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1. E ARTH Q UAKE  H AZ ARD  

 

FIGURE 1-1: EARTH QUAKE SH AKIN G H AZARD  

Earthquake hazard (i.e. ground motion or ground shaking) is a combined function of 1) seismic 

sources, 2) attenuation and 3) soil amplification.  Earthquake ground motion (i.e. ground shaking) 

is generated from seismic sources, attenuated with distance and amplified due to surface soil 

conditions at local sites.  Buildings located closer to seismic sources generally experience stronger 

ground shaking.  In addition, soft soil conditions tend to amplify the ground motion, and 

therefore careful considerations should be given to the site soil conditions when designing and 

constructing a building.  Soil survey should be performed if existing soil information is not 

available. 

 

NOTE: 

When designing and constructing a building, 

Check vicinity to seismic sources. 
Check site soil conditions. Soft soils significantly amplify ground shaking. 
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1.1. SE ISMIC SO URCE S 

1.1.1. SUBDUCTION ZONES AND ACTIVE FAULTS 

Earthquakes are geological phenomena that crustal plates on the surface of the Earth release stress 

or energy, which has been accumulated due to the movement of plates, i.e. plate tectonics.  One 

major source is originated at the plate boundary, i.e. so-called  Inter-plate  and also known as 

 Subduction Zone , where typically one plate sinks beneath another plate.  When a plate subducts, 

it drags down the other plates.  The dragged plate is then released back, i.e. earthquake occurs, 

once accumulated stress between the plates exceeds the frictional forces that retain the two plates. 

 

FIGURE 1-2: SCH EMATIC CROSS SECTION  OF A TYPICAL SUBD UCTION  ZON E (SOURCE: 

USGS) 

An earthquake can also induce tsunami, liquefaction and landslide disasters.  Especially major 

earthquakes in subduction zones often accompany significant tsunamis, since they are typically 

located along the trenches in the ocean. 

NOTE: 

Earthquakes originated in  Subduction Zones  often generate Tsunamis (e.g. 2004 
Sumatra Earthquake and Indian Ocean Tsunami). 

 

Major Subduction Zones affecting Indonesia is summarized in Figure 1-3. 
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FIGURE 1-3: SUBD UCTION  ZON ES OF IN D ON ESIA (SOURCE: PETA SUMBER D AN  

BAH AYA GEMPA IN D ON ESIA TAH UN  2017) 

Fault ruptures within the crustal plates, i.e.  Intra-plate , also generate earthquakes.  Especially 

those originated in fault ruptures in shallow depth of continental plates (knows as  Active Faults ), 

are the other major sources of significant earthquake impacts, since they are typically close to the 

urbanized areas.  There are two types of active faults depending on the direction of fault slip, 

namely Strike-slip and Dip-slip faults (Strike-slip can be further categorized into Left-lateral and 

Right-lateral, and Dip-slip into Normal and Reverse). 
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FIGURE 1-4: FAULT TYPES (SOU RCE: MIN ISTRY OF ED UCATION , CULTURE, SPORTS, 

SCIEN CE AN D  TECH N OLOGY OF JAPAN ) 

 

NOTE: 

 Active Faults  may exist near high density (populated) areas.  Earthquakes 
originated in  Active Faults  may thus result in significant building damages, 
especially if buildings are not properly designed and constructed (e.g. 2006 
Yogyakarta Earthquake). 

 

1.1.2. MAGNITUDE AND FREQUENCY 

Large earthquakes are less frequent and small earthquakes are more frequent.  This is known as 

 Gutenberg Richter Law , which expresses the relationship between earthquake magnitudes and 

their frequencies. 
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FIGURE 1-5: GUTEN BERG RICH TER LAW D RAWN  BASED  ON  EARTH QUAKE RECORD S 

D URIN G 1965-1974 IN  JAPAN  

Although large earthquakes are less frequent, there are number of major earthquakes observed in 

Indonesia over the last 20 years.  The list below summarizes the notable earthquakes that caused 

significant damage in Indonesia since 1990.  Lessons learned derived from these earthquakes 

indicate that numbers of destroyed houses could have been avoided if they were adequately 

designed and constructed to be seismic resistant. 

