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Why	does	the	current	code	require	improvements	?	

1.	To	considers	recent	great	earthquakes	in	Indonesia	

USGS	

Yogya	Earthquake	Mw=6.3	
(May,	2006)	

Tasik	Earthquake	Mw=7.4		
(Sept,	2009)	

Padang	Earthquake	Mw=7.6		
(Sept,	2009)	

Jambi	Earthquake	Mw=6.6		
(Oct,	2009)	

Nias	Earthquake	Mw=8.6		
(March,	2005)	

Mentawai	Earthquake	Mw=7.2		
(Oct,	2010)	

	Earthquake	events	since	the	release	of	building	code	SNI	1726-2002	

Simeuleu	Earthquake	Mw=8.5	
(11	April,	2012)	

Simeuleu	Earthquake	Mw=8.1		
(11	April,	2012)	

Aceh	Earthquake	Mw=9.2		
(December,	2004)	

Pidie	Jaya	Earthquake	Mw=6.5		
(7	Desember,	2016)	
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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)	

6 cm/year 

12 cm/year 

EURASIA PLATE 

INDO AUSTRALIA PLATE 

PASIFIC 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 countries in the 
world, it is epicenter all shock situation Indonesia tectonic regime. 

All	shock	with	M≥5	in	1900-2016	
Eq	+52.000	

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



Shallow	Earthquake	1900-2016	
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Using USGS & OpenQuake Software Using USGS Software 

Indonesian	Conrete	Design	Code	1966	 Indonesian	Loading	Code	1970	

Indonesian	Earthquake	Design	Code	1983	 Indonesian	Earthquake	Building	Code	SNI	1726-2002	

Indonesian	Seismic	Hazard	Maps	2010	 New	National	Seismic	Hazard	Maps	2017	



The	National	Hazard	Maps	Have	been	Implemented	in		
Earthquake	Resistance	Building	and	Infrastructure	Design	Codes	in	Indonesia	

Offshore	Platforms:	500	-	2,500	yrs	

Metro	Tunnels	1,000	yrs	

Railway	Bridges:		500-1000	yrs	Dams:	2,500-10,000	yrs	

Buildings	
Return	period	of	earthquake	2,500	yrs		

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

Port	and	Airport	



Ss	 Risk-Adjusted	Maximum	Considered	 Earthquake	 (MCER)	 Ground	Motion	
Parameter	 for	 Indonesia	 for	 0.2-s	 Spectral	 Response	 Acceleration	 (5%	 of	
Critical	Damping),	Site	Class	BC		

asrurifak@gmail.com 

Update SNI 1726:201X 

Using USGS & OpenQuake Software for Analysis 



Ss	 Risk-Adjusted	Maximum	 Considered	 Earthquake	 (MCER)	 Ground	Motion	
Parameter	 for	 Indonesia	 for	 1.0-s	 Spectral	 Response	 Acceleration	 (5%	 of	
Critical	Damping),	Site	Class	BC	

asrurifak@gmail.com 

Update SNI 1726:201X 

Using USGS & OpenQuake Software for Analysis 



Maximum	Considered	Earthquake	Geometric	mean	(MCEG)	PGA	

Update SNI 1726:201X 

asrurifak@gmail.com 
Using USGS & OpenQuake Software for Analysis 



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)	
	

Input	Parameters	Indonesian	hazard	map,	2010 

81 active fault for input PSHA  

11 Subduction model for input PSHA  



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

SUMATRA	ACTIVE	FAULT	AND	SURROUNDING 



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

JAVA	ACTIVE	FAULT	AND	SURROUNDING 



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

SULAWESI	ACTIVE	FAULT	AND	SURROUNDING 



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

PAPUA	ACTIVE	FAULT	AND	SURROUNDING 



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

NUSATENGGARA-BANDA	ACTIVE	FAULT	AND	SURROUNDING 



NEW	PARAMETER	FOR	SEISMIC	SOURCES	2017		
(251	ACTIVE	FAULT	FOR	INPUT	PSHA)	

KALIMANTAN	ACTIVE	FAULT	AND	SURROUNDING 



MEGATHRUST	PARAMETERS	FOR	INPUT	PSHA	2017	



EQ	EPICENTER	FROM	PUSGEN	CATALOG	
(1900-2016)	

LOMBOK	ISLAND	



EQ	EPICENTER	FROM	PUSGEN	CATALOG	
(1900-2016)	

PALU	
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Impact	Lombok	Eq.	2018	



