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Abstract— Examination of vulnerability level of buildings to earthquakes is divided into two types, the quick checks (Rapid Visual
Screening, RVS) and a thorough examination. On thorough examination, it involves specialists of the field of building structures and
other related fields, takes longer and is also cost much more expensive. While a quick check, it does not involve many specialists in a
particular area, does not require a long time and are relatively inexpensive. This study builds an assessment of the vulnerability of
buildings quickly adapted from FEMA 154 to the conditions and rules that applied in Indonesia using a smartphone application. A
Global Positioning System (GPS) technology is used to mark the location of the data of the examination. The smartphone application
called RVISITS is used to simplify and speed up the examination process and sent via the internet, and the server as a gathering and
processing data. Furthermore, from these data do building vulnerability mapping and disaster-affected areas, which can then be
accessed by the public, government and private sectors as well as database information. In this research, the RVISITS application
process is to apply the application to do a quick check on the buildings in Surabaya, so that later the database and mapping
vulnerability condition of buildings owned by government institutions in Surabaya against earthquake loadings can be made. While

in general, this application can be used any places, so that the database and mapping the vulnerability of buildings can be held any
area in Indonesia.
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and is also cost much more expensive. Therefore, Federal
[.  INTRODUCTION Emergency Management Agency (FEMA) proposed a

Earthquake is one of the disasters, which has caused mucmethod called Rapid _Visu_al Screening (RVS) to resol_ve the
damage to the society, and it has been a threat to people fol?mblem [8]. [9]. which is FEMA 154'. 'I_'he RV_S IS a
years [1]-[5]. There are numbers of lost, deaths and injuriesprocedur_e to eva!uate the safety of b“"d"ﬁgs qu!ckly and
as a result of an earthquake as shown in Fig. 1. The lossefléXPensively subjected to earthquake loading. This method
due to an earthquake event is directly related to thean also be done with minimum access to the buildings as it
vulnerability of buildings and the awareness to provide first can be. dpne by circling the building fro'.‘“ the OUtS'def and
aid for people after the earthquake occur [6]. In many p|‘,chesydeterm|n.|ng whether the structures require more detailed to
especially in Indonesia, many buildings were not designedbe eé(amlned. hni has b db | h
according to the latest building and seismic code. In addition The RVS technique has been used by several researchers
there are no data related to the vulnerability of each building

to evaluate the seismic vulnerability of building [6], [10]. On
to the earthquake which resulting damage to numbers Ofthe research, the RVS techniques were applied to different
buildings during the earthquake. In fact, the seismic safety of

type of the building such as hospital and different type of

the building is crucial to reduce losses due to the earthquake.br'cfk masolnry b|U|Id|n_g.kIEven thoulgh the R]}/Sh_meth"d Caﬁ
Several researchers have been conducting research relatdf7orm relatively quickly, several steps of this approac

to the seismic evaluation of the building. The researc

h still require much time to be implemented, for example, the
combined several methods such as visual examination,

recapitulation step for the survey result. It needs much time
probability analysis, and also numerical modeling [1], [2], to compile all (_jata from the surveyors into a d|g|tql data..
5], [7], [8]. Among the several methods, which have been Furthermore, with the assumption that there is no mistake in
introduced to assess the seismic vulnerability of building, the

the data verification step, the step of determining the area,
thorough examination method is the most popular technique.Wh_iCh affepted _b.y the disaster, is. .Sti” suscgptible to an error.
On thorough examination, it involves specialists in the field Th'_s step is critical for vulnerability mapping of b_wldmgs,

of building structures and other related fields takes IongerWhICh are exposed by earthquakes. Also, if there is a change
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in some data, the surveyor cannot use the old form and musinethod assigns a primary structural score based on the

change it with the new one, which is not effective and structural typology and uses score modifiers to consider the

efficient. effect of the story-number, type of soil, vertical and
Therefore, the primary purpose of this research is to horizontal irregularities, and pre- or post- benchmark-codes

establish the rapid visual screening smartphone applicationof the existing buildings.

