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Total Probability Theorem

Seismic Hazard Analysis

Deterministic (DSHA) Probabilistic (PSHA)
-Analisis mudah difahami - Merupakan state-of-the-arts P\ (x)= I./_\/ (m )J- ./1,;, ([)I P(X > x)|m, ")./R MLz (r,m,)drdldm
- Worst case scenario - Bukan hanya worst case scenario, tapi juga d -
kondisi terjelek: R ;, dan M, ., berbagai level dan kemungkinan dari
dan nilainya 84% (mean+c) seluruh area

- Yang umum digunakan dalam perencanaan

infrastruktur tahan gempa Fungsi disvibusi kumulatif probabilitas

jarak dalam 1 sumber di gambarkan
sebagai probabilitas seragam

Saling melengkapi, cara terbaik dengan mengintegrasikan keduanya ; KD
DSHA mulai digunakan tahun 2010, s

umumnya digunakan untuk lokasi yang dekat sesar sebagai pembatas
nilai PSHA

Team for Updating of Seismic Hazard Maps of Indonesia 2017

Classification of Main Shocks

TECHNICAL

COMMITTEES Based on Type of Sour
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Map of Earthquake Sources for Indonesia 2017
Subduction Megathrust
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Hazard Maps 2010: 81 active fault lines

Hazard Maps 2017: 295 active fault lines ||
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Active Faults in Sulawesi
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GMPE for 2010 and 2017 Hazard Maps

2017 Maps:
GMPE for 2010 Maps:

[I.Boure—mkinsonNGA(BuDrE and Atkinson, 2007) ]

NGA West-2 2014:
* Abrahamson et al.

* Booreetal.

* Campbell and Bozorgnia
* Chiou and Youngs

* Idriss

2.Campbell-Bozorgnia NGA (Campbell and Bozorgnia, 2007)
3.Chiou-Youngs NGA (Chiou and Youngs, 2007)

2.Atkinson-Boore BCrock & global source (Atkinson & Boore, 1995)

1.Geomatrix subduction (Youngs et al, 1997)
3.Zhao et al., with variable Vs30 (Zhao et al, 2006)

+ BCHydro (Addo et al. 2012)

1.Atkinson-Boore Intraslab (Atkinson and Boore, 2003)
2.Geomatrix slab seismicity rock (Youngs etal, 1997)
3.Atki ity world data BC-rock condition

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

+ OpenQuake Software

(Atkinson and Boore, 1995)
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Peta percepatan puncak di batuan dasar (SB) deterministik akibat sumber gempa Sesar Dangkal
dengan 84-percentile (150% Median)
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- Ariska Rudiyanto, M.Phil. (Ketua Pokja GMPE)
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o

sakarta, Mol 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat
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Kerja sama:
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Probabilistic Hazard Maps:

Deterministic 84% Hazard Maps: For Fault and Megathrust Subduction
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PEinyrs 10yrs |10 yrs | 10yrs |50 yrs| 75yrs | 50yrs | 100 yrs | 100 yrs
Return Period (yrs) 50 100 | 200 | 500 | 1.000 | 2.500 | 5.000 | 10.000
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Spectral acceleration at bedrock S; for selected return periods of earthquakes
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0.2s
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Peta percepatan puncak di batuan dasar (Sg) untuk probabilitas terlampaui 10% dalam 50 tahun
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Peak Ground Acceleration (PGA) at Bedrock S; for 10% Probability of Exceedance in 50 yrs (500 yrs earthquake)
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Jakarta, 4 September 2017
Menteri Pekerjaan Umum dan Perumahan Rakyat
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Peta percepatan puncak di batuan dasar (Sg) untuk probabilitas terlampaui 7% dalam 75 tahun Peta percepatan puncak di batuan dasar (S;) untuk probabilitas terlampaui 2% dalam 50 tahun
z =z
N P
Peak Ground Acceleration (PGA) at Bedrock S, for 7% Probability of Exceedance in 75 yrs (1,000 yrs earthquake) Peak Ground Acceleration (PGA) at Bedrock Sg for 2% Probability of Exceedance in 50 yrs (2,500 yrs earthquake) ~ ~
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Kerja sama: Kerja sama:

