.8459-¢ 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. }»-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 SCsite class. Fal.and FaW presentinside 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 SCsite class. Table 2 shows the distribution of MCERr-Ss for the SD site class. The values
are distributed in-betweenfrom 0.8098-g through 0.9579 g. Following the same procedure
eendueted-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 MCERr-Ss values. As it
can be seen in Figure 4(b), the R? (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—faciity. However, in-on
average, the absolute difference ef-between Fa values developed using these two models
are-is 0.0105 and the line distributions are almost similar (coincide).

The MCERr-Ss distribution for the SE site class calculated from the website faeilityareis
in-between 0.696 and 0.9274 g. Based on SNI 1726:2019, all MCEg-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 MCERr-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 MCERr-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 ebserved-seen in this figure, following the two different boundary values
of SNI11726:2019. The straight-line interpolation for site class SE is better compared to site
class SC and SD. The absolute average difference efbetween Fv for site class SE is 0.02.
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Figure 4 Fa Distributions in Terms of MCEg-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 MCERr-S1 value|
calculated using the website—faeility, all MCEr-S1 values at-in the study area are-wer
distributed in-between 0.3 gthreughand 0.4 g. For site classes SC and SD, there is one borin
position having a value of MCEr-S1 greater than 4 g:, }ismaking it difficult to perform
straight-linear interpolation. To reduce the difficulties in the analysis, the MCEr-S1 greate
than 4 giswas excluded in-from the analysis. Figure 5(a), (b) and (c) shows the distributio
of site coefficients Fv for site soil class SC, SD and SE, respectively. -All Fv values calculate
using the website facilityand straight-line interpolation are almost equal or coincide excep
for site class SD. Most of the Fv values of SD site class developed using the website faeilif]
are greater than the same Fv values developed using straight-line interpolation. The R? (R
squared) value develeped-atfor this model is far from 1. The Fv values for site class SI
developed atin the study area is-were far from the linear model as-whatthat SN11726:2019
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 MCEgr-Sy

n

N et == = = T U9 oo

correlation was observed for site class SE, both for website output and straight-lin
interpolation. The RZ obtained for this site class nearly is 1.- “Fv L” and “Fv W” present at i
all figures represent straight-line interpolation (SNI 1726:2019 procedures) and website
facility calculations, respectively. 1+-On average, the absolute differences efbetween Fv arge
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 differentee performances of these two site
coefficients Fa—and-FEv-developed using two different procedures can be neglected or
avoided asfarasbecause there was no significant hifference 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 te
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 Sps and Sp1 based on the Fa and
Fv values calculated using two different methods. Figure 6 shows the performance of Sps
design spectral response acceleration in terms of MCERr-Ss developed from the website
faeility-and straight-line interpolation. Figure 7 shows the performance of Spi design
spectral response acceleration in terms of MCEr-S1 calculated using the same methods used
for Spbs calculation. As-it can be seen in Figures 6 and 7, a good correlation performance
between Sps and Sp1 in terms of MCERr-Ss and MCER-S1, respectively, are-was observed in this
study. Based on these two figures there are no significanete differences ef-in Sps and Sp1
performance calculated based on the website and straight-line interpolation. The Sps and
Sp1 developed atfor the study area using the website facilit-are accepted the-according to
the requirement criterium of SNI 1726:2019. Table 6 shows the minimum and maximum
Sps and Sp1 values and the average difference of Sps and Spi calculated using the two
methods for all site classes. The average difference, as presented in Table 6, is the absolute
differences of-in Sps and Spi. The maximum average differences (ave. diff.), 0.02 g
approximately, are-was observed at the SD site class for Sps and Sp1 spectral design
calculation. However, the average difference for site class SC and SE are-were less than 0.01
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Figure 6 Sp; Distribution Charts for Site Class SC, SD and SE

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

SDS (g) SD1 (g)
Csllatgs Website Straight-Line Ave. Website Straight-Line Ave.
min. max. min. max. DPiff min. max. min. max.  Diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 041 0.3653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 051 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 website facility
was also announced as a complementary part of the code-has—also—announced. One
important infermatien-thing which should be taken-inte-acceuntconsidered is the design
spectral response acceleration calculation for buildings. The design spectral response
acceleration can be developed using the website facilit-and manual calculations using
SNI11726:2019 procedures.

TheevaluatienofEvaluations 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 ef-were found in Fa and Fv site coefficients
calculated using both methods. The biggest difference ef-in site coefficients Fa
calculations was observed for site classes SD and SE. The difference efin 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
ofin site coefficient Fv for site class SC is-was less than 0.02.

The design spectral response accelerations Sps and Spi calculated using site
coefficients Fa and Fv are-were also evaluated atfor the study area. No significant
differences efin design spectral response accelerations Sps and Sp1 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 (F. and F, 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 F, and F, 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; MCEg; 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.

*Corresponding author’s email: name@ai.ue.oa, Tel.: +00-00-000000; fax: +00-00-000000
doi: 10.14716/ijtech.v0i0.0000
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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, Sps and Spi, 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 Fy site coefficients, these values can be estimated using
Equation 1 and Equation 2. All Sps, Ss, Sp1 and S1 values were obtained from the website.

SDS

F= (1)
23 S,
S

F, =52 )
23 S,

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 Fyv values. “F” and “Mw” represent the site coefficient to
be estimated and the MCERr value obtained from the website, respectively. Mis and Mas
represent two boundary MCEr values close to Mw. Fis and Fas represent two site
coefficients for Mw=M1s and Mw=Mzs, respectively. M1s, Mzs, Fis and F2s are four values
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation
3. The M1s, Mzs, F1s and Fas values used for Fa and Fv calculations are not similar.

Fp —F
F=| 21 \M, -M;)+F 3
[Mzs—Mlsj( W 18) 1S ()

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 (N3o) 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”

“w=n

represent the thickness and N-SPT value of any soil layer “i”, respectively.

Fis F
| Fas
|
Mis S Mg
Mw

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:

e Site class interpretation,

e MCER (Ss and S1) and design spectrum response acceleration calculations using the
website,

o Site coefficient calculation based on the website output
o Site coefficient calculation based on SNI 1726:2019 tables and procedures
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e 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 N3o
data. Figure 3(a) shows the distribution of N3o within the study area. According to the N3o
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
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Figure 3 N3 (a) and site soil classes (b) distribution maps

2.2. MCER and Design Spectrum Response Acceleration Calculation

The MCERr calculations were performed at 203 boring position using the website.
According to the site class distribution of the study area, three different Ss and Si
distributions were also observed in the study area. Table 2 shows the distribution of
minimum and maximum Ss and Si1 for the three different site classes. Table 3 shows the
distribution of design spectrum response acceleration (Sps and Sp1) 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, Sps and
Spb1 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 0.75to 1 g.

Table 2 Ss and S1 distribution

Site Ss(9) S1(9)
Class  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 Sps and Sp1 distribution developed using the website

Site Sos (9) So1(9)

Class  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 Fy distribution developed using the website

Site Fa 1% Boundary ~ Fa 2" Boundary Fyv

Class 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 14 1148 1292 2401 2.732

2.4. Site Coefficients Faand Fy SNI11726:2019

Straight-line interpolation was also performed for Fa and Fyv 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 Ssfor 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 R? (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

Fa Fv

Ss(9) S1(9)
05 075 10 0.3 0.4

SC 12 12 12 15 15
SO 14 12 11 20 1.9
SE 17 13 11 28 2.4

Site
Class

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 Fy for site class
SE is 0.02.

The site coefficients evaluation was also conducted for long period spectral
acceleration Si. 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 R? (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 R? for site class SC is not available (close to zero) because the Fy and S1
correlation are nearly constant. A good performance of Fv and Si 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 Fy are 0.015, 0.036 and 0.033
for SC, SD and SE site classes, respectively.

KSR Fa Site Class SD
1.215 i
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1.21 y i - o e y=04x+15_[2 FaL |
R?>=0.0012 ° ey
@ — ,
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° 8 ° 115 ——Linear (Fa L)
= : $ = —Li w
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Figure 4 F, 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 Sps
and Sp1 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
Sps and Sp1 according to the site coefficients values estimated using two different methods.
Figure 6(a) shows the performance of Sps design spectrum response acceleration in terms
of Ss developed from the website and straight-line interpolation. Figure 6(b) shows the
performance of Sp1 design spectrum response acceleration in terms of S1 estimated using
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the same methods used for Sps calculation. As can be seen in Figure 6(a) and 6(b), a good
correlation performance between Sps and Sp1 in terms of Ss and Si, respectively, was
observed in this study. According to these two figures there are no significant differences
in Sps and Sp1 performance estimated according to the website and straight-line
interpolation.

Fv Site Class SC Fv Site Class SD
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Figure 5 F, Distributions in terms of S; values for SC (a), SD (b) and SE (c) site classes

Table 6 Sps and Sp1 performance for all site classes

Spbs (9) So1 (9)
Csllatss Website Straight-Line  ave. Website Straight-Line Ave.
min. max. min. max. Pt min.  max min. max.  Diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 041 0.3653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 046 051 04599 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 Sps and Sp1 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 Sps and Sp1 values and the average difference of Sps and Sp1 estimated using the
two methods for SC, SD and SE site classes. The average difference of Sps and Spi, as
presented in Table 6, is the absolute differences of Sps and Spi. The maximum average
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for Sps and Sp1



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 Sps for site classes SC and
SE were less than 0.007 g, approximately. The average difference of Sp1 for SC and SE site
classes were less than 0.004 g.

Sps Distribution Sp; Distribution
08 0.7
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Figure 6 Sps (a) and Sps (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 Fy 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 Sps and Spi estimated using site
coefficients Fa and Fv were also verified for the study area. No significant differences in
design spectrum response accelerations Sps and Sp1 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 S,
(long period) spectral acceleration. Three different hard/SC, medium/SD and soft/SE site soil
classes usually used for building designs. Two site coefficients (F. and F, 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 S; 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 F, and F, 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; MCEgr; 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.

“Corresponding author’s email: name@ai.ue.oa, Tel.: +00-00-000000; fax: +00-00-000000
doi: 10.14716/ijtech.v0i0.0000
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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, Sps and Spi, 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 Sps, Ss, Sp1 and S1 values were obtained from the website.

F,= ;—S (1)
3 N
S
F=son @
%5

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 Fy values. “F” and “Mw” represent the site coefficient to
be estimated and the MCERr value obtained from the website, respectively. Mis and Mzs
represent two boundary MCERr values close to Mw. Fis and Fzs represent two site
coefficients for Mw=M1s and Mw=Mzs, respectively. Mis, Mzs, F1s and Fzs are four values
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation
3. The M1s, Mzs, F1s and Fzs values used for Fa and Fv calculations are not similar.