which can be used to identify and evaluate the seismic

vulnerability of buildings due to the earthquake. The Rapid Visual Screaning of Buildings for Potential Seismic Vulnerabili
application was developed under an Android platform. All et fedbmtdeeinom — oot
step of rapid visual screening used in this application was -
adopted from the FEMA 154 code. This application was | T ST

connected to Global Positioning System (GPS), and all data No Stoses Vear Bt

will be stored in the online database. By using this integrated :ﬁ:imm i) i

system, this application is expected will simplify the | Bulding Name

mapping procedure for the vulnerability of building in SfmmmmExmn,mﬂ.ommmu

Indonesia due to the earthquake. L | Buidngon S | Cpen Geound Flor: Vs 1 3
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potentially hazardous structures on a building within a Fig. 2. Rapid Visual Screening Form in FEMA 154

relatively short duration and without the high costs. It also
does not require detailed seismic analyses of individual
buildings. This method involves a sidewalk survey, whichis ~ The main purpose of this study is to establish the rapid
used to collect data and information related to the main Visual screening smartphone application, which can be used
parameters, which can affect the seismic vulnerability of theto identifying potentially hazardous buildings due to an
buildings. earthquake. The research is divided into three main activities.
The FEMA has been developed a guideline for the The illustration of research methodology can be seen in Fig.
seismic hazard assessment and rehabilitation of buildings3. The first step of this research was focused on collecting
called FEMA 310. The FEMA 310 provides a three-tiered data and performed a preliminary study related to the
process for the seismic evaluation of existing buildings in assessment of the potentially earthquake-affected building.
any seismic area. According to FEMA310, before using the The preliminary study including sorting references and
three methodologies provided in the guidelines, a RVS of theregulations and also performed score factor analysis on RVS
building should be carried out to decide if an assessment iform based on FEMA 154. The second step is developing
necessary. The RVS technique is provided by FEMA 154. the rapid visual screening smartphone application RViSITS.
The RVS procedure in FEMA 154 uses a system with This application is developed with Android platform and
numbering values. The system requires the user to recogniz&ased on the FEMA 154. At the end of this research, a series
the main structural load-bearing resisting system and toof field-testing was performed to verify the RVISITS
modify the expected performance of the building subjected application. RVIiSITS application examined four buildings
to earthquake loadings. The results are recorded on a Datand verified by a numerical analysis using SAP 2000 to find
Collection Form as shown in Fig. 2. This data is based on theout the performance of the four buildings based on
earthquake region where the building will be surveyed or Indonesian seismic design regulation of SNI 1726:2012. The
assessed. There are three types of Data Collection Formggesult of each analysis was compared to check the accuracy
and they are divided based on the seismicity data. Toofthe RViSTS performance.
identify the correct form to be used, for each seismic area, a
range of spectral acceleration responses is provided. The

B. Research Methodology
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buildings (C1). As shown in Fig. 4, the components of M
scores that must be noticed are the vertical irregularity and
post-benchmark code which the both scores has a high score.
It means the component will have an influence more on the
final score (S Score).

i i Numerial Veldadon There is a difference between Indonesian code and FEMA
s = 154 for the study cases in Surabaya and Sidoarjo, East Java,
. f e Indonesia, where according to Indonesian codes the location
‘& is in a moderate earthquake zone, but the FEMA 154 states

that they are in high seismic zone. Based on SNI 1726: 2012,
the acceleration of the period of 0.2 second of the Surabaya
Fig 3. lllustration of Research Methodology City is 0.663 g, and the acceleration of the 1-second period
is 0.248 g. For the Sidoarjo City, the acceleration of the
earthquake response is 0.68 g for the period of 0.2 seconds,
I1l. RESULTS ANDDISCUSSION and for the period of 1 second is 0.266 g. It means that the
Surabaya and Sidoarjo cities are in the Moderate Seismicity
A. Score Factor according to the earthquake zone based on SNI 1726:2012,
but it is in High Seismicity zone according to FEMA 154,
Thus this paper used the RVS High Seismicity zone.