Peta Gempa Hindia Belanda (Van Kempen, C.P 1942) Peraturan Beton 1966 dan Muatan Indonesia 1970 Peraturan Perencanaan Tahan Gempa Indonesia Standar Perencanaan Ketahanan Gempa untuk Struktur
untuk Gedung 1983 Bangunan Gedung SNI 1727-2002 (Gempa 500 thn)

0039
010g
0159
0209
0259
0309

Wilayah
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Peta Gempa Indonesia 2017 (Gempa 500 thn)
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Hazard PGA 10% dalam 50 tahun (Gempa 500 tahun)
Sumatera bagian Utara

Peta 2002 Peta 2010 Peta 2017

wBanda Aceh
N

Peak Ground Acceleration (PGA) of Indonesia for 10% 50yr
0wy a1-018g 620280 03-04p 6s-08n

oo ass-02p ozs.03 0s-055 susg

Peta PGA 2,500 tahun

Peta 2010

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

25
PGA Peta Gempa 2010 PGA Peta Gempa 2017
(Perioda ulang 2.500 tahun) (Perioda ulang 2.500 tahun)
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SOSIALISASI LEBIH DALAM ISI SNI 1726
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Cakupan Materi Bahasan:

1. Penyusunan Peta Sumber dan Bahaya Gempa Nasional Indonesia 2017

2. Aplikasi Peta Gempa dalam Perencanaan Infrastruktur Tahan Gempa
Indonesia

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
Buildings
Return period of earthquake 2,500 yrs
and 1% risk of collapse in 50 yrs Bridges
j 'Return period of earthquake 1,000 yrs

Metro Tunnels
1,000 yrs
% a

Railway Bridges: 1,000 yrs

OBE: 145 yrs Liquefaction for

SEE: 2,500->10,000 yrs Runway Airport 1,000 yrs
Yor DSHA Offshore Platforms: 2,500 yrs y Al ! 30 v

30

V4

| AIRPORTS

Untuk Perancangan Likuifaksi Runway
Bandara Cengkareng-Jkt, Kulon Progo-Ygy, dan Ngurah Rai-Bali: 1,000 thn

GeoTalk 19 HATTI

SNI GEOTEKNIK SNI ______ SHI 84602017
Tabel 52 - Kriteria Perancangan Gempa Berdasarkan Peruntukan Infrastruktur
Peruntukan | Periode ulang| Umur Probabilitas Kriteria keamanan Referensi
rencana | terlampaui
Bangunan gedung 2.500 Tahun 50 Tahun 2% Kemungkinan |- SNI1726:2012
dan non-gedung Terlampaui/ SNI1726-2019
1% Risiko Runtuh
Jembatan 1.000 75 7% - SNI2833:2016
1 1 AASHTO (2012)
ko
Dinding penahan 1.000 75 7% “FK>1,5 (terhadap geser saat WsDoT,
. mengalami beban statik) FHWA-NJ-2005-002
abutmen jembatan _FK>2 (terhadap guling saat mengalami
beban statik)
-FK>1,1 (terhadap beban pseudostatik)
Timbunan oprit Fr>1,1
Bendungan 10.000 100 1% Tidak terjadi aliran air yang tidak ICOLD No 148, 2016,
Safety Evaluation ';'k:"ﬂa"_'_d et 0.5 dar
~Deformasitidak melebihi 0,5 dari
Earthquake (SEE) gl ogan
- Deformasi pada filter tidak boleh
melebihi 0,5 tebal filter
- Spillway tetap berfungsi setelah
jadi rencana
145 100 50%
Operating Basis - Kerusakan minor setelah terjadi
Earthquake (OBE) gemparencana
Bangunan 2500 50 2%
pelengkap
bendungan
Terowongan 1.000 tahun 100 10% 31

31

Updating of Bridge Design Standard in Indonesia

Development in Indonesia:

. e I[[ Revision has been
SNI ‘ ENI ‘ LK according
L\ L 500 years return of period ‘I ! toAASHTO 2012

hE

:ENln!u = 3] ]

