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PERKEMBANGAN PETA GEMPA DAN PENERAPANNYA
DALAM PERENCANAAN

INFRASTRUKTUR DAN GEDUNG TAHAN GEMPA INDONESIA
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1. Penyusunan Peta Sumber dan Bahaya Gempa Nasional Indonesia 2017

2. Aplikasi Peta Gempa dalam Perencanaan Infrastruktur Tahan Gempa
Indonesia 

Cakupan Materi Bahasan:

3. Aplikasi Peta Gempa untuk Perencanaan Gedung dalam SNI 1726-2019
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Time histories percepatan

informasi
kekuatan puncak

Informasi tambahan
frekuensi dan 
efek amplifikasi

Informasi variasi besar
beban gempa untuk
setiap waktu

Untuk perhitungan beban gempa, 
diperlukan parameter pergerakan tanah.
Sesuai tingkat kesulitan dan akurasi:

Percepatan Gempa:
Parameter Penting untuk Perancangan Bangunan Tahan Gempa
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Motion at Bedrock

H

Soil Condition

Wave propagation from epicenter to bedrock surface

Earthquake source

Motion at Building

Buiding characteristics → Tstructure

Motion at Foundation

Gaya Gempa
H = m x a

Indonesian Hazard Maps

a

Tstructure
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Seismic Hazard Analysis

Deterministic (DSHA) Probabilistic (PSHA)

-Analisis mudah difahami

- Worst case scenario
kondisi terjelek: Rmin dan Mmax

dan nilainya 84% (mean+s)

- Merupakan state-of-the-arts

- Bukan hanya worst case scenario, tapi juga 
berbagai level dan kemungkinan dari
seluruh area

- Yang umum digunakan dalam perencanaan 
infrastruktur tahan gempa

Saling melengkapi, cara terbaik dengan mengintegrasikan keduanya 

DSHA mulai digunakan tahun 2010,
umumnya digunakan untuk lokasi yang dekat sesar sebagai pembatas

nilai PSHA
5

PENGEMBANGAN PROGRAM

Total Probability Theorem
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Team for Updating of Seismic Hazard Maps of Indonesia 2017

Prof. Masyhur Irsyam
Ir. Lutfi Faizal

Dr. D.H. Natawijaya Dr. Irwan Meilano Prof. S Widiyantoro Dr. Wahyu Triyoso Dr. Sri Hidayati 

STEERING 
COMMITTEE

ADVISORY
BOARD

TECHNICAL
COMMITTEES

GEOLOGY 
WORKING GROUP

GEODESY 
WORKING GROUP

SEISMOLOGY + 
INSTRUMENTATION 

WORKING GROUP

GMPE 
WORKING GROUP

CATALOG 
WORKING GROUP

SEISMIC HAZARD 
WORKING GROUP

Ariska R., MSc

Dr. Benyamin Sapiie
Dr. Supartoyo
Dr. Akhmad Solihin
Dr. Mudrik Daryono
Dr. Astyka Mumpuni
Dr. Gayatri I. Marliyani
Dr. Ma’ruf Mukti
Subandriyo, M.Si

Prof. Hasanuddin
Dr. Endra Gunawan
Susilo, MT
Dr. Daryono
Arkadia R., MT
Dr. N. Rahma Hanifa
Dr. Dina A. Sarsito
Awaluddin, MT
Cecep Sulaeman, MSc
Pandu A. Minarno, ST
Johni Effendi, MT
Putra Maulida, MT
Teguh P. Sidiq, MT
Alwidya Safitri, MT
Yola A. Herawati, ST
Suchi Rahmadani, ST
Refi R. Ramadian, ST

Prof. Nanang T Puspito
Dr. Andri Dian Nugraha
Dr. M. Ridwan
Dr. Wahyu Triyoso
Dr. Muzli
Dr. Wandono
Dr. Nurliah Sadikin
H. Ash Shidiqqi, M.Si
Shindy Rosalia, ST
Pepen Supendi
Rexha Verdhora, MT
Ridwan Kusnandar 
Jajat Jatmika
Nova Heryandoko