TABLE 1-1: MAJOR EARTH QUAKES AN D  TSUN AMIS IN  IN D ON ESIA AFTE R 1990 (JICA 

SURVEY TEAM BASED  ON  N ATURAL H AZARDS VIEWER (N OAA), N ATCATSERVICE 

(MUN ICH  RE) ETC.) 
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NOTE: 

Indonesia is prone to earthquake.  Buildings must be designed and constructed to 
be earthquake-resistant. 

 

1.1.3. SEISMIC SOURCE MAP FOR CENTRAL SLAWESI (2017 PUSGEN) 

Significant efforts have been made to develop nationwide seismic source maps and hazard maps in 

Indonesia.  The latest source maps and hazard maps were issued in 2017 by PuSGeN (Pusat Studi 

Gempa Nasional).  It represents a comprehensive Probabilistic Seismic Hazard Assessment 

(PSHA), especially aiming at establishing a basis for seismic design of any civil and building 

structures.  The maps address many different seismic sources (both  Subduction Zones  and 

 Active Faults ) and probability assessment of each source (i.e. Magnitude-Frequency relationship). 

Figure 1-6 shows the seismic sources of Sulawesi.  In the north of Sulawesi Island, there is the 

North Sulawesi Megathrust ( Subduction Zone ).  The 2018 Central Sulawesi Earthquake is 

considered originated from the Palu-Koro fault segments ( Active Faults ).  Sulawesi is prone to 

earthquake and tsunami. 
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FIGURE 1-6: SEISMIC SOURCES AROUN D  SULAWE SI (SOURCE: PETA SUMBER D AN  

BAH AYA GEMPA IN D ON ESIA TAH UN  2017) 

 

NOTE: 

Sulawesi is also prone to earthquake.  Buildings must be designed and 
constructed to be earthquake-resistant. 

 

1.1.4. 2018 SEPTEMBER 28 CENTRAL SLAWESI EARTHQUAKE 

The Central Sulawesi Earthquake on 2018 September 28 of M7.5 occurred along the Palu-Koro 

Fault zone (see Figure 1-7 and Figure 1-8).  Considering the annual slip rate of the Palu-Koro 

fault (circa 40mm/ year), the calculated recurrence period of this seismic event is approximately 100 

years. 
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FIGURE 1-7: OUTLIN E OF 2018 SEPTEMBER 28 E ARTH QUAKE (SOURCE: USGS) 

 

FIGURE 1-8: FAULT SLIP MOD EL OF 2018-09-28 EARTH QUAKE (SOU RCE: USGS) 

The BMKG seismometer in Palu that was just installed before the earthquake with the support of 

JICA recorded the strong motion of the earthquake (Figure 1-9).  The observed peak ground 

acceleration was 281 gal in the East-West direction. 
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FIGURE 1-9: STRON G MOTION  RECORD  OF 2018 E ARTH QU AKE (ABOVE:EW D IRECTION , 

BELOW: N S D IRECTION ) 

Although the observed ground motion records were siginificant, in general they did not exceed the 

design level defined in the seismic code, i.e. SNI1726:2012 (see Figure 1-10).  If the buildings had 

been properly designed and constructed in compliance with the seismic code, there should nt have 

been any significant damage. 

 

FIGURE 1-10: COMPARISON  OF RESPON SE SPECTRUMS (D ESIGN  BASIS V.S PALU 

EARTH QUAKE RECORD S 
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The Central Sulawesi area has been affected by the seismic activities in Palu-Koro fault zones, and 

therefore this area is prone to earthquake. 