F,.—F
F= MJ(MW_MIS)—'—F'IS (3)
(MZS_MIS

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 (N3o) 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 N3o was estimated using Equation 4, where “di” and “Ni”

“wxn

represent the thickness and N-SPT value of any soil layer “i”, respectively.
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| Fas
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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:

e Site class interpretation,

e MCER (Ss and S1) and design spectrum response acceleration calculations using the
website

o Site coefficient calculation based on the website output
o Site coefficient calculation based on SNI 1726:2019 tables and procedures
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e 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 Nso
data. Figure 3(a) shows the distribution of N3o within the study area. According to the N3o
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
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Figure 3 N3 (a) and site soil classes (b) distribution maps

2.2. MCER and Design Spectrum Response Acceleration Calculation

The MCERr calculations were performed at 203 boring position using the website.
According to the site class distribution of the study area, three different Ss and S:
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 (Sps and Sp1) 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, Spbs and
Spb1 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



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

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 0.75to 1 g.

Table 2 Ss and S1 distribution

Site Ss(g) Si(g)

Class  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 Sps and Sp1 distribution developed using the website

Site Sps (g) Spi (g)

Class  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 F. It Boundary  F, 2™ Boundary F,

Class 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 1292  2.401  2.732

2.4. Site Coefficients Faand Fy 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 Si1 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 Ssfor 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 R? (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

F. F,

Site
Class Ss(g) Si(2)

05 075 1.0 03 04

SC 12 12 12 15 1.5
SO 14 12 1.1 20 1.9
SE 1.7 13 1.1 28 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 2rd 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 Si 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 Fy values of SD site class developed
using the website are greater than the same Fv values developed using straight-line
interpolation. The R? (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 R? for site class SC is not available (close to zero) because the Fy and S1
correlation are nearly constant. A good performance of Fv and Si 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 Fy are 0.015, 0.036 and 0.033
for SC, SD and SE site classes, respectively.
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Figure 4 F, 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 Sps
and Sp1 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
Spbs and Sp1 according to the site coefficients values estimated using two different methods.
Figure 6(a) shows the performance of Sps design spectrum response acceleration in terms
of Ss developed from the website and straight-line interpolation. Figure 6(b) shows the
performance of Sp1 design spectrum response acceleration in terms of S1 estimated using



Last Name of the Corresponding Author (et al.) 53

the same methods used for Sps calculation. As can be seen in Figure 6(a) and 6(b), a good
correlation performance between Sps and Spi in terms of Ss and Si, respectively, was
observed in this study. According to these two figures there are no significant differences
in Sps and Sp1 performance estimated according to the website and straight-line
interpolation of SNI 1726:2019 procedures.
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Figure 5 F, Distributions in terms of S; values for SC (a), SD (b) and SE (c) site classes

Table 6 Sps and Sp1 performance for all site classes

Spbs (2) Sp1 (2)
oM Website  StraightLine ..  Websitt  StmaightLine Ay
min. max. min. max. DPif min max. min. max.  Diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 041 03653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 046 051 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 Spbs and Sp1 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 Sps and Sp1 values and the average difference of Sps and Sp1 estimated using the
two methods for SC, SD and SE site classes. The average difference of Sps and Spi, as
presented in Table 6, is the absolute differences of Sps and Spi. The maximum average
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for Sps and Sp1



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 Sps for site classes SC and
SE were less than 0.007 g, approximately. The average difference of Sp1 for SC and SE site

classes were less than 0.004 g.

Sps Distribution

vy =0.7967x + 0.0034
R*={1.9849

ASDSLSC eSDSWSC
ASDSLSD ®SDSW SD
ASDSLSE eSDSWSE

(a) 0.78

y=0.8x +2E-13
R*=1

0.72 v =0.4398x + 03108

R*=0.9221

Sps

7|y =0.48x+0.2782
R = 0.96

v =0.5329x + 0.2031
R* = 09493

0.7% (¥ ] 0.85 0.9 0.95 1
Sp; Distribution

w7

e = 0.8247x + 0.3177
(b) 065 |-y =0T781x+ 03325 ¥ R n\llm-'\
R*=0.9967 T

[1X:3
=0.9704x + 0.1149

y = 1.0287x + 0.0954 R:=0.8559
’_'_,_..—-"“

0.5 R!=10.9999
-—*—"’_’\-::ulx - 0.0017

45 T : 2 e

y=x R* = 0.9075
ASDILSC  @5DIW S n: =.|’/_F.,4"".'
ASDI L SD & 5D1 W SD

ASDI1 L SE ®5D1 W SE

055

S[ll

4

03s

0.3

3 032 34 036 38 [ 042
MCE,-S,

Figure 6 Sps (a) and Sp: (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 Sps and Spi estimated using site
coefficients Fa and Fv were also verified for the study area. No significant differences in
design spectrum response accelerations Sps and Sp1 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 S,
(long period) spectral acceleration. Three different hard/SC, medium/SD and soft/SE site soil
classes usually used for building designs. Two site coefficients (F. and F, 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 S; 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 F, and F, prediction compared to the same values developed using website based
software.

.
“aceording 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; MCEgr; 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.

“Corresponding author’s email: name@ai.ue.oa, Tel.: +00-00-000000; fax: +00-00-000000
doi: 10.14716/ijtech.v0i0.0000
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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 {—| [ EEE——————9

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, Sps and Spi, 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. || N R G

|
_. All Sps, Ss, Sp1 and S1 values were obtained from the website.

F, =—;D; )
3~s
S
F=g @)
%5

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 Fy values. “F” and “Mw” represent the site coefficient to
be estimated and the MCERr value obtained from the website, respectively. Mis and Mzs
represent two boundary MCERr values close to Mw. Fis and Fzs represent two site
coefficients for Mw=M1s and Mw=Mzs, respectively. Mis, Mzs, F1s and Fzs are four values
obtained from SNI 1726:2019 table data. Fa and Fv are estimated separately using Equation
3. The M1s, Mzs, F1s and Fzs values used for Fa and Fv calculations are not similar.

F:( Fzs_Fls

M, -M )+ F, 3
MZS_MISJ( w 15)+ Fig (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 (N3o) 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 N3o was estimated using Equation 4, where “di” and “Ni”

“wxn

represent the thickness and N-SPT value of any soil layer “i”, respectively.

Fis F
| Fas
Mis ‘ Mg
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Figure 1 Straight-line interpolation for Fa and Fv calculations
30
N o ()
30 i di
i=i N i

il 2
To o°

= I;.,' | g.;h‘l :-§|I ‘. e - o

00" ::;: ,\_ L} : ti‘ht’fl. ''''''''' » il R
e e_.»-‘\a' e i’ Sl istric N
$ e ME. % Do : %,
- . i o
Ny e :
II' ) >4 :
e | s Soil Boring
o ! District e i
_.' Semarang 2 o a 4 Kilomaters

110°26'00° 110°26°20% 1107 26'40"

Figure 2 SN

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

e Site class interpretation,

e MCER (Ss and S1) and design spectrum response acceleration calculations using the
website

o Site coefficient calculation based on the website output
o Site coefficient calculation based on SNI 1726:2019 tables and procedures
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e 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 Nso
data. Figure 3(a) shows the distribution of N3o within the study area. According to the N3o
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

110736047 110738 70° 1107 28°40° 119°26'00" 110735°20° 11025 40°

EZ

B 300" ELle T '.\"*F
B District N30 I
Demak 0-10
T 10-20
,_—l 20 - 30 Site Class
B 20 | SE [Soft Soil)
B 30 -40 8 5D (Medium Soil)
-::':g _ [ SC {Hard Soil)
o District 32 T Diistrict T
Semarang ” 2 4 Kitem Sanmpang T 62 4 WEometars
———
110°26°00° 11072620 1107 26°40" 110°26'00" 110728720 1107 26740°
(a) (b)

Figure 3 N3 (a) and site soil classes (b) distribution maps

2.2. MCER and Design Spectrum Response Acceleration Calculation

The MCERr calculations were performed at 203 boring position using the website.
According to the site class distribution of the study area, three different Ss and S:
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 (Sps and Sp1) 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, Spbs and
Spb1 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 0.75to 1 g.

Table 2 Ss and S1 distribution

Site Ss(g) Si(g)

Class  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 Sps and Sp1 distribution developed using the website

Site Sps (g) Spi (g)

Class  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 F. It Boundary  F, 2™ Boundary F,

Class 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 1292  2.401  2.732

2.4. Site Coefficients Faand Fy 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 Si1 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 Ssfor 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 R? (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

Fa F,

Site
Class Ss(g) Si(2)

05 075 1.0 03 04

SC 12 12 12 15 1.5
SO 14 12 1.1 20 1.9
SE 1.7 13 1.1 28 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 2rd 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 Si 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 Fy values of SD site class developed

using the website are greater than the same Fv values developed using straight-line

interpolation.
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class SD developed in the study area were far from the linear model that SNI 1726:2019
expected. The R? for site class SC is not available (close to zero) because the Fy and S1
correlation are nearly constant. A good performance of Fv and Si 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 Fy are 0.015, 0.036 and 0.033
for SC, SD and SE site classes, respectively.

Fa Site Class 5C Fa Site Class SD
1215 118
y =-0.0057x + 1.2059
111 | y==0 I;JIJ- x+1.205 l & 1.17 y=-04x+ 1.5 4 Fal
R*=0.0012 Ri=1 e
1.205 L] ‘ s 1.16 0 | e h.l W
° [} ° - ——Linear (Fa L)
12 = S e —Line: w
= y=2E13x+12 o | ¥ . et ciul ]|
— @ =
1.195 R = -4E-14 g 8 e
- s 4 Fal 113 ¥ TJ),:!-S'.-‘E‘ + 1.4866
’ ® FaW 112 R*=(.7858
1.185 —Linear (Fa L) L1 | | e
—Linear (Fa W) .
118 L1
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Figure 4 F, 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 Sps
and Sp1 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
Spbs and Sp1 according to the site coefficients values estimated using two different methods.
Figure 6(a) shows the performance of Sps design spectrum response acceleration in terms
of Ss developed from the website and straight-line interpolation. Figure 6(b) shows the
performance of Sp1 design spectrum response acceleration in terms of S1 estimated using
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the same methods used for Sps calculation. As can be seen in Figure 6(a) and 6(b), a good
correlation performance between Sps and Spi in terms of Ss and Si, respectively, was
observed in this study. According to these two figures there are no significant differences
in Sps and Sp1 performance estimated according to the website and straight-line
interpolation of SNI 1726:2019 procedures.

