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ABSTRACT

ARTICLE INFO

Especially, the large-scale loss of life and property caused by the significant earth-
quakes in recent years has brought the importance of research and measures to be
taken on this issue. Determining and analysing the ever-increasing building stock of
the cities and detecting and managing all information related to buildings are im-
portant in terms of spatial planning and urban transformation. This study aims to
determine tectonic characteristics calculating a and b values of Gutenberg- Richter
magnitude-frequency relation which forms the basis of earthquake statistics for all
cities in Turkey and the reinforced-concrete buildings which are primarily risky in
terms of urban transformation. For this purpose, a total of 1620, 5-storey buildings
from all provinces of Turkey were assessed. Twenty reinforced concrete buildings
from each province were taken into consideration which has 5-stories. The first stage
evaluation method specified in the principles regarding the identification of risky
buildings issued in 2013 by the Republic of Turkey, Ministry of Environment and Ur-
banization was used in this study. The performance scores for 1620 buildings were
calculated by using this method. A risk priority map was created for the provinces,
taking into account for these buildings. The study aims to determine risk priorities of
site and mid-rise reinforced-concrete buildings among the cities. The results ob-
tained were interpreted and recommendations were made.
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1. Introduction

The first step in protecting a settlement from an
earthquake disaster is to have theoretical predictions of
the consequences such as socio-economic losses and
structural damage that may occur after an earthquake.
This is very important in terms of preparation for disas-
ter management (Hadzima-Nyarko et al, 2016;
Harirchian et al., 2020). Earthquakes occur frequently in
Turkey due to the active seismic zones, and many rein-
forced-concrete (RC) buildings are damaged as a result
of these earthquakes.

Itis almostimpossible to determine the seismic safety
of existing RC buildings before a possible earthquake.
The main purpose of the determination of seismic safety
of buildings is to ensure making right decisions about the

existing building stock by making necessary examina-
tions and calculations before a possible earthquake. A
large amount of existing building stock makes it diffi-
cult to evaluate buildings in a reasonable time due to
the lack of adequate qualified personnel and economic
perspectives. Even the detailed examination of seismic
safety verification of an ordinary building continues for
days. Therefore, it is not possible to examine every exist-
ing building in detail. In this context, accurate results can
be achieved by using methods that will give faster and
more accurate results (Isik, 2016). These methods are
generally called the first stage evaluation methods. The
buildings with risk priority can be determined using
these methods. This will greatly reduce the number of
buildings to be subjected to detailed analysis (Isik,
2015).
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There are various methods in the literature regarding
the rapid evaluation of structures. Detailed information
and analysis are not required in such rapid evaluation
methods. There are many case studies on the use of these
methods (FEMA-154, 2002; Japan Seismic Index-Ohkubo,
1991; NRCC, 1993; Sipos et al., 2017; Kepekci and Ozcep,
2011; Hadzima-Nyarko et al., 2018; Villacis et al., 2000;
Yakut, 2004; Benavent-Climent, 2011; Foo and Daven-
port, 2003; Jain et al., 2010; Sucuoglu, 2007; Sinha and
Goyal, 2004; {Iki et al., 2014; Bal et al., 2008; Albayrak et
al,, 2015; Yakut et al.,, 2014; Arslan et al,, 2010). The first
stage evaluation method specified in the principles re-
garding the identification of risky buildings issued in
2013 by the Republic of Turkey, Ministry of Environ-
ment and Urbanization was used in this study (DRBB,
2013). A total of 1620 buildings including twenty RC
buildings which are 5-storey from each of 81 provinces
in Turkey were assessed in this study. Each performance
score of these buildings was calculated using this
method, and thus their risk priorities were determined.

The Gutenberg-Richter (1944) relation is currently
used as a measure of earthquake efficiency based on the
magnitude-frequency distribution. Obtaining this rela-
tionship for the whole of Turkey, it led to the production
of basic information about the earthquake hazard. The
"a" parameter in the magnitude-frequency relation
changes depending on the observation period, the size of
the study area and the level of earthquake activity. It is
also defined as the average annual seismic activity index.
The parameter "b" is an important parameter in the sta-
tistical analysis of earthquakes and gives the slope of the
linear relationship. It is related to the deformation of
rocks and thus the physics of earthquake occurrence.
The “b” value is an indicator of seismic activity and varies
from region to region. Normally, a small b value is asso-
ciated with a high stress drop and a large b value is asso-
ciated with a low stress drop. It was observed that the
“b” value decreased before the earthquake (Anadolu and
Kalyoncuoglu, 2010).

