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Ekonografik
D katadatac.

D E A D L I Indonesia kembali berduka.

Gempa bumi dan tsunami

E A RT H Q U A K E S melanda Sulawesi Tengah.

Sepanjang 2018 telah terjadi

l N 2 O 1 8 banyak gempa dengan
magnitudo di atas S5, dan
menelan korban.

o Dampak:
(28 September 2018)

= Tsunami di Palu,
Donggala, & Mamuju

TOtaI Casualties : 2'081 Mal, hotel, RS, rumah

rubuh

Heavily injured :4.438 . .. <.

Missinglburied :1.309 50" "™
Palu-Poso-Makassar

‘Per 30 September 2018 tertutup longsor
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i EARTHQUAKE & TSUNAMI e
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Disater: EARTHQUAKE & TSUNAMI
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FRIDAY, 28 sept 2018 5 PM
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Tribute to Lombok & Palu:

Our thoughts and prayers are with victims, families,
and whoever impacted by Lombok & Palu Earthquake.

We wish the community for a quickly complete
recovery.
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Major Tectonics around Indonesia (Bock et al., 2003)

* 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



Stories about earthquakes in
Indonesia as a realization of the

dynamics of Plate Tectonic
(Referring The Work Of Robert Hall)



Indonesia is one of the most seismically active countries in the
world, it is epicenter all shock situation Indonesia tectonic regime.

Main shock in 1900-2016
(Eqg. >10.000)



Shallow Earthquake 1900-2016
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Indonesian Conrete Design Code 1966
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The National Hazard Maps Have been Implemented in
Earthquake Resistance Building and Infrastructure Design Codes in Indonesia

Buildings
Return period of earthquake 2,500 yrs

and 1% risk of collapse in 50 yrs Bridges
) Return period of earthquake 1,000 yrs  Metro Tunnels 1,000 yrs
: ¢ i)
P Yy

Voo ¢ 12 5
Dams: 2,500-10,000 yrs Railway Bridges: 500-1000 yrs

Offshore Platforms: 500 - 2,500 yrs Port and Airport



Ss Risk-Adjusted Maximum Considered Earthquake (MCE;) Ground Motion
Parameter for Indonesia for 0.2-s Spectral Response Acceleration (5% of
Critical Damping), Site Class BC
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Ss Risk-Adjusted Maximum Considered Earthquake (MCE;) Ground Motion
Parameter for Indonesia for 1.0-s Spectral Response Acceleration (5% of
Critical Damping), Site Class BC
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Maximum Considered Earthquake Geometric mean (MCE;) PGA
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Efforts to Enhance the 2017 National Seismic Hazard Maps

* Enhancement is conducted by updating earthquake sources data including geology, seismology,
geodesy, and earthquake catalog.

Updating data is based upon the latest studies such as recent active-fault studies utilizing trenching,
carbon dating, epicenter relocation, strain analysis from GPS data, availability of basic data including
the SRTM-30, IFSAR, LiDAr, and earthquake catalog up to 2016.

Improvement of tomography using 3D velocity model.

Adding several active faults that were not quantified before.

Considering the latest GMPE published after Tohoku earthquake and latest NGA.

Adding OpenQuake software for comparison and verification to USGS and EZFRisk software.
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LATEST INFORMATION ON SEISMIC SOURCES PARAMETERS
THAT HAVE NOT BEEN ACCOMMODED IN OLD HAZARD MAP

(2010)
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NEW PARAMETER FOR SEISMIC SOURCES 2017
(251 ACTIVE FAULT FOR INPUT PSHA)
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NEW PARAMETER FOR SEISMIC SOURCES 2017
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NEW PARAMETER FOR SEISMIC SOURCES 2017
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NEW PARAMETER FOR SEISMIC SOURCES 2017
(251 ACTIVE FAULT FOR INPUT PSHA)
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NEW PARAMETER FOR SEISMIC SOURCES 2017
(251 ACTIVE FAULT FOR INPUT PSHA)
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NEW PARAMETER FOR SEISMIC SOURCES 2017
(251 ACTIVE FAULT FOR INPUT PSHA)
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KALIMANTAN ACTIVE FAULT AND SURROUNDING
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MEGATHRUST PARAMETERS FOR INPUT PSHA 2017
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EQ EPICENTER FROM PUSGEN CATALOG