 

FIGURE 1-11: MAJOR EARTH QUAKES GREATER TH AN  M5 AROUN D  PALU (SOURCE: 

USGS) 

 

FIGURE 1-12: EARTH QU AKES ALON G PALU-KORO FAULTS (SOURCE: PETA SUMBER D AN  

BAH AYA GEMPA IN D ON ESIA TAH UN  2017) 
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NOTE: 

Palu, Sigi and Donggala are located on or near the Palu-Koro Fault zone.  
Buildings must be designed and constructed to be earthquake-resistant according 
to the seismic code (SNI1726). 

 

1.2. ATTE MUATIO N  

 

FIGURE 1-13: ATTEN UATION  OF SH AKIN G IN TEN SITY PER D ISTAN CE 

Earthquake  Magnitude  indicates the size of an earthquake.  One earthquake normally has one 

epicenter and one Magnitude (e.g. M7.5).   Shaking Intensity  indicates level of ground shaking at 

a given location.  There are many different intensity scales used in the world (e.g. MMI =  VII, 

PGA =  200gal, JMA Intensity =  5 Lower).  One earthquake causes multiple Shaking Intensities at 

different locations affected by the earthquake.  Shaking intensities are typically more significant in 

the areas near the epicenter, and decrease (i.e. attenuate) with distance from the epicenter. 

There are several Shaking Intensity Scales used in the world.  Figure 1-14 and Figure 1-15 show 

the JMA Seismic Intensity Scale.  Table 1-2 and Figure 1-16 are the Modified Mercali Intensity 

(MMI) Scale, widely used all over the world and in Indonesia as well.  Figure 1-17 shows the 

Indonesia Earthquake Scale proposed by BMKG. 
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FIGURE 1-14: JMA SEISMIC IN TEN SITY SCALE (JAPAN  METEOROLOGICAL AGEN CY) 
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FIGURE 1-15: JMA SEISMIC IN TEN SITIES OBSERVED  IN  2016-04-14 KUMAMOTO 

EARTH QUAKE (M7.3) IN  JAPAN  (SOU RCE: JAPAN  METEOROLOGICAL AGEN CY) 

 

TABLE 1-2: MMI (MOD IFIED  MERCALLI IN TEN SITY) SCALE (SOURCE: BMKG) 

MMI I: Getaran tidak dirasakan 
kecuali dalam keadaan luarbiasa 
oleh beberapa orang 

MMI VII: Tiap-tiap orang 
keluar rumah. Kerusakan 
ringan pada rumah-rumah 
dengan bangunan dan 
konstruksi yang baik. 
Sedangkan pada 
bangunan yang 

konstruksinya kurang baik terjadi retak-retak bahkan 
hancur, cerobong asap pecah. Terasa oleh orang yang 
naik kendaraan.

MMI II: Getaran 
dirasakan oleh beberapa 
orang, benda-benda 
ringan yang digantung 
bergoyang.

MMI VIII: Kerusakan ringan 
pada bangunan dengan 
konstruksi yang kuat. 
Retak-retak pada bangunan 
degan konstruksi kurang 
baik, dinding dapat lepas 
dari rangka rumah, 
cerobong asap pabrik dan 
monumen-monumen roboh, air menjadi keruh.
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MMI III: Getaran dirasakan nyata 
dalam rumah. Terasa getaran 
seakan-akan ada truk berlalu. 

MMI IX: Kerusakan pada 
bangunan yang kuat, 
rangka-rangka rumah 
menjadi tidak lurus, 
banyak retak. Rumah 
tampak agak berpindah 
dari pondamennya. 
Pipa-pipa dalam rumah 
putus.

MMI IV: Pada siang hari 
dirasakan oleh orang banyak 
dalam rumah, di luar oleh 
beberapa orang, gerabah 
pecah, jendela/pintu berderik 
dan dinding berbunyi. 

