International Journal of Engineering, Technology and Natural Sciences
E-ISSN : 2685-3191 | P-ISSN: 2775-7706
Vol 4 No 2 (2022)

Rapid Assessment of Earthquake Threat Vulnerability in Campus 3 of University of
Technology Yogyakarta Based on Android Application

Dwi Kurniati *2!, Eka Faisal Nurhidayatullah ®2, Samsul A Rahman Sidik Hasibuan ¢*

ab Department Of Civil Engineering, Universitas Teknologi Yogyakarta, Yogyakarta, Indonesia
¢ Department Of Civil Engineering, Universitas Medan raya, Medan, Indonesia
! Dwi.Kurniati@staff.uty.ac.id *, 2 Eka.Faisal @staff.uty.ac.id, 3 Samsulrahman@staff.uma.ac.id

Abstract

The province of D.l.Yogyakarta is crossed by the Indo-Australian Plate which is one of the three world plates. The
impact that occurs when an earthquake happens is the damage to buildings not only simple buildings but also multi-
story buildings, such as School Buildings and Educational Facilities. The Campus 3 of University of Technology
Yogyakarta is located at JI. Prof. Dr. Soepomo, S.H. No.21, Muja Muju, the sub district of Umbul Harjo,
Yogyakarta. The purpose of this study is to determine the results of the evaluation using the RVS method on a form
that is filled out manually and by an application using ArGis. The method used in this research is FEMA 154-2015
which is adjusted to the regulations in Indonesia, namely SNI 1726-2019, and the results are analyzed
quantitatively. Based on the checking of vulnerability of the campus building with the RVS High Seismicity form,
the campus 3 building is of the type of reinforced concrete frame and functioning as a school. The results obtained
show that the average of two buildings in the Campus 3 of University of Technology Yogyakarta is 2.3, and the
RVS stops at level 1. Both conditions confirm that the two buildings have a risk that is not dangerous. Nevertheless,
there should be a further supervision.
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I. INTRODUCTION

Indonesia is one of the countries that are prone to earthquakes. This is due to its geographical location of
Indonesia which is at the confluence of the three largest tectonic plates in the world, namely the Indo-Australian
Plate, the Eurasian Plate, and the Pacific Plate[1]. Earthquakes are caused by a sudden shift of the earth's plates
beneath the earth's surface[2]. The shift occurs due to the emergence of vibrations called seismic waves. This wave
propagates away from the epicenter in all directions. When the wave propagates to the ground surface, the vibration
can be destructive or not, depending on how big the source strength and distance is, as well as the influence of other
things such as the quality of the soil and the structure of the building[3].

Given the high risk of earthquakes, it is appropriate that all high-rise buildings in Indonesia must be designed
and planned following the references from the government[4], namely the Indonesian National Standard regarding
Earthquake Resistance[5]. However in reality, not all buildings are planned and carried out properly and
appropriately and have followed the applicable regulations[6], This negligence can lead to unwanted events during
an earthquake, for example, an earthquake that occurs will trigger shaking in the building, if the building is not
designed properly to be able to withstand earthquake loads that occur other than the factored ultimate load, the
structural elements of the building will lose. causing the building to collapse[7]. Another example is the concrete
blanket[8]which covers the core reinforcement in each structural element, especially the column[8]that withstands
axial loads will break due to the sudden swaying of the building. It will cause a moment that results in the emergence
of stresses beyond the ability of the structural elements so that the building will collapse[9].

Yogyakarta is also one of the densely populated areas in Indonesia [10][11]. The construction of buildings in
Yogyakarta increases, including in the field of education, one of which is the campus building[12]. This type of
building has potential or has a big impact if it is done without careful planning, one of which is because the building
is categorized as an important facility [13].

Campus 3 of University of Technology Yogyakarta is located on JI. Prof. DR. SoepomoSh No.21, Muja Muju,
Kec. Umbulharjo, Yogyakarta City, D.l. Yogyakarta. The campus has 2 buildings with a height of 2 to 3 floors.
This building is an old building, and it is classified as a critical facility. Nonetheless, it has a high risk in earthquake-
prone areas. To take preventive measures to overcome any matters, it is necessary to include strengthening the
building structures, using materials with references, and carrying out building feasibility checks every 5 years or
periodically by applicable regulations. One way to solve this problem is to use the Rapid Visual Screening (RVS)
method.