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

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

==
the reliability of the bridge, especially in term of seismic hazard analysis
= P —
AASHTO LRFD Bridge [|MECEETT=Ty
Design ifiations

2012-2013

33

11 Juli 2022


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=-8IrVFKdrL0vtM&tbnid=WCOGk8iGo5i0rM:&ved=0CAUQjRw&url=https://bookstore.transportation.org/collection_detail.aspx?ID=124&ei=kxCTUrX7DYWKrQel3YCYBw&psig=AFQjCNG2fUnhVqo3_nHhI2czQv2kyww4rQ&ust=1385456119847818
http://www.thetechstandard.com/image/cache/data/00000000000000004208-1-500x500.jpg

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

SIGNIFICANT CHANGES OF BRIDGE CODE SNI-2833

SNI 2008 SNI 2016

Partial Adoption from

AASHTO 2013

IBM5 1993

AUSTRALIAN
Q\)) INTERNATIONAL DEVELOPMENT

ASSISTANCE BUREAU

FEBRUARY 1993

Seismic Maps at Bedrock 3 Maps 1,000 years:
- PGA (Peak Ground Acceleration)

- Ss (Spectral Acceleration 0.2 sec)

1 Maps 500 years:
- PGA (Peak Ground Acceleration)

- S;(Spectral Acceleration 1.0 sec)

Development of Design Response Spectra

SNI 2833:2016  Perencanaan jembatan terhadap beban gempa
Ada 3 Peta
\ ¥

>z

getar 1.0 deti
B cos-01g | 01s-029 [ 025-03 04-03g (TREN  [TRTH |
coosg Ml 01 -arog Ml 02-039  03-0¢g N us-ong [ s-ong [ ov-100 B 12

wa-rﬂmwmmmimmmmlmmumm-mnmnmnnnun «
p . —

e e =t e e = we e -t

’ M omarg esse2q I 0035 s4asg
<oy

orassg I 020255 03043 osasg Il
wz-rml.-mmm 0.2 detik di b ] terlampaui 7% dalam 75 tahun
B 0os-01g 015-029 025-039 04-059 0s-07 [ os-00g I 10-12;
<008 01-018g 02-0289 03-049 0506 MM o7-osg [ 09109 M 1215

Gambar 1+ hqm’lbﬂ puncak di batuan dasar (PGA)}MWK probabilitas terampaui 7% dalam 75 tahun

)
E 2.5xPGA
4
-
] <
ﬁ PGA T
-l
@ T (sec) 34
34
Spektra di Pemukaan Tanah untuk Perancangan Jembatan
$
s
b So.asurface
]
S
<
T
F
a
v 1.0 surface
'
PSAS ; PSA:FpgaxPGA So.2surf=FaxS0.2 S0 5ur=F xS,
Ground Surface
6 T
0.0 0.2 1.0

Spectral Acceleration

35

S|.osurface
Te=02T, T="g

0.2Surface

Spektra di Batuan Dasar Sg
‘,f\sw .
4 B
1.0 Bedrock Sg36

PEDOMAN PEMBAHASAN
PENYELENGGARAAN KEAMANAN JEMBATAN DAN
TEROWONGAN JALAN

DENG
KOMISI KEAMANAN JEMBATAN DAN TEROWONGAN JALAN

36

GeoTalk 19 HATTI

2.2 Penyelidikan Geoteknik untuk Jemb

(1) Soil Investigation

a. Kedalaman lubang bor dihentikan apabila nilai N-SPT >60 tercapai 5 kali berturut-
turut dengan interval uji 2 m;

b. Untuk daerah yang pernah mengalami likuifaksi, maka uji N-SPT dilakukan dengan
interval | m;

¢. Untuk daerah-daerah yang pernah mengalami longsor, Undisturbed Sample (UDS)
dilakukan dengan interval 3 m:

d. Pengambilan Disturbed Sample (DS) pada jenis coarse soil dapat diperoleh juga dari
tabung SPT;

e. Pengukuran Muka Air Tanah d;

f. Posisi casing harus ditampilkan dalam Bore Log dan mengikuti standar dalam
menampilkan deskripsi tanah sesuai nomenklatur dan menampilkan muka air tanah,
serta nilai SPT.