Dr. Wahyu Triyoso
Dr. Windu Partono
Prof. Wayan Sengara
Sigit Pramono, M.Si
Dr. Jaya Murjaya
Prof. Wijoyo Prakoso
Oriza Sativa, ST
Fajri Syukur R, MT
Fajar Budi Utomo, ST
Requel Mikhail, MT

Dr. Andri Dian Nugraha
Dr. M. Asrurifak
Prof. Wayan Sengara
Shindy Rosalia, ST
Fahmi Aldimar, MT
Pepen Supendi, MSi

Dr. M Asrurifak
Fahmi Aldiamar, MT
Amalfi Omang, M. Phil
Desyanti, MT
Dr. Hendriyawan
Artadi Pria Sakti, M.Si
Adhi Yudha Mulia, Meng
Mahdi Ibrahim T., MT
Imam Catur P, S.Si
Rahayu Robiana, S.Si
Haunan Afif, S.Si
Rika Swastikarani, S.Si
Chiko Bakti M., MDM
Laksamana M. Sakti, ST

Total members = 72 persons (from different institutions and technical background)

International Collaboration:  
GeoScinces&ANU-Australia, Global Earthquake Model-Italy, USGS-USA
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Prof. Dr. Masyhur Irsyam (ITB-HATTI-PuSGeN) Revisi SNI-1726:2018

Megatrust Fault

Shallow backgound

Benioff 2

Benioff 1

Benioff 3

Benioff 4

Benioff Zone/

Deep BG

Classification of Main Shocks 
Based on Type of Source

Subduksi Megathrust

Subduksi Benioff
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Background
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Map of Earthquake Sources for Indonesia 2017
Subduction Megathrust
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Penyempurnaan oleh Pakja Geologi 
dengan merevisi lokasi dari jalur sesar
aktif yang sudah dipetakan sebelumnya
dan menambahkan banyak jalur-jalur
sesar aktif yang belum diperhitungkan
dalam peta 2010.  

Hazard Maps 2010:   81 active fault lines

Hazard Maps 2017: 295 active fault lines
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11
Active Faults in Sulawesi

Palu Earthquake 7.4 
(28 September 2018)
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13 14
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MODEL FOR MAGNITUDE DISTRIBUTION FOR 2017 MAPS 
(adopted from USGS 2010)
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Subduction Megathrust

Subduction Benioff

Fault/ Shallow Crustal

Background

+ BC Hydro (Addo et al. 2012)

+ BC Hydro (Addo et al. 2012)
+ Zhao et al. 2006

NGA West-2 2014:
• Abrahamson et al.
• Boore et al. 
• Campbell and Bozorgnia
• Chiou and Youngs
• Idriss

GMPE for 2010 Maps:
2017 Maps:

+ OpenQuake Software

GMPE for 2010 and 2017 Hazard Maps
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PE in yrs

Return Period (yrs) 100 200 500 1.000 2.500 5.000 10.000

Probabilistic Hazard Maps:

Deterministic 84% Hazard Maps: For Fault and Megathrust Subduction

0.2 s
T

1.0 s

SS

S1

Spectral acceleration at bedrock SB for selected return periods of earthquakes

PGA

0.0

Hazard Maps 2017

50

20% 
10 yrs

10% 
10 yrs

10% 
50 yrs

5% 
10 yrs

7% 
75 yrs

2% 
50 yrs

2% 
100 yrs

1% 
100 yrs

Atas nama:
UI

ITB UGM UNDIP
HATTI
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TIM PEMUTAKHIRAN PETA SUMBER DAN BAHAYA GEMPA BUMI INDONESIA 2016

• Prof. Dr. Masyhur Irsyam (Ketua)
• Ir. Lutfi Faizal (Wakil Ketua)
• Dr. Danny Hilman Natawidjaja (Ketua Pokja Geologi)
• Dr. Irwan Meilano (Ketua Pokja Geodesi)
• Prof. Dr. Sri Widiyantoro (Ketua Pokja Seismologi)
• Dr. Wahyu Triyoso (Ketua Pokja Katalog)

Jakarta,     Mei 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat

Dr. Ir. Mochamad Basuki Hadimuljono, MSc.