Fv Site Class SC Fv Site Class SD
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152 . s 1.95
1515 - L] % \ y=-1.1937x + 2.3767
151 % - s R? = 0.3646
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[ ] =
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[ ] i "
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- { ® { - incar (Fv 1.88
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Figure 5 F, Distributions in terms of S; values for SC (a), SD (b) and SE (c) site classes

Table 6 Sps and Sp1 performance for all site classes

Spbs (2) Sp1 (2)
oM Website  StraightLine ..  Websitt  StmaightLine Ay
min. max. min. max. DPif min max. min. max.  Diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 041 03653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 046 051 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 Spbs and Sp1 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 Sps and Sp1 values and the average difference of Sps and Sp1 estimated using the
two methods for SC, SD and SE site classes. The average difference of Sps and Spi, as
presented in Table 6, is the absolute differences of Sps and Spi. The maximum average
difference (Ave. Diff.), 0.02 g and 0.015 g, were observed at the SD site class for Sps and Sp1
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spectral design, respectively. However, the average difference of Sps for site classes SC and
SE were less than 0.007 g, approximately. The average difference of Sp1 for SC and SE site

classes were less than 0.004 g.

Sps Distribution
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Figure 6 Sps (a) and Sp: (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 Sps and Spi estimated using site
coefficients Fa and Fv were also verified for the study area. No significant differences in
design spectrum response accelerations Sps and Sp1 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 S; (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 (F. and F, 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 S; values developed at aene 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 F, and F, 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; MCEg; 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. OAnether 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 wz:f
adopted by SNI 1726:2019. Site coefficients for the SD and SE classes presented in the ne
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 Si (long periods) (Luco et al, 2007; Allen et al, 2015;
Sengara et al,, 2020), and two spectral designs, Sps and Spi1, 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 informatioh
related to the Fa and Fv site coefficients, these values can be estimated using Equation 1
and Equation 2. All Sps, Ss, Sp1 and S1 values were obtained from the website.

S
F,= 0 1
=, (1)
S
F = D1
=, 2

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 “MwM.” represent the site coefficienlt
to be estimated and the MCER value obtained from the website, respectively. Mis and Mzs
represent two boundary MCEr values close to Mw. Fis and Fas represent two site
coefficients for Mw=Mis and Mw=Mzs, respectively. M1s, Mzs, Fis and Fazs are four values
obtained from the SNI 1726:2019 tables. Fa and Fv are estimated separately using Equatioh
3.

Fo —F
F=| -1 \M, -My)+F 3
[M%_Mw} w M)+ F 3

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 th
site soil classes can easily be assessedperfermed based on the real distribution of borin
investigations. Figure 2 (a) shows the 203 boring positions within the study area and th
N3o 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

oo
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topmost 30 m soil deposit layer (Nso) 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 N3o 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 N3o was estimated using
Equation 4, where “d;” and “N;” represent the thickness and N-SPT value of any soil layer

[ Formatted: Subscript

w:n

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 (Vs3o0) (Naji et al., 2020). The Vs3o 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
comparativeisesn 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 lisland following the 2018 earthquake event. The
greater the Vs3o value used, the greater the predominant frequency obtained from wavelet
analysis of ground motion. The investigation of Vs3o and predominant frequency
correlation was also conducted by Pramono et al. (2017) at the Palu area.
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Figure 1 Straight-line interpolation for F, and F, calculations
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2. Methods

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

e Site class interpretation;

e MCER (Ss and S1) and design spectrum response acceleration calculations using the
website

o Site coefficient calculation based on the website output

e Site coefficient calculation based on SNI 1726:2019 tables and procedures

e 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 Celass linterpretation

[ Formatted: Subscript

[ Formatted: Subscript
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The site soil class interpretation was conducted at 203 boring positions using Nso
data. According to the N3o 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 thi
table. Site classes SA, SB and SF are not available within this table. Figure 2(b) shows th
corresponding site soil class distribution developed according to the site classification a
shown in Table 1. The sSite class distribution in the study area is dominated by the SD an
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

1020

Site Class Na3o
SC >50
SD 15-50
SE <15

1030°

1020

1030

- " District + Boring District | Site Class
pa Demak 30 Demak | [I00 SC (Hard Soil)
jstrict g - 0-15 jstict -9 SD (MediumSoil)
endal 1\ "™ g8 15-30 endal | ™ e SE (Soft Soil)
7S] ) s s 30 - 50 rs = s
{ District ¢ |50 -60

Semarang
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(@)
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1020’

(b)
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1030

Figure 2 Boring investigations and N3 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 websitd.

According to the site class distribution of the study area, three different Ss and Si
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, Sobs

and Sp1 for the three different site classes developed using the website.

Table 2 Ss, S1, Sps and Sp1 distribution

. Total Ss(9) Sos (9) S1(9) Sp1 (9)
S'Ite bBoring
cClass ilnvest. 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, Sps and
Sp1 values obtained from the website. The site coefficients were estimated using Equationf
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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 andte 1 g.

2.4. Site Coefficients Fa and Fv SN11726:2019

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 Fy
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

Linear i+nterpolation (SNI) Website Diff. > 0.01 (%)
Site  Total F F Fa F
cClass ddata  MCEg-Ss(g) ~ MCEg-S:(g) Fa Fu

Min.  Max. Min. Max.

05 075 10 03 0.4
SC 34 12 12 12 15 15 1519 121 1478 1519 0 58.82
SD 920 14 12 11 20 1.9 1.949 1167 1879 1949 341 56.82
SE 79 17 13 11 28 2.4 2732 14 2401 2732 13.92 50.63

3. Results and Discussion

The Ssfor 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 MCERr-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 Fy to the
linear regression line model. The minimum and maximum R2 values are 0 and 1 (100%),
respectively. The higher the RZ, the better the linear fitting model difference with thete] Fa
or Fy 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

[ Commented [A1]: Please check this sentence.
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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 R? 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 haveirg 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 spectru
response acceleration results developed using these two methods. The difference in the
accuracy value used for both methods will sometimes—will produce different sitf
coefficients and directly impact the performance of the Sps and Sp1 outputs for all site sojl
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 responsg
acceleration Sps and Sp1 according to the site coefficients values estimated using the two
different methods. Figure 3(d) shows the performance of the Sps 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 performanece-between Sps
in terms of Ss, was observed in this study. According to this figure, there are no significanit
differences in the Sps performance estimated according to the website and straight-linge
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 conducteﬁ
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 MCERr-S1. Using the same procedure as used for Ss, the evaluation wa
performed for the SC, SD and SE site classes. According to the minimum and maximum S|
values estimated using the website, all the S1 values in the study area were distribute

[ Commented [A2]: Or ‘almost identical’.
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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.
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Figure 3 F, distributions in terms of MCEg-Ss values for SC (a), SD (b), SE (c) site classes and
correlation of Sps and MCEg-Ss developed based on linear interpolation and w'ebsite software (d)
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Figure 4 F, distribution maps developed using website software (a) and linear interpolation (b)
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All the Fy values estimated using the website and straight-line interpolation art
almost equal or coincide except for site class SD. Most of the Fy values of the SD site clas

developed using the website are greater than the same Fy values developed using straight-
line interpolation. The R? (R squared) value for this model is far from 1. The Fy 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 perfermance-ofFy and S1 correlation
was observed for site class SE, for both thefer website output and straight-ling
interpolation. The R? 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 thg
SC, SD and SE site classes are greater than 50%.

Figure 5(d) shows the performance of Sp1 design spectrum response acceleration in
terms of MCER-S1 estimated using the same methods as used for Sps calculation. As can b
seen in Figure 5(d), a good correlation performance-between Sp1 in terms of Si; wa
observed in this study. According to this figure, there are no significant differences in th|
Sob1 performance for the SC, SD and SE site classes, estimated according to the website an
straight-line interpolation of SNI 1726:2019 procedures.

ST D

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 equaEl.
The Fv values developed using the website were distributed between 1.4 and 2.
However, the Fv values developed using linear interpolation were distributed between 1.5
and 2.8. The largest Fy values were observed at the northern part of the city.
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Figure 5 F, dBistributions in terms of MCEg-S; values for SC (a), SD (b), SE (c) site classes and
correlation of Sp; and MCEgr-S1 developed based on linear interpolation and w'¥ebsite software (d)

The Sps and Sp1 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 Sps and Sp1 values and the average difference of Sps and Sp1 estimated using the
two methods for the SC, SD and SE site classes. The average difference of Sps and Spi, as
presented in Table 4, is the absolute differences of Sps and Spi. The maximum average
differences (aAve. dbiff.), 0.02 g and 0.015 g, were observed at the SD site class for Sps and
Sp1 spectral design, respectively. However, the average differences of Sps for site classes SC
and SE were less than 0.0044 g, approximately.

1020 1025' 1030’

pirs } =T
‘... o [ oo e . o AR

Semarang City Rairict

Fv Website

Semarang City | District
Tt

Fv Linear

14-15 i
[ B O | g 1.5-2 15-2
et \ = B feiics S 2-25
e g 5
endal " ! 25-2.8 ance { 25-28
- | ey g 75 || s rs
“District © District
Semarang - Semarang
N g & & s 2 o 2 4
2 : e (L R
——t
1oz s e, 1o . o
(@) (b)

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

Table 4 Sps and Sp1 performance for all site classes

Sos (9) So1 (9)
Website Linear Ave.

Site

cClass Website Linear Ave.

Min. Max. Min. Max. 99 mMin  Max. Min. Max, diff.

SC 0.68 0.77 06767 0.7734 0.0067 037 041 0.3653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 051 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 twobeth
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, Sps and Sp1 obtained from the website.
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No significant differences in design spectrum response accelerations Sps and Sp1 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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Reviewer #1.:
No Comments Revision/Changes

1 Introduction: 1. Improvement citation of the references
1. The writing of the reference should were performed on page 1 and 2.
be check Additional citations and references were
also conducted following the ITech
template journal. See improvement
citations on page 3 and 4 and additional

references on page 10.
2. What is the consideration in | 2. This study was performed as part of the

choosing Semarang city?

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 Vszo and Nso
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,
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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 F; and Fy in graphical and
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spatial map formats were carried out in
this study. See Figures 3 to 6 on page 7
to 9.

3. Whatis the rules and consideration | 3. The values that can be obtained from
in using this estimation (Equations the website software are Ss, S1, Sps and
1and 2) Sp1. No F; and Fyvalues can be obtained

from the website. When the Fa and F,

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 (2)
Fa= SMS/SS (2)
Sos = 2/3*Sms (3)
Sws = Sobs/(2/3) (4)

Fa = Sps/(2/3*Ss) (5)
Fv = Sp1/(2/3*S:1) (6)

These two equations (5 and 6) were
conducted for developing F; and F,
based on four values Ss, S1, Sps and Sp1
obtained from the website.

