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Abstract: Earthquake is among the most devastating natural disasters causing severe economical,
environmental, and social destruction. Earthquake safety assessment and building hazard monitoring
can highly contribute to urban sustainability through identification and insight into optimum
materials and structures. While the vulnerability of structures mainly depends on the structural
resistance, the safety assessment of buildings can be highly challenging. In this paper, we consider
the Rapid Visual Screening (RVS) method, which is a qualitative procedure for estimating structural
scores for buildings suitable for medium- to high-seismic cases. This paper presents an overview of
the common RVS methods, i.e.,, FEMA P-154, ITK-GGSDMA, and EMPI. To examine the accuracy
and validation, a practical comparison is performed between their assessment and observed damage
of reinforced concrete buildings from a street survey in the Bing6l region, Turkey, after the 1 May 2003
earthquake. The results demonstrate that the application of RVS methods for preliminary damage
estimation is a vital tool. Furthermore, the comparative analysis showed that FEMA P-154 creates
an assessment that overestimates damage states and is not economically viable, while EMPI and
IITK-GGSDMA provide more accurate and practical estimation, respectively.

Keywords: buildings; earthquake safety assessment; earthquake; extreme events; seismic assessment;
natural hazard; mitigation; rapid visual screening; building defects; structural-health monitoring;
survey; geohazard; hazard assessment; reinforced concrete buildings

1. Introduction

Failure of structures is the main cause of higher deaths and injuries during an earthquake, also
causing more economic losses [1]. Studies showed that the behavior of different structure types during
an earthquake and its vulnerability depends mainly on the primary vertical load-bearing elements [2].
In other words, different construction methodologies have different levels of vulnerability. For instance,
a masonry building with walls as load-bearing elements without any frame structure might be more
vulnerable compared to that of a reinforced concrete structure with columns as load-bearing elements
with a moment-resisting frame [3]. The damage caused to a building during an earthquake can be
estimated by assessing seismic vulnerability [4]. “Seismic vulnerability” is defined as “the susceptibility
of a population of buildings to undergo damage due to seismic ground motion” [5]. There are many
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methods available for seismic assessment of structures, which involve detailed structural analysis and
design [6]. These detailed assessment methods consume more time when the assessment must be
performed for a large number of buildings [7]. To filter and prioritize the buildings for Comprehensive,
time- and resource-saving assessment, alternative Rapid Visual Screening (RVS) methods have been
developed [8]. These methods are based on the systems improved upon by experts [7]. Generally, most
of the evaluation procedures follow a three-stage assessment process, which starts with a rapid visual
assessment to categorize buildings into different damage categories based on seismic vulnerability.
Afterward, a detailed assessment using structural components, material properties, and site conditions
are performed for the critical buildings. If necessary, the selected buildings from the detailed assessment
are evaluated by third-stage assessment, which involves sophisticated in-depth structural analysis [9],
for instance, the study on estimating the floor deformability in existing RC buildings [10] or proposing
improvement on the reliability and accuracy in vulnerability modeling [11].

This study aims to examine the applicability of RVS methods for preliminary damage estimation
of reinforced concrete buildings of one to seven stories. This was achieved by performing a comparison
between the real observed damage of 28 buildings in Bingol, Turkey region and RVS estimations
via three different methods. These methods were FEMA P-154, Indian Method (IITK-GSDMA), and
Turkish method (EMPI), which will be explained in further sections.

A study by Isik [12] compared just the performance scores of six buildings by application of the
Turkish and Canadian method to evaluate the priority of investigations. Another study by Alam
et al. [5] proposed a scoring system to select the suitable vulnerability assessment technique to be
utilized for evaluating three different case studies conducted in various seismicity and geological
zones. However, the results of the current study about the estimated potential seismic damage using
three RVS methodologies for existing reinforced concrete buildings grade comparison has not been
previously described in other studies.

2. Rapid Visual Screening

The Federal Emergency Management Agency (FEMA), USA, in 1988 proposed the initial Rapid
Visual Screening (RVS) methodology as “Rapid Visual Screening of Buildings for Potential Seismic
Hazards: A Handbook” [13]. Furthermore, in 2002, due to the effect of earthquake disasters in the 1990s,
the methodology was modified to integrate the latest technological advancements [14]. Many countries
follow the same RVS methodology as FEMA with relevant modifications concerning their region or
country [8].

