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Seismic Vulnerability Assessment Using Rapid Visual Screening:
Case Study of Educational Facility Buildings of Jenderal Soedirman

University, Indonesia
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Abstract: Recent earthquake activity has brought about extensive structural damage and loss of
life. The adverse effects of earthquakes on the economic sector can be seen all over the world,
particularly in developing countries. This calls for those developing countries to adhere to various
methods to combat these effects. Buildings serving the educational needs of the people can also
contribute by accommodating people in case of emergencies and disaster. Therefore, these
buildings must be evaluated in terms of their capacity and strength in the face of earthquakes.
This study will employ the Rapid Visual Screening (RVS) technique to evaluate the seismic
vulnerability condition of nine reinforced concrete educational buildings at Jenderal Soedirman
University, Indonesia, five located in Purbalingga, and four in Purwokerto. The results of the study
allow the authorities concerned to devise a prioritization plan regarding the structural safety of all
of the educational buildings at Jenderal Soedirman University, Indonesia.

Keywords: Earthquake; educational buildings; Rapid Visual Screening; seismic vulnerability

assessment.

Introduction

Seismic vulnerability evaluation is an accepted tech-
nique for the evaluation of buildings to determine if
they are capable of accomplishing specific perfor-
mance objectives. The technique identifies the build-
ings’ divergence from the standards required to
achieve their performance objective. The main objec-
tives of seismic vulnerability evaluation are explained
in what follows. Some existing buildings may have
not been designed in accordance with the current
seismic codes, having been constructed before the
codes were drawn up, and may therefore not be strong
enough to resist seismic forces. Moreover, a building
may have suffered wear and tear over the years, or its
condition may have declined due to a change of use or
the high liquefaction potential of the land. The results
obtained from seismic evaluation will be used to
determine if the building needs repairs or renovation
to enhance its resistance against seismic forces or if it
needs instead to be demolished [1,2].
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The seismic risk and the structural weakness of a
building determine if the building is vulnerable to
earthquakes. Seismic hazard evaluation is associated
with the facts about the probability of a location being
struck by an earthquake of a specific intensity or
magnitude. The risk includes the probable loss of lives
and structures that may occur as a consequence of the
earthquake in a specific area at a specific time. It is
computed as the product of hazard and vulnerability
[3]. A structure or building is said to be vulnerable to
seismic forces if there is a probability of the structure
or its foundations, pillars or floors being damaged by
the earthquake [2].

Seismic vulnerability evaluation considers various
aspects of a building to determine its vulnerability. It
considers both the building’s design and wear and
tear it has suffered [1]. If a building or structure is not
resistant to seismic forces, it is said to be vulnerable.
This implies the seismic deficiency of the structure,
which is described as the building’s failure to fulfil the
required performance objective. An identified defi-
ciencies may show different outcomes for a particular
building assessed for immediate occupancy or as for
life safety. The objectives of providing immediate
occupancy (full occupancy immediately after an
event) will have higher requirements from the build-
ing as compared to life saving objectives. The life
safety performance level indicates that, despite the
probable damage that may be caused to the building’s
structure, it will still not experience total structural
collapse, whereas immediate occupancy performance
indicates that the building will not experience any
significant damage to structural and non-structural
parts.
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Rapid Visual Screening

Despite the vulnerability of Indonesia to seismic
forces, most of the buildings in this part of the world
are not resistant to seismic forces and are thus
exposed to risk. Indonesia has been a frequent victim
of seismic forces and earthquakes. Data show that it
has experienced almost 10% of the total earthquakes
worldwide, with an average of ten destructive earth-
quakes occurring in the region every year. These have
caused numerous losses to the region in terms of lives
and structural damage resulting from tsunamis, land
liquefaction, and other adversities [4]. This study
aims to allow concerned authorities to devise a
prioritization plan for preparing the nine educational
buildings of the Jenderal Soedirman University,
Purbalingga, Indonesia, in such a way as to enhance
their seismic performance so that they can effectively
serve people in the event of an earthquake by both
saving lives and accommodating people during the
incident.