Legend

All shock 0-50 Km
M4.5-5.0
M5.1-6.0
M6.1-7.0
M7.1-8.0
M8.1-9.2

All shock 5-100 Km
M4.5-5.0
M5.1-6.0
M6.1-7.0
M7.1-8.0
M8.1-9.2

LOMBOK ISLAND

M45-50
M5.1-6.0
M6.1-7.0
";1‘-? £ _.-;.-;; M7.1-8.0
() M81-9.2

All shock 150-200 Km
M4.5-5.0
M5.1-6.0
M6.1-7.0
M7.1-8.0
M8.1-9.2

All shock 200-300 Km
¢ M45-50
® M51-6.0
® M6.1-7.0
@ M7.1-80
@® m81-92

Fault
4—4—i- Thrust/Back-arc

~A—4_ASubduction




EQ EPICENTER FROM PUSGEN CATALOG




OUTLINE:

Tectonic Condition of Indonesia

Indonesian Seismic Hazard Map

Active Faults & Earthquakes in Lombok & Palu

N
Impacts & Lessons From The Recent Earthquake In

Lombok & Palu 2018

J

Closing



Impact Lombok Eq. 2018




Buildings Collapse
Lombok Eq. 2018
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MINIMUM STANDARD OF REINFORCEMENT

B e g No shear reinforcement | .
no shear Foeinn o area > 9m?

reinforcemen
¢ t: ‘2\‘\ -







LANDSLIDE

Lombok Eq. 2018




LIQUIFACTION & GROUND CRACKING
Lombok Eq. 2018




LESSONS LEARNED FROM LOMBOK EARTHQUAKE
Lombok Earthquake Intensity Map in MMI by BMKG

em———— emeT e
~ — ~ —
Y = [
= __F N
E—— ~— ~
— BMKG BMKG
BMKG
BMKG ShakeMap : Lombok, NTB BMKG ShakeMap : Lombok Utara, Indonesia BMKG ShakeMap : Lombok Timur - NTB
JUL 29, 2018 B547:38 WIB, M:6.4, 8.35LS 116.50BT, Kedimn:13km, AGS 5, 2018 18:46:37 WIB, M:7.0, 8.35LS 116.47BT, Kedmn:32km, AGS 19,2018 21:56:27 WIB, M:6.9, 8.44LS 116.68BT, Kedimn:10km,

Map Version 1
0 | Nottolt| Weak | Uight Swong |Very srong|  Severe | Viokent | Extrome | PERGkME | Mot feit| Weak | Light Strong |Very stong| Severe | Violent | Extreme PERCEVED | Not felt | Weak | Light Strong |Very stong| Severe | viclent | Extreme
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Value of MMI about VII



Design and Recorded Response Spectra at Geophysics Taliwang Station

1000

Spectra Acceleration (gal )

)

1

M 7.0 Lombok Earthquake 2018

e RESPONS SPEKTRA ACCELEROMETERM 7.0 E-W
= RESPONS SPEKTRA ACCELEROMETERM 7.0N-S
~——RESPONS SPEKTRA ACCELEROMETERM 7.0 UD

Ground Motion Response Spectra in Building Code SNI 1726:2012

Design Response Spectra in Building Code SNI 1726:2012

Periode (sekon)

M)



Maximum Considered Earthquake Geometric mean (MCE;) PGA
in Building Code SNI-1726-2012

LOMBOK ISLAND

5° S+

10* S+

95°E 100° E 105° E 110° E 115° E \ 120° E 125°E 130° E 135° E 140° E
Maximum Considered Earthquake Geometric Mean (MCEG) PGA, Site Class B