PETA SUMBER DAN BAHAYA GEMPA BUMI INDONESIA 2016

• Ariska Rudiyanto, M.Phil. (Ketua Pokja GMPE)
• Dr. Sri Hidayati (Ketua Pokja SHA)
• Dr. M. Asrurifak
• Dr. M. Ridwan
• Prod. Dr. Phil Cummins

Kementerian Pekerjaan Umum
dan Perumahan Rakyat

Kerja sama:

Peta percepatan puncak di batuan dasar (SB) deterministik akibat sumber gempa Sesar Dangkal 
dengan 84-percentile (150% Median)
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TIM PEMUTAKHIRAN PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Prof. Dr. Masyhur Irsyam (Ketua)
• Ir. Lutfi Faizal (Wakil Ketua)
• Dr. Danny Hilman Natawidjaja (Ketua Pokja Geologi)
• Dr. Irwan Meilano (Ketua Pokja Geodesi)
• Prof. Dr. Sri Widiyantoro (Ketua Pokja Seismologi)
• Dr. Wahyu Triyoso (Ketua Pokja Katalog)

PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Ariska Rudyanto, M.Phil. (Ketua Pokja GMPE)
• Dr. Sri Hidayati (Ketua Pokja SHA)
• Dr. M. Asrurifak
• Dr. M. Ridwan
• Prof. Dr. Phil Cummins

Kementerian Pekerjaan Umum 
dan Perumahan Rakyat

Kerja sama:

Jakarta, 4 September 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat

M. Basuki Hadimuljono

Peta percepatan puncak di batuan dasar (SB) untuk probabilitas terlampaui 10% dalam 50 tahun

Peak Ground Acceleration (PGA) at Bedrock SB for 10% Probability of Exceedance in 50 yrs (500 yrs earthquake)
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TIM PEMUTAKHIRAN PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Prof. Dr. Masyhur Irsyam (Ketua)
• Ir. Lutfi Faizal (Wakil Ketua)
• Dr. Danny Hilman Natawidjaja (Ketua Pokja Geologi)
• Dr. Irwan Meilano (Ketua Pokja Geodesi)
• Prof. Dr. Sri Widiyantoro (Ketua Pokja Seismologi)
• Dr. Wahyu Triyoso (Ketua Pokja Katalog)

PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Ariska Rudyanto, M.Phil. (Ketua Pokja GMPE)
• Dr. Sri Hidayati (Ketua Pokja SHA)
• Dr. M. Asrurifak
• Dr. M. Ridwan
• Prof. Dr. Phil Cummins

Kementerian Pekerjaan Umum 
dan Perumahan Rakyat

Kerja sama:

Hazard PGA 7% in 75y

Jakarta, 4 September 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat

M. Basuki Hadimuljono

Peta percepatan puncak di batuan dasar (SB) untuk probabilitas terlampaui 7% dalam 75 tahun

Peak Ground Acceleration (PGA) at Bedrock SB for 7% Probability of Exceedance in 75 yrs (1,000 yrs earthquake)
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Peta percepatan puncak di batuan dasar (SB) untuk probabilitas terlampaui 2% dalam 50 tahun

TIM PEMUTAKHIRAN PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Prof. Dr. Masyhur Irsyam (Ketua)
• Ir. Lutfi Faizal (Wakil Ketua)
• Dr. Danny Hilman Natawidjaja (Ketua Pokja Geologi)
• Dr. Irwan Meilano (Ketua Pokja Geodesi)
• Prof. Dr. Sri Widiyantoro (Ketua Pokja Seismologi)
• Dr. Wahyu Triyoso (Ketua Pokja Katalog)

PETA SUMBER DAN BAHAYA GEMPA INDONESIA 2017

• Ariska Rudyanto, M.Phil. (Ketua Pokja GMPE)
• Dr. Sri Hidayati (Ketua Pokja SHA)
• Dr. M. Asrurifak
• Dr. M. Ridwan
• Prof. Dr. Phil Cummins

Kementerian Pekerjaan Umum 
dan Perumahan Rakyat

Kerja sama:

Jakarta, 4 September 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat

M. Basuki Hadimuljono

Peak Ground Acceleration (PGA) at Bedrock SB for 2% Probability of Exceedance in 50 yrs (2,500 yrs earthquake)
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Peta Gempa Indonesia 2010 (contoh Gempa 500 thn) Peta Gempa Indonesia 2017 (contoh Gempa 500 thn)

