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Major Tectonics around Indonesia (Bock et al., 2003)

EURASIA PLATE

INDO AUSTRALIA PLATE

PHILIPINE PLATE

• There are 4 major tectonic plates in this region: Eurasia, Indoaustralia, Pacific and Philipine. 

• Indoaustralia and Philipine/pacific plates subduct beneath the Eursia plate with the rate of 6cm/year and 12 cm/year 

• Indonesia is one of the most seismically active in the world

PASIFIC PLATE

12 cm/year

6 cm/year

H

Soil Condition SC → SE

Per

Wave propagation from epicenter to bedrock surface

Motion at Building

Earthquake Force: H = m x a

Motion at Bedrock SB

In the design, a is obtained from Respons spectra curves in SNI

Earthquake 
source

T

a

Hazard Maps: SVs30 760 m/sHazard Maps: SB Vs30=760 m/s

Motion at Foundation
Bedrock SBC

Indonesian Hazard Maps SB Vs30=760 m/s

a



Irsyam dan Hendriyawan 11/09/2026

Webinar Gempa Flores ITB-PUSGeN-AIPI 3

Hazard Maps From Dutch (about 1940) Peraturan Beton Indonesia, 1966 dan 1970 (dengan Papua) 

Tata Cara Perencanaan Ketahanan Gempa untuk 
Rumah dan Gedung, 1983

PGA for 20% PoE in 50 years (225 years)

Peta Bahaya Gempa Indonesia, 2010

(SPGA, SS, and S1.0 with return period from 50 to 10,00 years) (SPGA, SS, and S1.0 with return period from 50 to 10,00 years)

Tata Cara Perencanaan Ketahanan Gempa untuk 
StrukturGedung, SNI 1727-2002

PGA for 10% PoE in 50 years (500 years)

Revisions of 
The Seismic Hazard Maps of 

Indonesia 

Peta Bahaya Gempa Indonesia, 2017

Latest hazard Maps 2024
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• ACTIVE FAULT MAP OF INDONESIA

Sources / 

Segmentation
2010 2017 2024

Megathrust 10 15 15

Crustal Fault (Map) 52 272 402

Sumatra 19 55 86

Java 6 37 82

Kalimantan 6 3 11

Sulawesi 7 48 74

Bali/NT/Banda/Maluk

u
4 49 52

North Maluku/Papua 16 80 97

Sources / Segmentation Number
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Implementation of the Indonesian Seismic Hazard Maps 
in the Earthquake Resistance Design of  

Buildings and Infrastructures

Offshore Platforms

Metro Tunnels

Railway Bridges Dams

Highway Bridges

Liquefaction for Runway Airport

New Buildings Evaluation and Retrofit 
of Existing Buildings

Updating of Indonesian Earthquake Resistance Building Code SNI-1726 

SNI 03-1726-1989, 

“Tata Cara Perencanaan 

Ketahanan Gempa

 Untuk Rumah dan Gedung”,

Kantor Menteri Negara 

Pekerjaan Umum, 

Dit.Bintek, 

Ditjen Cipta Karya, 1997

 

10

Earthquake Map: 
10% PE in 50 yrs (500 yrs)

Earthquake Maps:
2% PE in 50 yrs (2,500 yrs)
1% Risk of Collapse in 50 yrs
▪ Fragility of Buildings ASCE

Earthquake Maps: ?
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(2)    SS, Gempa maksimum yang dipertimbangkan risiko-tersesuaikan (MCER)

(3)   S1, Gempa maksimum yang dipertimbangkan risiko-tersesuaikan (MCER)

RTGM

For Upper-Structure Analysis: 1% risk of collapse in 50 years

(1) Maximum Considered Earthquake Geometric Mean (MCEG) PGA
      for Sub-Structure (Geotechnical Engineering) Analysis

Prof. Indra Djati
Prof. Wayan Sengara

→ Accelerations and Forces  at the building
      

Earthquake Maps in

(2)    SS, Gempa maksimum yang dipertimbangkan risiko-tersesuaikan (MCER)