Seismic vulnerability evaluation may be performed
through various techniques, of which the most pro-
minent is Rapid Visual Screening (RVS). This tech-
nique does not require any structural measurements
but involves conducting a visual survey from the
pavement and consequently entering the collected
data in a form [5,6]. This technique enables the
authorities to identify and prioritize areas that need
attention and to propose improvements in those
areas. This technique also allows surveys to be
customized according to the requirements [7], as in
the case of India, where this technique was applied to
stone buildings and concrete buildings to evaluate
them independently for five different seismic regions
[8,9]. Japanese buildings have been evaluated
through surveys that assess the buildings’ seismic
index (strength, flexibility and regularity) [10], while
Canadian buildings are assessed with respect to both
structural parameters (stiffness and regularity) and
nonstructural parameters (occupancy and danger of
collapsing) [11].

RVS is widely employed all around the world. The
RVS technique was used to assess 375 ancient stone
buildings in Vienna by taking into account the build-
ings’ degree of damage and structural parameters.
This allowed the authorities to detect the factors
responsible for seismic vulnerability [12]. RVS was
also used to assess buildings having more than 5
floors in Chennai with the help of aerial images
employed in a GIS platform [13]. Moseley and Dritsos
integrated Fuzzy logic in the RVS technique [14]. In
India, an RVS assessment of existing buildings was
conducted through a statistical analysis [15]. The
RVS technique was recently developed further to offer
an additional risk index parameter which is deter-
mined by the assessment of the factors identified as
having an effect on the vulnerability of buildings
during the pavement visual survey. This new tech-
nique was used in a couple of hospitals in Italy [16].
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Figure 1 shows the order of the steps involved in

applying the RVS technique [5]. An account of the

project scope and budget is followed by the application
of this technique with the following pre-field proce-
dures:

1. The foremost step is pre-field planning, which
involves the selection of a proper record-keeping
system and development of automated scoring
systems @f needed). It also involves collecting
various maps that show local seismic data and
highlight vulnerable regions;

2. A data collection form to supports relevant assess-
ment of seismic vulnerability is selected. This is
followed by adjustment of the form according to the
specific requirements of the RVS program;

3. The evaluation personnel are selected and appro-
priately trained,

4. The pre-field data is collected and evaluated. This
involves collecting data pertaining to the buildings
being evaluated and the consequent assessment of
that data to reveal various details about the build-
ings such as their location, building identification
number (BIN), date of design and number of floors.
Moreover, the available data is also evaluated to
determine the soil type of the land on which the
building stands;

5. The currently available building plans are review-
ed.
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Supervising Engineer the budget
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Figure 1. RVS Implementation Sequence [5]
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Rapid Visual Screening of Buildings for Potential Seismic Hazards

FEMA P-154 Data Collection Form

Level 1
MODERATELY HIGH Seismicity

O No

Drawings Reviewed: O Yes
Soil Type Source:

Geologic Hazards Source:

Contact Person:

LEVEL 2 SCREENING PERFORMED?

[ Yes, Final Level 2 Score, 2 [ No
Nonstructural hazards? [ Yes [ No

[ Pounding potential (unless Stz >
cut-off, if known)