Standar Perencanaan Ketahanan Gempa  untuk
Struktur Bangunan Gedung SNI 1727-2002 (Gempa 500 thn)

Peraturan Perencanaan Tahan Gempa Indonesia 
untuk Gedung 1983

Peraturan Beton 1966 dan Muatan Indonesia 1970Peta Gempa Hindia Belanda (Van Kempen, C.P 1942)
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Standar Perencanaan Ketahanan Gempa  untuk Struktur 
Bangunan Gedung SNI 1727-2002 (Gempa 500 thn)

Peraturan Perencanaan Tahan Gempa Indonesia 
untuk Gedung 1983

Peta Gempa Indonesia 2017 (Gempa 500 thn)Peta Gempa Indonesia 2010 (Gempa 500 thn)
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Peta 2002 Peta 2017Peta 2010

Hazard PGA 10% dalam 50 tahun (Gempa 500 tahun) 
Sumatera bagian Utara

25

Peta 2010

Peta 2017

Peta PGA 2,500 tahun

Prof. Dr. Masyhur Irsyam (ITB-HATTI-PuSGeN) Revisi SNI-1726:2018
27

PGA Peta Gempa 2010
(Perioda ulang 2.500 tahun)

PGA Peta Gempa 2017
(Perioda ulang 2.500 tahun)

28

1. Penyusunan Peta Sumber dan Bahaya Gempa Nasional Indonesia 2017

2. Aplikasi Peta Gempa dalam Perencanaan Infrastruktur Tahan Gempa
Indonesia 

Cakupan Materi Bahasan:

3. Aplikasi Peta Gempa untuk Perencanaan Gedung dalam SNI 1726-2019
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Implementation of the Indonesian Hazard Maps 2010 in 
Earthquake Resistance Building and Infrastructure Design Codes

Offshore Platforms: 2,500 yrs

Metro Tunnels
1,000 yrs

Railway Bridges:  1,000 yrsDams: 
OBE: 145 yrs

SEE: 2,500→10,000 yrs
or DSHA

Buildings
Return period of earthquake 2,500 yrs

and 1% risk of collapse in 50 yrs Bridges
Return period of earthquake 1,000 yrs

Liquefaction for 
Runway Airport 1,000 yrs

30

Peruntukan Periode ulang Umur

rencana

Probabilitas

terlampaui

Kriteria keamanan Referensi

Bangunan gedung

dan non-gedung

2.500 Tahun 50 Tahun 2% Kemungkinan

Terlampaui/

1% Risiko Runtuh

- SNI 1726:2012

SNI 1726-2019 

Jembatan 

konvensional

1.000 75 7% - SNI 2833:2016 

AASHTO (2012) 

Dinding penahan

abutmen jembatan 

1.000 75 7% - FK>1,5 (terhadap geser saat

mengalami beban statik) 
- FK>2 (terhadap guling saat mengalami

beban statik) 
- FK>1,1 (terhadap beban pseudostatik) 

WSDOT, 

FHWA-NJ-2005-002 

Timbunan oprit FK>1,1

Bendungan 10.000

Safety Evaluation 

Earthquake (SEE) 

100 1% Tidak terjadi aliran air yang tidak

terkendali

- Deformasi tidak melebihi 0,5 dari 

tinggi jagaan
- Deformasi pada filter tidak boleh

melebihi 0,5 tebal filter 
- Spillway tetap berfungsi setelah

terjadi gempa rencana

ICOLD No 148, 2016, 

145 

Operating Basis 

Earthquake (OBE) 

100 50%
- Kerusakan minor setelah terjadi
gempa rencana

Bangunan

pelengkap

bendungan

2500 50 2% -

Terowongan 1.000 tahun 100 10%

SNI GEOTEKNIK
Tabel 52 – Kriteria Perancangan Gempa Berdasarkan Peruntukan Infrastruktur
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Untuk Perancangan Likuifaksi Runway 
Bandara Cengkareng-Jkt, Kulon Progo-Ygy, dan Ngurah Rai-Bali:  1,000 thn

32

Updating of Bridge Design Standard in Indonesia

2012-2013

Development in USA:

USA standard updated regularly to accommodate the reliability of the bridge, especially in term of seismic hazard analysis

Indonesia standard and technical guideline are revised to keep up with the International advancement

Development in Indonesia:

1998 2005 2007 2010

2008 2013

Refered to Departement of 
transportation, California, 1976 
(Report 579)

1992

?• 1,000 years return of period (7% in 75 years)
• PGA and spectral response at 0.2 and 1.0 sec.