In RVS methodology, a visual inspection of buildings is carried out during the street survey
without entering the building and may take 15 to 30 minutes for each building. This visual investigation
involves collecting fundamental characteristics of a building, such as building type, number of
stories, soft and weak stories, short columns, existence of irregularities in elevation and plan, year
of construction, location of the building, soil type, seismic zone, appearance quality of the building,
and other useful features. Depending on the collected data, a structural score is computed without
implementing any structural calculations to determine the expected damage of the building and
whether the building needs the next stage of assessment. This procedure saves time and resources that
can be used effectively for the buildings that need detailed assessment [8,13,15].

There are many other RVS methods developed by using linear regression [15,16], multi-criteria
decision making [17], machine learning techniques [18], fuzzy logic [19,20], or some other methods
concerning their consideration and experiences on region or country [21-23], but the focus in this
paper is on the most common RVS methodologies that have been provided by national technical codes
and mentioned in the following [8,23].

2.1. USA Method (FEMA P-154)

The newest (third) edition of FEMA 154 is known as FEMA P-154 and was revised in 2015 [13].
The revised changes information was given in a scientific study by Nanda et al. [23]. In FEMA P-154,



Buildings 2020, 10, 51 30f15

the person performing the RVS procedure should fill out a data collection form by conducting a
visual inspection of the building from the outside and, if possible, inside during the sidewalk survey.
The data collection form has enough space for all the required data of a building, including images
and drawings. The FEMA P-154 supplied data forms for various degrees of seismicity. Depending
on the seismicity classification, the relevant data form must be chosen. The classification of levels of
seismicity is based on the spectral response acceleration values, as shown in Table 1 [13], where S
is the spectral response acceleration parameter for a 5%-damped maximum considered earthquake
(MCER) at a period of 0.2 s, and Sy, the spectral response acceleration parameter for a 5%-damped
MCER at a period of 1 s, assuming Soil Type B.

Table 1. Range and median MCER spectral response acceleration values in each seismic region [13].

Range of Response Values for Median Response

Seismicity Region Each Region Valulizgf;);nEach
Ss(8) 51(8) Ss,avg(8)  S1,avg(8)

Low(L) Ss < 0.25g 51 <0.1g 0.2 0.08

Moderate (M) 0.25¢ < Ss < 05g 0.1g <51 <02¢ 0.4 0.16

Moderately High (M) 059 <Ss<1g 029 <S5 <04g 0.8 0.32

High (H) 1g < S <15¢  04g <51 <0.6g 1.2 0.48

Very High (VH) Ss > 1.5¢ 51> 0.68 2.25 0.9

The first part of the data collection form is about general information, such as address, location,
use, and year of construction, along with pictures and drawings of the building under observation.
The second part provides scores for different parameters based on building type. All the parameters
and the procedure of calculating final scores are explained in the following.

The procedure starts with the selection of an appropriate basic score for the building, which is
changed further by using score modifiers. The lower the score, the higher the vulnerability of the
building [13]. The classification of damage is based on the Final Score shown in Table 2.

Table 2. Structural scores with damage potential [24].

Rapid Visual Screening Score Damage Potential

5§<03 High probability of Grade 5 damage; Very high probability of Grade 4 damage
03<5<07 High probability of Grade 4 damage; Very high probability of Grade 3 damage
07<5<20 High probability of Grade 3 damage; Very high probability of Grade 2 damage
20<5<25 High probability of Grade 2 damage; Very high probability of Grade 1 damage
5§>25 Probability of Grade 1 damage

Minimum Score, Sp;;n: In some cases, the final score obtained can be zero or a negative number,
which means a building is more than 100 percent damaged. To avoid this issue, FEMA P-154 provided
the minimum score a building can have in the data collection form. The minimum score was developed
by considering the worst possible combination of all score modifiers at once. If the final score is less
than the minimum score provided in the data completion form, the minimum score will be taken as
the final score.

Basic Score: The basic score of a building was provided based on building types classified by
FEMA P-154.

