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Cities located along the Central Anatolian Fault Zone (CAFZ), such as Kayseri and Mersin, have become metropolitan cities in
Turkey since the 1950s and have been attracting big investments, such as the Akkuyu Nuclear Power Plant (Mersin), which is
planned to be built close to the CAFZ. In this study, the ground motion records of earthquakes occurring along the CAFZ are
scaled for single-degree-of-freedom (SDOF) systems conforming to the current design response spectra. This is a pioneering study
on the analysis of seismic behavior using SDOF systems subjected to ground motions that were recorded in relation to earthquakes
occurring on the CAFZ in Turkey. It defines the importance of selecting suitable records with certain features that can be used with
the scaling method to ensure that real ground motion records match the design acceleration spectra defined in the earthquake
codes and will provide a perspective on future destructive earthquakes that may occur on the CAFZ.

1. Introduction

Time domain analysis is frequently used to determine
specifications involved in the design of structures regarding
their earthquake performance. Acceleration records are
required for such analyses if they are compatible with design
spectra obtained from synthetic, simulated, or real earth-
quake records [1-3].

Real acceleration records obtained from earthquakes are
more easily accessible nowadays, and thus, the use of real
ground motion records is preferable for use in analysis.
However, a large amount of different data pertaining to
various parameters often exists, such as earthquake mag-
nitude, scaled acceleration records, fault type, local ground
conditions of stations, and distance from the earthquake
source, and thus, it is difficult to obtain records specific to the
actual situation in some cases [4]. Therefore, real earthquake
records that fulfill conditions set out in earthquake codes are
required, and these need to be scaled by adjusting with
design response spectrum [5].

A large number of studies have been conducted [6]
involving the selection and scaling of related codes using
records obtained from real earthquakes, with the aim of
using such information in structural design. These studies
have analyzed methods used in the selection and scaling of
records obtained from real earthquakes occurring in
countries, such as the United States of America, China,
European Union countries, New Zealand, and Taiwan, and
reveal differences and similarities between the codes applied
[5, 7-17]. In addition, studies have been conducted to select
and scale earthquake records in the time domain.

Scholz [18] addressed the problem of how to predict
strong ground motions for very large earthquakes from
observations made of such motions produced by events of
moderate size. McGarr [19] described how the state of stress
as well as the focal depth clearly is an important factor to be
considered in the prediction of seismic ground motion.
Somerville [20] reviewed the magnitude scaling of near-fault
ground motions. Kurama and Farrow [21] showed that
scaling methods that work well for ground motions
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representative of stiff soil and far-field conditions lose their
effectiveness for soft soil and near-field conditions for a wide
range of structural characteristics. Naeim et al. [22] pre-
sented a new approach to the selection and scaling of ground
motion time histories for structural design using genetic
algorithms. Watson-Lamprey and Abrahamson [23] pro-
posed a procedure to select time series for use in nonlinear
analyses that is intended to result in an average response of
the nonlinear system that is not based simply on magnitude,
distance, and spectral shape. Luco and Bazzurro [24]
demonstrated that scaling can indeed introduce a bias that,
for the most part, can be explained by differences between
the elastic response spectra of the scaled and unscaled
records. Kottke and Rathje [25] defined a semiautomated
procedure for selecting and scaling recorded earthquake
motions for dynamic analysis. Huang et al. [26] proposed a
scaling method that explicitly considers spectral shape.
Katsanos et al. [27] reviewed alternative selection procedures
based on established methods for incorporating strong
ground motion records within the framework of seismic
design of structures. Jayaram et al. [28] defined a compu-
tationally efficient ground-motion selection algorithm for
matching a target response spectrum mean and variance.
Takewaki and Tsujimoto [29] defined the scaling of design
earthquake ground motions for tall buildings based on drift
and input energy demands. Ay and Akkar [30] presented a
ground-motion selection and scaling methodology that
preserves the basic seismological features of the scaled
records with reduced scatter in the nonlinear structural
response. Haselton et al. [31] provided guidance to design
professionals on the selection and scaling of ground motions
for the purpose of nonlinear response history analysis. Al
Atik et al. [32] described a method for deriving kappa (k)
scaling factors that can be applied to ground motion pre-
diction equations (GMPEs) to account for site-specific «
estimates.