MMI X: Bangunan dari kayu 
yang kuat rusak,rangka rumah 
lepas dari pondamennya, tanah 
terbelah rel melengkung, tanah 
longsor di tiap-tiap sungai dan 
di tanah-tanah yang curam. 

MMI V: Getaran dirasakan 
oleh hampir semua 
penduduk, orang banyak 
terbangun, gerabah pecah, 
barang-barang terpelanting, 
tiang-tiang dan barang besar 
tampak bergoyang, bandul 

lonceng dapat berhenti. 

MMI XI:
Bangunan-bangunan 
hanya sedikit yang tetap 
berdiri. Jembatan rusak, 
terjadi lembah. Pipa 
dalam tanah tidak dapat 
dipakai sama sekali, 

tanah terbelah, rel melengkung sekali.

MMI VI: Getaran dirasakan 
oleh semua penduduk. 
Kebanyakan semua terkejut 
dan lari keluar, plester 
dinding jatuh dan cerobong 
asap pada pabrik rusak, 
kerusakan ringan. 

MMI XII: Hancur sama 
sekali, Gelombang tampak 
pada permukaan tanah. 
Pemandangan menjadi 
gelap. Benda-benda 
terlempar ke udara. 
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FIGURE 1-16: SH AKEMAP (GROUN D  MOTION  E STIMATE) FOR 2018-09-28 CEN TRAL 

SULAWESI EARTH QUAKE  (SOURCE: BMKG) 
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FIGURE 1-17: IN D ON ESIA EARTH QUAKE SCALE: SKALA IN TEN SITAS GEMPABUMI (SIG) 

BMKG (SOURCE: BMKG) 

 

NOTE: 

Earthquake  Magnitude (e.g. M7.5)  indicates a size of an earthquake, while 
 Intensity (e.g. MMI VII)  indicates a level of ground shaking at each location. 
Buildings located near seismic sources may experience higher levels of ground 
shaking, and therefore must be designed and constructed with particular attention. 

 

1.3. SITE  SO IL CO N D ITIO N S AN D  SO IL AMPLIFICATIO N  E FFE CT 

As described, earthquake ground motion or shaking intensity attenuates (i.e. decrease) with distance 

from the epicenter of the earthquake.  Figure 1-18 shows the reduction of shaking intensity in the 

2016 Kumamoto Earthquake in Japan.  However, in the area with soft soil conditions, the shaking 

intensity or the ground motion was amplified (i.e. increased to JMA Intensity 4) compared to the 
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area with hard soil conditions (JMA Intensity 2-3), even though they were located in the same 

distance from the epicenter. 

 

FIGURE 1-18: GROUN D  MOTION  AMPLIFICATION  EFFECT OBSERVED  IN  2016-04-14 

KUMAMOTO E ARTH QUAKE (M7.3) 

 Standard Penetration Test (SPT)  is the most frequently used soil boring test performed all over 

the world.  The purpose is to identify the soil profile, and to measure the strength of each soil 

layer using an indicator known as  N-value .  High N-value indicates well-compacted firm soil 

with high density and low value does loose or soft soil. 

TABLE 1-3: RELATION  BETWEEN  N -VALUE AN D  D EN SITY IN D EX (MITCH ELL AN D  

KATTI, 1981) 
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The results of SPT are summarized in Soil Boring Log (see example in Figure 1-19).  In this 

example, top 10 meters of soil layers are soft and the soil layers below them are relatively firm.  

Top soil layers may be able to support light-weight, i.e. low-rise building (below 2 floors) if the 

building foundations are appropriately designed and constructed (e.g. rigid reinforced concrete mat 

slabs).  Heavy-weight, i.e. high-rise buildings should be supported on pile foundations, drilled 

down to the firm soil layers. 