Buildings	Collapse	
Lombok	Eq.	2018	



“STRONG COLUMN WEAK BEAM” CONSEPT 
NOT YET APPLIED 



MINIMUM	STANDARD	OF	REINFORCEMENT	

No shear reinforcement 
area > 9m2	

Minimum standard & 
no shear 

reinforcement	





LANDSLIDE	
Lombok	Eq.	2018	



LIQUIFACTION	&	GROUND	CRACKING	
Lombok	Eq.	2018	



M7.0, 5 Agustus 2018M6.4, 29 Juli 2018 M6.9, 19 Agustus 2018

Lombok	Earthquake	Intensity	Map	in	MMI	by	BMKG		

LESSONS	LEARNED	FROM	LOMBOK	EARTHQUAKE	

Value of MMI about VII 



Ground Motion Response Spectra in Building Code SNI 1726:2012 

Design Response Spectra in Building Code SNI 1726:2012 

Design	and	Recorded	Response	Spectra	at	Geophysics	Taliwang	Station	
M	7.0	Lombok	Earthquake	2018	



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

LOMBOK	ISLAND	



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

VII MMI scale è converted to PGA about 0.18-0.34g (Actual G Motion) 

Indonesian Risk Map (MCEG) SNI 1726:2012 for Lombok è 0.4-0.5g 
(bedrock) 

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

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

è Buildings not designed in accordance with seismic design standards 



MCEG	(SNI	1726:2012)	

335	gal	

281	gal	

203	gal	

(Sigit	Pramono,	2018)	

UD	

NS	

EW	

LESSONS	LEARNED	FROM	PALU	EARTHQUAKE	



Rupture	Distance	(km)	

Palu	
Mean	



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

Palu	



Design	and	Recorded	Response	Spectra	at	Geophysics	Station	of	Palu	
(Sigit	Pramono)	

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



LESSONS	LEARNED	FROM	PALU/DONGGALA	EARTHQUAKE	

COLLAPSE	BUILDINGS	



BUILDINGS	COLLAPSE	
Palu	Eq.	2018	



BUILDINGS	COLLAPSE	
Palu	Eq.	2018	



DAMAGE	&	LIQUIFACTION	
Palu	Eq.	2018	





BRIDGE	COLLAPSE	





Pantai	
Longsor	
Talise	

Citra	land	

Port	Wani	2	

Tondo	Maboro	

Donggal,	house	slided	

Lolipesua	

(Hamzah	Latief	2018)	

SURVEY	OF	PALU	TSUNAMI	
©	PUSGEN	2018	

Landslide	Talise	Beach	

Donggala,	Road	
Shoulder	was	eroded	

Buluri	



Wood	and	car	transported	
by	Tsunami	

Yellow	Bridge	Mosque	in	front	of	the	Gas	Station	

SURVEY	OF	PALU	TSUNAMI	
©	PUSGEN	2018	

(Hamzah	Latief	2018)	

Datokarama	Beach	



Ground	Cracking	at	Palu	Airport	

Ground	Cracking	



Ground	Cracking,	Jono	oge	village		



Balaroa	village	

Petebo	village	

Jono	oge	village	

Soil	Condition,	
Liquefaction,	
and	Landslide	



DISTANCE	LIQUIFACTION	ZONE	TO	FAULT	
LINE	

Balaroa	village	

Petebo	village	

Jono	oge	village	

Sibalaya	village	

1.1km	

7.2km	

6.7km	

3.6km	



Jono	oge	village	
(Youtube,	2018)		



Direction	of	Flow	Liquefaction	

Jono	oge	village	



Petobo	village	
(Youtube,	2018)		

Soil Condition 
& Liquefaction 



Petobo	village	
(Youtube,	2018)		

Flow	Liquefaction	Failure 



Direction	of	Flow	Liquefaction	



Petobo	village	









Local	people:	5	layers	of	soil	and	houses	at	the	toe	of	the	landslide	

Toe	of	failure	



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	

(b)	Edge	Failure/Lateral	Spreading	by	Translation	

(c)	Flow	Failure	

(d)	Translational	Displacement	

(e)	Rotational	and/or	Translational	Sliding	

Liquefied	zone	with	low	residual	undrained	strength	



Flow	Liquefaction	

Petebo	village		

Confined Aquifer 



Sibalaya	village	



400m	

Sibalaya	village	



SIBALAYA	VILLAGE	
Before	

Rice	field	

Translational	displacement/	Lateral	spreading	
+400m	 After	









Houses	have	moved	approximately	400m	



LAND	SUBSIDENCE		



CLOSING	
Ø  We are still mourning the victims of the earthquake in Lombok and Palu, hoping 

that people will recover quickly. 

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

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

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

Ø  Liquefaction has resulted in extreme flow liquefaction and lateral spreading.  

Ø  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) 

Ø  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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