Score modifiers:

e  Vertical irregularities: FEMA P-154 divided vertical irregularities into two parts: severe and
moderate vertical irregularities. According to FEMA P-154, there is a total of seven vertical
irregularities. If one or more severe irregularities are found and no moderate irregularity is
identified in a building, then severe irregularity modifiers should be considered and vice versa.
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If both severe and moderate irregularities are found, the interpolated score of severe and moderate
irregularities should be considered.

e  Plan irregularities: There are five different plan irregularities defined by FEMA P-154. If one or
more plan irregularities are observed, then this modifier should be considered.

o  Pre-Code: This modifier should be considered if the building was constructed before the initial
adoption and enforcement of seismic codes. For low seismic regions, this score modifier does not
apply as it is included in the basic score itself.

o Post-Benchmark: If the building was constructed after the adoption and enforcement of
significantly improved seismic codes by the local jurisdiction, this modifier should be applied.
For both pre-code and post-benchmark modifiers, the year of implementation of seismic codes for
the first time and the year in which the seismic codes improved (benchmark year) of the region
should be known beforehand.

e  Soil Type: Different score modifiers are provided based on the type of soil. Data collection forms
have soil modifiers only for soil type A, B, and E; while the basic score was calculated assuming
the average of soil type C and D. Also, there is no Score Modifier for Soil Type F because buildings
on Soil Type F cannot be screened adequately with the RVS procedure. If the building is located
on Soil Type E it should be considered as "Geologic hazards" and a detailed structural evaluation
is necessary.

2.2. Indian Method (IITK-GSDMA)

An RVS methodology has been developed based on FEMA 154 by the Indian Institute of
Technology, Kanpur (IITK), with the support of the Gujarat State Disaster Mitigation Authority
(GSDMA) in “Seismic Evaluation and Strengthening of Existing Buildings” [25]. It was promoted by
completing proper modifications to FEMA 154, considering Indian conditions. These adjustments
include only the values of scores and parameters, but the calculation procedure is similar to FEMA 154
and FEMA P-154. Indian RVS uses a similar data collection form as that of FEMA 154 with space to
write all the important information of the building and extra space for photos and plan of the building
and has different data collection forms for various seismic zones [26]. The classification of seismic
zones is shown in Table 3 [26].

Table 3. Seismic zone classification according to IS 1893:2002 (Part 1) [26].

Seismic Zone Seismic Hazard Level

Zone II Low seismic hazard (maximum damage during earthquake may be up to MSK intensity VI)

Zone III Moderate seismic hazard (maximum damage during earthquake may be up to MSK intensity VII)

Zone IV High seismic hazard (maximum damage during earthquake may be up to MSK intensity VIII)

Zone V Very high seismic hazard (maximum damage during earthquake may be of MSK intensity IX or greater)

Basic score: Data forms provide different basic scores for different building types classified based
on the moment-resisting system and the classification given in the data collection form itself [27].
Score modifiers:

e Mid-Rise and High-Rise: Depending on the number of stories, either of these modifiers should be
selected. If the number of stories is between four and seven, inclusive, then mid-rise modifiers
should be selected. If it is more than seven, then high-rise modifiers should be considered. If the
number of stories is less than four, there is no need to consider these modifiers.

e  Vertical irregularity: If any of the irregularities, such as steps in elevation view, inclined walls,
buildings on a hill, soft story, buildings with short columns, and unbraced crippled walls are
identified, then this modifier should be considered.

e  Planirregularity: This modifier should be considered when any of the irregularities, like buildings
with re-entrant corners (L, T, U, E, + shape) and buildings with different lateral resistance in both
directions, have been observed.
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e  Code detailing: This modifier can be taken into account if the building was constructed after the
adoption and enforcement of significantly improved seismic codes by the local jurisdiction.

e  Soil type: Depending on the soil type, the respective score modifier should be applied. If the soil
is liquefiable, then the Liquefaction modifier must be considered. The classification of soil types is
based on Indian code [26].

By summing all the necessary modifiers to the basic score, the final score is determined, which
can be used to classify the buildings into different damage categories, which are stated at the bottom
of the data collection form. In both FEMA P-154 and IITK GSDMA RVS methods, negative modifiers
indicate that the value should be subtracted from the basic score. Hence, while adding modifiers to the
basic score, it must be added along with a negative sign.