(3)   S1, Gempa maksimum yang dipertimbangkan risiko-tersesuaikan (MCER)

(4)    Long Period Transition Period, TL (s)

RTGM

For Upper-Structure Analysis: 1% risk of collapse in 50 years

(1) Maximum Considered Earthquake Geometric Mean (MCEG) PGA
      for Sub-Structure (Geotechnical Engineering) AnalysisProf. Indra Djati

Prof. Wayan Sengara

→ Accelerations and Forces  at the building
      

Earthquake Maps in
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→ Accelerations and Forces at the bridge

14March 7, 2022 Hashash et al. (2022)

SNI – Seismic Design for Underground Structures

Urban Areas – Below Ground Space

Underground Structures are Everywhere!

Earthquake Hazard Level Earthquake Return Period

Gempa Evaluasi Fungsionalitas
(Functionality Evaluation Earthquake, FEE) 1

100 years

Gempa Evaluasi Keselamatan
(Safety Evaluation Earthquake, SEE) 2 1,000 years

Tunnel Underground StationS0.2 

S1.0

PGA

S0.2 

S1.0

PGA
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15March 7, 2022 Hashash et al. (2022)

SNI – Seismic Design for Underground Structures

Urban Areas – Below Ground Space

Underground Structures are Everywhere!

Earthquake Hazard Level Earthquake Return Period

Gempa Evaluasi Fungsionalitas
(Functionality Evaluation Earthquake, FEE) 1

100 years

Gempa Evaluasi Keselamatan
(Safety Evaluation Earthquake, SEE) 2

1,000 years

Tunnel Underground Station

(SB)

(SB)

(SB)

(SB)

(SB)

(SB)

S0.2 

S1.0

PGA

S0.2 

S1.0

PGA

SEISMIC EVALUATION AND RETROFIT OF EXISTING BUILDINGS

HEALTH CARE FACILITIES

225-year (BSE-1E) Sa0.2 sec

Sa1.0 sec

975-year (BSE-2E) Sa0.2 sec

Sa1.0 sec

PGA

PGA
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SNI 9273:2025  SEISMIC HAZARD MAPS FOR EVALUATION AND RETROFITTING OF EXISTING BUILDINGS  

225-year (BSE-1E)

Sa0.2 sec

Sa1.0 sec

975-year (BSE-2E)

Sa0.2 sec

Sa1.0 sec

225-YEAR (BSE-1E) S0.2 

225-YEAR (BSE-1E) S1.0

225-YEAR PGA

975-YEAR (BSE-2E) S0.2

975-YEAR (BSE-2E) S1.0

975-YEAR PGA

DRAFT GUIDELINES FOR DAM DESIGN

Indonesia seismic design guidelines 2004 for dams refer to ICOLD, USBR, USACE, and Japan Guidelines.
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• Non-conventional buildings, for example, structures equipped with base isolation systems

Rubber bearing

High damping rubber bearing
Gerak Tanah/ 

Acceleration Time HistoriesSukamta, 2022Corewall dng outrigger

For Special Cases, spectra acceleration alone are not sufficient for the seismic design of certain structures. 
Ground motion records (acceleration time history) are also required for Time History Analysis (THA), particularly for special 

structural systems:
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Gerak Tanah/ 
Ground Motions/ 

Time Histories

New Bridge with LRB/ Base Isolation

Dam

Tunnel dan Station MRT

Evaluation and Retrofitting of 
Existing Building

For Special Cases, spectra acceleration alone are not sufficient for the seismic design of certain structures. 
Ground motion records (acceleration time history) are also required for Time History Analysis (THA), particularly for special 

structural systems:

PUSGEN: WEBSITE UNTUK SELEKSI DAN MODIFIKASI GROUND MOTION 
CONTOH HASIL APLIKASI UNTUK SITUS JAKARTA UNTUK BANGUNAN EKSISTING

Dr. Nick Alexander

Shallow crustal

Megathrust

Benioff
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PUSGEN: WEBSITE UNTUK SELEKSI DAN MODIFIKASI GROUND MOTION 
CONTOH HASIL APLIKASI UNTUK SITUS JAKARTA UNTUK BANGUNAN EKSISTING