[] Falling hazards from taller adjacent
building

[] Geologic hazards or Soil Type F

[ Ssignificant damage/deterioration to
the structural system

Address:
Zip:
Other Identifiers:
Building Name:
Use:
Latitude: Longitude:
PHOTOGRAPH Ss: St.
Screener(s): Date/Time:
No. Stories:  Above Grade: Below Grade: Year Built: 0 EsT
Total Floor Area (sq. ft.): Code Year:
Additions:  [] None [ Yes, Year(s) Built:
occupancy Assembly  Commercial Emer. Services [ Historic [ Shelter
Industrial Office School [ Govemnment
Utility Warehouse Residential, # Units:
SoilType: (DA [B [Oc [Ob O [IF DNK
Hard Avg Dense  Stiff ~ Soft  Poor  IfDNK, assume Type D.
Rock  Rock Soil Soil Soil Soil
Geologic Hazards: Liquefaction: Yes/No/DNK Landslide: Yes/No/DNK Surf. Rupt.: Yes/No/DNK
Adjacency: [ Pounding  [] Falling Hazards from Taller Adjacent Building
Irregularities: [ Vertical (type/severity)
[ Plan (type)
Exterior Falling [ Unbraced Chimneys [ Heavy Cladding or Heavy Veneer
Hazards: [ Parapets [ Appendages
[ other:
COMMENTS:
SKETCH [7] Additional skefches or comments on separate page
BASIC SCORE, MODIFIERS, AND FINAL LEVEL 1 SCORE, S; ¢
FEMA BUILDING TYPE DoNot | W1 W1A W2 §1 s2 S3 54 §5 C1 C2 C3 PC1 PC2 | RM1 RM2 | URM MH
Know (MRF) | (BR) | (M) | (RC | (URM | (MRF) | (SW) | (URm | (TU) o) | RD)
sw | NP INF)
Basic Score 41 37 3.2 2.3 22 | 29 2.2 20 1.7 21 14 18 15 18 18 12 2.2
Severe Vertical Iregularity, Vis A3 43|13 11012100910 |11 | 0810 09| 101008 NA
Moderate Vertical Irregularity, Vis -0.8 08 | -08 | 07 06 | 08 | 06 | -06 06 | 06 | 05 | -06 06 | -06 06 | 05 NA
Plan Irregularity, Py -1.3 A2 | -1 -09 08 | 1.0 | 08 | -07 07 | 09 | 06 | -08 07 | -07 07 | -05 NA
Pre-Code -0.8 09 [ 09 | 05 | 05| 07 | 08 | -02 04 | 07 | 01 04 03 | -05 05 | 01 03
Post-Benchmark 15 19 23 14 14 1.0 19 NA 19 21 NA | 21 24 21 241 NA 12
Soil Type AorB 0.3 08 09 06 09 | 03 09 0.9 08 08 07 | 09 07 08 08 | 08 09
Soil Type E (1-3 stories) 00 | 01| 03| 04]05)00 | -04|-05]-02]|-02]|-04]-05]-03]|-04]-04]03]-05
Soil Type E (> 3 stories) 05 | 08 | 12 0.7 0.7 NA 07 | -06 06 | 08 | 04 NA 05 | -06 07 | 03 NA
Minimum Score, Swn 1.6 1.2 08 | 05 | 05 0.9 05 | 05 0.3 03 | 03 0.3 0.2 03 | 03 0.2 14
FINAL LEVEL 1 SCORE, St12 Sum:
EXTENT OF REVIEW OTHER HAZARDS ACTION REQUIRED
Exterior: O Partial [ Al Sides [] Aerial Are There Hazards That Trigger A Detailed Structural Evaluation Required?
Interior: [J None [ Visible [ Entered | Detailed Structural Evaluation?

[ Yes, unknown FEMA building type or other building
O Yes, score less than cut-off
[ Yes, other hazards present

[ No
Detailed Nonstructural Evaluation Recommended? (check one)

[ Yes, nonstructural hazards identified that should be evaluated
[ No, nonstructural hazards exist that may require mitigation, but a
detailed evaluation is not necessary

[ No, no nonstructural hazards identified ~ [] DNK

Where information cannot be verified, screener shall note the following: EST = Estimated or unreliable data OR DNK = Do Not Know

joment-resisting frame
BR = Braced frame

el

inforced concrele =Unreinfor
SW = Shear wall

TU=Tiltup

Figure 2. The Level 1 Data Collection Form
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lexible diaphragm
LM = Light metal RD =Rigid diaphragm



Haryanto, Y. et al. / Seismic Vulnerability Assessment Using Rapid Visual Screening / CED, Vol. 22, No. 1, March 2020, pp. 13-21

Figure 2 shows the Level 1 Data Collection Form
developed on the basis of FEMA P-154 [5]. The
following steps are taken to fill in this form for all the
buildings being evaluated:

1.

2.

10.

11.

The building’s identification information is con-
firmed and inserted in the forms;

The building is examined visually by walking
around it to determine the structure and number
of floors and making a sketch of its elevation and
structure in the Data Collection Form;

Taking images and pictures of the building;

The building’s occupancy is determined and
noted down in the form;

The soil type and geologic risks that were found
in the pre-field planning process are once again
viewed at this point;

The issues associated with adjacency, building
defects, and the expected risk of collapse of the
structure are determined;

Further comments may be added to the form,
mentioning any factors that are likely to influ-
ence the evaluation outcomes;

The material used in the construction of the
building, its gravity load-carrying system and its
force-resisting system are all checked to deter-
mine the FEMA building type. It is best to enter
the building to obtain all this information. This is
followed by computing the basic score on the
basis of this information and inserting it in the
Data Collection Form;

The appropriate Score Modifiers related to the
attributes that affect the seismic performance of
buildings (such as defects, design date, and soil
type) are circled on the Data Collection Form;
The calculated basic score is adjusted to the score
modifiers to come up with the Final Level 1 Score
denoted by St

The last part of the form is a summary section in
which to specify any research reviews, other
associated risks and essential actions.