2.3. Turkish Method (EMPI)

The Turkish RVS methodology [28] was formed by surveying buildings in Istanbul and is called
the Earthquake Master Plan for Istanbul (EMPI), which can also be used for other parts of the country.
EMPI contributed different RVS methods for different types of construction, which in this study, the
method for reinforced concrete buildings with 1-7 stories has been selected.

First stage of assessment (for 1-7 story reinforced concrete buildings):

This method provides different primary scores (basic score) for buildings depending on Peak
Ground Velocity (PGV) and the number of stories. Furthermore, this basic score might be modified by
considering the vulnerability scores of necessary vulnerability parameters observed.

Initial score parameters:

e  Number of stories: Seismic force has a positive linear relationship with the number of stories of a
building. Different basic scores are given to different numbers of stories.

e Local soil conditions: Depending on soil type, the intensity of ground motion changes. EMPI
classified intensities into 3 zones based on PGV with Zone I as high intensity and Zone III as low
intensity zones, as shown in Table 4. Depending on the number of stories and intensity zone, a
basic score should be selected from Table 5 [28].

Table 4. Seismic zone intensity classification in the Earthquake Master Plan for Istanbul (EMPI) [28].

Seismic Intensity Zone Peak Ground Velocity (PGV)

Zone I 60 < PGV < 80cm/s
Zone II 40 < PGV <60 cm/s
Zone III 20 < PGV <40 cm/s

Vulnerability parameters (Score modifiers):

e  Soft story: If the strength and stiffness of upper stories are more than that of the ground story, then
it would be considered as a soft story. This effect happens mostly by providing more working
areas on the ground floor for stores, shops, or parking purposes without constructing walls
between the columns.

e Heavy overhangs: A few multi-story buildings might have extra overhangs, without any support,
acting as a cantilever to main structural elements.

e Apparent building quality: The quality of a building also plays a role in the seismic resistance of
the building. It depends on the materials used and the workmanship quality in construction. It is
difficult to estimate the quality of a building solely by visual inspection, but a well trained and
experienced person can estimate the quality of the building. EMPI classified building quality as
good, moderate, and miserable.

e  Short column: Semi infill frames, windows of partially buried basements, or mid-story beams lead
to short columns. During an earthquake, this takes more damage because of high shear forces.
It can be identified easily through visual inspection.
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e Pounding effect: During an earthquake, adjacent buildings without enough space between them
pound each other because of having different vibration periods. This effect usually is observed
more in higher stories.

e Topographic effect: Foundations of buildings located on sloping grounds may not function
properly because the seismic forces from the building cannot be transferred uniformly to the
ground, resulting in a higher intensity of damage.

All the vulnerability parameters explained above should be considered appropriately depending
on visual inspection and should be multiplied with vulnerability scores shown in Table 5.
The vulnerability parameter values are shown in Table 6. The final score or Performance Score
(PS) is calculated as follows:

PS = (Basic Score) — Y _(Vulnerability Parameter) x (Vulnerability Score) 1)

Table 5. Initial and vulnerability scores for concrete buildings given in EMPI [28].

Story Zone Zone Zone  Soft Heavy  Apparent Short .. Topographic
No. I I I  Story Overhang Quality Column & Effects
1,2 90 125 160 0 =5 -5 -5 0 0

3 90 125 160 —-10 —10 —10 -5 -2 0

4 80 100 130 —-15 —10 —10 -5 -3 -2

5 80 90 115 —-15 —-15 —-15 -5 -3 -2
6,7 70 80 95 20 —15 —15 -5 -3 -2

Table 6. Vulnerability parameters in EMPI [28].