Dr. Nick Alexander

Shallow crustal

Megathrust

Benioff
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The Team
11 members
5 institutions

The Team
77 members
17 institutions

The Team
181 members
40+ institutions

Penyempurnaan Peta Bahaya Gempa Nasional 2024

Enhancement of earthquake source parameters

Engineering 
Seismology

Earthquake 
Geophysics

Geodesy Geology

Catalog Type
2017 

Catalog
Updated 2024 

Catalog

ISC-EHB 15,463 43,734

ISC-GEM 484 1,029

BMKG Relocation 4,468 10,491

ISC Reviewed (GCMT) N/A 224

Katalog 2010 20,003 Not included

NEIC-USGS 24,267 49,028

Total 64,685 104,506

Pembaharuan Model Sumber Gempa 
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Enhancement of earthquake source parameters

Engineering 
Seismology

Earthquake 
Geophysics

Geodesy Geology

Hypocentres distribution

Relocation: Improvement of earthquake locations using
3D velocity model from tomography.

Pembaharuan Model Sumber Gempa 

Enhancement of earthquake source parameters

Engineering 
Seismology

Earthquake 
Geophysics

Geodesy Geology

Update slip-rate and magnitude based on geodetic data 
strain analysis from GPS measurements

Pembaharuan Model Sumber Gempa 
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Enhancement of earthquake source parameters

Engineering 
Seismology

Earthquake 
Geophysics

Geodesy Geology

• Adding several active faults that were 
not well investigated and quantified
before.

• Utilizing trenching, carbon dating as 
well as availability of basic data 
including the SRTM-30, IFSAR, LiDAr.

Pembaharuan Model Sumber Gempa 

Enhancement of earthquake source parameters

Engineering 
Seismology

Earthquake 
Geophysics

Geodesy Geology

Pembaharuan Model Sumber Gempa 

Sources / Segmentation 2010 2017 2024

Megathrust 10 15 15

Crustal Fault (Map) 58 272 402

• Sumatra 19 55 86

• Java 6 37 82

• Kalimantan 6 3 11

• Sulawesi 7 48 74

• Bali/NT/Banda/Maluk
u 4 49 52

• North Maluku/Papua 16 80 97
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Peta Bahaya Gempa PUSGEN 2024
PGA Periode ulang 2,475 tahun

Outline:
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2. Penerapan Peta Bahaya Gempa Nasional untuk Desain Tahan Gempa di Indonesia

3. Pemilihan Ground Motion untuk Analisis Time History pada Struktur Khusus

4. Penyempurnaan Peta Bahaya Gempa Nasional 2024

5. Lesson learned dari Gempa Flores 2026

6. Kesimpulan dan Saran

PUSGEN (Indonesian National Center for Earthquake Studies) 

Supporte by:
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Sesar Aktif: Bali-Banda

5 Gempabumi Signifikan di Flores

Gempabumi Utama 2026

M = 7.7
15 Agustus 2026 04.58 WIB

8,41 LS 121,39 BT
Kedalaman : 15 km

Gempabumi 1968

M = 6.8
26 Januari 1968

8,87 LS 120,27 BT
Kedalaman : 25 km

Laut Flores 2021

M = 7.3
14 Desember 2021

7,60 LS 122,23 BT
Kedalaman : 14,27 km

Gempa Flores 1992

M = 7.8
12 Desember 1992

8,48 LS 121,90 BT
Kedalaman : 27,7 km

Gempabumi 1938

M = 7.2
20 Oktober 1938

9,00 LS 122,73 BT
Kedalaman : 66 km
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Sumber-Sumber Gempa

Mw 7.7 (2026) 

Terdapat 55 Station BMKG 
yang mencatat nilai PGA

Melihat perubahan PGA antar 
stasiun

Menguji kecenderungan 
model ground motion (GMPE)