leh z b -
dari open ipipe p

(2) Persyaratan khusus

a. Untuk L soil s dilakukan pada setiap titik rencana pier dan
abutment dan profil tanah digambarkan sesuai dengan kaidah dalam penyajian profil:
b. Untuk elevated road (struktur pile slab) soil investigation dilakukan setiap jarak 30 m

dan profil tanah digambarkan sesuai dengan kaidah dalam penyajian profil. 37

37
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SNI RSN XOOO:202X

Stamaa nasionm ingenesia

Evaluasi dan Rehabilitasi Seismik Untuk Bangunan|

Gedung Eksisting
IASCEE: 1.7, MOD)
(BSND Hies

:

Perioda ulang gempa 225 tahun

Basic Performance for Existing Buildings
BPOE Performance Objective

Pro-Defined Seismic Hazard Lovels
(BSE-1E: 20%/50 yoar hazard (capped at BSE.1N

€. hes ABCE 7

BIE-2N: matches ASCE 7 Risk Targeted

Pre-Defined Performance Objectives

Objective

Basic Performance Objective Equivalent to
New Bullding Standards (BPON)
u

3| e

sermp 20 doam S0 tahun

8SE-1E 225 tghun |

38

Direktorat Jenderal SDA 2021:

PEDOMAN

Studi untuk F
Parameter Desain Gempa Bendungan

Volume |
Penelusuran Sumber Gempa

AL TR T

For dam design,
Return period of earthquake: OBE is 145 y

PEDOMAN

Hocswrar.

Studi Kegempaan untuk Penentuan
Parameter Desain Gempa Bendungan

Volume Il
Analisis Bahaya Gempa

rs, SEE is DSHA or 5,00-10,000 yrs

EMENTERIAN PEXERIAAN UMUM DAN PERUMAHAN RAKYAT
DIREKTORAT JENDERAL SUMBER DAYA AR

Dr. Didiek Djarwadi
Dr. M Asrurifak

Dr. Danny Hilman Natawidjaja

40

GeoTalk 19 HATTI

Tahun 2022:
Penyusunan SNI Tata Cara Perancangan
Infrastruktur Bawah Tanah Tahan Gempa

Perioda ulang Gempa:

-100 yrs: Fully operational

-1000 yrs: Immediate occupancy
(B7ET T T

TESATETATET

39

% GeoTalk XIX 22

Zoom Webinar, 11-12 Juli 2022

PENERAPAN PETA GEMPA INDONESIA
DALAM PERENCANAAN GEDUNG TAHAN GEMPA

41

41
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1 Prof. Ir. Masyhur Irsyam, MSE., Ph.D.
Tim Struktur Bawah 2 Andhika Sahadewa ST., MSE., Ph.D.
dan Kontributor SNI 1726 :2019

Dr. Ir. M. Asrurifak, MT.

3

4 Prof. Dr. Ir. | Wayan Sengara
5 SNI 1726:2019 5 |Ir. Sindhu Rudianto, MSCE.

6

7

8

9

Prof. Dr. Ir. Widjojo Adi Prakoso
Dr. Ir. Windu Partono, M.Sc

Standar Nasional Indonesia

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

Dr. M. Ridwan
Tata cara perencanaan ketahanan gempa untuk 10 Andri Mulia, ST., MS.c
Struktur bangunan gedung dan nongedung 1 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.