Fa and Fy can also be calculated using F,
and F, tables prepared by SNI
1726:2019. These two values can be
obtained by using Ss and S: obtained
from the website.

4. Lland 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.

4. Does the author considers the
geological problem, such as land
subsidence, structural geology
etc.?
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Methodology:

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

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

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.

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 F, and F,.
These two values (not displayed in the
website) were calculated using four
spectral acceleration MCEg-Ss, MCEg-S1,
Sps and Spi. Based on these four
spectral acceleration values, the site
coefficients Fa and F, 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 F, developed in
the study area, no significance
difference observed at the study area.

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

The R? displayed in Figures 4 and 6 were
readjusted and the decimal number has
changed to maximum 2. The R? can be
displayed using percent (%) or original
value. The maximum R? is 1 or 100%.
The R? 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 F,
and Fy is linear and not horizontal.
These conditions (R*=0) can be
obtained for horizontal or nearly
horizontal line fitting (the dependent
values of linear interpolation are
constant).

According to the F; and F, tables of SNI
1726:2019 and the MCEg-Ss and MCEg-
S1 values calculated at the study area,
the F, values are equal to 1.2 and the F,
values are equal to 1.5. The R?
developed for SC site class are equal to
zero.

See regression line fitting model of F,
and F, for site class SC in Figures 3(a)
and 5(a) on page 7 and 8, respectively.

References:

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

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 F; and F, and design
spectrum response acceleration MCEg-
Ss and MCEgr-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 F, 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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1726:2019 is better compared to same
values developed using Ss, S1, Sps and Sp1
obtained from the website

The aim of this study is to evaluate or to
check that the Sps and Sp1 obtained from
the website were calculated following
the SNI 1726:2019 procedure. This
paper describes the verification results
of the Ss, S1, Spbs and Sp1 developed using
website analysis in calculating F; and Fy
values and compared it with the SNI
1726:2019 results calculation. Two
MCEg-Ss and MCEg-S1 developed from
the website were conducted as the basic
values used for F, and F, calculation of
SNI 1726:2019. See  additional
information related with the objective of
this study on page 2.

2. The differences discussed are not | 2. The differences of F; and Fy or Sps and Sp1

clear whether there are actual values discussed in the manuscript
fundamental differences or just conducted using linear interpolation and
value rounding / or algorithm the website are real, although the
issues. differences are small enough. Especially

when the MCEg-Ss, MCER-S1, Sps and Sp1
obtained from the website were used
for F5 and Fy calculation. The calculation
results developed using the website
slightly different to the results calculated
based on the SNI 1726:2019 F, and F,
tables. The differences performance of
Fa and Fy calculated using these two
methods could be due to the maximum
decimal number (2 number after
decimal sign, compared to 4 number of
MCEg-Ss and MCEg-S1 output of the
website) of Sps and Sp1. Although the Sps
and Spi calculated using these two
methods are almost equal. When two
site coefficients or site amplification are
required for other study, the F, and F,
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 F, calculation and
distribution at the study area, although
the differences are small enough.

An example comparative performance
of the F, 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 F, calculations not
presented in the manuscript).
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class calculated using SAS software.
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1.96
1.95 t \ T
Lo4 s |y =-1.1937x + 2.3767
A R%=0.37
1.93 — % !
o Loz | . r |

= o
1.91 b} -
19 A Y
1.89 4 Linear \
) . v=-x+23
* Website 2
1.88 | R*=1 -
1.87
0.35 0.36 0.37 0.38 0.39 0.4 0.41

MCEg-5, (g)

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 MCEg-S: greater than 0.4
g was observed when the calculation at
the study area was performed using the
website.

3. The authors need to clarify this so | 3. The context of these article is clear and
that the context and the give a clear contribution to the reader
contribution of this article are clear. when the F; and Fy 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. Equation 4 needs to revise sothatit | 4. Improvement of equation 4 was carried
would be the same as that in SNI out in the paper. See improvement
1726:2019. equation 4 on page 3.

1. No SF analysis results and investigation

2 | Methodology:
gy data were discussed in this study. Only

1. Are there any locations with site site class SC, SD and SE were discussed in
class SF? This particularly of this paper. All site classes SC, SD and SE
interest because northern were developed based on N-SPT data. All
Semarang areas are well known for Fa and Fy calculations using the website
very deep soft clays deposits. or SNI procedures were calculated based

on the average N-SPT data (N3p). 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.

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

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.

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.

. 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.

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 F; and Fy calculations
was performed based on N3g 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)

Regression analysis of F; and F, using
linear interpolation are importantin term
of website performance evaluation. The
basic requirement of F; and F, 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 F, and F, 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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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 F, values calculated
at 34 boring positions using linear
interpolation are constant and equal to
1.2 and the F, values are also constant
and equal to 1.5. The R? calculated for F,
and Fy are equal to zero. The same F; and
Fv calculated using the website are nearly
constant and the R? value obtained from
the website are close to zero.

Based on the F, and F, calculations
conducted at 203 boring positions at the
study area. When the F, and F, 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 F; and F, table of SNI
1726:2019. The information required
from the website are the MCEg-Ss and
MCERg-S1.

4 | References:

1. No comments.

Additional Information to Journal Editor:

No Comments

Revision/Changes

1

See improvement of paragraph on page
2 and 3 related with the improvement
and additional references. See
improvement references on page 10.
Changes to several paragraphs have
been made to meet the requirement for
the maximum pages for each paper.
Improvement of figures and tables were
also carried out to meet the
requirement of reviewer’s comments.

The authors appreciate the valuable comments from the Reviewers.




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
Indonesian 2019 Website Response Spectra

1*

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 (MCEg) Ss (short period) and S:
(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 F, 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 S; 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 F, and F, 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; MCEg; 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 Si (long periods) (Luco et al, 2007; Allen et al.,, 2015;
Sengara et al,, 2020), and two spectral designs, Sps and Spi, are four important values
calculated by the website facility software. No information related to site coefficients Fa
and Fy 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 Sps, Ss, Sp1 and S1 values were obtained from the website.

SDS

F= (1
235S
S

F=p 2 @
238,

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. Mis and Mzs represent two
boundary MCERr values close to Mw. F1s and Fzs represent two site coefficients for Mw=Mis
and Mw=Mozs, respectively. Mis, Mzs, Fis and Fzs are four values obtained from the SNI
1726:2019 tables. Fa and Fv are estimated separately using Equation 3.

F,,—F
F=|—22"15 \(M, —M,)+F 3
[MB_MH} w M)+ Fi 3)

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 N3o 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 (N3o) 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 N3o
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 N3o
was estimated using Equation 4, where “di” and “Ni” represent the thickness and N-SPT

“w:zn

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 (Vs3o) (Naji et al., 2020). The Vs3o 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 Vs3o
value used, the greater the predominant frequency obtained from wavelet analysis of
ground motion. The investigation of Vs3o and predominant frequency correlation was also
conducted by Pramono et al. (2017) at the Palu area.

Fis F
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|
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Figure 1 Straight-line interpolation for F. and F, calculations
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2. Methods

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

e Site class interpretation,

e MCER (Ss and S1) and design spectrum response acceleration calculations using the
website

e Site coefficient calculation based on the website output

e Site coefficient calculation based on SNI 1726:2019 tables and procedures

e 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 N3o data and no geological data used for developing this map. According to the N3o
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
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SE <15
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Figure 2 Boring investigations and N3¢ 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 MCERr-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 MCERr-Ss,

MCER-S1, Sps and Sp1 for the three different site classes developed using the website.

Table 2 Ss, S1, Sps and Sp1 distribution obtained from the website

Site  Total  MCEr-Ss(g) Sos (9) MCEr-S1(9) So1 (9)

class  data 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 09274 0.64 0.71 0.3185 0.3936 0.58 0.63

2.3. Site Coefficients Fa and Fy Website

Site coefficient Fa and Fv calculations were performed according to the MCER-Ss,
MCERr-S1, Sps and Spi 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
0.75and 1 g.

2.4. Site Coefficients Faand Fv SNI11726:2019

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 MCERr-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 Fy values used for straight-line interpolation calculations. The Fa
and Fyminimum and maximum boundary values displayed in Table 3 were obtained from
SNI1726:20109.

Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables

Linear Interpolation (SNI) Website Diff. > 0.01 (%)
Site  Total Fa Fv Fa Fv
class  data  MCEg-Ss(g) MCEr-S: (g) Fa Fy

Min. Max. Min. Max.

05 075 1.0 0.3 0.4
SC 34 12 12 12 15 15 119 121 1478 1519 0 58.82
SD 90 14 12 11 20 1.9 1.112 1.167 1879 1949 341 56.82
SE 79 17 13 11 28 2.4 1148 14 2401 2.732 1392 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 MCERr-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 MCERr-Ss values. The
R? (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 Fy to the
linear regression line model. The minimum and maximum R? values are 0 and 1 (100%),
respectively. The higher the R?, 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 R? 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 2rd 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 Sps and Sp1 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 Sps and Sp1 according to the site coefficients values estimated using the two
different methods. Figure 3(d) shows the performance of the Sps design spectrum
response acceleration in terms of MCERr-Ss developed from the website and straight-line
interpolation. As can be seen in Figure 3(d), a good correlation between Sps in terms of
MCER-Ss, was observed in this study. According to this figure there are no significant
differences in the Sps 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 MCERr-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 Fy
for the SC, SD and SE site soil classes, respectively.
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Figure 3 F, distributions in terms of MCERr-Ss values for SC (a), SD (b), SE (c) site classes and
correlation of Sps and MCER-Ss developed based on linear interpolation and website software (d)
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Figure 4 F, 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 Fy values
developed using straight-line interpolation. The R? (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 MCERr-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 Fyv 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 Sp1 design spectrum response acceleration in
terms of MCER-S1 estimated using the same methods as used for Sps calculation. As can be
seen in Figure 5(d), a good correlation between Spi in terms of S1 was observed in this
study. According to this figure, there are no significant differences in the Sp1 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 Fy distribution maps. The Fy
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 F, distributions in terms of MCEgr-S; values for SC (a), SD (b), SE (c) site classes and
correlation of Sp; and MCEgr-S1 developed based on linear interpolation and website software (d)

The Sps and Sp1 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 Sps and Sp1 values and the average difference of Sps and Sp1 estimated using the
two methods for the SC, SD and SE site classes. The average difference of Sps and Spi, as
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presented in Table 4, is the absolute differences of Sps and Spi. The maximum average
difference (Ave. diff.), 0.02 g and 0.015 g, were observed at the SD site class for Sps and Sp1
spectral design, respectively. However, the average differences of Sps for site classes SC
and SE were less than 0.0044 g, approximately.
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Figure 6 F, distribution maps developed using website software (a) and linear interpolation (b)

Table 4 Sps and Sp1 performance for all site classes

Sos (9) Sp1 (9)
j:fs Website Linear Ave. Website Linear Ave.
Min. Max. Min. Max. 9iff Min. Max. Min.  Max.  diff
SC 0.68 0.77 0.6767 0.7734 0.0067 0.37 041 0.3653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 051 0.4599 0.4946 0.0153
SE 064 071 0.6433 0.706 0.0073 058 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 Fy 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 Fy for site class SC was less
than 0.02. When the F. 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, MCERr-S1, Sps and Sp1 obtained from the website.