Soft story No (0); Yes (1)
Heavy overhangs No (0); Yes (1)
Apparent quality ~ Good (0); Moderate (1); Poor (2)
Short columns No (0); Yes (1)
Pounding effect No (0); Yes (1)
Topographic effect No (0); Yes (1)

3. Building Data Collection

The accuracy of information from buildings plays a vital role at RVS. Sometimes the cadastral
data is not available for some buildings. In such situations, an interpretation can be made by a person
performing RVS. In this study, a database of buildings that were damaged during the Bingol earthquake
in 2003 has been selected from the SERU (Structural Engineering Research Unit) database [29], which
was collected from the street survey by a team of researchers from Middle East Technical University
(METU), Ankara. This street survey was performed in the streets of Bingol, Turkey, immediately after
the earthquake on 1 May 2003 [30]. From the survey, information on 28 buildings has been selected for
this study. The town is in the eastern part of Turkey, with an approximate area of 8125 km?. Various
earthquakes have occurred in this region, in which the past two significant historical events were
Kovancilar in 1789 and Karliova in 1875. There were at least eight events with a magnitude higher
than five in the last 60 years. The most notable event that affected the town was on 22 May 1971 with a
magnitude of 6.7, which resulted in total causalities of 878 people and injuring 1500 more and 1571
collapsed or heavily damaged buildings [31].

The data are available with ground plans and in the way that one can identify all the required
information, such as vertical irregularities, openings, and the number of stories. Nevertheless,
sometimes, it may be challenging to identify the details of buildings from the available pictures.
All the necessary building information related to required parameters to perform RVS methodologies
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was collected from the data provided. Table 7 matches the information from the data provided with
the parameters used in RVS methodologies. The damage state provided was given verbally, such as
“collapse”, “severe”, light”, and “none” for both structural and infill damage, which were
combined as one damage grade based on damage grades explained in the European Macroseismic
Scale 1998 (EMS 98) [32]. The damage grades from EMS 98 were considered as numbers, as shown in
Table 8.

a7

moderate”,

Table 7. Collected information from a street survey performed by a Middle East Technical University

(METU) research team [29,33].

Building Information in Excel Sheet

Parameter in RVS Methodology

Building No.
Damage state
Construction date
Ground floor + no. of normal floors
Bl & B2
B3
Is building on inclined surface?
story level with neighbors
Ground story height not equal to normal story height
Short column
Is there a possibility of pounding?

Building ID
Damage grade
Year of construction
No. of floors
Weak/Soft story
Discontinuity of vertical structural elements
Slope effect
Split levels
Different story heights
Short column
Pounding effect

Al Torsion
A2 Re-entrant corners
A3 Beams do not align with columns
Structural system type Building type
Are stories similar architecturally? Overhangs

Apparent building quality Apparent building quality

Table 8. European Macroseismic Scale (EMS) 98 damage grades as numbers [32,33].

EMS 98 Damage Grade = Damage State

Grade 1 5
Grade 2 4
Grade 3 3
Grade 4 2
Grade 5 1

If the presence of any of the irregularities is not mentioned in the data provided, then it was
considered as “NO”. If the year of construction was not available, then the building was assumed to be
constructed after 1940. In addition to the parameters mentioned above, seismicity level and soil type of
the region are also critical, which were considered from the seismic zoning map and soil map of Turkey,
respectively. Bingol falls under a high seismic zone with a 10 percent probability in 50 years with
Peak Ground Acceleration (PGA) of 0.55 g (NS), 0.28 g (EW), and 0.47 g (UP) [30]. The time-averaged
shear-wave velocity (V; 30) in the upper 30 m of soil in Bingol varies from 620-760 m/s. The data
provided by the METU survey team was converted for further research. However, this database was
providing requirements to perform RVS but was not providing enough visual information or pictures
of each building as in the other publications [19,34,35], which used the same data, and they did not
show any pictures of buildings. In this paper, they tried to put more effort into the methods rather
than an individual building by itself.

Table 9 shows the distribution of parameters of the building database. Data from this table can be
connected with the required parameters to initialize RVS methodologies. The majority of buildings
are system type C3, which is a reinforced concrete building with unreinforced masonry infill. Most
of the buildings had moderate-to-poor quality, and having different story height was a significant
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issue. From Table 9, we can see that torsional irregularity was abundant and caused many problems.
While in the database, there was no building with discontinuity of vertical structural elements.

Table 9. Distribution of parameters of the building database.