---------- Areas with a constant spectral response acceleration of 60% g

B oos-019 015-029 025-03g 04-05¢ 06-079 [ os-000 [ > 100

<0059 0.1-015g 02-0259 03-049 0s-06g I 07-0s0 [ co-100



LESSONS LEARNED EATHQUKAE IMPACT TO BUILDING
CASE STUDY: LOMBOK Eq. 2018

VIl MMI scale =» converted to PGA about 0.18-0.34g (Actual G Motion)

Indonesian Risk Map (MCE;) SNI 1726:2012 for Lombok =» 0.4-0.5g
(bedrock)

on surface, Peak Surface Acceleration (PSA) =» the value will be
multiply with amplification factor depend on site class condition

In fact =» many buildings that have structural damage (from medium to
heavy), even to collapse due to the earthquake that occurred

=» Buildings not designed in accordance with seismic design standards



LESSONS LEARNED FROM PALU EARTHQUAKE

[ 20128 Sulaw ed earthquake

Pacific

Acceleratlon waveform from ,.cAu-l'- ,;gc pere—y
2018/09/28/10 02:30to 10:04:10

wm

IO r\\rdb ‘o IMA V RA [;]
1 EW
LI ! ',!" " AN e e e
° 281 gal
= “ » A ‘:(A = - | LJ
Ao
203 gal
’cw\n c(:'»l-i:;‘su.fO(cwxn,' : T . T — : 1 :’
ﬂ»h\mmnm» SV AU SO SIS S S A
° 335 gdP
PGA & MMI

* EW:281gal VII, NS: 203gal VII, UD: 335gal VI
* Horizontal vector: 333gal VIII

* 3 component vector: 400gal VIII

(Sigit Pramono, 2018)



Peak Ground Acceleration (g)
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Maximum Considered Earthquake Geometric mean (MCE;) PGA
in Building Code SNI-1726-2012

A

95° E 100° E 105° E 110° E 115°E 120° E 125° € 130° € 135°E 140° E

(i Areas with a constant spectral response acceleration of 60% g
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BMKG
(Sigit Pramono)
Design and Recorded Response Spectra at Geophysics Station of Palu
2.50
——PaluUD

PALU Palu NS
—Palu EW

2.00

1.50 Ground motion response spectra in Building Code SNI 1726-2012

1.00 response spectra in Building Code SNI 1726-2012

MRS ———————

0 0.5 1 1.5 2 2.5 3 3.5 4
Period (second)

Spectra Acceleration (g)Period (second)

o
o
=}

Same case with Lombok Eq
PALU EQ = Actual GM < Design GM = but, many buildings collapse




LESSONS LEARNED FROM PALU/DONGGALA EARTHQUAKE

\.\N GEMPA&TSUNAM\ PAL

AH TERJAD
MPANYE MESKIPUN DI SULAWES! TENG



BUILDINGS COLLAPSE
Palu Eq. 2018
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BUILDINGS COLLAPSE
Palu Eq. 2018




DAMAGE & LIQUIFACTION

Palu Eqg. 2018







BRIDGE COLLAPSE
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" SURVEY OF PALU TSUNAMI
%USSN a18
C R e g

Hamzah Latief 2018

Donggalw

Shoulder was eroded




SURVEY OF PALU TSUNAMI
© PU%SN ﬁ18€B
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(Hamzah Latief 2018) Wood and car transported
: by Tsunami

TR lld 1,L | -».;

Datokarama Beach

Mosque in front of the Gas Station Yellow Bridge



Ground Cracki

Ground Crackin




Ground Cracking, Jono oge village

. Lokasi SBBUISigi



PETA SITUASI PENANGANAN GEMPA SULAWESI TENGAH

l‘-_.._. p—

Soil Condition,
Liquefaction,
and Landslide

Balaroavillage =

Petebo village

A, Jono oge village



DISTANCE LIQUIFACTION ZONE TO FAULT
LINE

prT T

PETA SEBARAN LIKUIFAKSI
BENCANA GEMPA SULAWES|I TENGAH

PO T
A BANAMWA SELAT,

‘Balaroa.village
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G MARMAOLA BARAT
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Jono oge village