- BADAN
) S ianoisast
©591.120.25; 91.080.01 g.._— HASIONAL 18 Prof. Dr. Ir. Indra Jati Sidi

19 Dr. Ir. FX. Toha 42

42

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

Upper
Structure

Gambar 17

PGA <= Map of PGA (MCE,):
*Probabilistic 2500 yrs +
*Deterministic

Sub Structure

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

44

GeoTalk 19 HATTI

ow 112629013

Tata cara perencanaan ketahanan gempa untuk
struktur bangunan gedung dan nongedung

Btanir Nasidam ngsnesis

Ada 4 Peta untuk Penentuan PGA dan Respon Spektra Percepatan

L e =7 st
a—f SP A#s . D g

s
‘4¢| e ¥ b =
s ..
= e e e e e e whe = 7 er

B s i< B 6 cetic 12 detik 16 detik [ 20 ¢etix

Gambar 20 % Peta transisi periode panjang, TL,}uilayah Indonesia

Gambar 16 —|Parameter gerak tanah, Sy, L)ana risiko-tertarget (MCEg) wilayah Indonesia untuk

vanq
spektrum respons 1,0 detik (redaman kritis 5 %)

Gambar 15 - [Parameter gerak tanah S,, fjempa maksium yang i isiko-tertarget (WCEs) wilayah Indonesia untuk

spektrum respons 0,2-detik (redaman kritis 5 %)

43
Gambar 17 — Gempa yang diperti rata-rata (MCEg) wilayah

43

SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726

SNI 2002 SNI 2012 SNI 2019
Gambar 2.1 Gambar 11 Gambar 17
Criteria for PGA Maps

* Probabilistic: * Probabilistic: * Probabilistic:
10% PoE in 50 yrs (500 yrs) 2% PoE in 50 yrs (2,500 yrs) 2% PoE in 50 yrs (2,500 yrs)

* Deterministic 84% PGA * Deterministic 84% PGA

45

45
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MCE (MaxinisarGolisidered Earthquake)

PGA atau SA

(E.V. Leyendecker) Pie
e

-t~ &/ Probabilistic 2500 yrs

Deterministic 84" percentile ‘

Plateau 1.5XUBC Design

Fal

ult Distance

Combination of

Probabilistic 2500 yrs
. © Banda Aceh

wBandaAceh  Deterministic

Upper
Structure

Application of Earthquake Maps
in SNI1726:2019/ ASCE 2016

Design Response Spectra <—!

Seismic Base Shear
—

Maps of S;and S, of MCEg:
*Probabilistic+
*Deterministic +
* Fragility
*Maximum Direction

Map of T, :
*De-Agregation

Risk of Collapse
1%in50 yrs

Sos=(2/3)Ss
—f-

:SDFPB)S\

T (sec)

48

48

GeoTalk 19 HATTI

11 Juli 2022

MCE; (Maximum Considered Earthquake)

Keterang

M

<0089 018-039
. ocs -0t 2

03.049

Gambar 17 - PGA. Gempa

04-050 W 07

05-00q M 00090 NI 12-15g
06007 MM oo 100 NI - 150
o W 10 - 120

rata-rata

yang dip

(MCEq) wilayah

47
Sms=FaSs
s
g Sps = (2/3) Sus L
K] [ Spektra Disain di Pemukaan Tanah
< :
T : x:SM| =F5,
g : 1
2 ' H
a ; :SD| =(2/3) Swm,
0.4 Sps | . Sms=FaSs Smi=F,S,
; ! 5, =200 Ground Surface
3 ; T
0.2 1.0
T=02T, T, Sor
S])S
F, F,
g (Tabel 6) (Tabel 7)
5 i Spektra di Batuan Dasar Sy .
3 | Soil[Type
M H
S
*'-'E ! A Ss 3
@ H | S,
& l i T (Gambar 15) (Gamb‘ar 16)
0.2 1.0 Bedrock Sg49
49
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ASCE STANDARD

ASCE

Bentuk Dasar Response Spektra

SNI 2012
SNI 2019

ASCE/SEI 7-10

[ -

2o [ v v [ 2000

Belum ada daerah Constant Displacement
Sudah ada daerah Constant Displacement

‘Gambar 20 Peta transis periode panjang. T, wiaysh ndonesia

¥

i

}

» 50
Period (sec
Short-Period Site Coefficient F, (Tabel 6, Pasal 6.2)
SNI 2019 follows PEER 2013

Site S;<0.25 $,=0.5 $.=0.75

Class | SNI2012 | ASCE7-16 | PEER | SNI2012 ASCE 7-16 PEER | SNI2012 | ASCE7-16 | PEER
A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
B l.o 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 16 1.6 1.6 1.4 1.4 1.4 12 1.2 1.2
E 2.5 2.4 2.4 17 1.7 1.7 1.2 1.3 13