No significant differences in design spectrum response accelerations Sps and Sp1 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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Table 1 Site classification

Site Class Na3o
SC >50
SD 15-50
SE <15
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2.2. MCER and Design Speetrun-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 MCERr-Ss and

MCER-S: distributions were also observed in the study area. Table 2 shows the total Lbe#mg
reestoationsdata lfor each site class as well as the distribution of the \mlmmum and
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maximum NCER Ss, MCER-S1, Sps, and Sp1 for the three different site classes developed
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using the website.

Table 2 Ss, S1, Sos, and Sp1 spectral acceleration Wistribution values,_obtained from the

website

Site Total _ MCEr-Ss(9) Sos (9) MCEr-S1(g) So1 (9) <
Class  Data  Mijn, 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 0.63 071 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. &E&é@eﬁﬁe@eﬂé&FGﬂnd—FrWebsite\-calculated Fa and Fv values <

Fa and Fy site coefficient calculations were performed according to the MCERr-Ss, MCERr-
S1, Sps, and Sp1 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. According to the boundary values of Fa
and Fv described in the SNI 1726:2019 tablesL the minimum and maximum Fa values
developed in the study area were divided [into two different boundary values. % few MCERg-

( )
( )
( )
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Ss values were lower than 0.75 g; however, most of the MCEg-Ss values were between 0.75
and 1g.

2.4. Site Coefficients Fa and F, SNI 1726:2019 «
Straight-line interpolation was also performed for Fa and Fv calculation using
Equation 3 and the F. and Fy tables data-provided by SNI 1726:2019. According to the

MCER-Ss and MCEg-S1 values obtained from the website, the minimum and maximum
boundaries Kor 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 Fy sinimun—and maximum—boundary values
displayed in Table 3 Mere obtained from SNI 1726:2019.

Table 3 Fa and Fv distribution developed using the website and SNI 1726:2019 tables

Linear Interpolation (SNI) Website Diff. > 0.01 (%)
Site  Total Fa F Fa F
Class Data  MCEg-Ss(g)  MCEr-S: (g) Fa Fv

Min.  Max. Min. Max.

05 075 10 03 0.4
SC 34 12 12 12 15 15 119 121 1478 1519 0 58.82
SD 90 14 12 11 20 1.9 1.112 1167 1.879 1949 341 56.82
SE 79 17 13 11 28 2.4 1148 14 2401 2732 13.92 50.63
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<

3. Results and Discussion J<

The MCER-Ssvalues for the SC site class (Table 2) [rangel from 0.8459 to 0.9668
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 -

[ Formatted: Space After: 0 pt ]
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“range” for clarity; however, check to ensure this still fits your
intended meaning.
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data acquisition. Il"he R2 (coefficient of determination) value for site class SC is close to (,
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the Fa values obtained from the study area are close to 1.1: As shown in Table 3, the F
values range between 1.112 and 1.167, The total percent of data with a minimun
difference of 0.01 is-are_3.41%. Figure 3b shows the distribution of the Fa values for sit
class SD in terms of the MCEr-Ss values. As can be seen in Figure 3b, the R? value obtaine
from the regression analysis is 0.7858, —eqr less than 1. The straight-line interpolatiop
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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 clasp
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
lfirst Fa boundary values (6 data) were distributed between 1.4 and 1.323; however, th
second Fa (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3
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
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Fa and Fv [are the two site coefficients used for develepingcalculating surface spectre{k
acceleration and design speetrum-response spectral acceleration. II‘ he [performance lof the
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(straight line interpolation and using website facility) [can be neglected or avoided, since

there was no significant difference in the design speetrum-response spectral acceleration
results between these two methods. |The difference in the accuracy value used for both‘
Jmethods Mill sometimes h)roduce different site coefficients and directly impact the

Commented [.102]: Do you mean this difference is ‘negligible’?
Review this phrasing accordingly throughout.

Formatted: Font: Cambria, 12 pt

performance of the Sps and Spb1 outputs for all site soil classes.

___To verify the performance of the Fa and Fv values estimated using these two methods,*
design speetrum—rresponse, spectral acceleration calculation was also conducted in this
study. [The purpose of this analysis was to verify the performance of the design speetrum
response spectral acceleration Sps and Spi1 values according to the site coefficient values

estimated-calculated using the two different methods.LFigure 3d shows the performance of

the Sps design speetrum-response spectral acceleration in terms of MCEr-Ss developed

from the website and straight-line interpolation. As can be seen in Figure 3d, a %eedl
strong correlation between Sps in terms OflMCER-SSMaS observed in this study. According

to this figure, there are no significant differences in the Sps 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 fdr long-period MCERr-S1 spectral
accelerationl Using the same procedure as that used for MCEr-Ss, the evaluation was
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performed for the SC, SD, and SE site classes. Based on the minimum and maximum MCEg-
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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Figure 3 F, distributions in terms of MCEg-Ss values for SC (a), SD (b), and SE (c) site classes an
the correlation of Sps and MCEg-Ss from the linear interpolation and website software (d)
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Figure 4 F, distribution maps developed using website software (a) and linear interpolation (b)

All the Fv values estimated using the website and straight-line interpolation werge
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 R? value for this model was far from 1.
The Fy values for site class SD from the website calculation were far from the linear model

described by SNI 1726:2019. The R? for site class SC was not available (close t

A
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Fv and MCERr-S1 correlation was observed for site class SE (see Figure 5c) for the website
output and straight-line interpolation methods. The R? 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 datp
with a minimum difference of 0.01 for the SC, SD, and SE site classes is greater than 50%.

__ Figure 5d shows the Sp1 design speetrum-response spectral acceleration performance
in terms of MCERr-S1 values estimated using the same methods as used in the Sps
calculation. As can be seen in Figure 5d, a good correlation between Sp1 [in terms of MCEg-
S1 Mas observed in this study. Also, according to this figure, there are no significant
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Figure 5 F, distributions in terms of MCEg-S; values for SC (a), SD (b), SE (c) site classes and the
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(a) I () «

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

Table 4 Sps and Sp1, performance for all site classes ‘

Sps (9) So1 (9)
Website Linear Ave. Website Linear Ave.

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

SC 0.68 0.77 0.6767 0.7734 0.0067 037 041 03653 0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 0.46 051 04599 0.4946 0.0153
SE 0.64 0.71 0.6433 0.706 0.0073 058 0.63 0.5788 0.6315 0.0027

Site
Class

4. Conclusions

—Evaluations of site coefficients estimated using the website and straight-lin{r
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 Fy, 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 Fy for site class
SC was less than 0.0Z.Mhen calculating Fa and Fv site coefficients, the linear interpolation
[method from SNI 1726:2019 is better compared to the calculated using MCERr-Ss, MCERr-S1,
Sps, and Spi1 values obtained from the website.l
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No significant differences in the design speetrum-response spectral acceleration Sps-

and Spi values were found for any of the site classes. The largest design speetrum
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 |d1fferences| 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

* Corresponding author’s email: windupartono@lecturer.undip.ac.id, Tel.: +00-00-000000, Fax.: +00-00-
000000
doi: 10.14716/ijtech.v13i1.4132
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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, MCERr-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, Sps and Spi, are four important values calculated by the website facility
software. However, no information related to site coefficients Fa for short and Fy for long
periods can be obtained from the new website. Thus, these values can be calculated using
Equation 1 and Equation 2. All Sps, Ss (MCERr-Ss), Sp1, and S1 (MCERr-S1) values can be
obtained from the website.

F, =

SDS
(1)

%Ss
F, =2‘Q’¢ (2)

%S,

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 MCERr value obtained from the website, respectively; Mis and Mazs
represent two boundary MCEr values close to Mw; F1s and Fzs represent the site coefficients

for M1s and Mzs, respectively; and Mis, Mzs, F1s, and Fzs are the four values obtained from the
SNI1726:2019 tables. Fa and Fv are estimated separately using Equation 3.

F,—F
F=|—22"15 |(M, —My)+F 3
[MZS—MlSJ( W 15) 1S ()

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
ata 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 (N3o) 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 N3o distribution within the study
area. Figure 2b shows the distribution of the site soil classes developed based on the N3o
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 N3o 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 (Vs3o0) (Naji et al., 2020). The Vs3o0 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 Vs3o value used, the greater the predominant frequency obtained from the wavelet
analysis of the ground motion. Additionally, development of Vs3o and predominant
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area.

Fis — F
____'_________ ‘
| Fas
|
M 15 ‘ .\'[15
My

Figure 1 Straight-line interpolation for F, and F, calculations

Ny = 15— (4)

2. Methods

The evaluation of the site coefficients from the study area was conducted following five
basic steps:
e Site class interpretation;
e MCERr (Ss and S1) and design response spectral acceleration calculation using the
website;
e Site coefficient calculation based on the website output;
e Site coefficient calculation based on SNI 1726:2019 tables and procedures;
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e 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 N3o 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 etal., 2021).

Table 1 Site classification

Site Class N30
SC >50
SD 15-50
SE <15
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Figure 2 (a) Boring investigation and Nio; 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 MCERr-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 MCERr-Ss, MCEr-S1, Sos,
and Sp1 for the three different site classes developed using the website.

Table 2 Ss, S1, Sps, and Sp1 spectral acceleration values obtained from the website

Site  Total MCER-Ss(g) Sos (g) MCER-S1 (g) Sp1 (g8)

Class Data 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 MCERr-Ss, MCER-
S1, Sps, and Sp1 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 Fy
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 MCERr-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 Faand Fy SNI11726:2019

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 MCERr-Ss and MCEg-
S1values 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

Linear Interpolation (SNI) Website Diff. > 0.01 (%)
Site  Total Fa Ev Fa Fyv
Class Data MCERr-Ss(g) MCERr-S1 (g) Fa Fy

05 075 10 03 04 Min. Max. Min. Max.