The study firstly presented the information about the
rapid evaluation methods, mentioned about the reasons
for the emergence of these methods and then provided
information about Turkey's tectonic settings and seis-
micity. The seismicity parameters a and b were obtained
for each province. The return periods for each province
have been calculated for the probability of exceeding
10% in the earthquake regulation. This study also pre-
sented information about the rapid evaluation method
used in this study and explained how this method is ap-
plied step by step. The method recommended by the
Ministry of Environment and Urbanization in 2013 was
used as the first stage assessment method in this study.
Since this method includes calculations according to the
2007 earthquake regulation, this regulation was also
taken into account within the scope of the study. A map-
ping procedure was applied for the site and RC buildings
examined in this study considering their geometrical lo-
cations. The images of some of the examined buildings
were included in the study. The distribution of the nega-
tivity parameters in the mid-rise RC buildings examined
in the study was determined and the performance score

for each building was calculated. It was tried to deter-
mine the risk priority among provinces by using the ob-
tained results for site and mid-rise buildings. The results
obtained were interpreted and suggestions were made
in line with the results. This work from both seismicity
as well as structural covers all provinces in Turkey. Con-
sidering the whole country rather than the regional basis
adds a special importance to this study.

2. Tectonic Settings and Seismicity in Turkey

Turkey, as a part of Alpine-Himalayan orogenic belt,
has tectonic progresses under the complex geodynamic
effects of the relative motions of the Arabian, African and
Eurasian plates. The majortectonic units, shaping the
earthquake distribution in Turkey, are the North Anato-
lian Fault Zone (NAFZ), the East Anatolian and North-
East Anatolian Fault Zones (EAFZ-NEAFZ), West Anato-
lian Extensional Province (WAEP) including a consider-
able amount of horst and graben structures bounded by
normal faults, the subduction zones (Hellenic and Cy-
prus) (Reilinger et al., 2006) and the East Anatolian Col-
lision Zone (EACZ) (Fig. 1). The North Anatolian Fault
Zone (NAFZ) with an approximately 1600 km long is a
right-lateral fault caused hazardous earthquakes and
runs from Karliova (Bingodl) triple junction through
North Anatolia to the Marmara Sea. It produced a se-
quence of earthquakes having magnitudes greater than
7.0 (Mw) (Ates et al., 2003, 2008, 2009, 2012; Bayrak et
al, 2011). The East Anatolian Fault Zone (EAFZ) is also
another major tectonic unit as a plate boundary with 500
km length between the Arabian and Anatolian plates. It
starts from Gulf of Iskenderun and converges with NAFZ
on the Karliova triple junction. Although not as large as
on the NAFZ, many major earthquakes are known to
have occurred in or near EAFZ within the historical and
instrumental period (Taymaz etal., 1991). WAEP, having
the highest geothermal potential in Turkey, is one of the
most seismically active and rapidly extending regions of
the world (>30 mm/y) (Bozkurt, 2001). As a result of
this extension, considerable number of large earth-
quakes occurs on the boundaries of horst and graben
structures. As a result, Turkey can be considered as one
of the most important tectonic laboratories in the world.
There have been significant losses of life and property,
due to earthquake damages in Turkey (Arslan et al,
2013; Inel et al., 2008; Bilgin, 2016; Bilgin and Urugci,
2018; Utkucu et al,, 2013).