Building Occupancy

Building occupancy means the use or operations of
the building. Although the structural risks and
damage sustenance are not directly related to
building occupancy, this factor is significant when it
comes to the establishment of priorities for addressing
these issues.

1.

Occupancy Classes

Figure 2 explains the nine classes of occupancy
devised for the purpose of simply identifying the
building occupancy during RVS. The classes have
been devised based on easily observable and appa-
rent characteristics that allow easy distinctions to
be made between buildings. These classes are
given below:

e Assembly. Buildings designated for the assem-
bly of large groups of people and to accommo-
date a large crowd at the same time. Building
codes suggest accommodating a minimum of
300 people to be designated an assembly. The
same code will be adopted in this study. Places
of assembly include cinemas, halls, community
centers, theaters, and places of worship.

e Commercial. Any building accommodating a
retail or wholesale enterprise, restaurants, and
banks come under this category.

o Emergency Services. These include all build-
ings that serve as a shelter in case of disasters
and emergency situations. Examples of such
buildings are police stations, fire stations,
hospitals and even some educational facilities.

e Industrial. These are buildings that house
industrial units like factories and manufactur-
ing plants and assembly plants.

e Office. These buildings house service centers
that involve office work like clerical, manage-
rial and professional services.

o Residential. All kinds of residences and accom-
modation are included in this class, including
bungalows, apartments, hotels, old people’s
homes, orphanages. It is important to specify
in the form the number of residential units in
each building.

e School. This class includes all buildings hous-
ing educational institutes of primary, secon-
dary and tertiary levels, whether public or
private.

e Utility. This includes all buildings that are
occupied by public or private utilities including
power plants, electricity plants, and water-
treatment plants.

o  Warehouse. This includes buildings serving the
purpose of warehouse activities like the storage
of goods and their sale.

The evaluator or screener must determine the

class of occupancy on the basis of the above-men-

tioned information and then circle the correspond-
ing option in the form. If a building serves multiple
purposes, then all relevant classes must be circled.

The form also has a section on Building Identifica-

tion in which to specify what the building is being

used for. For example, the evaluator can mention
that the building is used as a restaurant in the

“Use” portion of the form, and circle the occupancy

class “Commercial”. If the building does not relate

to any of these classes, the use of the building can
be mentioned in the Comments section.

2. Additional Designations

Besides occupancy classes, information pertaining
to the building such as any historical aspect, a
building being used for government services, and
its use as an emergency shelter is also significant
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and may help in establishing priorities for the

mitigation of issues.

e Historic. This aspect may be different for diffe-
rent communities. This information is signifi-
cant since certain ordinances and codes may
apply to such buildings.

e Government. All the buildings being used by
local, federal and state governments for pur-
poses other than the emergency are considered
here.

o Shelter. Tt is particularly important to upgrade
buildings that are predetermined as shelters
for communities in case of emergencies or
disasters. High priority is given to maintaining
and improving these buildings.

While filling in the form, the occupancy section

must be filled in consideration of these three

points. It must be specified if the building is any of

the three mentioned types. This means that if a

school is predetermined to be a shelter, the form

must be filled in such that the evaluator will circle
school as well as the shelter option.