SC 34 1.2 12 12 15 1.5 1.19 1.21 1478 1.519 0 58.82
SD 90 14 12 11 20 19 1.112 1167 1.879 1.949 341 56.82
SE 79 1.7 13 11 2.8 2.4 1.148 1.4 2401 2732 1392 50.63

3. Results and Discussion

The MCERr-Ssvalues 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 MCERr-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 R? (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 MCERr-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 Fy to the linear regression line model. The
minimum and maximum R? values are 0 and 1 (100%), respectively. The higher the R?, the
better the linear fitting model difference for the Fa or Fy data distribution.

The distribution of the MCERr-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 MCERr-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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Figure 3 F, distributions in terms of MCEg-Ss values for: (a) SC; (b) SD; and (c) SE site classes; and
(d) the correlation of Sps and MCEg-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 SNI11726:2019, 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 MCERr-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 Sps and Sp1 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 Sps and Sp1 values according to the site coefficient values calculated using the
two different methods. Figure 3d shows the performance of the Sps 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 Sps in terms of
MCERr-Ss was observed in this study. According to this figure, there are no significant
differences in the Sps 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.
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Figure 4 F, distribution maps developed using: (a) website software; and (b) linear interpolation

Site coefficient evaluation was also conducted for long-period MCERr-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-
S1values 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 MCERr-S1 value greater than 0.4
g. Figures 53, b, and c show the distribution of the site coefficient Fyv 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 Fy
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 R? for site class SC was not available (close to 0), because the Fyv and
MCER-S1 correlations were nearly constant or almost equal. A good Fyv and MCER-S:
correlation was observed for site class SE (see Figure 5c) for the website output and
straight-line interpolation methods. The RZ 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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Figure 5 F, distributions in terms of MCERr-S; values for: (a) SC; (b) SD; (c) SE site classes; and (d) the
correlation of Sp1 and MCEg-S1 developed based on linear interpolation and website software

Figure 5d shows the Sp1 design response spectral acceleration performance in terms of
MCER-S1 values estimated using the same methods as used in the Sps calculation. As can be
seen in Figure 5d, a good correlation between Sp1 in terms of MCERr-S1 was observed in this
study. Also, according to this figure, there are no significant differences in the Spi
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 Fy distribution maps, which are almost equal. The Fy
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 Sps and Sp1 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 Sps and Sp1 values and the average difference in the Sps and Sp1 values between
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average
difference of Sps and Spi1 is the absolute values of Sps and Spi. The maximum average
difference (ave. diff.) for Sps and Sp1, 0.0224 g and 0.0153 g, respectively, were observed in
the SD site class. However, the average differences in Sps and Sp1 for site classes SC and SE
were less than 0.0073 g and 0.0044 g, respectively.

Table 4 Sps and Sp1 performance for all site classes

Sps (g) So1 (g)
Website Linear Ave. Website Linear Ave.
Min. Max. Min. Max. diff. Min.  Max. Min. Max. diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 037 041 0.3653  0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 046 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

Site
Class
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Figure 6 F, 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 Fy for site class SC was
less than 0.02. When calculating Fa and Fy site coefficients, the linear interpolation method
from SNI 1726:2019 is better compared to the calculated using MCERr-Ss, MCERr-S1, Sps, and
Sp1 values obtained from the website.

No significant differences in the design response spectral acceleration Sps and Sp1
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.

Acknowledgements

This study was funded by the Directorate Research and Community Service, Deputy of
Research Empowerment and Development, Ministry of Research and Technology/National
Research Council and Innovation, through its 2021 research grant. The authors also
appreciate the Centre for Housing and Settlement Research and Development for
supporting data and information collection during the development of this study.

References

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

ASCE/SEl7-16.,2017. Minimum Design Loads and Associated Criteria for Buildings and Other
Structures. American Society of Civil Engineers (ASCE)

Luco, N., Ellingwood, B.R., Hamburger, R.0., Hooper, ].D., Kimball, ]J.K.,, 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, Ontario, Canada,



176 Site Coefficient and Design Spectral Acceleration Evaluation of
New Indonesian 2019 Website Response Spectra

October, pp. 2-6

Naji, D.M., Akin, M.K,, Kabalar, A.F., 2020. A Comparative Study on the Vs3o and N30 Based
Seismic Site Classification in Kahramanmaras Turkey. Advances in Civil Engineering,
Volume 2020, pp. 1-15

Partono, W., Asrurifak, M., Tonnizam, E., Kistiani, F., Sari, U.C., Putra, K.C.A., 2021. Site Soil
Classification Interpretation based on Standard Penetration Test and Shear Wave
Velocity Data. Journal of Engineering and Technological Sciences, Volume 53(2), pp.
272-284

Partono, W., Irsyam, M., Sengara, L.W., Asrurifak, M., 2019. Seismic Microzonation of
Semarang, Indonesia, based on Probabilistic and Deterministic Combination Analysis.
International Journal of Geomate, Volume 16(57), pp. 176-182

Prakoso, W.A., Rahayu, A., Sadisun, [.LA.,, Muntohar, A.S., Muzli, M., Rudyanto, A., 2017.
Comparing Shear-Wave Velocity Determined by MASW with Borehole Measurement at
Merapi Sediment in Yogyakarta. International Journal of Technology, Volume 8(6), pp.
993-1000

Pramono, S., Prakoso, W.A., Cummins, P., Rahayu, A., Rudyanto, A., Syukur, F., Sofian., 2017.
Investigation of Subsurface Characteristics by using a VS30 Parameter and a
Combination of the HVSR and SPAC Method for Microtremors Arrays. International
Journal of Technology, Volume 8(6), pp. 983-992

Pramono, S., Prakoso, W.A,, Rohadji, S., Karnawati, D., Permana, D., Prayitno, B.S., Rudyanto,
A, Sadly, M., Sakti, A.P., Octantyo, A.Y., 2020. Investigation of Ground Motion and Local
Site Characteristics of the 2018 Lombok Earthquake Sequence. International Journal of
Technology, Volume 11(4), pp. 743-753

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

SNI 1726:2019., 2019. Seismic Resistance Design Codes for Building and Other Structures.
National Standardization Agency of Indonesia

Stewart, J.A. Seyhan, E. 2013. Semi-Empirical Nonlinear Site Amplification and Its
Application in NEHRP Site Factors, PEER Report 2013 /13, November

Syaifuddin, F.,, Widodo, A, Warnana, D.D. 2020. Surabaya Earthquake Hazard Soil
Assessment. In: E3S Web of Conferences 156, 02001 4th ICEEDM 2019 Conference,
Padang, Sept. 26-27


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

¥« INTERNATIONAL JOURNAL OF TECHNOLOGY

ISSN: 2086-9614

eC

Copyright and Authorship Form

MANUSCRIPT SUBMISSION APPROVAL AND COPYRIGHT TRANSFER
(Type or print the following information)

Title L e e e e e e e e e e e e e e e e e e e e e e e e e

AUTNIOT () & oot et et e e e e e e s

Transfer of Copyright

In the event that this article is accepted for publication in the International Journal of
Technology (IJTech), the Author(s) hereby transfers to 1JTech all copyrights and certifies
that he/she is authorized to do so.

The copyright transfer covers the exclusive right to reproduce and distribute the article,
including reprints, translations, photographic reproductions, microform, electronic form
(offline, online) or any other reproductions of similar nature. Author certifies that the
manuscript has been read and approved for submission.

Statement of Authorship

The undersigned authors hereby confirm that the manuscript and this submission form
identifies all co-authors who have substantially contributed to the concept, data collection
and analysis or preparation of the manuscripts and therefore who may have intellectual
property claims to the content. All authors have read and approved the manuscript and are
prepared to take public responsibility for the work. In addition, all authors have declared all
sources of funding for the work reported in their manuscript and reported all potential
conflict of interest. The authors attest that those individuals or organizations mentioned in
the Acknowledgements are aware that their names appear in the manuscript.

I certify that | have the authority to sign for those authors whose name(s) do not appear
on this form:

Senior Author signature and
date:

Type or print name:




[IJTech-CVE-4132] Final Proof reading & Copyright form
Bl4n

Windu Partono
Fri 1/7/2022 1:29 AM

To:
e [JTech <ijtech@eng.ui.ac.id>

Copyright Form - [JTech.pdf
149 KB

CVE-4132 - 167-176 Site Coefficient and Design Spectral..(Partono et al.).docx

892 KB

BShow all 2 attachments (1 MB)Save all to OneDrive - Universitas DiponegoroDownload all
To:

Secretariat,

International Journal of Technology (1JTech),

Faculty of Engineering, Universitas Indonesia.

Thank you very much for accepting my paper to be published in IJTech next Volume 13 issue
1, January 2022. | do appreciate for the final layout and editing of my manuscript. Improvement
of abbreviation “MCER” in abstract was performed and changed to “MCERr”. | do apologize
for inconvenient improvement of the final setting of abstract. Please find the final revision of
my manuscript #1D CVE-4132 and the Copyright Form. Thank you for your kind attention.

Best regards,
Windu Partono

Engineering Faculty

Diponegoro University

Semarang, Indonesia
windupartono@Iecturer.undip.ac.id



mailto:windupartono@lecturer.undip.ac.id

International Journal of Technology 13(1) 167-176 (2022)
Received June 2020 / Revised August 2021 / Accepted August 2021

International Journal of Technology

http://ijtech.eng.ui.ac.id

Site Coefficient and Design Spectral Acceleration Evaluation of New
Indonesian 2019 Website Response Spectra

Windu Partonol*, Masyhur Irsyam?, Ramli Nazir3, Muhammad Asrurifak#, Undayani Cita
Sari?

1Civil Engineering Department, Engineering Faculty, Diponegoro University, Semarang 50275, Indonesia

2Civil Engineering Department, Faculty of Civil and Environmental Engineering, Bandung Institute of
Technology, Bandung 40132, Indonesia

3Centre for Tropical Geoengineering, School of Civil Engineering, Faculty of Engineering, Universiti
Teknologi Malaysia, 81300 Skudai, Johor, Malaysia

4Faculty of Civil Engineering and Planning, Institut Sains dan Teknologi Nasional, Jakarta 12630, Indonesia

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 (MCEgr-Ss for short and MCEr-S: 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 MCEg-Ss and Fv for MCEg-S; 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
MCERr-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; MCEg; N-SPT; Site coefficient; Straight-line
interpolation

1. Introduction

The new National Seismic Code of Indonesia (SNI 1726:2019, 2019) was announced in

*Corresponding author’s email: windupartono@lecturer.undip.ac.id, Tel.: +62-024-7474770, Fax.: +62-024-
7460060
doi: 10.14716/ijtech.v13i1.4132
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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, MCERr-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, Sps and Spi, are four important values calculated by the website facility
software. However, no information related to site coefficients Fa for short and Fy for long
periods can be obtained from the new website. Thus, these values can be calculated using
Equation 1 and Equation 2. All Sps, Ss (MCERr-Ss), Sp1, and S1 (MCERr-S1) values can be
obtained from the website.