The scoring factors in FEMA 154 for each building
structures were analyzed to find out what the most
significant factor that they could affect the RVS score. There B. Development of RViSI TS Application
are three kinds of the score, which are necessary, modifier
and final scores. The Basic (B) score, Modifiers (M) score, Mobile-based Android has been very popular these days
and Final Structural (S) score are related to the probability ofand the over the time the price is getting cheaper and it also
building collapse. The preliminary analysis of the proposed offers various options to the customer. Due to its user-
building can be useful as a reference during the field survey. friendly system, an Android-based application is prevalent,

Based on the RVS analysis, there are 15 structuraland for that reason, this research purposed to develop an
building types related to the B score, i.e., wood frame, steelandroid application based on the FEMA 154 form to assess
moment-resisting and braced frames, concrete in-situ andhe vulnerability of buildings due to the earthquake.
precast frames, and reinforced masonry frames. The M
scores are calculated based on to the number of stories, the
plan irregularities both in vertical and horizontal, pre- and
post-benchmark scores, and types of sail, i.e., soft rock soil
(type C); Stiff soil (type D) and Soft soil (type E). The final
score (S) corresponds to the seismic performance. The score
typically ranges from 0O to 7, with higher S scores means the [(‘)j
better performance of the structure subjected to earthquake s
loading. Based on present seismic design criteria, the cut off
for the S score is suggested limited to the value of 2. The
building with S scores of 2 or less must be examined by a
professional designer who has been experienced in seismic TS ke st st ol ol yosnect i e o

d eSIg n. dan penghitungan ketahanan bangunan account to get access to RVSITS

Welcome to RVSITS Register

Oleh Teknik Sipil ITS

€1: Concrete moment-resisting frame buildings
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! I ¥ Percentage to Basic Score
e
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Fig 4. Comparison of Modifier to Basic scores of C1 Login Take a Survey

After you have an account, input your This is the main function of RVSITS. You

The comparison between the component of the M scores e nescs it ifntiation 1 e ne e 06 8 gacerves

can be analyzed to see which component of the scores are e

more influence comparing with others. Fig. 4 is an example skp 00 00 skp 000 @

of the structural type of concrete moment resisting frame

Fig. 5. Welcome Screen of RViSITS App
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The Android-based application program is expected t0 be RchANEEE LA s e B
used by the varied community. Android application program [EEakaEis e ERERTE
was made to facilitate the field assessment survey, and  a, O 2 sty e susmeiy
afterward, the data can be immediately sent to the website as 0w O o3 ‘
a database. The data sent to the server will also contain O™ O rera
coordinates of the building location. This data later can be 853?;1 8::W
used as data mapping building against the potential of the = gsimesw ®iin Vertiatinegularty (] 20
earthquake hazard. Ossummn O um 'P“‘:gm
This android program is named RViSITS, and this LA a N

Basic Score [ 3.0
Mid Rise (410 7 stories) [ 0.2

High Rise (>7 stories) [] 0.5

Post-Benchmiark [ 1.2

application is an update of previous versions. The new jrewaiee o1 Type 0 [0 -0
version of the application has been more users friendly so e sahyee 0

Waoad frame building. > 5000 square feet sail Type £ [ 1.6
Steel moment-resisting frame

that it can be used more efficiently. After installing the <

=S

. . . . . 52 Steel braced frame .
application on the android phone, it will appear the home 53 Uttt rame ‘ Al
page as can be seen in Fig. 5. By sliding the screen on the foer 2.80

home page will be presented steps of use of this application. o . .

The survey started by fulfilling the building data, which
include building name, address, built date, total floor area,
and picture. The location of the building will be integrated

with a global positioning system (GPS). After complete this
step, the survey continued with fill the form one by one. Fig.

@Av 0.0K/s €= 3l el @D 17:48 am (=N 0.02K/5 4= eni o | @D 17:48am

< Score Result < Comment

6 shows step by step completing the survey with RViSITS Basic Soore: 2.80 g g
app. At the last stage, the primary score must be filled on,  8eenteseae hecmcision s
and the score will be appearing on the screen. The surveyor Have Qualified (OK)

also can include their comment at the last screen.