500 years return of period 

Revision has been 
completed according 

to AASHTO 2012

33
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SIGNIFICANT CHANGES OF BRIDGE CODE SNI-2833 
SNI 2008 SNI 2016

Seismic Maps at Bedrock

- PGA (Peak Ground Acceleration)

- PGA (Peak Ground Acceleration)

- Ss (Spectral Acceleration 0.2 sec)

- S1 (Spectral Acceleration 1.0 sec)

Partial Adoption from

Development of Design Response Spectra

PGA
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1 Maps 500 years:
3 Maps 1,000 years:
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Ada 3 Peta untuk Penentuan Percepatan dan Respon Spektra Percepatan
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Ground Surface

Bedrock SB

S0.2 S1.0

Soil Type
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S1.0 surface

T0= 0.2Ts

PSA

1.0

Spektra di Batuan Dasar SB

Spektra di Pemukaan Tanah untuk Perancangan Jembatan

Ts=
S1.0 surface

S0.2Surface

PGA

Fpga

PSA=FpgaxPGA

0.0

PGA

0.0
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Perioda ulang gempa 225 tahun Perioda ulang gempa 975 tahun

Basic Performance for Existing Buildings

38

Tahun 2022:
Penyusunan SNI Tata Cara Perancangan

Infrastruktur Bawah Tanah Tahan Gempa

Perioda ulang Gempa:
-100 yrs: Fully operational
- 1000 yrs: Immediate occupancy

39

Direktorat Jenderal SDA 2021:

Dr. Didiek Djarwadi
Dr. M Asrurifak
Dr. Danny Hilman Natawidjaja

For dam design,
Return period of earthquake: OBE is 145 yrs, SEE  is DSHA or 5,00-10,000 yrs

40

PENERAPAN PETA GEMPA INDONESIA
DALAM PERENCANAAN GEDUNG TAHAN GEMPA
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Tim Struktur Bawah
dan Kontributor SNI 1726 :2019

1 Prof. Ir. Masyhur Irsyam, MSE., Ph.D.

2 Andhika Sahadewa ST., MSE., Ph.D.

3 Dr. Ir. M. Asrurifak, MT.

4 Prof. Dr. Ir. I Wayan Sengara

5 Ir. Sindhu Rudianto, MSCE.

6 Prof. Dr. Ir. Widjojo Adi Prakoso

7 Dr. Ir. Windu Partono, M.Sc

8 Hendriyawan, ST., MT., Ph.D.

9 Dr. M. Ridwan

10 Andri Mulia, ST., MS.c

11 Ir. Bigman M. Hutapea, M.Sc. Ph.D.

12 Ir. Wahyu Wuryanti, MSC.

13 Simon Dertha Tarigan, ST., MT.

14 Dr. Endra Susila, MT.

15 Dr. Ir. Agus Darmawan Adi

16 Daniel Hutabarat, ST., M.Sc

17 Requel Mikhail, ST., MT.

18 Prof. Dr. Ir. Indra Jati Sidi

19 Dr. Ir. FX. Toha

Tata cara perencanaan ketahanan gempa untuk
Struktur bangunan gedung dan nongedung

42

Ada 4 Peta untuk Penentuan PGA dan Respon Spektra Percepatan

1,0

43

Jepit

Liquefaction potential

sactive/passive

PGA
Gambar 17
Map of PGA (MCEG):
•Probabilistic 2500 yrs +
•Deterministic

Upper 
Structure

Sub Structure

Application of Earthquake Maps in SNI 1726:2019/ ASCE 2016 

Prof. Dr. Masyhur Irsyam, MSE.  (ITB-AIPI-PuSGeN)
44

SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726 

Criteria for PGA Maps

•Probabilistic:
10% PoE in 50 yrs (500 yrs)