F,=

(1)

Sos
%5;
Spy
%S,

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 Fy 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 MCERr value obtained from the website, respectively; Mis and Mas
represent two boundary MCER values close to Mw; Fis and Fzs represent the site coefficients
for M1s and Mzs, respectively; and Mis, Mzs, F1s, and Fzs are the four values obtained from the
SNI 1726:2019 tables. Fa and Fy are estimated separately using Equation 3.

F,= (2)

Fps —F
F=| 235 (M, -M;)+F 3
[Mzs—MlsJ( w = Mig) + Fg (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
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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
ata 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 (N3o) 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 N3o distribution within the study
area. Figure 2b shows the distribution of the site soil classes developed based on the N3o
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 N3o 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 (Vs3o0) (Naji et al., 2020). The Vs3o0 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 Vs3o value used, the greater the predominant frequency obtained from the wavelet
analysis of the ground motion. Additionally, development of Vs3o and predominant
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area.
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|
M 15 ‘ .\'[15
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Figure 1 Straight-line interpolation for F, and F, calculations

Nso =15 _ (4)

2. Methods

The evaluation of the site coefficients from the study area was conducted following five
basic steps:
e Site class interpretation;
e MCERr (Ss and S1) and design response spectral acceleration calculation using the
website;
e Site coefficient calculation based on the website output;
e Site coefficient calculation based on SNI 1726:2019 tables and procedures;
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e 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 N3o 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 etal., 2021).

Table 1 Site classification

Site Class N30
SC >50
SD 15-50
SE <15
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Figure 2 (a) Boring investigation and Nio; 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 MCERr-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 MCERr-Ss, MCEr-S1, Sos,
and Sp1 for the three different site classes developed using the website.

Table 2 Ss, S1, Sps, and Sp1 spectral acceleration values obtained from the website

Site  Total MCER-Ss(g) Sos (g) MCER-S1 (g) Sp1 (g8)

Class Data 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 MCERr-Ss, MCER-
S1, Sps, and Sp1 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 Fy
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 MCERr-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 Faand Fy SNI11726:2019

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 MCERr-Ss and MCEg-
S1values 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

Linear Interpolation (SNI) Website Diff. > 0.01 (%)
Site  Total Fa Ev Fa Fyv
Class Data MCERr-Ss(g) MCERr-S1 (g) Fa Fy

05 075 10 03 04 Min. Max. Min. Max.

SC 34 1.2 12 12 15 1.5 1.19 1.21 1478 1.519 0 58.82
SD 90 14 12 11 20 19 1.112 1167 1.879 1.949 341 56.82
SE 79 1.7 13 11 2.8 2.4 1.148 1.4 2401 2732 1392 50.63

3. Results and Discussion

The MCERr-Ssvalues 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 MCERr-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 R? (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 MCERr-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 Fy to the linear regression line model. The
minimum and maximum R? values are 0 and 1 (100%), respectively. The higher the R?, the
better the linear fitting model difference for the Fa or Fy data distribution.

The distribution of the MCERr-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 MCERr-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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Figure 3 F, distributions in terms of MCEg-Ss values for: (a) SC; (b) SD; and (c) SE site classes; and
(d) the correlation of Sps and MCEg-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 SNI11726:2019, 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 MCERr-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 Sps and Sp1 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 Sps and Sp1 values according to the site coefficient values calculated using the
two different methods. Figure 3d shows the performance of the Sps 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 Sps in terms of
MCERr-Ss was observed in this study. According to this figure, there are no significant
differences in the Sps 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.
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Figure 4 F, distribution maps developed using: (a) website software; and (b) linear interpolation

Site coefficient evaluation was also conducted for long-period MCERr-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-
S1values 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 MCERr-S1 value greater than 0.4
g. Figures 53, b, and c show the distribution of the site coefficient Fyv 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 Fy
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 R? for site class SC was not available (close to 0), because the Fyv and
MCER-S1 correlations were nearly constant or almost equal. A good Fyv and MCER-S:
correlation was observed for site class SE (see Figure 5c) for the website output and
straight-line interpolation methods. The RZ 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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Figure 5 F, distributions in terms of MCERr-S; values for: (a) SC; (b) SD; (c) SE site classes; and (d) the
correlation of Sp1 and MCEg-S1 developed based on linear interpolation and website software

Figure 5d shows the Sp1 design response spectral acceleration performance in terms of
MCER-S1 values estimated using the same methods as used in the Sps calculation. As can be
seen in Figure 5d, a good correlation between Sp1 in terms of MCERr-S1 was observed in this
study. Also, according to this figure, there are no significant differences in the Spi
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 Fy distribution maps, which are almost equal. The Fy
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 Sps and Sp1 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 Sps and Sp1 values and the average difference in the Sps and Sp1 values between
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average
difference of Sps and Spi1 is the absolute values of Sps and Spi. The maximum average
difference (ave. diff.) for Sps and Sp1, 0.0224 g and 0.0153 g, respectively, were observed in
the SD site class. However, the average differences in Sps and Sp1 for site classes SC and SE
were less than 0.0073 g and 0.0044 g, respectively.

Table 4 Sps and Sp1 performance for all site classes

Sps (g) So1 (g)
Website Linear Ave. Website Linear Ave.
Min. Max. Min. Max. diff. Min.  Max. Min. Max. diff.

SC 0.68 0.77 0.6767 0.7734 0.0067 037 041 0.3653  0.4097 0.0044
SD 0.63 0.71 0.6349 0.6925 0.0224 046 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

Site
Class
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Figure 6 F, 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 Fy for site class SC was
less than 0.02. When calculating Fa and Fy site coefficients, the linear interpolation method
from SNI 1726:2019 is better compared to the calculated using MCERr-Ss, MCERr-S1, Sps, and
Sp1 values obtained from the website.

No significant differences in the design response spectral acceleration Sps and Sp1
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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Demographic Classification n (%)

Main business activity Auntomobile, auto parts 19 15.20
Food, beverages, tobacco 13 10.40

Plastic, rubber products 11 g.80

More than one main product 9 7.20

Chemicals, chemical preducts & 4.80

Iron, steel & 4.80

Other electronics and components & 4.80

Metal products 5 4.00

Machinery, equipment, tools 5 4.00

Non-ferrous metals 4 3.20

Textiles 3 2.40

Other non-metallic mineral products 2 1.50

Other manufacturing 38 28.80

Company size Large (z 200 employees) 55 44.00
Medium [50-199 employees) 35 28.00

Small [= 50 employees) 35 28.00

Gender of CEO Male 117 93.60
Female 8 6.40

Mationality of CEO Thai Q& T6.80
Foreign 29 23.20
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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 (MCEex-Ss for short and MCE:-S, 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 MCEx-Ss and Fv for MCEx-S, 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 MCEx-Ss or
MCE:-S, 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 (MCEg) acceleration, MCEx-Ss for
short and MCE-S, for long periods, (Luco et al., 2007; Allen et al., 2015; Sengara et al., 2020), and
two design response spectral acceleration, Sys and Sy, are four important values calculated by the
website facility software. However, no information related to site coefficients Fa for short and F, for
long periods can be obtained from the new website. Thus, these values can be calculated using
Equation 1 and Equation 2. All Sy, Ss (MCE&-Ss), Sw, and S; (MCEx-S,) values can be obtained
from the website.

F = Sps
2 A S,
1)
S
F=2n_
%5,
(2

To verify the F,and F, site coefficients estimated using Equations 1 and 2, straight-line
interpolation can be conducted using the Ssand S, website calculations and applying site
coefficient (F. and F,) table data provided by SNI11726:2019. F, and F, are then estimated following
the procedure described by SNI 1726:2019. Equation 3 shows a simple formula for F, and F, site
coefficients calculation. Figure 1 shows a diagram of the straight-line interpolation of the F, and
F, calculation. F and M, represent the site coefficient to be estimated and the MCE value obtained
from the website, respectively; M;s and M,s represent two boundary MCERr values close to My;
F.s and F,s represent the site coefficients for M;s and M,s, respectively; and M;s, M,s, Fis, and F,s are
the four values obtained from the SNI 1726:2019 tables. F, and F, are estimated separately using
Equation 3.

F=[ Fys — By

M, —MB](

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 (Ns) 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 N, distribution within
the study area. Figure 2b shows the distribution of the site soil classes developed based on the
N;, 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 N;, value was estimated using



Equation 4, where d and N;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 (Vss) (Naji et al., 2020). The Vs value can be calculated using
the same method as that shown in Equation 4 and replacing the N; value with Vs. 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 Vg, value used, the greater the predominant frequency obtained
from the wavelet analysis of the ground motion. Additionally, development of Vs, and predominant
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area.
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Figure 1 Straight-line interpolation for F, and F, calculations
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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 F, and F, site coefficients between the two methods. The largest difference in
the F, 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 F,, 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 F, for site class SC was less than 0.02. When calculating F, and F, site coefficients,
the linear interpolation method from SNI 1726:2019 is better compared to the calculated using
MCEz-Ss, MCEx-S,, Sps, and S, values obtained from the website.

No significant differences in the design response spectral acceleration Sys and S, 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 (MCEgr-Ss for short and MCERr-S; 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 MCEg-Ss and Fv for MCEgr-S; 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-S; 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; MCEg; 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, Sps and Spi, are four important values calculated by the website facility
software. However, no information related to site coefficients F, for short and F, for long
periods can be obtained from the new website. Thus, these values can be calculated using
Equation 1 and Equation 2. All Sps, Ss (MCER-Ss), Spi, and S1 (MCEg-S1) values can be
obtained from the website.

F,=

(1)

Sps
%Ss
Sps
%5,

To verify the F, and Fy site coefficients estimated using Equations 1 and 2, straight-line
interpolation can be conducted using the Ss and S; website calculations and applying site
coefficient (Fa and Fy) table data provided by SNI 1726:2019. F, and F, are then estimated
following the procedure described by SNI 1726:2019. Equation 3 shows a simple formula
for F, and Fy site coefficients calculation. Figure 1 shows a diagram of the straight-line
interpolation of the Fa. and Fy calculation. F and M represent the site coefficient to be
estimated and the MCERr value obtained from the website, respectively; Mis and Mzs
represent two boundary MCER values close to My; Fis and F2s represent the site coefficients
for Mis and Mgs, respectively; and M1s, Mzs, F1s, and Fzs are the four values obtained from the
SNI 1726:2019 tables. F, and Fy are estimated separately using Equation 3.