LG 1.36K/s €= seni el @D 11:432m awav 0.0K/s € sei euil @D 11:44 a1
& Seismicity Level < Soil Type

QO Low () Hard Rack
(®) medium O average Rock
() High () Dense Rock
el O stif Sail
Choose leyel of selsmicity, Causes by earthijuake. @ softsail
choose one of them. © Poor soil
Help:
a s
Choose type of soil. Causes by earthquake. Choose
one of them. N e N
e 50k i et sy e asears Fig. 6. Step by Step Form Filling on RViSITS App

more than 1500 m/s

Average Rock; with average speed of shear waves is
between 750 and 1500 (m/s)

C. Field Survey and Numerical Analysis

between 350 and 750 (m/s)

Detven SR 1 The field survey was performed to verify the RVISITS
Sl sl e ol e application. The survey was taken at four buildings in

Surabaya area, i.e., buildings of Badan Penanggulangan

Bencana Daerah Jawa Timur (BPBD JATIM), Dinas

Komunikasi and Informatika Jawa Timur (KOMINFO
Q@B S 02505 4 sohion B 11k Q@B S 000s 6 sohioal D) 11 b JATIM), PT. Alstom Power ESI and P. Bank Surabaya.
& Building Oceupancy & Falling Hazard Besides to conduct an assessment using the RVISITS
application, the survey was also performed to obtain data,

[] Assembl Office (®) Unreinforced Ghimneys . . .
e B O cinding ’ which _ used for_ numerical analysis. The results from
O commersiel [ Solegeruniversit O Parspes numerical analysis were compared to the RVS survey results
] Government (] ndust &0 using RVISITS application.
[ Residential [ Historical Heritage Help:
) Emergency [ other Choose category of falling hazard. Causes by
earthquake or old building. Choose one of them.
Help: Unreinfarced Chimneys: is a type of building where

{oad bearing walls, nan-Ioad bearing walls ar other
structures, such as chimneys are made of brick,
cinderblock, tiles, adobe or other masonry material,

Chaose the use of building. You can choose more
than one occupancy. O you can set your awn

-y by seleating oth
EREvE R that is not braced by reinforcing material, such as

rebar in a concrete or cinderblock

Cladding: a covering or coating on a Strugture or
material.

Parapet: a low protective wall along the edge of &
reof, bridge, or balcony.

(2) BPBD Building JATIM
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except the P. Bank building in thedirection The reason,
why the P. Bank building does not meet the requirements of
the central period control and drift in the y-direction, is
because the building was built in 1985 and in that year, there
is no requirement for seismic control, including the
fundamental period and drift controls. The seismic building
regulation was still using a static earthquake analysis, while
the provisions on natural period control and others were used
for the dynamic earthquake loadodeling arranged inthe

year of 2002 and above.

Before conducting a survey, a pre-field data collection
should be prepared. The data of the existing building needs
to be reviewed and to identify the databases of the document
information of buildings, which are the built time, address,
storey number, function and identifying types of soil for the
survey area. For this research, a numerical analysis also has
been done to find out the performance of the building as
mention in the above section.

After collecting pre-field data, a survey filed can be
conducted on the buildings. The process of individual
buildings is as follows [9]: 1. Updating and checking the
information of the building data from pre-field data
collection, and taking photos of the building; 2. Walking
around the building and take photos of the buildings to see
the condition of the buildings; 3. Determine occupancy, i.e.
the building function and number of occupants; 4. Determine
the soil type of ground data using the available soil
investigation data of the building; 5. Identify non-structural
elements of the building due to earthquake loading; 6. If
possible, entering the surveyed building to identify a lateral-
seismic load-bearing system and choose the B Score in the
RVISITS application; 7. Identify and click on the attributes
of the appropriate seismic performance attribute of the M
Score (e.g., built date, storey number and type of soil) in the
input data of RViSITS program; 8. The Final Score, S can be
determined by adjusting the B Score with the M Score
Modifiers as mention in the Step 7, which appears
automatically in the RVISITS application, and input a

(d) P. Bank Surabaya statement if the detailed evaluation of the building is
, , _ _ , required.
Fig. 7. Numerical Modelling Using SAP 2000 for 4 case studies Table 1 shows the Comparison between the results of the

FEMA 154 using RVISITS application and the requirements
of SNI 1726:2012 [11, 13]. It can be summarised that the
whether the structure meets the requirements ofnkesian four bu?ldings are secure subjected to earthqua_ke loading,
codes [11, 12]. The Indonesian codes used in this researcROtN Using the RVS assessment ar_1d the Indonesian standard,
are SNI 1726:2012, which is a standard edrthquake except the P. B_anl_< Building. It. IS be_cause the P. Bank
resistance planning procedures for building and non-building building was bu'lt_ in 1985, yvhu_:hs stil u_sed the .Old
structures,and SNI 2847:2013, which is aboubncrete earthquake regulation as mention in the previous section.
structural requirements for buildingsFig. 7 presents the