Historically, in 1717 [33] and 1835 [34], two major
destructive earthquakes occurred at the Central Anatolian
Fault Zone (CAFZ). In the 20th century, two subsequent
destructive earthquakes occurred in 1940 along the CAFZ.
In January, an earthquake of M;=5.0 magnitude occurred,
during which 58 people lost their lives, while in February, an
earthquake of M = 6.7 magnitude occurred, during which 37
people lost their lives [34].

Since the 1950s there has been significant urbanization in
Turkey, accompanied by a rapid increase in the population
of big cities. Cities located along the CAFZ, such as Kayseri
and Mersin, have become metropolitan cities in Anatolia
due to the high increase in population of Turkey during this
era. Mersin (approximately 1.7 million people) and Kayseri
(approximately 1.4 million people) are attracting big in-
vestments, such as the Akkuyu Nuclear Power Plant
(Mersin), which is planned to be built close to the CAFZ.

However, to date, no study has been conducted on the
scaling of records of real earthquakes that have occurred on
the CAFZ in Middle Anatolia, Turkey, for use either in
structural design or in the assessment of the earthquake
performance of existing structures. This study is therefore
the first to consider the ground motion records of
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earthquakes occurring on the CAFZ in terms of the analysis
of the seismic behavior of single-degree-of-freedom (SDOF)
systems. In this respect, this study provides results that can
be used in implementing earthquake engineering perfor-
mance-based design principles within this seismic area.

In this study, general methods and criteria that are used
to select earthquake records are discussed, and the records of
earthquakes that occurred on the CAFZ are scaled to
conform to the design response spectra of [35]. In addition,
for SDOF linear systems with a 5% damping ratio and re-
sponse spectra in the period from T5=0.01 to Tr=2.00s,
spectral relative response, spectral velocity, and spectral
displacement form are calculated. This research is being
conducted between Ts=0.01s and Tr=2.00s since this
period range covers the seismic design periods of almost all
the building structures located along the CAFZ. It should be
noted that this study will provide a perspective on future
destructive earthquakes that may occur on the CAFZ that
will affect the new metropolitan cities of Kayseri and Mersin.

2. Records of Earthquakes Occurring in the
Central Anatolian Fault Zone, Turkey

The Central Anatolian Fault Zone (CAFZ) stretches over
700 km, beginning at a point to the west of the city of Mersin.
It travels through the Gulek Strait, Pozanti, and Camardi
(Nigde) to Erciyes (N20E), after which it changes direction
(N50E) in the direction of Gemerek, Sarkisla, and Sivas. It
eventually reaches the North Anatolian fault zone at
Erzincan [36, 37], making it the second largest fault zone in
Anatolia after the North Anatolian fault zone. A simplified
map showing the neotectonic subdivision of Turkey and
adjacent areas [38] is shown in Figure 1, while a simplified
map showing major structural elements of east Central
Anatolia [39] is provided in Figure 2.

The records of earthquakes occurring on the CAFZ are
supplied by the Strong Ground Motion Database of Turkey.
Figure 3 shows the 17 ground motion records selected for
this study from earthquakes that occurred between 1976 and
2014 with a magnitude of M >2.8. Further details of these
earthquakes are supplied in Table 1, which shows the as-
sociated station location, ground conditions, distance,
magnitude, acceleration values, and scaling factors related to
these records.

3. Selection and Scaling of Real Earthquake
Records in Line with the Design
Response Spectra

The calculations of the seismic load on structures can be
conducted using the “Equivalent Static Earthquake Load
Method” and “Mode Combination Method.” Recent advances
in technological developments have enabled the use of
nonelastic calculation methods to be used in the design of
structures when performing a structural analysis in the time
domain. It is thus possible to conduct research on the se-
lection of appropriate seismic records and associated scaling
of such records using either a linear elastic or nonlinear
inelastic analysis in the time domain.



Advances in Civil Engineering

III LR

.