After the significant contribution of the earthquake
magnitude concept made by C. Richter in 1935, it was re-
vealed that the earthquakes were not evenly distributed
in time, space and size. The distribution of the earth-
quakes by size shows the scale invariance. This empha-
sizes that there is no characteristic size of the event (the
theoretical limits in the maximum earthquake size). An
experimental correlation defines the distribution of the
earthquakes according to Ishimoto and Lida (1939) in
the east and Gutenberg-Richter (1944) in the west (Eq.
1).

logN =a—bM (D)
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where a and b are positive real constants for a given re-
gion and time interval, N number of earthquakes with
magnitude M is given. a-value explains the seismic activ-
ity. Itis determined by the event rate and depends on the
selected region and time window. Typically, the b-value,
which is close to 1, is a tectonic parameter that defines

Black Sea

the relative multiplicity from large to small shocks. It is
seen that the seismic environment represents the prop-
erties of the seismic environment in such a way as to the
tension and/or material conditions. Eq. (1) is often re-
ferred to as the Gutenberg-Richter (G-R) magnitude-fre-
quency relationship.
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Fig. 1. Significant tectonic structures and earthquake activity (M>4) in Turkey
during the instrumental period (Kalafat et al., 2011).

The space and temporal changes of the b-value have
been previously used in a number of several seismicity
studies. After the pioneering work of Mogi (1962), Scholz
(1968) and Wyss (1973), the volumes of the active mag-
matic chambers (Wiemer and Benoit, 1996; Wiemer et
al,, 1998) by many investigators, and the origins of re-
gional volcanism (Monterroso and Kulhanek, 2003) was
widely used for identifying and estimating major tec-
tonic earthquakes (Monterroso, 2003; Nuannin et al,,
2005). The b-value studies on seismicity were carried
out with the results published in many scientific articles
in the last 25 years (Aki, 1965; Bender, 1983; Cao and
Gao, 2002; Murru et al., 2007; Kalyoncuoglu, 2007; Far-
rell et al, 2009; Anadolu and Kalyoncuoglu, 2010;
Kalyoncuoglu et al, 2013; Roberts et al., 2015). For small
and M=7.3 earthquakes, the frequency decreases faster
than linearity, and in some cases, there may be a better
approximation of the observed data. There are two ex-
planations for deviations from linearity.

In minor earthquakes; there is a lack of data for years,
especially in catalogues. However, recent studies have
shown that the reduction of b-value below the threshold
size is not only due to a lack of catalogues, but those small
earthquakes are not counted as much as a fixed b-value
predicted from major events and that the decrease in fre-
quency may therefore be a certain extent real. In major
earthquakes; saturation of the size scales; in other words,
the problem with the method in which the magnitudes
were measured. Another reason is the length of existing
catalogues (usually very short) with large earthquakes
missing. In general, repetition times beyond the time in-
terval (catalogue) of data should be considered carefully.

There are several acceptable explanations for the ob-
served changes in b-values. High and low voltages lead to
low and high b-value earthquake series (Scholz, 1968;
Wyss, 1973). This observation is used to determine the
structural anomalies and voltage levels in the crustand/or
upper mantle in determining the prediction of earth-
quakes and determination of the volume of active cham-
bers (Wiemer and Benoit, 1996; Wiemer et al., 1998).

Large heterogeneities correspond to higher b-values.
Laboratory experiments have shown that heat changes
result in an increase in b-value from 1.2 to 2.7 (Warren
and Latham, 1970). The b-value of aftershocks is high,
whereas the b-value of the leading earthquakes is low
(Suyehiro et al., 1964). For example, in 1975, the b-value
of Haicheng pioneering earthquake series was found to
be 0.6. The b-value of the aftershocks was 0.9.

Earthquake storms come to the conditions where the
b-value is greater than 1. Sometimes the b-value is
greater than 2.5, meaning that large earthquakes occur
later. Storms are often associated with volcanic activity.
In volcanic regions, faults do not only create large earth-
quakes, but continuous stresses are largely heterogene-
ous. Swarms are caused by processes such as the lack of
a clear mainstream shock and the migration of magmatic
fluids or caldera development.

In summary, there is an inverse relationship between
the size of the calculated b-value and the level of tension
accumulation. Thus, it can serve as an approximation pa-
rameter to predict large earthquakes. In this study, a and
b values are calculated using Gutenberg-Richter’s (1944)
equation for all cities in Turkey. Calculated values were
presented city by city in the map of Turkey (Figs. 2 and 3).
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When these maps are examined, regional similarities
are observed in the a-value distribution map in Fig. 2 and
continuity can be defined in areas with near tectonic fea-
tures. In contrast, the b-value distribution map in Fig. 3
shows no tectonic identification that can be associated
with each other in the nearby settlements. This may be
due to province limitations in the database being used.
However, if the selected cities are divided into geographic
or tectonic regions, a different picture is encountered.
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In this study, the risk map of provinces is shown in Fig.
4 if the probability of exceeding within a period of 50
years is 10%.