Parameters No. of Buildings % of Buildings
Building Type gg 271 gg
2 2 7.14
No. of stories Z 175 532.27
5 4 14.28
Weak story/Soft story (B1 and B2) 18 64.28
Discontinuity of vertical structural elements (B3) 0 0
Slope 9 32.14
Split levels (Story level) 2 7.14
Large openings (dilatation) 2 7.14
Different story heights 17 60.71
Short columns 4 14.28
Pounding (Neighbor) 8 28.57
Torsional Irregularity (A1) 19 67.85
Reentrant corner (A2) 2 7.14
Diaphram openings (A2) 2 7.14
Beams do not align with columns (discontinuity in plan)(A3) 18 64.28
Non parallel systems (A4) 1 3.57
Overhangs 14 50
Good 2 7.14
Apparent building quality Moderate 11 39.28
Poor 15 53.57

3.1. Application of RVS to the Database

Different RVS methodologies were applied to the collected building data; there were some

considerations and assumptions as follows:

3.1.1. FEMA P-154

1.

According to seismicity level classification based on FEMA, Bingol is located in the high seismic
zone, and hence, high seismic zone data collection form was used.

The soil type was classified as type C based on classification given in FEMA P-154.

There are only two different types of buildings in the collected building data. They are RC
structures with concrete shear walls and RC structures with masonry infills, which were denoted
as C2 and C3 building types, respectively, according to FEMA P-154.

The pre-code year and post-benchmark year were considered as 1940 and 1998, respectively,
as the seismic code was first introduced in 1940 in Turkey and was improved from 1998 [36]. As
all the buildings were constructed after 1940, the pre-code factor was zero for buildings that were
constructed before 1998.

In FEMA P-154, there was no modifier value provided for soil type C as it was used in calculating
the basic score. For this reason, the modifier for buildings in soil type C was given as zero as all
the buildings have the same soil type.
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3.1.2. Indian RVS (ITK-GGSDMA)

1. According to the seismic level classification of IS 1893-2002 (part 1) [26], Bing6l is classified as
zone IV, and hence, the data collection form for seismic zones IV and V was used.

2. The soil type was classified as Type I based on the soil classification given in [25,37].

3. The building types in Indian RVS methodology are C2 for buildings with concrete shear wall and
C3 for buildings with masonry infill.

4. ’Number of stories’ modifier was given as zero for the buildings with the number of stories less
than four, as there was no modifier provided for such buildings.

5. Buildings that were constructed before 1998 used zero as the pre-code modifier.

6.  As all the buildings have the same soil (type I) and Indian RVS does not have a modifier value
for soil type I, the soil type modifier was given as zero.

3.1.3. Turkish RVS (EMPI)

Bingol is located in very dense soil [38] and seismicity zone I according to Seismic zones map of
Turkey [39,40].

4. Results and Discussion

Since the collected building data uses the name of the damage state, it must be converted into
numbers. Table 10 shows the percentage of buildings in selected building data in a certain damage
state. The pie chart reveals that the majority of buildings have experienced damage states three and
four. Also, the outcomes obtained from RVS methodologies do not have an equal scale as actual
damage (one to five) to compare the results and need to be standardized [41]. Thus, the results from
various RVS methodologies were scaled from one to five using the following Equation (2):

X — X,
X5 = mm)x 5—-1)+1 2
’ (Xmax_Xmin ( ) ()

where ‘X’ is the scaled value of the obtained results. The X,,;, is considered as 0.3 for both Indian
RVS and FEMA P-154, as it is the lowest score in the table of structural scores with damage potential.
The X;4x can be any value more than 2.5 as it was the maximum score in Table 2. Hence, X4y is taken
as 3 for Indian RVS and 2.6 for FEMA P-154 obtained from RVS of 28 buildings assumed without any
damage. For Turkish RVS, as a table with damage potential scores is not available, X, is considered
as the least possible score as a building in zone one with five stories can obtain all the irregularities,
which was 25. For X4y, the highest value a building can achieve in zone 1 with one story and without
any irregularity is considered, which was 90. The scaled results are not exactly integers, but most of
the scaled values are fractions, and hence, they are considered as integers with specific ranges, as in
Table 11, for the sake of comparison with actual damage.

Table 10. Percentage of buildings in selected building data in a certain damage state.