•Probabilistic:
2% PoE in 50 yrs (2,500 yrs)

•Deterministic 84% PGA

• Probabilistic:
2% PoE in 50 yrs (2,500 yrs)

• Deterministic 84% PGA

SNI 2002 SNI 2012 SNI 2019

Gambar 17Gambar 11Gambar 2.1

45

42 43

44 45



Prof. Masyhur Irsyam, MSE., PhD. ITB-HATTI-AIPI-PuSGeN 11 Juli 2022

GeoTalk 19 HATTI 12

MCEG (Maximum Considered Earthquake) 

Probabilistic 2500 yrs Deterministic
Combination of

Near-Fault Criteria

Probabilistic 2500 yrs

Deterministic 84th percentile

Plateau 1.5XUBC Design

PGA atau SA

Fault Distance

(E.V. Leyendecker)

MCE

46

MCEG (Maximum Considered Earthquake) 

47

Jepit

Upper 
Structure

Seismic Base Shear

Maps of Ss and S1 of MCER:
•Probabilistic+
•Deterministic +
• Fragility
•Maximum Direction

Risk of Collapse 
1% in 50 yrs

Map of TL :
•De-Agregation

Design Response Spectra

Application of Earthquake Maps 
in SNI 1726:2019/ ASCE 2016 

Gbr-15 Gbr-16 Gbr-20

48

Ground Surface

Bedrock SB

SS

(Gambar 15)
S1

(Gambar 16)

Soil Type

Fa
(Tabel 6)

Fv
(Tabel 7)

SMS = Fa SS SM1 = Fv S1
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SDS = (2/3) SMS

SD1 = (2/3) SM1

T0= 0.2 Ts

0.4 SDS

SM1 = Fv S1

1.0

Spektra di Batuan Dasar SB

Spektra Disain di Pemukaan Tanah
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Bentuk Dasar Response Spektra 
SNI 2012

Belum ada daerah Constant Displacement
Sudah ada daerah Constant Displacement

SNI 2019
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Ground Surface

Bedrock SB

SS

(Gambar 15)
S1

(Gambar 16)

Soil Type

Fa
(Tabel 6)

Fv
(Tabel 7)

SMS = Fa SS SM1 = Fv S1
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SDS = (2/3) SMS

SD1 = (2/3) SM1

T0= 0.2 Ts

0.4 SDS

SM1 = Fv S1

1.0

Spektra di Batuan Dasar SB

Spektra Disain di Pemukaan Tanah

TL
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Site

Class

Ss < 0.25 Ss=0.5 Ss=0.75

SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER

A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

B l.0 0.9 0.9 1.0 0.9 0.9 1.0 0.9 0.9

C 1.2 1.3 1.3 1.2 1.3 1.3 1.1 1.2 1.2

D 1.6 1.6 1.6 1.4 1.4 1.4 1.2 1.2 1.2

E 2.5 2.4 2.4 1.7 1.7 1.7 1.2 1.3 1.3

Site

Class

Ss= 1.0 Ss= 1.25 Ss> 1.5

SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER

A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

B 1.0 0.9 0.9 0.9 0.9 0.9 1.0 0.9 0.9

C 1.0 1.2 1.2 1.2 1.2 1.2 1.0 1.2 1.2

D 1.1 1.1 1.1 1.0 1.0 1.1 1.0 1.0 1.0

E 0.9 SS 1.1 0.9 SS 0.9 0.9 SS 0.8

SNI 2019 follows PEER 2013

SS: Site Specific Response Analysis

Short-Period Site Coefficient Fa (Tabel 6, Pasal 6.2)
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Site