Building Types Considered and Basic Scores

The 17 types of buildings according to the FEMA P-
154 [5] RVS procedure are mentioned below. Each
building type is followed by the specific alpha-numeric
reference code (in brackets) used for it in the Data
Collection Form.
¢ One- or multiple-story buildings with residential
units with a light wood frame including single-
family units as well as multiple-family units (W1).
e Multiple-story residential buildings with a mini-
mum of 3000 square feet plan area per floor and
with a light wood frame consisting of multiple
units (W1A).
e Commercial and industrial buildings with a wood
frame and a minimum area of 5,000 square feet
per floor (W2).
Steel moment-resisting frame buildings (S1).
Braced steel frame buildings (S2).
Light metal buildings (S3).
Steel frame buildings with cast-in-place concrete
shear walls (54).
e Steel frame buildings with unreinforced masonry
infill walls (S5).
¢ Concrete moment-resisting frame buildings (C1).
Concrete shear-wall buildings (C2).
Concrete frame buildings with unreinforced ma-
sonry infill walls (C3).
Tilt-up buildings (PC1).
Precast concrete frame buildings (PC2).
¢ Reinforced masonry buildings with flexible floor

and roof diaphragms (RM1).

¢ Reinforced masonry buildings with rigid floor and
roof diaphragms (RM2).

¢ Unreinforced masonry bearing-wall buildings
(URM).

e Manufactured housing (MH).
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Next, the Basic Score is calculated for each building
type with the help of the damage and loss assessment
functions. This score indicates the probability of
collapse of the building if it experiences any extremely
severe earthquake, known as risk-targeted maximum
considered earthquake (MCER) ground motions. The
Level 1 Data Collection Form has a space for men-
tioning the Basic Scores. The scores differ on the basis
of the seismicity region. Different scores are obtained
for Very High, High, Moderately High, Moderate, and
Low seismicity regions.

In the pre-planning phase, some buildings are found
to be constructed after the enforcement of the seismic
codes but prior to the codes’ enhancement in regions
with very high or high or moderately high or mode-
rate seismic intensity. These are the buildings con-
structed before the benchmark year. For such build-
ings the Basic Scores can be used. The pre-planning
phase clearly specifies that in the case of a low
seismicity region, Basic Scores are not applicable to
buildings that were constructed after the correspond-
ing benchmark year. However, the pre-planning
phase fails to determine the years when the enforce-
ment of seismic codes took place and the year of their
enhancement and modification. Score Modifiers are
included as a special feature in the Level 1 Data
Collection Form and can be employed to modify the
Basic Score depending on the date of construction of
the building

Score Modifiers

After determining the building type through the
completion of half of the Level 1 Data Collection Form,
the next step is to evaluate the RVS score of the
building with the help of a scoring matrix. As shown
in Figure 2, the Basic Score as well as the Score
Modifiers associated with the attributes that affect
the seismic performance of buildings are included in
the scoring matrix. Higher scores reflect the attri-
butes that have a positive impact on the seismic
performance of buildings since these attributes are
associated with positive Score Modifiers. Conversely,
lower scores reflect attributes that have an adverse
impact on the seismic performance of buildings since
these attributes are associated with negative Score
Modifiers.

Each building type is affected to a different extent by
the impact of its performance attributes on its
structural performance; this implies that the building
type determines the allocated Score Modifiers. If the
specific performance attribute is irrelevant to a
building type then the Score Modifier is represented
by N/A, standing for not applicable. The scoring
matrix in the Level 1 Data Collection Form mentions
the Score Modifier associated with each attribute.
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The evaluator marks the associated Score Modifiers
for the evaluated building by circling the reference
code for the building type determined on the basis of
FEMA P-154 [5]. The correct application of Score
Modifiers can be ensured by adhering to the points
given below.

1. Vertical Irregularity. The evaluator has to circle
the Severe Vertical Irregularity Score Modifier in
the Irregularities section of the form if single or
multiple severe vertical irregularities are seen.
However, if vertical irregularities of a moderate
nature are seen, the evaluator is required to circle
the Moderate Vertical Irregularity Score Modifier.
Plan Irregularity. The evaluator has to circle the
Plan Irregularity Score Modifier in the Irregula-
rities section of the form if single or multiple plan
irregularities are seen.