Rapid Visual Screening (RVS) is a method of assessing the condition of buildings against potential earthquake
hazards by visually examining the exterior of the building, and interior if possible so that the implementation is
relatively fast[14]. This Rapid Visual Screening has been carried out in various countries[14] because the RVS
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method is easy to apply and without performing structural calculations[15]. Implementation of the assessment or
evaluation of the RVS method by filling out a form derived from the FEMA 154 handbook, the contents of the
RVS form such as soil type, building use, address, number of floors, building age, and others. The final stage of
filling out this form is the sum of the scores from the data obtained for each evaluated building. If the score obtained
is more than or equal to 2 then the building is declared not vulnerable, and vice versa if it is less than 2 then the
building is considered vulnerable and it is recommended to be checked again using the FEMA 310 Handbook for
the Seismic Evaluation of Building reference[16]. After conducting the Rapid Visual Screening, this effort can be
accelerated by planning in the field, including screening training, and careful management of the entire process as
a whole[17]. Data collection in the field begins with identifying the seismic strength of the main structure and
structural material of the building[18].

The screener performs a rapid seismic assessment of the building's RV'S form to assess buildings in areas with
or without occupancy risk before or after an earthquake. These series of procedures are usually carried out manually
by filling out an on-site damage assessment form, even though the increasingly advanced technology can make it
easier for us to filter buildings. In the Industry 4.0 era, Indonesia's information and communication technology
continue to develop and advance with the times, allowing everything to be done quickly and efficiently. Smartphone
technology which was previously only used for communication between individuals can now be a source of
information to access the internet via smartphones.

The development of smartphone technology has become very important after the existence of the Android
operating system. Most of the devices on the market today use this operating system. The software supports much
geographic information work that previously used cartography, including the application of geographic information
systems to assess earthquake damage to soil and construction. The manual method is considered inefficient because
of the relatively long data collection time and the long typing or data entry process into the form because the filter
fills out the form manually.

ArcGIS Survey123 is a simple but powerful form of data collection application that enables the creation,
sharing, and analysis of surveys. The ArcGIS Survey123 smartphone application can be used for data collection by
anyone, it can be downloaded from the Playstore from our smartphones. The ArcGIS Survey123 application is very
easy to use. We can use it with or without training, and both in online and offline environments.

Although the structure of the campus building has not been calculated, the software will be used to perform a
visual assessment of the research. The purpose of this study was to determine the results of the assessment of the
vulnerability of campus buildings to earthquakes using the RV'S form filled out manually or digitally.

Il. METHOD

A. Location and Time Of Research

A research location is a place or area where the research will be carried out. This research location is on
Campus 3 of University of Technology Yogyakarta, located on JI. Prof. DR. Soepomo SH No.21, Muja Muju,
Kec. Umbulharjo, D.I. Yogyakarta. The time in this study was carried out from February to March 2022.

Figure 1. Map of the location of the campus building 3

B. Collect Data

Sensitivity Analysis on Campus 3 Building which is located on JI. Prof. DR. SoepomoSh No.21, Muja Muju,
Kec. Umbulharjo, D.1.Yogyakarta against earthquakes based on the method on FEMA 154, namely Rapid Visual
Screening (RVS). To start this research, it is necessary to look for the guidelines and references such as: Rapid
Visual Screening of Buildings for Potential Seismic Hazards: A Handbook, Third Edition (FEMA P-154, 2015),
Rapid Visual Screening of Buildings for Potential Seismic Hazards: Supporting Documentation, Third Edition
(FEMA P-155, 2015), “Tata Cara Perencanaan Ketahanan Gempa untuk Struktur Bangunan Gedung dan Non-
gedung (Earthquake Resistance Planning Procedures for Building and Non-building Structures)” (SNI
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1726:2019), “Peta Sumber dan Bahaya Gempa Indonesia tahun 2017 (Map of Sources and Hazards of the 2017
Indonesian Earthquake)”, dan “Persyaratan beton struktural untuk bangunan gedung dan penjelasan (Structural
Concrete Requirements For Building Buildings And Explanations)” (SNI 2847:2019). The next thing to do is
collecting data from the internet, interviews, and field surveys, then to fill out the RVS form according to the data
obtained. After determining the RVS form based on each earthquake area, the next stages of implementation
according to the guidelines are as follows:

15.
16.
17.

a)
b)

c)
d)
e)

f)

9)

h)

Learn FEMA P-154 Building Identification Information.