While all these calculations were performed, a 100 km
wide zone was considered for each province and the
earthquakes of M = 3 in this region were taken into con-
sideration. Calculations were made by using the Seismic
Hazard and Risk Analysis Program (Alan, 2016).
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3. Earthquake Risk Priorities of Existing Mid-rise RC
Buildings in Turkey

It is a well-known fact that structural damage varies
according to structural properties. The nature and
amount of structural damage depend on the nature of
the loads acting on the structures and the quality of the
materials that compose the structural and non-struc-
tural elements, on the type and configuration of struc-
tural systems (Aksoylu et al., 2016; Hadzima-Nyarko et
al,, 2011). However, identifying these properties can be
achieved pursuant to the evaluation of the data obtained
as a result of classifying them. In this context, it is im-
portant to identify risky buildings. It cannot be said that
buildings with low risk are in compliance with seismic
design code. As mentioned above, this is only the first
stage evaluation. Therefore, definite results will only be
produced as a result of using definite detailed analysis
methods. This method is only aimed at determining the
priority of the buildings to be examined in the second
stage evaluation method (Isik, 2013).

Reducing the weaknesses of the building stock is an
important step towards reducing seismic risk. Large
scale evaluation methods are popular for the evaluation
of building stock, although they are expensive and not
easy to use (Chever, 2012). Another effective way to as-
sess the seismic vulnerability of existing buildings is to
make an urban and regional emergency response and
earthquake protection and remediation plans to protect
human life and the economy (Ahmed et al., 2014; Bilgin
and Frangu, 2017). During the seismic risk assessment
of RC buildings, seismic hazard and building sensitivity
should be considered (Tesfamariam and Liu, 2010; Jain
et al, 2010; Ozcebe, 2004). Seismic scanning methods
are designed as rough scan procedures using fewer re-
sources per building (Tischer et al.,, 2011; Tischer et al.,
2012).

A period of high residential building demand during
the 1980’s due to high population growth and migration
from rural areas to the urban areas has caused non-en-
gineered or low construction quality structures. As a re-
sult, major portion of Turkey’s existing building stock is
susceptible to earthquake-induced damage despite its
high earthquake threat (Inel and Meral, 2016).

Taking into account the amount of building stock in
Turkey, it is important to correctly know buildings’ par-
ametric data and to be able to access these data easily
and quickly. The purpose of rapid screening methods is
to determine the building’s risk priorities and to make
the right decisions for them. The building performance
scores are calculated using these methods which enable
to collect values for the parameters provided by meth-
ods without entering the building or partially entering
the building, and then the building’s risk priority can be
decided as a result of comparing these values. The first-
stage evaluation methods taking into account of building
properties and earthquake hazard can be used to deter-
mine the risk priorities and regional distribution of the
buildings which may be at risk in certain areas under the
law issued by Republic of Turkey Ministry of Environ-
ment and Urbanization (DRBB, 2013). This method was
revised in 2019, according to the earthquake regulation

updated in 2018. This method was carried out by a com-
mission created by experts in the field. In general, the
factors weakening the building defence mechanism are
considered in these methods. Short column, soft/weak
story, vertical discontinuity, lateral discontinuity, year of
construction, visible building quality and hill-slope effect
are some of these negative parameters (DRBB, 2013;
NRCC, 1993; Kaminosono, 1992; Okada, 1999; Giilay et
al,, 2010; Isik, 2016; Bayraktar et al., 2013; Inel, 2016;
Isik and Kutanis, 2015; Srikanth et al., 2014; Alam et al.,
2012; Sucuoglu, 2007;Eleftheriadou and Karabinis,
2012; Mirshaiei et al., 2017; Ziilfikar et al., 2017; Ozmen
and Inel, 2017; Isik et al., 2017; Scawthorn, 1986; Isik et
al,, 2018; Shehu et al., 2019).