 

FIGURE 1-19: SPT SOIL BORIN G LOG 

NOTE: 

Check site soil conditions, when designing and constructing a building, since soft 
soil conditions significantly amplify earthquake ground motion. 
 Standard Penetration Test (SPT)  should be performed when constructing a 
building with 2 floors or greater. 
Buildings must be designed according to the seismic code (SNI1726), considering 
the site soil conditions and soil amplification effect. 
Considerations should be given to foundation type considering the site soil 
conditions. 
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1.4. SO IL LIQ UE FACTIO N  AN D  BUILD IN G  FO UN D ATIO N  

Soft or loose sand soil layers with high water table are susceptible to liquefaction.  Strong ground 

motion likely induces soil liquefaction, since soil particles in saturated soil tend to loose strength 

and stiffness due to strong shaking.  Buildings on liquefied soils lose support and may sink, tilt or 

even overturn due to uneven settlement or movement of the ground soil, if the foundation systems 

are not properly designed. 

 

FIGURE 1-20: SOIL LIQUEFACTION  (SOURCE: TOKYO METROPOLITAN  GOVERN ME N T) 

When constructing a building on liquefiable soil conditions, soil improvement works should be 

performed or any appropriate foundation type (e.g. pile foundation) should be adopted. 

 

FIGURE 1-21: COUN TERMEASURES TO SOIL LIQUEFACTION  

II-3-2-42



23 

 

NOTE: 

Adequate countermeasures should be implemented when constructing a building 
on the soils susceptible to liquefaction. 
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2. D E SIG N  E ARTH Q UAK E  

 

FIGURE 2-1: GEN ERAL PROCED URE FOR D ESIGN  GROUN D  MOTION  (SN I1726) 

Figure 2-1 illustrates the process for determining design ground motion for a building according to 

the Indonesian Seismic Design Code, i.e. SNI1726:2012.  Each step in this process is further 

explained in the following sections. 

2.1. 2017 PRO BABILISTIC SE ISMIC H AZ ARD  MAP O F IN D O N E SIA 

Pusat Studi Gempa Nasional (PuSGeN) published the Indonesia Earthquake Source and Hazard 

Map in 2017, which was accommodated the latest research results on tectonics, subduction zones, 

active faults and background seismicity (earthquakes without clearly identifies sources).  The 

assessment is largely based on Probabilistic Seismic Hazard Analysis (PSHA), and the ground 

motion prediction equation, called new generation attenuation (NGA), is used for this probabilistic 

seismic hazard analysis.  The 2017 Indonesia Earthquake Hazard Map includes several kinds of 

hazard maps for different purposes.  Regarding seismic design of building structures, the two 

hazard maps for different vibration periods (0.2 and 1.0 sec.) at bedrock should be referred (Figure 
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2-2 and Figure 2-3).  The response spectrum acceleration values in these maps will be used for 

developing design response spectrum (see Section 2.3). 

 

FIGURE 2-2: RE SPON SE SPECTRUM ACCELERATION  AT 0.2 SECON D  WITH  5% D AMPIN G 

RATIO IN  BED ROCK (SB) FOR EXCEED IN G PROBABILITY OF 2% IN  50 YEARS (SOU RCE: 

PETA SUMBER D AN  BAH AYA GEMPA IN D ON E SIA TAH UN  2017) 

 

FIGURE 2-3: RE SPON SE SPECTRUM ACCELERATION  AT 1.0 SECON D  WITH  5% D AMPIN G 

RATIO IN  BED ROCK (SB) FOR EXCEED IN G PROBABILITY OF 2% IN  50 YEARS (SOU RCE: 

PETA SUMBER D AN  BAH AYA GEMPA IN D ON E SIA TAH UN  2017) 
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2.2. SO IL AMPLIFICATIO N  FACTO R 

As described in Section 1.3, the site soils above the bedrock may amplify the ground motion 

transferred at the bedrock.  This is considered as Soil Amplification Factors (Fa and Fv) in 

SNI1726. 