Understand Building Characteristics of FEMA P-154.

Photograph the building and attach photos.

Walk around the building to identify its size and shape and sketch the building on the form.
Define and document occupancy.

Determine the type of soil.

Learn Geological Hazards.

Identify the Proximity (adjacency).

Identify Irregularities or Deviations.

.Find The danger of Falling Exterior Components.

. Fulfill the comments section.

. Identify seismic lateral-load resisting and circle the base score on the form.

. Identify and circle according to the condition of the building on each modification score.
. Document the Inspection Level.

Document Level 2 Examination Results.
Document Other Hazards.
Determine the Action Required.

Or with the example of the steps for filling out the RVS form in Figure 2 and Figure 3, including:
Verify information about the object of the building under study.

Survey the field to find out the number of floors, whether the shape of the building is symmetrical or not, and
whether it has a different level of height for each floor, and draw the points of columns and beams, to make
observations on the roof floor.

Take photos of the building under study, the environment, and the floor plan of the building.

Determine the type of soil and knowing the historical, geological, and geographical risks.

Identify the rehabilitation, the reconstruction, the restructuring of potential irregularities in buildings, and the
potential hazards of interior and exterior items.

Obtain the minimum building value by determining the type of building, the materials, the construction, the
earthquake-resistant systems, and the building plans.

Determine the value of the first level by adding all the existing values including the deviation to get the last
value (S).

Calculate the scoring results on the first Tier, if it doesn't meet then it goes into the second Tier scoring, and
if it doesn't meet then it will enter the third Tier[19].
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Figure 2. Tier 1 Form Section 1
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Figure 3. Tier 1 Form Section 2

Then it is very important to fill out the RVS form manually and digitally (android application). For the manual
method, we use the form in the FEMA P-154 manual, then print and fill it out. Then, for the digital method (android
application) we use the ArGis application (Survey 123), and after that we log in with the account that has been set
to fill out the RVS form and get the results directly at the end of filling out. Finally, we can conclude from the
results obtained.
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I11. RESULT AND DISCUSSION

A. Ssand S1 assessments are generated based on building coordinates
The results of reading the value of the MCE Spectral Response value for a short period, 5% attenuation (Ss) are

seen i

n Figure 4 and the MCE Spectral Response for a period of 1 second with 5% attenuation (S1) is seen in Figure

5 based on the coordinates of the building location obtained from google maps, the data can be seen in Table 1
which shows the buildings reviewed in this study. While the condition of the building is on SC soil (Soil Hard Rock

Soft).
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Figure 2. Ground motion parameter Ss (SNI 1726, 2019)
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Figure 3. Ground motion parameter S1 (SNI 1726, 2019)
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Table 1. Earthquake area based on spectral response acceleration (FEMA P-154, 2015)

Spectral Acceleration Spectral Acceleration
Seismicity Region Response, Ss (short period, or Response, S:1 (long period, or
0.2 seconds) 1.0 seconds)

Low <0.250 g <0.100 ¢
Moderate 0.250 g < Ss < 0.500 g 0.100 9 <S:;<0.200 ¢
Moderately High 0.500 g < Ss < 1.000 g 0.2009g < S;<0.400 ¢
High 1.000g<Ss<1.500¢ 0.400 g < S;<0.600 g

Very High >1.500¢g >0.600 g

Table 2 Results of Determining the Values of Ss and S1

Object Latitude | Longitude Ss S1
Gedung 1 | -7.80450 | 110.39108 | 1.23g | 0.54g
Gedung 2 | -7.80468 | 110.39122 | 1.23g | 0.54g

From the results obtained for the Ss and S1 values in Table 2, and seen in Table 1, it is concluded that the RVS
form used is HIGH Seismicity.