This method can be used for RC buildings which vary
between 1 to 7 storeys. The parameters which are re-
quired for the use of this method are given below:

e Structural system type

Number of story

Current situation and visual quality

Soft /weak story

Vertical irregularity

Heavy overhangs

Irregularity in plan / torsion

Short column

Building regulation / pounding

Hillside effect

Seismicity and soil type

A data collection report is created for each RC build-
ing to evaluate the reinforced concrete buildings under
earthquake risk. This form is shown in Table 1. The data
was collected for each building according to Table 1 and
then these data are subjected to evaluation.

Table 1. Inputs of the building examined.

District
Neighbourhood

Vertical irregularity

Irregularity in plan/torsion

Street Building regulation/pounding
Door No. Soft/weak storey

Block Heavy overhangs

Parcel Short column

Latitude Hillside effect

Longitude Structural system type

Seismicity of the region Number of storey

Year of Construction Soil type

The geometric location distribution of the buildings
which is subject to this study is shown in Fig. 5.

When conducting building evaluations, the primary
issues to determine are seismicity of the area and the
seismic risk zone of the building according to its soil
type. Earthquake area and the seismic risk zones accord-
ing to soil types are given in Table 2.

The map of earthquake zones which were consid-
ered in this study is shown in Fig. 6. Soil types were deter-
mined for each city, and the references in the literature
and the data obtained from relevant institutions and or-
ganizations were taken into consideration (Tabban, 2000).
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Fig. 5. Location distribution map of the buildings analyzed.

Table 2. Earthquake areas determined according to TEC-2007

Seismic
risk zone

Earthquake area
according to TEC-2007

Soil types
according to TEC-2007

I 1

11

I

BWw W NN

73/74
71/72
73/74
71/72
73/74
71/72
All soil types

EARTHQUAKE ZONES MAP

Seismic zone 1 -
Seismic zone 2 l:l
Seismic zone 3 I:l
Seismic zone 4 |:|
Seismic zone 5 I:l

Fig. 6. The earthquake zones map for Turkey (arranged from http://deprem.gov.tr).

Itis known fact thatlocal soil conditions directly affect
and change the characteristics of seismic movements and
that these conditions can cause damage to existing build-
ings which are situated on these soils (Borcherd, 1990).
Earthquake risk and soil type are one of the parameters
to take into consideration. The local site classes and soil
groups are determined by considering the ground cri-
teria specified by TEC (2007). In the method, firstly, the

hazard zone, in which the building is located, is deter-
mined taking into consideration seismic zones defined
according to the soil class and the Turkish Earthquake
Regulations. A base score (TP) is determined taking into
account the number of building story according to the
determined hazard zone. Structural system score (YSP)
is determined according to type of the structural system.
The obtained base score and structural system score are
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added. In the later stage, the negativity parameter values
corresponding to each negativity parameter in the build-
ing are multiplied by the negativity parameter score. The
sum of the values obtained as a result of this multiplica-
tion is subtracted from the sum of the base score and the
structural system score, and thus the performance score
for the building is calculated. After this procedure is per-
formed for each building, the risk priority is determined
between the buildings. The effect of structural system
type will be considered as a positive score. This score is
shown in short as YSP. No additional positive score (YSP)
will be given for the buildings with RC frame system
(RCF). The positive parameter score (YSP) will be added
to the buildings which have RC frame system + RC walls
(RCFW) structural systems in respect to Table 3. Table 4
describes how to get the base and structural system
score.

All negativity parameters except visible quality will
be determined as "Yes" or "No". The negativity parame-
ter values corresponding to these determinations will be
taken as 1 and 0 respectively for the cases of "Yes" and

"No". If the visible quality evaluation is "good", "me-
dium", and "bad", then the negativity parameter value
will be taken as 0, 1, and 2, respectively. The negativity
coefficients corresponding to each parameter are shown
in Table 4.

After each negativity coefficient is multiplied by neg-
ativity parameter score according to total number of sto-
rey located in the building, the sum of these values de-
termines the total score of the negativities in the build-
ing. The negativity parameter scores are presented in
Table 5.