F, = (2)

Fps —F
F=|—2"15 |(M, -My)+F 3
(MZS—MISJ( w 1S) 1S ()

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
ata 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 (N3o) 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 N3¢ distribution within the study
area. Figure 2b shows the distribution of the site soil classes developed based on the N3g
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 N3¢ value
was estimated using Equation 4, where di and N; 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 (Vs3o0) (Naji et al.,, 2020). The Vs30 value can be
calculated using the same method as that shown in Equation 4 and replacing the N; value
with Vs;. 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 Vs3o value used, the greater the predominant frequency obtained from the wavelet
analysis of the ground motion. Additionally, development of Vs3 and predominant
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area.
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Figure 1 Straight-line interpolation for F, and F, calculations
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2. Methods

The evaluation of the site coefficients from the study area was conducted following five
basic steps:
e Site class interpretation;
e MCERr (Ss and Si1) and design response spectral acceleration calculation using the
website;
e Site coefficient calculation based on the website output;
e Site coefficient calculation based on SNI 1726:2019 tables and procedures;
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e 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 N3¢ 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 etal., 2021).

Table 1 Site classification

Site Class N3o
SC >50
SD 15-50
SE <15
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Figure 2 (a) Boring investigation and Nso; 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 MCERr-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 MCEgr-Ss, MCERr-S1, Sps,
and Sp1 for the three different site classes developed using the website.

Table 2 Ss, S1, Sps, and Sp1 spectral acceleration values obtained from the website

Site  Total MCEr-Ss(g) Sos (g) MCEr-S:1 (g) Sp1 (g)

Class Data 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 Fy site coefficient calculations were performed according to the MCEg-Ss, MCEr-
S1, Spbs, and Sp1 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 F,
and Fy values using these four values. According to the boundary values of F, and Fy
described in the SNI 1726:2019 tables, the minimum and maximum F, values developed in
the study area were divided into two different boundary values. A few MCEg-Ss values were
lower than 0.75 g; however, most of the MCERr-Ss values were between 0.75 and 1 g.

2.4. Site Coefficients F, and F, SN11726:2019

Straight-line interpolation was also performed for Fa and Fy calculation using Equation
3 and the F. and F, tables provided by SNI 1726:2019. According to the MCERr-Ss and MCEg-
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 F, and Fy
values used for the straight-line interpolation calculations. The F, and Fy boundary values
displayed in Table 3 were obtained from SNI 1726:2019.

Table 3 F, and F, distribution developed using the website and SNI 1726:2019 tables

Linear Interpolation (SNI) Website Diff. > 0.01 (%)
Site  Total Fa Fy Fa Fv
Class Data MCERr-Ss(g) MCERr-S: (g) Fa Fy

05 075 10 03 0.4 Min. Max. Min. Max.

SC 34 1.2 12 12 15 1.5 1.19 1.21 1478 1.519 0 58.82
SD 90 14 12 11 2.0 1.9 1.112 1167 1.879 1949 341 56.82
SE 79 1.7 13 1.1 2.8 2.4 1.148 1.4 2401 2.732 1392  50.63

3. Results and Discussion

The MCERr-Ssvalues for the SC site class (Table 2) range from 0.8459 to 0.9668 g, while
the F, values for the SC site class developed according to the website (Table 3) range
between 1.19 and 1.21. All the F, 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 F,
values from SNI 1726:2019 are constant and equal to 1.2. The difference between the F,
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
0f 0.01 is 0%. Figure 3a shows the distribution of the F 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 R? (coefficient of determination) value for site class SC is close to 0, because the F,
values estimated using these two models are nearly constant for all MCEr-Ss values. The R?
value is used for evaluation of the fitting line (linear fit model) performance. The evaluation
was performed for the distribution of F, or Fy to the linear regression line model. The
minimum and maximum R? values are 0 and 1 (100%), respectively. The higher the R?, the
better the linear fitting model difference for the F; or Fy 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 MCERr-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 F, 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 F, values obtained
from the study area are close to 1.1: As shown in Table 3, the F, 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 F, values for site class SD in terms of the MCEr-Ss values.
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Figure 3 F, distributions in terms of MCEg-Ss values for: (a) SC; (b) SD; and (c) SE site classes; and
(d) the correlation of Sps and MCEg-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 F, 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 SN11726:2019, 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 F; (73 data) site coefficients were distributed between 1.292 and 1.148. Figure 3c
shows the distribution of the F, 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 F, 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 Fy 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 Sps and Sp1 outputs for all site
soil classes.
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To verify the performance of the F, and Fy 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 Sps and Sp1 values according to the site coefficient values calculated using the
two different methods. Figure 3d shows the performance of the Sps 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 Sps in terms of
MCER-Ss was observed in this study. According to this figure, there are no significant
differences in the Sps performance estimated using the website versus SNI 1726:2019
straight line interpolation procedures for all three site classes (SC, SD, and SE).

The F. 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 F,
distribution maps, which are almost equal. Specifically, the F, 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.
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Figure 4 F, distribution maps developed using: (a) website software; and (b) linear interpolation

Site coefficient evaluation was also conducted for long-period MCERr-S: 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 MCEg-
S1 values estimated using the website, all MCERr-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-S; value greater than 0.4
g. Figures 5a, b, and c show the distribution of the site coefficient Fy for the SC, SD, and SE
site soil classes, respectively.

All the Fy 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 Fy
values of the SD site class developed using the website are greater than those developed
using straight-line interpolation. The R? value for this model was far from 1. The Fy values
for site class SD from the website calculation were far from the linear model described by
SNI 1726:2019. The R? for site class SC was not available (close to 0), because the Fy and
MCER-S1 correlations were nearly constant or almost equal. A good Fy and MCER-S1
correlation was observed for site class SE (see Figure 5c) for the website output and
straight-line interpolation methods. The R? obtained for this site class was nearly 1. On
average the absolute differences between Fy 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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Figure 5 F, distributions in terms of MCEg-S1 values for: (a) SC; (b) SD; (c) SE site classes; and (d) the
correlation of Sp; and MCER-S1 developed based on linear interpolation and website software

Figure 5d shows the Sp1 design response spectral acceleration performance in terms of
MCER-S1 values estimated using the same methods as used in the Sps calculation. As can be
seen in Figure 5d, a good correlation between Sp1 in terms of MCEr-S1 was observed in this
study. Also, according to this figure, there are no significant differences in the Sp;
performance for the SC, SD, and SE site class estimates between the website and straight-
line interpolation of SNI 1726:2019 procedures.

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

The Sps and Sp1 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 Sps and Sp1 values and the average difference in the Sps and Sp1 values between
the two methods for the SC, SD, and SE site classes. As shown in Table 4, the average
difference of Sps and Spi is the absolute values of Sps and Spi. The maximum average
difference (ave. diff.) for Sps and Sp1, 0.0224 g and 0.0153 g, respectively, were observed in
the SD site class. However, the average differences in Sps and Sp1 for site classes SC and SE
were less than 0.0073 g and 0.0044 g, respectively.

Table 4 Sps and Sp1 performance for all site classes

_ Sps (g) So1 (g)
Csl;tses Website Linear Ave. Website Linear Ave.
Min. Max. Min. Max. diff. Min. Max. Min. Max. diff.
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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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 F, and Fy site coefficients between the two
methods. The largest difference in the F, 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 Fy, 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 Fy for site class SC was
less than 0.02. When calculating F, and Fy site coefficients, the linear interpolation method
from SNI 1726:2019 is better compared to the calculated using MCEg-Ss, MCER-S1, Sps, and
Sp1 values obtained from the website.

No significant differences in the design response spectral acceleration Sps and Sp1
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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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 (MCEex-Ss for short and MCE:-S, 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 MCEx-Ss and Fv for MCEx-S, 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 MCEx-Ss or
MCE:-S, 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 (MCEg) acceleration, MCEx-Ss for
short and MCE-S, for long periods, (Luco et al., 2007; Allen et al., 2015; Sengara et al., 2020), and
two design response spectral acceleration, Sys and Sy, are four important values calculated by the
website facility software. However, no information related to site coefficients Fa for short and F, for
long periods can be obtained from the new website. Thus, these values can be calculated using
Equation 1 and Equation 2. All Sy, Ss (MCE&-Ss), Sw, and S; (MCEx-S,) values can be obtained
from the website.

F = Sps
2 A S,
1)
S
F=2n_
%5,
(2

To verify the F,and F, site coefficients estimated using Equations 1 and 2, straight-line
interpolation can be conducted using the Ssand S, website calculations and applying site
coefficient (F. and F,) table data provided by SNI11726:2019. F, and F, are then estimated following
the procedure described by SNI 1726:2019. Equation 3 shows a simple formula for F, and F, site
coefficients calculation. Figure 1 shows a diagram of the straight-line interpolation of the F, and
F, calculation. F and M, represent the site coefficient to be estimated and the MCE value obtained
from the website, respectively; M;s and M,s represent two boundary MCERr values close to My;
F.s and F,s represent the site coefficients for M;s and M,s, respectively; and M;s, M,s, Fis, and F,s are
the four values obtained from the SNI 1726:2019 tables. F, and F, are estimated separately using
Equation 3.

F=[ Fys — By

M, —MB](

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 (Ns) 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 N, distribution within
the study area. Figure 2b shows the distribution of the site soil classes developed based on the
N;, 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 N;, value was estimated using



Equation 4, where d and N;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 (Vss) (Naji et al., 2020). The Vs value can be calculated using
the same method as that shown in Equation 4 and replacing the N; value with Vs. 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 Vg, value used, the greater the predominant frequency obtained
from the wavelet analysis of the ground motion. Additionally, development of Vs, and predominant
frequency correlation was also conducted by Pramono et al. (2017) in the Palu area.
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Figure 1 Straight-line interpolation for F, and F, calculations
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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 F, and F, site coefficients between the two methods. The largest difference in
the F, 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 F,, 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 F, for site class SC was less than 0.02. When calculating F, and F, site coefficients,
the linear interpolation method from SNI 1726:2019 is better compared to the calculated using
MCEz-Ss, MCEx-S,, Sps, and S, values obtained from the website.

No significant differences in the design response spectral acceleration Sys and S, 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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