Ground motion at ground surface: 

SMS =  Fa * SS 

SM1 =  Fv * S1 

Where SS is acceleration spectral response for a period of 0.2 second as defined in Figure 2-2; S1 is 

acceleration spectral response foe a period of 1.0 second as defined in Figure 2-3; Fa and Fv as 

defined in Table 2-1 and Table 2-2 respectively. 

TABLE 2-1: SOIL AMPLIFICATION  FOR SS: FA 

 

TABLE 2-2: SOIL AMPLIFICATION  FOR S1: FV 

 

Where SA: hard rock; SB: Rock; SC: hard soil, very dense and soft rock; SD: medium soil; SE: soft 

soil; SF: special soil, which require specific geotechnical and specific-site response analysis. 
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2.3. MAXIMUM CO N SID E RE D  E ARTHQ UAKE  AN D  D E SIG N  

RE SPO N SE  SPE CTRUM 

The Maximum Considered Earthquake (MCE) spectral-response acceleration is calculated though 

the above steps.  The design spectral-response acceleration is calculated using the following 

equations.  It is known from past earthquake experiences in various countries that the ground 

motion acceleration is not fully transferred to building structures due to various reasons, such as 

interaction between soil and structure. 

Design Ground Motion: 

SDS =  2/ 3 * SMS 

SD1 =  2/ 3 * SM1 

Then, design response spectrum is created using SDS and SD1 (). 

 

FIGURE 2-4: LOWE R LIMIT OF D ESIGN  RESPON SE SPECTRUM 

 

2.4. LO AD  CO MBIN ATIO N  

The required load combinations according to SNI1726 are as follows. 

Allowable stress design: 

(1+ 0.14SDS)DL+ 0.7 QE+H+ F 
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Ultimate strength design 

(1+ 0.2SDS)DL+ QE+LL 

Where QE: Effect of earthquake force 
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3. BASIC CO N CE PT O F SE ISMIC D E SIG N  

This Chapter describes the basic concept of seismic design according to the design standards in 

Indonesia. 

3.1. IMPO RTAN CE  FACTO R 

Important buildings shall be designed with particular attention and higher seismic forces, in order 

to secure their functionality in the event of any major earthquake. 

In accordance with ground motion intensity and importance of building (referred as Risk Category 

in SNI1726), different design requirements are set as Seismic Design Category  A  to .  For  A  

in Table 3-1, seismic design of non-structural elements is not required; for  C  and over, 

geotechnical investigation report, including slope instability, liquefaction, etc. are required. 

TABLE 3-1: SEISMIC D ESIGN  CATEGORY 

 

The Risk Categories are given in SNI1726 according to the table below. 

TABLE 3-2: D EFIN ITION  OF RISK CATEGORY 
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The Importance Factors are defined based on Risk Categories as follows, so that important 

buildings are designed with higher seismic capacities.  The application of Importance Factor is 

described in Section 3.3.1. 

TABLE 3-3: RISK CATEGORY AN D  IMPORTAN CE FACTOR 

 

3.2. STRE N G TH AN D D UCTILITY 

 Strength  indicates that a building structure resists seismic forces with rigid structural elements, 

while  Ductility  indicates a structure accommodates seismic forces with flexible structural 

elements.   Strength  is the force level when a structure yields (i.e. is damaged).  After yielding 

the structure starts plastic deformation.  A non-ductile structure cannot accommodate plastic 

deformation and fails immediately after yielding point. 

 

FIGURE 3-1: CON CEPT OF STREN GTH  AN D  D UCTILITY 

A structure can be design to be rigid enough to resist seismic forces (e.g. many shear walls or 

bracing), and / or to be flexible and ductile enough to accommodate and absorb seismic forces or 

energy (e.g. moment frame without shear wall or bracing).  The total energy consumptions can be 

equivalent (i.e. similar level of seismic capacity) regardless of the strategy or philosophy adapted for 

the design, of source if the structure is appropriately designed. 
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FIGURE 3-2: STRE N GTH  AN D  D UCTILITY D ESIGN  STRATEGY 

 

3.2.1. STRUCTURAL DUCTILITY FACTOR 

The SNI1726 allows reducing seismic design loading, considering elastic deformation of ductile 

building structures (until reaching to a failure mode) as follows.  The application of Structural 

Ductility Factor is described in Section 3.3.1. 

