
Earthquake Resistant Design of High-Rise Building 
Based On The Newest Indonesian National Standard

Prof. Dr. Ir. Antonius, MT

Universitas Islam Sultan Agung
Department of Civil Engineering

Forensic Civil Engineering Seminar 2016 (FoRCES), UTM, 

4-5 Oktober, Kuala Lumpur, Malaysia 



RECENT EATHQUAKES AND 

THEIR IMPACT ON 

STRUCTURES



Indonesia’s Typical Disasters [Teguh, 2016] 

Indonesia’s Earthquake RiskIndonesia’s Tsunami RiskIndonesia’s Flood RiskMap of Indonesia’s Landslide Risk



A Series of Earthquake Events in Indonesia

(2004-2010)

Source: Widodo (2016)



MAJOR DISASTERS IN INDONESIA
DISASTER LOCATION VICTIMS

Earthquake 

and Tsunami

Aceh, December 26th 2004 186.983  died, 42.883 lost 

(United Nations)

Earthquake Yogyakarta , May 27th 2006 > 6000 died

Earthquake West Sumatera , September 

30th 2009

6.234 died (SATKORLAK

PB)

Earthquake 

and Landslide

Cianjur (West Java), 

September 2nd 2009

33 died

Flood Wasior , October 4th 2010 158 died

Tsunami Mentawai, October 25th 2010 286 died, 252 lost

Volcano 

eruption

Yogyakarta, November 5th 

2010

275 died (BNPB)

Tornado South Sulawesi, March 19th 

2012

1 died 

Earthquake Aceh and Sumatra, April 11st 

2012

4 died



Overall Physical Damages on Suburban 

Houses due to the 2006 Yogyakarta 

Earthquake



Death toll and number of people injured 

during  the 2006 Yogyakarta Earthquake



Earthquake Resistant Design 

of Structure



Mode of Vibration





System of Earthquake Resistant 

Design



Structural Basic



Diafragma



Geometry factor: Ideal







IDEALISASI SISTEM STRUKTUR







Typical Building
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Frame







Building with Cantilever





Frame Structure







Bridge Pier

◦ In the seismic design of RC columns of building and bridge 
piers, the potential plastic hinge regions need to be carefully 
detailed for ductility in order to ensure that the shaking from 
large earthquakes will not cause collapse



Main Provision for Strucural Concrete

 Minimum concrete compressive strength,
f ’c = 17 MPa (K-200);

 For Earthquake Resistant Structures, f ’c = 20
MPa (K-250);

 Reinforcing steel used must be deform type,
Undeform steel only spiral or tendons;

 Provision of steel above is not for wiremesh.



 Short columns

 Configuration of structure, regular vs irregular

 Soft storey

 Strong beam – column weak

 Un-uniform of stiffness distribution, both vertical and 
horizontal

 Non-structural component

 Unreinforced Masonry

Structural characteristics that 

result in behavior are less well 

against earthquakes



Example of Soft Story Failure



Soft-Storey Effect for Structure

Padang Earthquake 2009



Jogjakarta Earthquake 2006



Failure Mechanisms of Building caused soft-storey effect

Memutar (Rotation) Guling (Overtuning)

Collapse 

(Softstory effect)

Amblas 

(Liquifaction)



Stifness Installation for Building with Soft-Storey

Soft-Storey



Building with 
Soft Storey







Earthquake Resistant Design of High-rise building 
Based On The Newest Indonesian Standard

Arah z Arah y Isometri 



Materials
Concrete K-350 (f’c~30 MPa) 

Main reinforcement : deform fy=400 MPa
Design standard:
RC : SNI 2847-2013
Earthquake resistant : SNI 1726-2012. 

Dimension

Column 1st floor-7th floor : 400/1000, 

- 8th floor 15th floor : 400/800, 

- columns above : 400/600. 

- Main beams : 350/750

- Thick of plates : 120 mm

- Shear wall : 400 mm



• Structure at Semarang city

• Design with full ductility

• Earthquake reduction factor (R) : 8 

• Dynamic analysis



 Respons of Spectrum 
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1. Estimation of SS and S1

 Map of Earthquake 

Zonation,Semarang

Ss= 1,011 g   dan S1 = 0.336 g
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2.    Risk Category of Building and Ie

Ie = 1
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3.  Seismic Design Category (KDS)

3.1. Classification of Soil

SNI 1726-2012, hal page 17 

N SPT = 15
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3.  Seismic Design category (KDS)

3.2. Estimation Coefisien Fa and Fv

SS ~ 1,011 g
S1 ~ 0,336 g

SNI 1726-2012, page 22 

Interpolasi : ( SOFTWARE SANSPRO V.50 )

For SS = 1,011 g Fa = 0,900

For S1 = 0,336 g Fv = 2,656
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3.3. Value of SDS dan SD1  

3.4. Seismic Design Category
SNI 1726-2012, page 24 

Seismic Design Category: D

SDS = 0,6066 g

SD1 = 0,5745 g

SDS = 2/3. Fa. Ss

= 2/3 . 0.900. 1,011

= 0,6066       ( SDS = 0,607  by Sanspro )

SD1 = 2/3. Fv. S1

= 2/3 . 2,656. 0,336

= 0,5745       ( SD1 = 0,595 by Sanspro )
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4. Estimation of Structural System and Factors R, Cd, dan Ω0

Special Frame

Coefisien Modification Response  : 8

Overstrength factor Ωo          : 3

Magnification factor Cd : 5.5

SNI 1726-2012, page 36`
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5. Design of Spectrum Respons

Spectrum Respons Disain

Spectrum Response Design, page 23
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6. Estimation of  Natural Time Period

Menentukan nilai Cu, Ct dan x
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7. Base Shear Computation
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8. Estimation Lateral Earthquake, Fx



BASE SHEAR
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Mode of Vibration



Step Displacement
m

Base Force
Kgf

A to B

0 0 0 7112

1 0.021516 261293.28 7110

2 0.083429 783819.98 6846

3 0.104374 894495.91 6753

4 0.104374 869837.41 6752

5 0.104406 868682.53 6752

6 0.104796 870293.18 6751

7 0.104799 825061.93 6749

8 0.104895 824423.83 6748

Push-over Analysis



Push-Over Step-1 Push-Over Step-2 Push-Over Step-3