One of the negativity parameters regarding the build-
ings is the pounding effect. For determining the pound-
ing effect, it is first checked whether the building is de-
tached or attached. If it is detached, the negativity pa-
rameter score is assigned as zero. If it is attached, then it
is first checked whether the building is located in the
middle or on the edge. In the later stage, the position of
floors of the attached buildings to each other is checked.
Fig. 7 is used to decide the floors with the same or differ-
ent level.

Table 3.Base and structural system score table (DRBB, 2013)

Structural system score

Total Base score (YSP)
T 1DE O Seismic risk zone Structural system type
storeys
I Il 11 IV RCF RCFW
1and 2 90 120 160 195 0 100
3 80 100 140 170 0 85
4 70 90 130 160 0 75
5 60 80 110 135 0 65
6and 7 50 65 90 110 0 55;
Table 4. Negativity parameter values (0;) (DRBB, 2013)
Condition 1 Condition 2
Negativity Negativity
parameter no parameter Parameter Parameter Parameter Parameter
determination value determination value
1 Soft storey No 0 Yes 1
2 Heavy overhang No 0 Yes 1
3 Visual quality Good 0 Average (Bad) 1(2)
4 Short column No 0 Yes 1
5 Hill/slope effect No 0 Yes 1
6 Irregularity in plan No 0 Yes 1
7 Vertical Irregularity No 0 Yes 1
Table5. Negativity parameter score (OP;) table (DRBB, 2013)
Storey level/Detached building condition
nu;(;)t:ltl' of Soft Visual Heavy Same Same Different Different Vertical  Irregularity  Short Hillside
— storey quality overhang Middle Side Middle Side irregularity in plan column effect
1,2 -10 -10 -10 0 -10 -5 -15 -5 -5 -5 -3
-20 -10 -20 0 -10 -5 -15 -10 -10 -5 -3
4 -30 -15 -30 0 -10 -5 -15 -15 -10 -5 -3
-30 -25 -30 0 -10 -5 -15 -15 -10 -5 -3
6,7 -30 -30 -30 0 -10 -5 -15 -15 -10 -5 -3
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Fig. 7. Floors levels in adjacent buildings.

The performance score of a reinforced concrete build-
ing will be calculated with the data to be collected re-
garding the building. The building performance score for
a reinforced concrete building will be calculated using
the following formula;

PP =TP 43X, 0; X OP; + YSP (2)

The above formulation is described as; PP- Perfor-
mance Score; TP- Base Score; Oi- Irregularity Score and
YSP- Structural System Score. The final scores are com-
pared to each other for risky buildings and provide pri-
ority for retrofit. The performance score (PP) for each

Local Site Class

Danger Zone

Total Number of
Storeys

Base Score (TP)
Structural System Score

TP+YSP

2 (0i)x(OPi) —

building will be calculated applying the method on the
buildings in the region studied. The calculated perfor-
mance scores will be sorted descending from high to low
values. The risk priority by region can be determined us-
ing the distribution of the scores calculated in this way.
The performance score is calculated using the formula 2
and determined as 295 for a building that is located in
the hazard zone IV and includes no negativity parameter.
The performance score is calculated as -118 for a building
that is located in the hazard zone I and includes all nega-
tivity parameters. The performance scores in this quick
evaluation method range from -118 to 295. The method’s
application procedure is broadly shown in Fig. 8.

N ivity P tor Val Qi
Short Column
Heavy Overhangs
Soft /Weak Story
Building regulation / pounding
Hill/side Effect
Visual Quality
Vertical Irregularity
Irregularity in plan / torsion

Total Number of Storeys

Negativity Parameter Score (OP/)

Performance
Score (PP)
\e

Fig. 8. Flowchart of the processes implemented in the study.