Pre-Code. For buildings that were designed and
built before the enforcement of seismic codes
relevant to their building type, the Pre-Code Score
Modifier will be applied during their evaluation
process. The evaluator must focus on the year(s) of
enforcement of seismic codes for various building
types in the pre-planning phase. If the construc-
tion dates back to a period prior to the year of
enforcement of seismic codes, then the evaluator
will use the Pre-Code Score Modifier. Buildings
situated in regions of low seismicity will not need
this Score Modifier due to the procedure involved
in the computation of Basic Scores.
Post-Benchmark. The evaluator applies this code
if the evaluated building was designed after the
local jurisdiction’s enforcement of enhanced seis-
mic codes for that specific building type. The year
of enforcement of these improved codes is referred
to as the benchmark year. The evaluator must
focus on the benchmark year(s) for various build-
ing types in the pre-planning phase. If the year of
construction is similar to the benchmark year or
comes after the benchmark year, then a Post-
Benchmark Score Modifier is applied.

Soil Type. These Score Modifiers apply to Soil
Types A, B, and E. If the soil type section in the
form mentions the soil type to be Type A or B, then
the evaluator circles the Soil Type A or B Score
Modifier. If soil type E is mentioned in the form for
a building with a maximum of three (3) stories, the
evaluator circles the Soil Type E (1-3 stories) Score
Modifier. If Soil Type E is identified for a building
with more than three (3) stories, the evaluator
circles the Soil Type E (>3 stories) Score Modifier.
The computation for Basic Scores involved the
assumption of Soil Type CD (the average of Soil
Type C and D). In such a case, no Score Modifier
will be applied. In the case of Soil Type F, no score
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modifier can be applied since such buildings
cannot be successfully evaluated through the RVS
procedure.

6. Minimum Score, Suv. Calculations of the proba-
bility of collapse of buildings with reference to a
single condition led to the development of Indivi-
dual Score Modifiers. When multiple score modi-
fiers are added, they result in an exaggerated
effect of the combination of multiple conditions,
leading to a negative final score which means a
probability of collapse greater than 100%, which is
impossible. The Minimum Score, Sy, was devi-
sed to counter this problem. The worst standards
for each of the parameters of soil type, irregula-
rities (both vertical and plan), and building age are
combined to yield the Minimum Score.

Case Study

The majority of buildings in Indonesia are reinforced
concrete framed buildings. These buildings are
designed in such a way that they can only show
resistance to gravity loads. However, educational
facility buildings of this type failed to resist the
Yogyakarta earthquake that hit Indonesia on May 27,
2016. A total of 2155 educational facility buildings in
the region suffered heavy damage and most of them
collapsed as a result of the earthquake. The earth-
quake hit the Bantul district most violently, destroy-
ing 949 educational facility buildings, which account-
ed for 90% of the total such buildings. 752 buildings
were destroyed in Central Java. The area mostly
severely affected was the Klaten district, where 64
buildings were affected and 257 buildings were
heavily affected, accounting for 38% of the buildings
in the entire district [17].

This study uses the RVS technique to determine the
Final Level 1 Score, Si1 for the buildings being eva-
luated, which are the educational facility buildings of
Jenderal Soedirman University, Indonesia in this
case. Figure 3 shows the nine buildings situated in
Purwokerto and Purbalingga which are evaluated
using the RVS technique. This study assumes the
seismicity level of these structures to be moderately
high. The soil type is taken to be stiff and the building
type is assumed to be Type C1 (moment-resisting
frame) and Type C3 (buildings composed of a concrete
frame with unreinforced stone infill wall structures).
The irregularities, either plan or vertical, are not
taken into consideration. Moreover, the pounding of
buildings is also not considered. Hence, the study is
limited to the use of Level 1 of the FEMA P-154 [5]
score modifier only.
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a. Building A Faculty of
Engineering (A)

d. Building D Faculty of
Engineering (D)

g. Faculty of Fishesris and arine
Science (G)

E)

" h. The Oral and Dental i
Hospital (H)

¢. Building C Faculty of Engineering
©

f. Faculty of Mathematic and Natural
Science (F)

anan®

: = u
The Interated laboratory of Faculty
of Economics and Business ()

Figure 3. Assessed Educational Facility Buildings of Jenderal Soedirman University

Results and Discussion

In this study, the visual pavement survey technique
was used along with a Data Collection Form in the
RVS procedure to assess the buildings. The form is
filled in by the evaluator or screening personnel with
data collected through visual observation of the
building from the exterior, and if possible, the interior.
Figure 2 shows the Level 1 Data Collection Form
which has spaces for inserting data such as the
building identification number (BIN), building occu-
pation class, images and drawings of the building, and
data about the seismic performance of the building.
After inserting the data in the form, the evaluator
computes a score that represents the building’s ex-
pected seismic performance.