Class

S1 < 0.1 S1=0.2 S1=0.3

SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER

A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

B l.0 0.8 0.8 1.0 0.8 0.8 1.0 0.8 0.8

C 1.7 1.5 1.5 1.6 1.5 1.5 1.5 1.5 1.5

D 2.4 2.4 2.4 2.0 2.2 2.2 1.8 2.0 2.0

E 3.5 4.2 4.2 3.2 SS 3.2 2.8 SS 2.8

Site

Class

S1= 0.4 S1 = 0.5 S1 > 0.6

SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER SNI 2012 ASCE 7-16 PEER

A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

B 1.0 0.8 0.8 1.0 0.8 0.8 1.0 0.8 0.8

C 1.4 1.5 1.5 1.3 1.5 1.5 1.3 1.4 1.4

D 1.6 1.9 1.9 1.5 1.8 1.8 1.5 1.7 1.7

E 2.4 SS 2.4 2.4 SS 2.2 2.4 SS 2.0

Long-Period Site Coefficient Fv (Tabel 7, Pasal 6.2)
SNI 2018 follows PEER 2013

SS: Site Specific Response Analysis
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SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726 
SNI 2002 SNI 2012 SNI 2019

Seismic Maps at Bedrock

- PGA (Peak Ground Acceleration) - PGA (Peak Ground Acceleration)

- Ss (Spectral Acceleration 0.2 sec)

- S1 (Spectral Acceleration 1.0 sec)

- PGA (Peak Ground Acceleration)

- Ss (Spectral Acceleration 0.2 sec)

- S1 (Spectral Acceleration 1.0 sec)

- TL (Long-Period Transition Periods)

Partial Adoption from

Development of Design Response Spectra

PGA

2.5xPGA

Cv
T

SDS=(2/3)SS

SD1=(2/3)S1

T (sec)0.2 1.00
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0.4Sds

SD1
T

SDS=(2/3)SS

SD1=(2/3)S1

T (sec)0.2 1.00 TL

SD1
T

SD1 TL

T2

0.4Sds

1 Maps: 3 Maps: 4 Maps:
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Jepit

Liquefaction potential

sactive/passive

PGA

Upper 
Structure

Seismic Base Shear

Maps of Ss and S1 of MCER:

Design Response Spectra

Application of Earthquake Maps 
in ASCE 2016 

Risk of Collapse 
1% in 50 yrs

•Probabilistic+
•Deterministic +
• Fragility
• Maximum Direction
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Pf = ʃ
0

∞

H(a)
dPf(a)

da
da

Risk/probability of collapse 
Hazard 

Fragility Curve
(Conditional probability of failure)

Capacity

RTGM

MCER Risk-Targeted Ground Motion

Luco, 2009

ASCE-2010 and 2016: 1% Risk of Collapse in 50 yrs (= 1/5000 per yr) 

=1/5000

𝟏

𝒂𝜷 𝟐𝛑
𝐞𝐱𝐩 −

𝐥𝐧 𝒂−(𝐥𝐧(𝐑𝐓𝐆𝐌)+𝟏.𝟐𝟖𝜷) 𝟐

𝟐𝜷𝟐

Structural Capacity

b

b
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Teleconference dengan Dr Nico Luco USGS tentang Risk Map, 22 Januari 2018

SNI 2019
b=0.65
b Minimum untuk site specific analysis=0.55 

-Prof. Indra Jati 
-Prof. Wayan Sengara

SNI 2012
b= 0.70
b Minimum untuk site specific analysis=0.65
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S
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ra
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e

le
ra

ti
o

n SAN-S

SAE-W

T

SAgeometric mean = SAN-S SAE-W
xV < SAmaximum 

gabungan dua arah

Gerak Tanah Geometric Mean dlm SNI 1726:2019 (misal untuk PGA)

Rumus Atenuasi (GMPE) termasuk PGA menggunakan Geometric Mean

Prof. Dr. Masyhur Irsyam, MSE.  (ITB-AIPI-PuSGeN)

Response Spektra Jembatan, Bendungan, dan Tunnel menggunakan Geometric Mean
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S

EW

N

T=T* sec RotD100 untuk T*

Gerak Tanah MCER dlm SNI 1726:2019: Gerak (dlm Arah) Maximum

Maximum response Value

Deformasi Gabungan (Dua Komponen)

Time (sec)
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ASCE 7-05 / IBC-2009 ASCE 7-10 ASCE 7-16