4. Analysis Results

Twenty RC buildings selected from each province
which are 5-storey in Turkey were evaluated. Risk calcu-
lations were made for a total of 1620 reinforced concrete
buildings from 81 provinces in Turkey. Following the cre-
ation of building credentials, the data on buildings’ tech-
nical information was collected; it was seen that the data
collection form prepared for the RC buildings consisted

of the questions which can be filled out using observa-
tions from outside the building as suitable for visual
screening method. In this context, the information such
as the number of building stories, heavy overhangs,
short columns, natural soil slope, building regulation,
normal story function, which are located in the form, can
be directly detected from outside the building, and there
was no problem in determining these data in general. In
this context, the data collection form given in Table 1 was
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filled out for each building. The completed data collec-

tion forms were then transferred to the computer in the

office. Some information about the buildings was also
824
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obtained with the transfer of the data. The values of the
negativity parameters obtained for mid-rise RC build-
ings are shown in Fig. 9.
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Fig. 9. Distribution of the negativity parameters of selected 5-storey buildings.

According to the results obtained, of the 1620 build-
ings examined, 9% had short columns, 43% had heavy
overhangs, 47% had soft / weak story, 51% were at-
tached buildings and could be subjected to pounding ef-
fect, 11% had hill/slope effect, 6% had vertical irregu-
larity, and 7% had an irregularity in the plan. Also, it
was determined that of the buildings examined, 42%
had good quality, 40% had medium quality, and 18%
had poor quality in terms of visual quality. The data col-
lection form suitable for each building examined was
filled out based on the observation made from outside

the building, and the result performance scores of the
buildings were calculated by deducting the penalty
scores determined according to the structural defects
observed in the building from the initial score defined
for each building using the information in the form. The
lower the resulting performance score, the higher the
risk of building. Performance scores were calculated
for each reinforced concrete building examined in the
study, using the data collection form and equation 2.
The distribution of these performance scores is shown
in Fig. 10.
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Fig. 10. The distribution of performance scores.

As it can be seen in the graphic, RC building perfor-
mance scores range between -110 and 200. According to
the distribution of performance scores of the reinforced
concrete buildings examined in the study, the mean per-
formance score of 1620 buildings was calculated as 53.

This value is an average score, indicating that a signifi-
cant percentage of the RC buildings in the region have
high-performance scores. If the performance scores of
all buildings with performance scores in the range of 50-
200 are accepted to be higher than the mean score of 53,
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a total of 845 buildings have performance scores on av-
erage or higher. 52% of the buildings have a higher per-
formance score than the mean performance score. The
provincial risk priority map has been created by consid-
ering the total scores of 20 RC buildings selected from
each province in Turkey. The performance scores of 20
reinforced concrete buildings from each province were
calculated separately. These scores obtained for 20 rein-
forced concrete buildings from each province were

added, and thus a total score was obtained for each prov-
ince. A mapping procedure was applied according to the
total scores obtained. Because a decrease in the result
scores increases the risk priority according to the quick
evaluation method used in this study, the mapping pro-
cedure has been applied accordingly. This map is shown
in Fig. 11. According to this map, the provinces with risk
priority are Bitlis, Tekirdag, Sakarya, Nigde, Tokat, and
Rize.
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Fig. 11. The map for the risk priorities of cities according to the buildings included in this study.

5. Conclusions

Earthquake hazard is one of the main risks of human
life in cities. b-value is an important parameter in terms
of revealing the earthquake risk in settlements. In this
study, changing of a and b values depending on Guten-
berg-Richter (1942) relation in Turkey were examined,
and the resulting value in the entire characteristic of
earthquake occurrence was described. When these maps
are examined, regional similarities are observed in the a-
value distribution map in Fig. 2 and continuity can be de-
fined in areas with near tectonic features. In contrast, the
b-value distribution map in Fig. 3 shows no tectonic
identification that can be associated with each other in
the nearby settlements.

It cannot be said exactly whether buildings identified
as low risk comply with existing earthquake regulations.
As noted above, this is only the first stage assessment.
Therefore, the final result can only be obtained as a re-
sult of certain analysis methods. This method aims only
to determine the priorities of the buildings to be exam-
ined in the second stage evaluation method. However,
selection of known earthquake behaviour buildings has
made the results more valuable. The determination,
analysis, detection and the management of all the infor-
mation concerning the building stock of cities which
gradually increase are important issues in terms of spa-
tial planning and urban transformation. The priority of
risky reinforced concrete buildings can be determined
with this study.