Site S:=1.0 S,=1.25 S>1.5

Class ["oNiz012 | ASCE7-16 | PEER | SNIzotz | ASCE7-16 | PEER | SNI2012 | ASCE716 | 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

SS: Site Specific Response Analysis
Prof. Dr. Masyhur Irsyam (ITB-HATTI-PuSGeN) Sosialisasi Peta Sumber dan Bahaya Gempa Indonesia 2017 dan Revisi SNI-1726:2019

11 Juli 2022
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Sms=F,Ss
c
2
E Sps = (2/3) Sws L
g Spektra Disain di Pemukaan Tanah
M
<
T ASmi=Fy S,
4 :SD| =(2/3) Sw
0.4 : Sms =FaSs Smi=F, S,
i Ground Surface
: NP4
;
1.0 .
a FV
g (Tabel 6) (Tabel 7)
£
% Soil[Type
<
T
© Ss S,
v 1
& 1 (Gambar15)  (Gambar 16)
10 T Bedrock Sg51
51
Long-Period Site Coefficient F, (Tabel 7, Pasal 6.2)
SNI 2018 follows PEER 2013
Site S,<0.1 S,=0.2 $,=0.3
Class | SNI2012 | ASCE7-16 | PEER | SNI2012 ASCE 7-16 PEER | SNI2012 | ASCE7-16 | PEER
A 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
B l.o 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 S=0.4 S,=0.5 S,> 0.6
Class | SNI2012 | ASCE7-16 | PEER | SNI2012 | ASCE7-16 | PEER | SNI2012 | ASCE7-16 | 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
SS: Site Specific Response Analysis
54
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SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726

SNI 2002 SNI 2012 SNI 2019

Partial Adoption from
UBE 1937 ASCE 7-10

Amarican Society of Civil Enginesrs

Minimum Design Loads
for Buildings and
Other Structures

Seismic Maps at Bedrock

1 Maps: 3 Maps: 4 Maps:
- PGA (Peak Ground Acceleration) - PGA (Peak Ground Acceleration) - PGA (Peak Ground Acceleration)
- S (Spectral Acceleration 0.2 sec) - S (Spectral Acceleration 0.2 sec)
- S, (Spectral Acceleration 1.0 sec) - S, (Spectral Acceleration 1.0 sec)

- T (Long-Period Transition Periods)

Development of Design Response Spectra
Sos=(2/3)Ss Sps=(2/3)Ss

™S0i=(2/3)Ss

2S0i=(2/3)S:
S i

Sou

Sou Ty
T

Spectra Acceleration (g)

6 03 1o T(e0) 6 02 10 T TG

3 T(se0)

Application of Earthquake Maps Sos=(2/3)Ss
. -
in ASCE 2016 [ ]
Design Response Spectra | |
f 0.45¢s
Seismic Base Shear |
3 T or T -
Maps of S;and S, o
*Probabilistic+
st Uptper *Deterministic + Risk of Collapse
ructure « Fragility 1% in 50 yrs
* Maximum Direction

active/passive
P —
PCA €5

Liquefaction potential

55

56

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

Generic fragility curve equation:
Ina = (InRTGM + 1.28 x
| na=C B )|

l B |
Fragility Curve
RTGM (Conditional probability of failure)

- [l )

Risk/probability of collapse Hazard '
=1/5000 Capacity

Structural Capacity
1 _ (Ina—(In(RTGM)+1.28p))*
apvan SXP [ 262 ]

57,
Luco, 2009

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

Generic fragility curve equation:
Ina = (InRTGM + 1.28 x
d>[ na = (In B )]

[ B J

Fragility Curve
(Conditional probability of failure)

-Prof. Indra Jati
-Prof. Wayan Sengara

SNI 2012

p=o0.70

B Minimum untuk site specific analysis=0.65
SNI 2019
p=0.65

B Minimum untuk site specific analysis=0.55

58

57

GeoTalk 19 HATTI
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Gerak Tanah Geometric Mean dlm SNI 1726:2019 (misal untuk PGA)

Ground Acceleration NS.