B. Building Characteristics

Identifying the characteristics of the building is carried out at the time of the field survey or before. The
following are the characteristics of the buildings in the two buildings used as research objects.

e Campus 3 Section 1

Figure 4. Capus Buildin 3 Section 1

The public building has 3 floors and has a land area of approximately 6,500 m? and a building area of
approximately 600 m? on one floor with a total building area of 1,800 m2. Campus 3 building is a building that is
used as a learning center that emphasizes smart technology. It can accommodate many people in carrying out
learning activities. Hence, this building is categorized as a school building that is following the form contained in
FEMA 154-2015. Campus 3 building is estimated to have around 500 people visiting at the same time.
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e Campus 3 Section 2

Figure 5. Camuilding 3 Section 2

The public building has 3 floors and has a land area of approximately 6,500 m? and a building area of
approximately 450 m? on one floor with a total building area of 1,350 m2. Campus 3 building is a building that is
used as a learning center that emphasizes smart technology. It can accommodate many people in carrying out
learning activities. Hence, this building is categorized as a school building that is following the form contained in
FEMA 154-2015. Campus 3 building is estimated to have around 500 people visiting at the same time.

C. Type Of Soil

The type of soil found in the 5-story building is regosol soil type. The type of regosol soil is coarse grains of
material from the eruption of Mount Merapi. This soil has a coarse soil texture, coarse grain, easy to erosion,
grayish color, tends to be loose, and high-water absorption. The types of soil found at the research site are Hard
Soil and Soft Rock (SC) soil types. Soil types are obtained from soil testing data at the location, or by selecting
the type of soil in the response spectrum according to SNI 1726-2019 which has the highest response spectrum.
The following conclusions are made in Table 3 and Figure 8.

Table 3. Building Characteristics

. Occupancy . Number of
Object Type Type of soil Occupants
S SC (Soft
Building 1 School Hard Soil) 101-1.000
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Building 2 School Hard Soil) 101-1.000
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Figure 6. Soil Class
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D. Building Assessment

The RVS methodology of buildings can be divided into two categories: (1) buildings that are expected to have
acceptable seismic performance, and (2) those that may be seismically hazardous and should be studied further.
A value of 2.0 is considered a deduction for standard residential buildings, based on the current scissor design
criteria. Using this cut-off level, buildings rated 2.0 or less should be investigated by a design professional with
experience in seismic design. A higher value indicates a smaller probability of collapsing. The results of the
analysis can be seen in Table 4, the results are classified as vulnerable if an earthquake occurs, this is evidenced
by the final score being above the minimum score and not more than a score of 2.

o Type of building
The 5-story building is included in the special moment resisting frame according to the FEMA 154 building

type.

e Basic Score
The basic score that has been listed on the Tier 1 form varies with a basic score that has higher or lower
seismicity. The basic score is 1.5. This score is obtained after selecting the building type according to FEMA.

e Moderate Irregularity
From the analysis results, the 3-floor building has an irregular vertical which can be in the form of a Split
Level. The irregularity shows the difference in height from the lower floor to the upper floor.

e Plan Irregularity
The 3-story building is designed with an L shape. In this building, there is a seismic separator on the wing of
the building.

e Post-Benchmark

This 3-story building was built in 1987 and lasted about two years. In the year of construction using the rules,
the reference for the construction of earthquake-resistant buildings with building codes was 1982. In this article,
it is adjusted to SNI11726-2019 which means buildings built after the construction rules, after which the Post-
Benchmark is chosen.

e Minimal Score

This minimum value is the benchmark for the smallest value of the total final score of the Level 1 form.
Sometimes the total score produces a negative result. This includes buildings that are 100% vulnerable to
earthquakes.

e Final Score

The final score is calculated from the total score selected according to the state of the research subject. If a
score of 2.0 or less is obtained, it can be said that the building is prone to earthquakes. The results obtained are
greater than 2.0, and the more likely the building is invulnerable to the building's vulnerability to earthquakes.

Table 4. Modifier Score

Parameters for Assessment of Rapid Visual Screening (RVS)
g o g o
Object o S oS | £ e S o | &
2 o | 23| 3 2193 23| 3
S 2 | ng@ S = g |v2| 2
M @
Building No.1 Cl 15 - -05 | -0.6 - 1.9 0.0 0.3 2.3
Building No.2 C1 15 - -05 | -0.6 - 1.9 0.0 0.3 2.3

IV. CONCLUSION

Based on the results of the earthquake vulnerability evaluation of the campus 3 buildings with the RVS form
in manual or digital filling, it can be concluded as follows:
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A. The final score on the RVS (HIGH Seismicity) level 1 form of campus 3 building is an average of 2.3 or more
than the standard which is 2. Therefore, campus 3 building can be said to have a risk that is not dangerous,
although there must be a further supervision.

B. Using an android application makes it easier to work in the field and pre-field, instead of using manual filling.
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