TABLE 3-4: RE SPON SE MOD IFICATION  FACTOR 

 

3.3. STRUCTURAL CH ARACTE RISTICS AN D  AN ALYSIS PRO CE D URE  

Based on the Seismic Design Category defined in Table 3-1 and structural characteristics, three 

analyses methods or procedures are defined in SNI1726. 
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TABLE 3-5: APPLICABLE AN ALYSIS PROCED URE  

 

The  equivalent lateral force procedure  is based on the calculation of Base Shear.  The  various 

response spectrum procedure  can be performed by a modal analysis using the design response 

spectrum.  The  earthquake history response procedure  requires development of earthquake time 

history and dynamic structural response analysis.  For the majority of buildings that structural 

calculations are required  various response spectrum procedure  would be recommended with the 

use of structural analysis software such as ETABS or SAP2000. 

 

FIGURE 3-3: EXAMPLE OF STRUCTURAL AN ALYSIS MOD EL FOR  VARIOUS RESPON SE 

SPECTRUM PROCEDURE  
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3.3.1. EQUIVALENT LATERAL FORCE PROCEDURE AND BASE SHEAR 

In the  equivalent lateral force procedure , Design Base Shear is defined as follows. 

V =  Cs * W 

Cs =  SDS * Ie /  R 

Where V: Design base shear, W: Building weight; Cs: Base shear coefficient; Ie: Importance factor; 

R: Response modification factor 

 

3.4. IN D O N E SIAN  N ATIO N AL STAN D ARD  (SN I) FO R STRUCTURAL 

D E SIG N  

Design and calculations of each structural element should be performed according to the relevant 

design standard depending on the structural type. 

TABLE 3-6: STRUCTURAL D ESIGN  COD ES IN  IN D ON ESIA 

 

Since the SNI design codes have been developed based on the US codes, they typically apply 

ultimate strength design rather than allowable stress design. 
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4. BE ST PRACTICE S FO R SE ISMIC D E SIG N  O F BUILD IN G  
STRUCTURE S 

When planning and designing a building structure, considerations should be given to: 

Clear load path (i.e. understand seismic loading and distribution of forces within the structure) 

Well balanced seismic-force-resisting system (no irregularity, no discontinuity, no excessive 

concentration of seismic forces) 

Ensure ductility to avoid sudden failure or collapse of a structure 

Sufficient reinforcement for shear forces in reinforced concrete structure 

Weak Column (Strong Beam) results in sudden collapse, and therefore structures should 

be planned as Strong Column (Weak Beam) 

 

 

 

4.1. AVO ID  IRRE G ULARITY 

Any significant irregularity in a building structure, either horizontal or vertical, may result in 

concentration of earthquake forces to particular structural members, which are likely damaged 

during an earthquake.  This kind of irregularity is avoidable with well-considered structural 

planning and design. 

4.1.1. AVOID PLAN (HORIZONTAL) IRREGULARITY 

A plan or horizontal irregularity may likely introduce undesirable torsional forces in a structure due 

to the unbalance between the center of gravity (or weight) and the center of stiffness. 
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FIGURE 4-1: TORSION AL RESPON SE D UE TO PLAN  IRREGULARITY 

This can be avoided by separating a building structure into building blocks and connecting them 

with expansion joints. 