KONSENSUS UNTUK NILAI 
MAXIMUM DIRECTION FACTOR

Naik 5%
Naik 13%

SS=SA0.2
S1=SA1.0

SS=1.1 x SA0.2

S1=1.3 x SA1.0

SS=1.1 x SA0.2

S1=1.3 x SA1.0

SNI 2019

Prof. Dr. Masyhur Irsyam, MSE.  (ITB-AIPI-PuSGeN)
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SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726 

- Probabilistic SHA

Criteria for Seismic Maps for Development of Design Response Spectra

10% Probability of Exceedance
in 50 yrs 

1% Risk of Collapse in 50 yrs 1% Risk of Collapse in 50 yrs

Developed based on

- Probabilistic SHA
- Deterministic SHA

- Fragility function ASCE

- Probabilistic SHA
- Deterministic SHA

- Fragility function ASCE
- De-Agregation (for TL)

No fragility function

Fragility Function

b = 0.70 b = 0.65

Seismic Hazard / Risk Analysis

SNI 2002 SNI 2012 SNI 2019

ASCE generic fragility curve equation

- No directivity factor

Directivity Factors for Maximum Directions

- 1.05 for SS

- 1.15 for S1 

(average of UBC 2009 + ASCE 2010)

- 1.10 for SS

- 1.30 for S1 

(follows ASCE 2010, 2016)

Increase in SS = 5%     Increase in S1 = 13%62
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Team for Development of 1% Risk of Collapse for SNI 2019:
- Prof. Masyhur Irsyam
- Prof. Wayan Sengara

- Dr. M. Asrurifak
- Dr. Windu Partono
- Prof. Indra Djati Sidi
- Dr. Daniel Hutabarat
- Andi Mulya MSc.

Surface Response Spectra for Jakarta
(Fa and Fv from PEER)
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Ss Risk-Adjusted Maximum Considered Earthquake (MCER) 2019 
Ground Motion Parameter for 0.2 s Spectral Response Acceleration 

(5% of Critical Damping and Site Class BC)

SNI 1726:2019
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SNI 1726:2019
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Prof. Dr. Masyhur Irsyam (ITB-HATTI-PuSGeN) Revisi SNI-1726:2018

Prof. Dr. Masyhur Irsyam (ITB-HATTI-PuSGeN) Revisi SNI-1726:2018

SNI 1726:2019

66

63 64

65 66



Prof. Masyhur Irsyam, MSE., PhD. ITB-HATTI-AIPI-PuSGeN 11 Juli 2022

GeoTalk 19 HATTI 17

SNI 1726:2019

S1 Risk-Adjusted Maximum Considered Earthquake (MCER) 2019 
Ground Motion Parameter for 1.0 s Spectral Response Acceleration 

(5% of Critical Damping and Site Class BC)
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SNI 1726:2019
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SNI 1726:2019
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SE

SC

SD

Bedrock

(SNI 2019)
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Design Spectra for Jakarta SNI 2019 and 2012
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Design Spectra for Surabaya SNI 2019 and 2012

Bedrock (SNI-2018)

Site Class C (SNI-2018)

Site Class D (SNI-2018)

Site Class E (SNI-2018)

Bedrock (SNI-2012)

Site Class C (SNI-2012)

Site Class D (SNI-2012)

Site Class E (SNI-2012)
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(SNI 2019)
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RISK-COEFFICIENT (CR) MAP

RISK TARGETED 

P[Collapse] = 1% in 50 years
Sa

Plateau

(Source:  E.V. Leyendecker)

X

Fault

Deterministic - 1.8 x Median

RISK ADJUSTED 
SEISMIC DESIGN MAP

(MCER)

UNIFORM SEISMIC HAZARD 

2% in 50 years

CR =

yg sudah memperhitungkan fragility

yg belum memperhitungkan fragility
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RSNI
GROUND MOTIONS REQUIRED FOR 

NON-LINEAR RESPONSE TIME HISTORY 
ANALYSIS ACCORDING TO SNI 1726:2019

DSP 75 76

PENGEMBANGAN METODE 
PEMILIHAN DAN MODIFIKASI GROUND MOTION  

YANG TEROTOMASI & TERINTEGRASI DENGAN DATABASE RAMPING 
UNTUK EVALUASI DAN PERANCANGAN GEDUNG 

DI KOTA-KOTA BESAR DI INDONESIA

Nick Alexander, MT
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