(Youtube, 2018)




izk
—

€ € e VU
et g
‘NQ‘Q‘\KR(-ﬂ‘

ANALISE :

Arah dan akumulasi aliran didapatkan dari hasil

analisis data DEMNAS dan Foto Udara

menggunakan analisis hidrologi spasial.

Pergerakan aliran mengarah dari timur laut menuju

ke Sungai Langaleso di bagian selatan dan

seterusnya menuju Sungai Salu Miu di bagian barat
wilayah likuifaksi. Aliran air ini terakumulasi di 2 tempat,
yakni Desa Langaleso dan Desa Kobobona.

¢+ Jono oge village
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UPDATE PETA : 12 Oktober 2018 Cof Contur Pospnan: (2150 E2630m




Soil Condition Petobo village
& Liquefaction (Youtube, 2018)




Flow Liquefaction Failure ~ Petobovillage
(Youtbe,

]

L #




ANALISIS :

Arah dan akumulasi aliran didapatkan dari hasil analisis
data DEMNAS dan Foto Udara menggunakan analisis
hidrologi spasial. Pergerakan aliran mengarah dari timur
menuju Anak Sungai Palu yang berada di bagian barat
wilayah likuifaksi dan selanjutnya menuju ke Sungai Palu.
Saat hujan, aliran ini akan terakumulasi ke Desa Mpanau
bagian utara, Desa Petobo bagian barat, dan Desa
Kalukubula bagian utara.

]
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b - Direction of

Frean com
Coll Contter Poapenas: (D431) 1200019
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Toe of failure




E Liquefied zone with low residual undrained strength

AR,
R

Schematic Examples of
Liquefaction-Induced Global Site Instability
and/or “Large’”’ Displacement Lateral
Spreading

(Seed et al., 2001)

(a) Edge Failure/Lateral Spreading by Flow

|
i R e iy
P e R Cowera

(> =w v ]

(b) Edge Failure/Lateral Spreading by Translation

(e) Rotational and/or Translational Sliding



Petebo village

Flow Liquefaction
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Medium dense brown gravelly SAND
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Citra Planet 7 Juli 2015
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Prakiraan Dampak :

- Luas area : 52.98 Ha
- Bangunan : 125 unit

- Fasos Fasum :

Lapangan Sibalaya Selatan
Masjid Baburahman
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Sibalaya village
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Dktd Laudaks)

| Bangunan Terdampak

L Bangunan tidas terdamgad
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PETA SEBARAN BANGUNAN TERDAMPAK LIKUIFAKS!
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SIBALAYA VILLAGE

Before

Rice field

| After

Translational displacement/| Lateral spreadin
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Houses have moved approximately 400m



LAND SUBSIDENCE




CLOSING

We are still mourning the victims of the earthquake in Lombok and Palu, hoping
that people will recover quickly.

Recorded PGA at Lombok range 180-340 gal & Palu range from 200-350 gal.

Impact of Palu Eq: ground cracking, tsunami, landslide, liquefaction, and
ground shaking are a huge natural disaster event and will be a future learning
=» This is a huge laboratory for natural disasters

Palu Eq: the rupture offset was found as large as 4-6 meters horizontal sinistral
offset and about half meter vertical offset.

Liquefaction has resulted in extreme flow liquefaction and lateral spreading.

Material losses and injuries or death are usually not caused by earthquakes
directly, but because buildings or infrastructure are designed not to follow
seismic design building standards (Earthquake doesn't kill)

Stakeholders in the construction sector must seriously pay attention to the
rules of building seismic resistance based on the current code provisions.
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