Menghubungkan observasi 
dengan parameter desain

Terdapat 55 Station BMKG 
yang mencatat nilai PGA

Melihat perubahan PGA antar 
stasiun

Menguji kecenderungan 
model ground motion (GMPE)

Menghubungkan observasi 
dengan parameter desain

Nilai Percepatan PGA di Beberapa Stasion BMKG
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Nilai Percepatan PGA di Beberapa Stasion BMKG

Terdapat 55 Station BMKG 
yang mencatat nilai PGA

Melihat perubahan PGA antar 
stasiun

Menguji kecenderungan 
model ground motion (GMPE)

Menghubungkan observasi 
dengan parameter desain

• Variasi PGA tercatat sebagai 
pembanding empiris terhadap 
peta hazard

• Bukan ukuran langsung 
terlampauinya MCEG.

Nilai Percepatan PGA di Beberapa Stasion BMKG
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PGA Hasil Pencatatan dibandingkan 
dengan Peta SNI 1726 2017 
dan SNI 1726 202X

Perbandingan GMPE dengan Data Pencatatan
0,5497

0,5063
0,62280,4795
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PGA-EW (g) PGA-NS (g)
PGA-UD (g) Chiou-Youngs (2014) NGA West 2 USGS 2014
Campbell-Bozorgnia (2014) NGA West 2 USGS 2014 Boore-et al (2014) NGA West 2 USGS 2014
Chiou-Youngs (2014) NGA West 2 USGS 2014 +1σ Campbell-Bozorgnia (2014) NGA West 2 USGS 2014 -1σ
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MCEG (SNI 1726:2012)

335 gal

281 gal

203 gal

(Sigit Pramono, 2018)

UD

NS

EW

LESSONS LEARNED FROM PALU EARTHQUAKE

PGA & MMI.
• EW: 281 gal (VII), NS: 203 gal (VII), UD: 335 gal (VIII)
• Horizontal vector: 333 gal (VIII). 
• 3 component vector: 400 gal (VIII)

M7.0, 5 Ag 18M6.4, 29 Juli18 M7.0, 19 Agustus 18M6.3, 19 Agustus 18

amax = + 6% g amax = + 40% g amax = + 10% g amax = + 20% g 

40-50% g 

PETA SNI 1726-2012, Periode Ulang 2,475 Tahun

40-50% g 

50-60% g 

PETA SNI 1726-2019, Periode Ulang 2,475 Tahun
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Kesimpulan dan Saran

1. Peta bahaya gempa Indonesia terbaru tahun 2024 merupakan pembaruan dari peta 
bahaya gempa tahun 2017. Peta ini mengakomodasi data dan hasil studi terbaru yang 
tersedia, pembaruan Ground Motion Models (GMM), serta metodologi yang lebih maju 
untuk mendukung desain seismik bangunan dan infrastruktur di Indonesia.

2. Setiap jenis struktur, termasuk bangunan baru, bangunan eksisting, jembatan jalan raya, 
jembatan kereta api, bendungan, bandar udara, fasilitas pelabuhan, dan struktur bawah 
tanah, memiliki periode ulang gempa yang spesifik sesuai dengan standar desain 
masing-masing atau Standar Nasional Indonesia (SNI) yang berlaku.

3. Penerbitan peta bahaya gempa terbaru pada umumnya akan diikuti oleh revisi terhadap 
standar SNI terkait untuk masing-masing jenis struktur.

4. PGA tinggi yang tercatat di beberapa lokasi di Flores perlu dikaji lebih lanjut terhadap 
pengaruh sumber gempa, efek near-fault, kondisi situs lokal, serta kesesuaiannya 
dengan GMM dan Peta Bahaya Gempa Indonesia.

5. Evaluasi pencatatan ground motion perlu dilakukan berdasarkan respons spektra pada 
seluruh rentang periode yang relevan, bukan hanya PGA, dan dibandingkan dengan 
spektra desain SNI 1726 untuk menilai implikasinya terhadap berbagai kelas situs.

Contributors from Teams for Development of 
the National Seismic Hazard Maps and the National Building/ Infrastructure Codes:
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