-

u Ground Acceleration EW

SAgeometricmean = V'SA ;x SA;,, < SAmaximum
gabungan dua arah

Spectral Acceleration

T

Rumus Atenuasi (GMPE) termasuk PGA menggunakan Geometric Mean

Response Spektra Jembatan, Bendungan, dan Tunnel menggunakan Geometric Mean

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

Gerak Tanah MCE,, dIm SNI 1726:2019: Gerak (dIm Arah) Maximum
Deformasi Gabungan (Dua Komponen)

Detormasi NS e

IS Time (sec)

ggd P

Maximum response Value
e M

N

Ground Acceleration EW
W, plinplael
¢ T=T*sec

mg —ssifs
Ground Acceleration NS

W\w«» M

T AR -
*a factor n@m ljust froma geometnc mean o the Risk-Adjusted Maximum Considered Earthquake (MCEj)
| maximum response regardless of direction > 0.2s Spectral Response Acceleration

RotD100 untuk TAN

» a factor UIU adjust from a geometric mean to the s, Risk-Adjusted Maximum Considered Earthquake (MCEy) |

i maximum résponse regardless of direction ——> 1 Spectral Response Acceleration 1

59
KONSENSUS UNTUK NILAI
MAXIMUM DIRECTION FACTOR
ASCE 7-05 [ IBC-2009 ASCE 7-10 ASCE 7-16

Geometric Mean

A
a

S;=1-3 xSaro
02 10 T (sec) 0z 10 T (sec)

[
SNI
2019[ Naik 13%

[ SNI 2012: 105X 5,, 1-15)‘5“0]
Naik 5%

61
Prof. Dr. Masyhur Irsyam, MSE. (ITB-AIPI-PuSGeN

SIGNIFICANT CHANGES OF BUILDING CODE SNI-1726

SNI 2002 SNI 2012 SNI 2019

Criteria for Seismic Maps for Development of Design Response Spectra

10% Probability of Exceedance 1% Risk of Collapse in 50 yrs 1% Risk of Collapse in 50 yrs

ins50yrs
oo Developedbasedon
Seismic Hazard / Risk Analysis
- Probabilistic SHA - Probabilistic SHA - Probabilistic SHA

- Deterministic SHA
- Fragility function ASCE
- De-Agregation (for T,)

- Deterministic SHA
- Fragility function ASCE

Fragility Function
ASCE generic fragility curve equation
B =0.70 PlCoitapsels = a] = B =0.65

Ina = (InRTGM + 1.28 x 0.8)
0.8

No fragility function

Directivity Factors for Maximum Directions
- No directivity factor -1.05 for Ss -1.10 for Ss

-1.15 for S, -1.30 for S,
(average of UBC 2009 + ASCE 2010) (follows ASCE 2010, 2016)
—_—
Increase in Sg=5% Increasein S, =43%

61
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Team for Development of 1% Risk of Collapse for SNI 2019:

- Prof. Masyhur Irsyam S, Risk-Adjusted Maximum Considered Earthquake (MCE;) 2019
- Prof. Wayan Sengara . .
- Dr. M. Asrurifak Ground Motion Paran_le.ter for 0.2s Spectr_al Response Acceleration
- Dr. Windu Partono (5% of Critical Damping and Site Class BC)

- Prof. Indra Djati Sidi

- Dr. Daniel Hutabarat i
- Andi Mulya MSc. =
Surface Response Spectra for Jakarta =z
(F,and F, from PEER) 7
z
&
a o
g B
§ .
£ o4 -
: o
o
“| SNI1726:2019
e
GE GRE BAE WOF WIE 104E AE WGE MEE UE NNE WSE UBE W20F 23E ME E ZFE INE GIE I E GE BBE WOE MIE
Ketrangan (5 MCES)
" [ I——

e —
010159 M 026035 05-06 MENOA-00; NN 12-15g
<onsg 015-029  03-0d4g W 06-07o MENOS- 100N 15-20g
BENO0S-01g /1020265 04-05g MENO7-08q MEN10-120 MM 20-25¢
63 4