 

FIGURE 4-2: PLAN  OF BU ILD IN G BLOCKS (SOURCE: GUID ELIN ES FOR EARTH QUAKE 

RESISTAN T N ON -EN GIN EERED  CON STRUCTION , UN ESCO) 
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4.1.2. AVOID ELEVATION (VERTICAL) IRREGULARITY 

An elevation or vertical irregularity may cause soft-story effects and excessive concentration of 

seismic forces in a certain floor level due to abrupt change of story stiffness s. 

 

FIGURE 4-3: ELEVATION  VIEWS SH OWIN G VERTICAL IRREGULARITIES, WITH  ARROWS 

IN D ICATIN G LOCATION S OF PARTICULAR CON CERN  (SOURCE: FEMA154)  

These irregularities are avoidable with well-considered structural planning and design. 

 

FIGURE 4-4: EXAMPLE FOR AVOID IN G VE RTICAL IRREGULARITIES 

 

4.2. AVO ID  D ISCO N TIN UITY 

Any discontinuity is also a source of potential damage in a structure due to excessive concentration 

of seismic sources.  Structural discontinuities should be avoided as much as possible.  In case 

they cannot be avoided, structural elements and members where concentrations of seismic forces 

are expected should be designed to withstand those forces and stresses. 
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FIGURE 4-5: STRUCTURAL D ISCON TIN UITY 

 

4.3. AVO ID  CO N CE N TRATIO N  O F SE ISMIC FO RCE S 

There are several other cases that can cause undesirable concentration of seismic forces, such as 

short columns and short span girders /  beams.  Columns and beams that are shorten by side walls, 

hanging walls or partial walls experience high levels of shear stresses, and are likely damaged 

especially if those partial walls are not properly considered in the structural analysis model (partial 

walls are typically considered as non-structural walls and thus not included in the structural analysis 

models). 

 

FIGURE 4-6: SH ORT COLUMN S AN D SH ORT BEAMS 

Partial walls should be separated from the columns and/ or beams by structural slits in order to 

avoid undesirable concentration of seismic forces. 
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FIGURE 4-7: STRUCTURAL SLITS FOR AVOID IN G SH ORT COLUMN S /  BEAMS 
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Step1. Planning of Mixing Proportion Step2. Trial Mixing by Mixer

Step3. Check Moisture Content and Slump Step4. Check Air Content by Tester

Step5. Sampling for Strength Test Step6. Concrete Compressive Strength Test
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Average of 3 pieces =(F1+F2+F3)/3 shall be  
Fq (Design Strength + 3N/mm2)
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Test tool Test image 
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II-3-2-122



II-3-2-123



II-3-2-124



II-3-2-125



II-3-2-126



II-3-2-127



II-3-2-128



II-3-2-129



II-3-2-130



Type of  
Bar 

Concrete 
Compressive 

Strength 
(N/mm2)

Bar 
Size 

Without Hook With Hook 

L1 
(mm) 

L2 
(mm)

L3

L1 
(mm)

L2 
(mm) 

L3

Small 
Beam
(mm)

Slab
(mm)

Small 
Beam
(mm)

Slab
(mm)

BJTD30 

(SD295A) 

(SD295B

(SD345) - 

21-27 

D10 400 350 250 150 300 250 150 

D13 520 455 325 150 390 325 195 

D16 640 560 400 160 480 400 240 

D19 760 665 475 190 570 475 285 

D22 880 770 550 220 660 550 330 

D25 1000 875 625 250 750 625 375 
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Bending Shape 

D

Previous locationUnder 
16mm
Dia. 

19 to 
38mm
Dia. 

180°

More 

than

3d 

More 

than

4d 

Main bars for 

Column and beam 

etc. 
Too Small 

bend
Short hook

135°

More 

than

3d 

More 

than

4d 

Stirrup, Hoop, 

Spiral bar Too Small 

bend
Short hook

90°

More 

than

3d 

More 

than

4d 

Stirrup, Hoop, 

Spiral bar 
Too Small 

bend

Short hook

Less 

than

90°

More 

than

4d 

More 

than

6d 
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