Damage Damage Damage Damage Damage
State 1 State 2 State 3 State 4 State 5
4% 18% 25% 32% 21%

From Equation (2), when scaling the results from RVS methodologies, the lowest value 1 is
calculated for FEMA P-154 and Indian RVS but 1.4 for Turkish RVS. The range for the considered
integer was between 0.5 and 1.5. As 0.5 lies between the high probability of Grade 5 and Grade 4 (0.3
and 0.7 range), it was considered to be Grade 5 and Grade 4. For this reason, each definition includes
two damage states. Initially, the scaled values were plotted against the actual damage, as shown in
Figure 1. This figure presents the following: first, the estimation of each building via a different RVS
method is displayed and compared with each other. Second, the actual damage of each building has
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been compared to the assessments. Accordingly, for better illustrating the achievements and difficulties
of understanding the figure, a similarity system was worked out based on several buildings to express
the results.

Table 11. Ranges of scaled Rapid Visual Screening (RVS) results with damage state definition [33].

Scaled RVS  Considered Integer for

Results Damage State Definition
1-1.55 1 Very high probability of Grade 5 and high probability of Grade 4
1.56-2.55 2 moderate probability of Grade 4 and high probability of Grade 3
2.56-3.55 3 Very high probability of Grade 3 and little probability of Grade 2
3.56-4.55 4 Very high probability of Grade 2 and little probability of Grade 1
4.56-5 5 Little probability of Grade 2 and very high probability of Grade 1

w ~
>
>

/ A

DAMAGE STATE

/X y /‘\v /\ \/ \

BUILDINGNAME: 32 b ¢ d e f g h i j k I m n o p q r s t u v w x y z a b
——Actual damage 2 3 3 3 4 3 3 4 4 3 2 2 3 4 4 5 5 4 2 3 5 5 4 4 2 1 5 3
U.S.ARVS 131115 12215112 3 4 4 1 1 1 1 1 1 2 1 1 2 3
TurkishRVS 3 4 2 2 2 3 3 1 3 4 2 1 1 4 3 3 3 1 4 2 4 3 3 4 1 2 4 3
Indian RVS 2 4 3 3 3 5 3 3 3 2 5 3 3 4 5 5 5 3 2 2 2 2 2 43 3 4 4

Figure 1. Damage state of selected building data from RVS methodologies.

These requirements were called similarities in this paper, which are as follows:

Similarity 1: Number of buildings in RVS methodology giving exact damage as that of actual damage.

Similarity 2: Number of buildings in RVS methodology giving exact damage as that of actual
damage + number of buildings with one-step severe damage. For example, if actual damage was four
and RVS methodology gave three, which was one step more severe than four, that will also be counted
in this similarity.

Similarity 3: Number of buildings in similarity 2 + number of buildings within one step damage.
For example, if the actual damage was four and RVS methodology gave any of three, four, or five, then
it will be counted in this similarity.

Similarity 4: Number of buildings in RVS methodology giving exact damage + number of
buildings with more severe damage. For example, if actual damage was four and RVS methodology
with four, three, two, and one, the damage state will be counted in this similarity.

Similarity 5: Number of buildings in similarity 4 + number of buildings with one step less severe
or two steps more severe damage. For example, if actual damage was three and RVS methodology
gave any of four, three, two, and one, then it will be counted in this similarity.

Figure 2 illustrates the set representation of each similarity where A indicates the actual damage,
B is the RVS damage, +1 or —1 indicates the increase and decrease in damage, respectively. Achieving
final decisions based on similarity 1 alone is not advisable, as the results may not always be exact.
Similarity 4 should be considered if safety was of primary concern irrespective of cost and time it takes
for a detailed assessment of more buildings. Similarity 2 and 3 provide closeness of RVS methodology
to actual damage. Similarity 5 was performed only to check how many building estimates were
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inaccurate. As the results from similarity 5 are more than 90 percent of buildings, it has not been
used for conclusion purposes. The results for all five similarities from three RVS methodologies are
illustrated in Figure 3.

A
o Min o Mazx
51: B= {A} damage L 4 damage
B
o Min Aga =l Max
52: B={A A+1} damage Ly <7 damage
Y Min Al g A il Max
53:B={A-1 A A+l} damage L Ly L damage
| - A A+l
S4B= (A AL Max) MR ( —
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55:B={A-1. A _ Max} damage L L damage

Figure 2. Set representation of each similarity.