63 64

PERBANDINGAN MCE S PERBANDINGAN MCE; S

SNI1726:2012

SNI 1726:2012

+»Banda Aceh

————
[ v et e s epes v 7% 4 .
©1-015g M 035-03 1 05-08g M 08
015-029  03-04p M 08-07o M 0S

B v e e o i st 1535
0.1-0.15¢ M 025-03g 1 05-08 M 08-09 M 12-15g

<oosg
015-02g  03-04g W O06-07g M 0S-10g N 15-209 Prof. Dr. Masyhur Irsyam (ITB-HATTI-PESGEN) 1s  ©3-02%5  Revisi SNI726:2613 W 10

<0059 ‘
= = = asrurifak@gmail.con
B 005-01g 1 02-0259  04-05g 07-08g M 10-129 MMM 20-25¢ b

asrurifak@grygjl.com 66

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

65 66
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PERBANDINGAN MCE, S,

S, Risk-Adjusted Maximum Considered Earthquake (MCE;) 2019
Ground Motion Parameter for 1.0 s Spectral Response Acceleration SNI 1726:2012 .
(5% of Critical Damping and Site Class BC) L~ & . sBanda Aceh SNI1726:2019

TN 4N &N &N

[

W0s o5 695 45 =5

SNI11726:2019

e
OE SFE G5E 100E 02E 104°E WG E WEE NIE NTE 1ME MEE NEE 120°E 122°E 12°E 126°E 128°E 130"E 131°E 134°E 136°E 138°E MOE 142

Kamewgun (3, MCE.)
[T A oo semiman gy permcator scowin 0% o

Kelacangan (S, MCEx) -

S A chrgun ek v et b E6%
= +-0150 N s.00 NI 0008 N
91-0150 B 025-03g  05-neg M 0s-0v N 1Z-15g - Fpipd DA — ot — T — o
« N . N - 15 3 s S
005a 015020 03-044 0g-07g MM oe-100 - 150 - ocs-01g 02-0280 04-05g W O7-0so NI 10120 asrurifak@gmajl.com
B 05010 02-028g 0d-05g W o7 -osg I 10 -12g 67 2

PERBANDINGAN MCE, S,

Design Spectra Medan
0.7 T
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Design Spectra for Surabaya SNI 2019 and 2012
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RISK-COEFFICIENT (C,) MAP

RISK TARGETED

P[Collapse] = 1% in 50 years UNIFORM SEISMIC HAZARD

2% in 50 years

sudah memperhitungkan fragility

RISK TARGETED GM

RISK ADJUSTED
NUNIFORM HAZARD GM

SEISPTC DESIGN
R

yg belumymemperhitungkan fragility

kDeterminisltic - 1.8 x Median

==

Fault

(Source: E.V. Leyendécker)
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GROUND MOTIONS REQUIRED FOR 1 8899:2020
NON-LINEAR RESPONSE TIME HISTORY SN
ANALYSIS ACCORDING TO SNI 1726:2019

‘Standar Nasional Indonesia

PENYUSUNAN PETA
DEAGREGASI NASIONAL
UNTUK BERBAGAI JENIS

Tata cara pemilihan dan modifikasi gerak tanah SUMBER GEMPA, PERIODA
ULANG, DAN PERIODA GETAR
UNTUK PEMILIHAN DAN

permukaan untuk perencanaan gedung tahan gempa

MODIFIKASI GROUND
MOTIONS

ICS 91.120.25; §1.080.01
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Thankyou for the continuous support from:

PENGEMBANGAN METODE
PEMILIHAN DAN MODIFIKASI GROUND MOTION

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

DI KOTA-KOTA BESAR DI INDONESIA Ministry of Energys
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i M\W RIS SER R e
L Low

ority Bureau of Meteorology, Indonesia  Geaspa mation|
Climatology, Research Institute Agency
Geophysics

Nick Alexander, MT

Prof. Ir. Masyhur Irsyam MSE.,Ph.D
Dr. Ir. M. Asrurifak, MT.

Dr. Hendriyawan ST., MT.
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