The numerical analyses of the four buildings were performed
by using SAP 2000. This program was usedatalyze

model of four buildings, which used SAP2000. TABLE |
The structural base shear controls of the four mgldre COMPARISON OFRVS AND NUMERICAL ANALYSIS BASED ON SNI
found that the dynamic base shears are more than 85% of the 1726:2012
static base shears. It means that the performances of the Building name FEMA 154 | FEMA SNI
buildings in the base shear requirements are fulfilled. The SCORE | NOTE 1726
mass participation controls, which are more than 90% of the BPBD JATIM Building 21>2 Ok Ok
four buildings, are also fulfilled. KOMINFO JATIM 31>2 oK oK
The controls of structural periods of the four buildings are Building
fulfilled except for the P. Bank building, which is more than PT.Alstom Power ESI 3.7>2 Ok ok
the permissible period. The drift of the four buildings are Building
analyzed in x- and y-directions. The results show that the | P Bank Building Surabayd 19<2 | NotOk | NotOKk

drifts of the both directions are fulfilled for the buildings
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IVV. CONCLUSIONS [8] E. Wahyuni, T. Ji, “Relationship between static stiffness and modal
. . stiffness of structures”|PTEK the Journal for Technology and
The conclusion of this study can be stated as follows: The Science, Vol. 21 (2), 55-59, 2010.
buildings used as a case study, which are the BPBD JATIM[4] M. Roghaei And A. Zabihollah, “An Efficient And Reliable Structural
: Health Monitoring System For Buildings After Earthquakerdcedia
Offlce, KOMINFO JATIM and PT. Alstom Power _ESI Soc. Behav. Sci. Vol 9, Pp. 309316, 2014, q
bu_|Id|ngs,_ are decla_red_secure against earthquake either b ] S. T Karapetrou, S. D. Fotopoulou, and K. D. Pitilakis, “Seismic
using RVISITS application or SNI 1726:2012, except for P. Vulnerability of RC Buildings under the Effect of AgingProcedia
Bank Surabaya, where this building is declared unsafe either ~ Environ. &i., Vol. 38, Pp. 461-468, 2017. _ o
by RVS Method or by SNI 1726:2012 where this building is [6] D- Perrone, M. Antonietta, M. Pecce, and F. Rossi, "Rapid Visual
. . . . . . . Screening For Seismic Evaluation of RC Hospital Buildings,”
not fulfill all requirements, i.e. drift control_ in the y-d!rectlon Sructures, Vol. 3, Pp. 5770, 2015.
which arranged in SNI 1726:2012, but it is safe in the X- [7] A. Formisano And A. Marzo, “Simplified And Refined Methods For
direction. The buildings are located in Surabaya and Seismic Vulnerability Assessment And Retrofitting Of An Iltalian

Sidoarjo Cities, where both cities are located in Indonesia's ~ Cultural Heritage Masonry Building Comput. Sruct., Vol 180, Pp.

- . 13-26, 2017.
med|um earthquake zone, thus based on Indo_nesmn standar Sutrisno, W., Hartana, LK., Suprobo, P., Wahyuni, E., Iranata, D.,
it should be used the moderate seismicity form, but “Cracking process of reinforced concrete induced by non-uniform
according to FEMA 154, the buildings located in high reinforcement corrosion”. Jurnal Teknologi, Vol. 79 (3), pp.1-6, 2017.

seismic zone. The surveyor should be careful to use thigf® ATC, Rapid Visual Screening of Buildings for Potential Seismic

. L Hazards: A Handbook (2nd Edition), Prepared By the Applied
RVS method. The RVISITS appllcatlon can be used to Technology Council for the Federal Emergency Management Agency,

assess the building subjected to earthquake loading. ThiS  Fema 154 Report. Washington D.C., 2002.
result from the application is verified by the numerical [10] C. Adam, “A Rapid-Visual-Screening Methodology for the Seismic

i Vulnerability Assessment of Historic Brick-Masonry Buildings in
analysis, and shows the same outcome. Vienna,” 15 Wcee Conf. Lisboa, Vol. 154, No. 2002, 2011.
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