To fill in the Data Collection Form, the evaluator
begins with an examination of the building’s struc-
tural materials as well as the basic structural seismic
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force-resisting system. The form offers different
options of Basic Scores for different building types.
The evaluator has to determine the correct building
type and circle the right option, then finds and circles
Score Modifiers to modify the Basic Score. The Score
Modifiers associated with the building’s performance
attributes give a score that is added to or subtracted
from the Basic Score to give the Final Score, denoted
by St:. Hence the value Si: for a buildingis given as
the selected Score Modifiers +/- Basic Score. The final
score obtained in this way is compared with the
minimum score, which is denoted by Smm. If Spyuv
exceeds the final score, the former is applied. The
values of the Final Level 1 Score usually lie between
0 and 7. Higher final scores imply that the building’s
probable seismic performance is good and that the
building is highly resistant to collapse. The final
scores of the educational facility buildings evaluated
at Jenderal Soedirman University are tabulated in
Table 1.
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Table 1. Determination of Final Scores (level 1) from Data Collection Forms

Assessed educational facility buildings of Jenderal Soedirman University

Parameters

A B C D E F G H 1
Building type C1 C1 C1 C1 C1 C1 C1 C3 C3
Basic score 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14 14
Severe vertical irregularity -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -0.8 -0.8
Moderate vertical irregularity -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.5 -0.5
Plan irregularity -0.7 -0.7 0.7 0.7 0.7 0.7 0.7 -0.6 -0.6
Pre-code 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.1 0.1
Post-benchmark 1.9 1.9 1.9 1.9 1.9 1.9 1.9 NA [NA|
Hard rock soil 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.7 0.7
Soft soil (1-3 stories) 0.2 -0.2 0.2 0.2 -0.2 0.2 -0.2 0.4 0.4
Soft soil (>3 stories) -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 -0.6 0.4 -0.4
Minimum score 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Final score 0.6 0.6 0.6 0.6 0.3 0.6 0.6 0.3 14

C1 moment-resisting frame
C3 concrete frame with unreinforced masonry infill walls

Since the educational facility buildings evaluated at
Jenderal Soedirman University are of Type C1
(moment-resisting frame) and Type C3 (buildings
with a concrete frame with unreinforced masonry
infill wall structures), their basic scores are 1.7 and
1.4 respectively. Both these scores obtained through
the RVS evaluation technique add up to yield the final
level 1 score denoted by Sri, which are given as
follows;

Sr1=40.3 (building E, H), +0.6 (building A, B, C, D, F,
G) and +1.4 (building I)

Ovreall, these scores indicate the probability of
collapse of the building in the event that it experiences
ground motions equal to or greater in magnitude than
the maximum considered earthquake targeted risk
(MCER). For instance, an S score of +0.3 indicates
that the probability of building collapse is equal to
1003 in the event of seismic motions. The probability
of collapse computed is not absolute and is just an
estimate as these scores are computed on the basis of
limited observed and analytical data.

Conclusions

The RVS technique helped in the identification and
evaluation of buildings that are vulnerable to seismic
threats. The RVS technique offers various benefits
such as allowing the evaluation to be performed by
any individual, without the need for a structural
engineer. This technique involves minimum uncer-
tainty and allows outcomes to be determined by
screeners or evaluators. Buildings that are evaluated
as being hazardous and vulnerable to seismic dangers
are then further evaluated by professional designers
who are expert in structural design. This was the case
with the nine buildings of Jenderal Soedirman
University that were evaluated in this study. The
RVS technique imparts useful multi-purpose
information that may be used for (1) assessing the
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seismic retrofitting requirements of a community or
organization; (2) devising plans for the mitigation of
seismic hazards; (3) using buildings as examples for
studying the impacts of seismic motion and for the
evaluation of losses caused by these disasters; (4)
devising plans for making efforts aimed at the
evaluation of a building’s post-earthquake safety; and
(5) collecting data pertaining to the seismic vulnera-
bility of each building, which will be helpful for
multiple purposes including insurance rating, deci-
sions made at the time of transfer of ownership rights
of a building, and for remodeling that may be needed
in the permitting process.
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