The safe transfer of seismic loads to the soil through
the structural system and the structural system’s capa-
bility of reacting to the responses from the soil is directly

related to the correct design and construction of the
load-bearing mechanism. Therefore, avoiding all kinds of
negativity will lead to adapt serious approaches to re-
duce the amount of damage that can occur in possible
earthquakes. The calculation and design principles given
in the building design rules must be strictly adhere in or-
der to achieve this. Once this is achieved, then the con-
struction of the properly designed buildings by their pro-
jects will contribute their project values.

A total of 1620 five-storey buildings from all prov-
inces of Turkey were assessed. Twenty reinforced con-
crete buildings from each province were taken into con-
sideration. These buildings were selected taking into
consideration the population of the province they are lo-
cated and the areas where the housing is intensive in the
province. This number is a practically possible number.
The first stage evaluation method specified in the princi-
ples regarding the identification of risky buildings prom-
ulgated in 2013 by the Republic of Turkey Ministry of En-
vironment and Urbanization was used in this study. The
performance scores for 1620 buildings were calculated
using this method.

The buildings were examined in terms of effects such
as heavy overhangs, soft story, short column, vertical ir-
regularity and irregularity in the plan, which are in-
cluded in the effects causing the building performance
score to decrease in the RC buildings. These buildings
were determined to be subjected to a pounding effect at
most. In these structures, it was determined that the
maximum number of collision effects was seen. Of the
1620 reinforced concrete buildings examined, 147 had
short column effect, 693 had heavy overhangs, 745 had
a soft story, 93 had vertical irregularity, and 112 had an
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irregularity in the plan. This result showed that the neg-
ative structure properties were more effective in 1st
stage evaluation.

The study shows the ranking of the buildings in the
area concerned in terms of their performance scores and
thus determines the buildings concentrated in a certain
range of scores in certain areas. It is not possible to clas-
sify the buildings as risky, medium risky or riskless
within the scope of the method. Only a ranking and com-
parison of performance scores between buildings can be
performed using the existing data. Accordingly, it can be
said that the building with a higher performance score is
better than the building with lower performance score.
Again within this context, the same comparison can be
made regarding the areas where the buildings within a
specific score range are concentrated. Accordingly, the
data obtained in the study reveals that the buildings with
lower performance scores are concentrated. It can be
concluded that it is appropriate to prioritize these re-
gions in disaster risk assessment plans or urban trans-
formation project plans to be carried out within this
scope.

In this context, it is thought that the rapid screening
method used in the study serves for area prioritization
as it stands, however, does not contain a limit value to
compare the building performance scores, or is missing
in terms of being able to comment on the risk situation
of buildings because there is no guidance regarding the
risk range.

To obtain correct and healthy data in the process of
filling the building data collection forms, the field inspec-
tion team must be selected from civil engineers or con-
struction technicians who have adequate knowledge and
experience in accurately determining and interpreting
the data requested in the data collection form.

The multiplicity of negativity parameters is related to
housing and inadequate engineering services. The
ground floors of the majority of the buildings were gen-
erally designed as workplaces, which, in turn, have led to
the formation of a soft story. This has also led to an in-
crease in the buildings’ risk priority scores. Weak-soft
story formation should be avoided as much as possible.
Structural systems that are free of irregularities and
were designed in compliance with the regulations as
well as of which quality control was effectively carried
out in construction phase may be damaged only in ac-
ceptable limits by showing a ductile behaviour even in a
very severe earthquake.

Additionally, the construction of attached buildings
has become widespread to optimize land use. Construct-
ing detached buildings instead of attached buildings will
be a useful way to reduce earthquake damages. Moreo-
ver, ground floors are constructed to have a lower sur-
face area than upper floors to be able to fully utilize from
the building area, but this leads to the formation of heavy
overhangs.

The prepared map only indicates the provinces with
the buildings that were examined in the study and have
risk priority. All buildings in these provinces should be
examined in order to report that they are exactly risky.

Such work will lead to the system of earthquake pre-
vention, which will be used to analyses an inventory of

building stock against earthquake. While taking precau-
tionary measures against reducing earthquake risk after
producing a building inventory, the buildings, which are
not safe and not economical to strengthen, need to be de-
molished. This study includes the previous earthquake
code and rapid assessment method. This study will be a
resource for similar studies based on new codes.
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