
 IERI Procedia   10  ( 2014 )  196 – 202 

Available online at www.sciencedirect.com

2212-6678 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review under responsibility of Information Engineering Research Institute
doi: 10.1016/j.ieri.2014.09.077 

ScienceDirect

As

Abst

The 
dama
steps
build
97 p
resid
dama
estim
 
© 20
Sele
 
Keyw

1. In

In
tecto

 
* 
E

20

ssessmen

tract

objective of thi
age hazard cau
s which is the d
ding damage ha
percent of the

dential/commerc
age. The direc

mated around 1,

014Irwansyah
ection and pee

words: Building d

ntroduction 

ndonesia is o
onic islands th

 

Corresponding a
E-mail address:ed

014 Internat

nt of Bu

aBina Nusantar
bUniversitas

is research is to
used by earthqu
development of 
azard and the im
e functions o
cial type and e
t economic los
518,831,150,00

h.E. Published
r review unde

damage; hazard as

ne of the cou
hat reside betw

author. Tel.: +6-22
dirwan@binus.ac.

tional Confe

uilding D
Integrat

Irwan
ra University, Jala
sGadjahMada, S

o develop an in
uake and to cal
building damag

mpact of econom
f buildings in

educational/relig
ss due to build
00 in Indonesia 

d byElsevier B
er responsibilit

ssessment;earthqu

untries with h
ween three ma

21-534-5830; fax
id 

ference on F

Damage H
tion of FN

nsyah. Ea*,
an KH. Syahdan 
ekip Utara, Bulak

ntegrated system
culate the econ
ge hazard zones
mic losses in of
n research loc
gious facilities 
ding damages 
rupiah (168,75

B.V. 
ty of Informat

uake; FNN; GIS

high intensity
ain plates whi

x: +6-221-530-02

Future Inform

Hazard C
NN and 

Sri Hartat
No 9 Palmerah, J
kSumur, Yogyaka

m that impleme
nomic losses of
s, the developm
f damage. The r
cation is a lo
majority is in 
caused by eart

59,016 in US Do

tion Engineer

y of earthquak
ch is Eurasia 

244 

mation Eng

Caused b
GIS  

ib 
Jakarta 11480, In
arta 55281, Indon

ents FNN and G
f damage. This

ment of building
result of the ana
ow hazard of
moderate to hi
thquake in Ban
ollars). 

ing Research 

ke which is th
plate at the N

gineering 

by Earth

ndoensia 
nesia

GIS to evaluate
s research comp
g database, the a
alysis showed th
f building dam
igh hazard zon
nda Aceh city 

Institute 

he main char
North, Indo-Au

hquake: 

e the building 
prises of four 
assessment of 
hat more than 
mage, where  

ne of building 
Indonesia is 

racteristic of 
ustralia plate 

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer review under responsibility of Information Engineering Research Institute

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ieri.2014.09.077&domain=pdf


197 E. Irwansyah and Sri Hartati   /  IERI Procedia   10  ( 2014 )  196 – 202 

at the South and Pacific plate at the Northeast. The earthquake with high intensity in this decade apart of 
causing casualties it also caused building damages in Banda Aceh City that reached 35 percent as the impact 
of Sumatra Earthquake in 2004 (Irwansyah, 2010), more than 140,000 units experienced a total damage 
caused by Yogyakarta earthquake in year 2006 (Miura et al, 2005) and more than 300,000 as an impact of 
West Sumatra in 2009 (AusAID, 2012). 

Realizing the fact that the high building damage figure as a result of earthquake and with the objectives to 
reduce casualties it is required to have an assessment method that include damages assessment on buildings 
and assessment of economic damages directly (direct assessment). The assessment method can be used as the 
base of a spatial decision support system related to the building damage hazard caused by earthquakes 
generally conducted in the assessment domain of building damage only (Alam et al, 2013; Aghataher, et al, 
2008) as well as the assessment on the building damage hazard and the impact on economic loss directly. 
(Tang  and Zhao, 2012; Motamed et al, 2014; Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Molina et 
al, 2010; Tang and Wen, 2009; Bo et al, 2009; Rosyidi et al, 2008; Yeh et al, 2006). 

The method which is used mostly by researchers to assess building damages as well as the impact on 
economic loss directly is using GIS whereas some researchers are using an integrated system such as 
integrates risk assessment tools and  SIG (Alam et al, 2013), artificial intelligent and SIG (Tang  and Zhao, 
2012; Choun and Elnashai, 2010; Tang and Weng, 2009) and also  Fuzzy-AHP and SIG (Aghataher et al, 
2008). The objective of this research is to develop an integrated approach that implements fuzzy-kohonen 
clustering network (FKCN) algorithm from the FNN model with GIS to assess the building damage hazard 
caused by earthquake and to evaluate the impact on economic loss of building damages directly using seismic 
data and building inventory in Banda Aceh. 

2. Assessment of Building Damage Hazard Caused by Earthquake 

Based on the assessment domain, in general, the earlier assessment about the building damages caused by 
earthquake is conducted to assess building damages only as conducted by Aghataher, et al , 2008 and Alam et 
al, 2013 or as a unit of assessment on the direct economic loss impact in building damages as has been 
conducted by Yeh et al, 2006; Rosyidi et al, 2008; Tang and Wen, 2009; Bo et al, 2009; Molina et al, 2010; 
Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Tang  and Zhao, 2012; Motamed et al, 2014. 

Aghataher et al, 2008 and Alam et al, 2013 researches concentrated on the assessment on only building 
damages caused by earthquakes and a spatial decision support system (SDSS) in two different cities which is 
Kelowna, Canada and Teheran in Iran, using seismic data and building inventory that is organized by 
combining the databases that has been verified with the result of filed survey. Both researchers used GIS as 
the main tool to analyze where each is combines using different methods, which is  Risk Assessment 
Integration tools (RADIUS) by Alam et al, 2013  and GIS tools is useful in the special analysis process as the 
base in an effective decision support and identifying risk area.  

In contrast to the earlier researchers,  Yeh et al, 2006; Rosyidi et al, 2008; Tang and Wen, 2009; Bo et al, 
2009; Molina et al, 2010; Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Tang  and Zhao, 2012; 
Motamed et al, 2014 conducted  assessment on building damages and assessment on the economic loss as a 
direct impact of earthquake.Taiwan Earthquake Loss Estimation System (TELES) based on GIS is developed 
by Yeh et al, 2006 to integrate several inventory data and seismic module analysis, assessment of damages 
and a module of social economic loss estimation which is a developed as an enhancement of HAZUS model 
with an additional module that allows automatic estimation of disaster scale and distributed soon after a large 
scaled earthquake incident.  TELES mode is replicated in Indonesia as IELES by Rosyidi et al, 2008 and 
implemented as a decision support and recommended to become part of a complete system to handle the 
disaster at Bantul city West Java, Indonesia. A similar model is also suggested by Bo et al, 2009 with a 
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