It has been inferred from the graph that in similarity 1, 2, and 3, Indian RVS presented a large
amount of buildings as did Turkish RVS, but FEMA P-154 addressed a fewer number of buildings
in the first three similarities. In similarity 4 and 5, FEMA P-154 assessed 93 percent of buildings,
Turkish RVS addressed 80 percent of buildings, and Indian RVS presents a fewer number of buildings
compared to the other two RVS methodologies shown in Figure 3.

% of buildings in similarities 1to 5
100
S0
8

7

4

3I I I
DII

Similarity 1 Similarity 2 Similarity 3 Similarity 4 Similarity 5

% of bulldings
— ba [V =
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m Indian RVS mTuwkishRVS ®USARVS

Figure 3. Percentage of buildings in each similarity from RVS methodologies.

It is clear that FEMA P-154 gives higher damage grade even for buildings with fewer negative
influential parameters, although the damage may not be severe. On the other hand, in Indian RVS,
similarity 2, 3, and 4 are close to each other with only 10 percent, indicating most of the buildings
that were in similarity 4 were also in similarities to 2 and 3. This means Indian RVS provided closer
results to the actual damage followed by Turkish RVS. It would be of interest to check the numbers
of buildings categorized in damage state 1 by RVS methodologies before coming to a conclusion.
This damage state included both damage grades 1 and 2, and hence, the damage state 1 from RVS
methodologies will be compared against grades 1 and 2 of actual damage. The RVS methodology with
the most accurate assessments of damage versus actual damage can be considered the most efficient
methodology.
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Figure 4 shows a clear trend that FEMA P-154 estimated almost 58 percent of buildings as damage
state 1, which was not appropriate in consideration, as there were fewer buildings that showed state 1
and 2 in the actual damage data. Meanwhile, Indian RVS did not estimate any building as damage
state 1, which is also not acceptable as there are fewer buildings having damage grade 1 and 2 in the
actual building data. Moreover, Turkish RVS provided around 17 percent of buildings as damage state
1, which can be accepted, as around 20 percent of buildings were actual damage state 1 and 2.

60

% of buildings

Indian RVS Turkish RVS USARVS Actual Damage

Figure 4. Percentage of buildings in damage state 1 assessed by different RVS methodologies.

According to the similarity level, although Indian RVS is significant, it can be highlighted from
Figure 4 that Indian RVS might not be considered as a suitable method since it did not classify any
building in damage state 1. It is very hazardous for health safety if a building can suffer more
severe damage but has been estimated as a moderate or lighter damageable building. For this reason,
the Turkish method can be preferred among the three RVS methodologies and also in similarities,
as Turkish RVS was close to the results of Indian RVS. However, the RVS methodologies may not give
the same damage as that of the actual damage; hence, the best method must be selected based on the
requirement of the user.

5. Conclusions

In this study, three alternative approaches are presented to estimate potential seismic damage to
existing reinforced concrete buildings in Bingol in Turkey. To assess the damage estimations obtained
from these three methods, the results are expressed in terms of structural damage state and practically
compared with each other and the actual observed damage. From the results of this study, it can be
determined that the Turkish RVS (EMPI) have significant efficiency in evaluating the vulnerability
of buildings in Bingol region. This can be expected as the RVS methods were modified according
to the respective regions/countries. Although the Indian RVS was more significant than Turkish
RVS, it did not estimate any buildings in damage state 1. In further studies, it is essential to check if
Indian RVS gives similar results for the building in India as well. If so, it is highly risky to use the
Indian RVS. Surprisingly, although it served as a basis for the Indian and Turkish RVS methodologies,
FEMA P-154 was the method with the most overestimation during damage evaluations. This indicates
that FEMA P-154 uses safety factors more than necessary. In future studies, it should be checked if
the results from FEMA P-154 will be similar, if the RVS is performed on the buildings in America.
In brief, this is an essential finding in the understanding of the applicability of the RVS methodologies
to evaluate the building’s vulnerability. Although the study found evidence of the applicability of
RVS within the study area, from the collected data, it was not possible to determine if it is valid for
several building types, various soil conditions, and a different seismic zone. Further studies in this
area may include more building databases, different building types, and seismic zones. For more
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accurate results, it would be suggested for further studies to perform the comparison of RVS methods
by considering buildings from different countries/regions.
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