Fault Zone

"iM[HHHHHWHI|||||||7'

" SalrLake Ty~

ARABIAN PLATE {i' - l\’\
LEGEND
wea of oacascaal Rectectonsc \ stke-clip fan X
- o Durwst flt wak
) ¥e of syikosdiprectectonic  “S54_ guikealip
) 5 segarne vatk normal compoacat companeat
AW EP B4R SRR & SO / ‘ 2 weor of sriko ip nectoctonic
. / ] [F1'1yy - , ; @ E ,gme“gm mu?omt T mduction zone
& Meditersansan Sea ; o E [ED wea of corapr el . sutwezone
» 4, .(g —t i ReStocionic Jegine
o R SIS ool 4 > = ~_, obMquoslp
= 5° % 7 7 c 1 |"7' ’ TROVEIREAL disection of plates ~ nomaal fanlt
Y | | -’4 < Cyprus £ T . _ Wpecuizaate cutlines of cuter —a  stike-lip fanlt
AFRICAN PLATE] A7~ —t & R e Igam angles S Wit nortmal
Hell eruc Are A N | + S: Sulundag cowaty C Cay componcat

oo muclear power plant site

F1GURE 1: Simplified map showing the neotectonic subdivision of Turkey and adjacent areas [38] (location of the Akkuyu Nuclear Power

Plant site is plotted on the map.).

3.1. Earthquake Record Sources. Accelerograms are used in
earthquake calculations practiced in time-domain structural
analysis and obtained from three different sources, which are
described below [1-3].

3.1.1. Earthquake Records Generated Synthetically. Over a
wide-ranging period, it is possible to generate synthetic
records that are similar to those of an actual response
spectrum. For example, the power spectral density function
is calculated from simplified response spectra, and sinu-
soidal signals are generated by compounding this function
with random phase angles; a synthetic record is thus ob-
tained by collecting these sinusoidal functions. Moreover, an
iterative method can be used to enhance matching with the
design spectrum, wherein the scaling factor between the
ordinates of a real response spectrum and a target design
spectrum is calculated at a selected frequency. It is then
possible to correct the record by adjusting the power spectral
density function with the square of this scaling constant. As a
result of these processes, new ground motion can be
obtained.

3.1.2. Simulated Earthquake Records. Simulated earthquake
records are obtained from seismological source models that
consider the propagation medium and ground conditions.
In that condition, the most different subject is the identi-
fication of suitable source, propagation medium, and ground
conditions. In analyses used to obtain the physically

simulated records of source and wave propagation char-
acteristics for the area to be examined, it is necessary to
identify an earthquake scenario that depends on magnitude
and distance. However, this information is usually un-
available, particularly, in cases where seismic design codes
are used [4].

3.1.3. Records Obtained from Real Earthquakes. Real
earthquake records include accurate information about
certain characteristics and the nature of ground shaking
(amplitude, duration, phase characteristics, and frequency
content). They also reflect factors, such as the source
influencing the records, propagation medium, and ground
conditions. Therefore, with respect to the seismological
parameters of an area, the selection of such records is more
beneficial compared with other alternatives.

3.2. Selection of Real Earthquake Records. Real earthquake
records are generally selected from locations where either
the design spectrum is provided to represent the specified
characteristics of ground motion or the earthquake scenario
is given with minimum parameters, such as magnitude
distance and soil class. Records selected for a specified region
should be matched with the generated response spectrum
because of seismic hazard analysis and should satisfy the
geological and seismological conditions.

The magnitude of an earthquake strongly influences the
frequency content and duration of ground motion, and thus,
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FiGure 2: Simplified map showing major structural elements of east central Anatolia [39].

Hekimhd

¢ ;'

Gur?
arende

Tulan!yli Afsin
> T 3 vbistan ,
o
’ Goksun
Q ' = ' " i . Harita wernlen ©2015 Easarsoh S¢ogle, ORION-ME - Kullanim Sartlan

F1GUre 3: Earthquakes recorded on the Central Anatolian Fault Zone (CAFZ) by the strong ground motion database of Turkey [40].

it is important to select records of events with appropriate
magnitudes. For example, the earthquake magnitude of
selected records needs to be approximately +0.25 of the
target magnitude [41].

3.3. Ground Motion Scaling Methods. Real earthquake rec-
ords can be scaled in either the frequency or time domains
using scaling methods. The scaling method used in the
frequency domain alters the frequency content of the
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TaBLE 1: Details and calculated scaling constant (asr) of records of earthquakes that occurred throughout the Central Anatolian Fault Zone

(CAFZ), Turkey.

Recorded max.

Station acceleration value  North-south (N-S) East-west (E-W)
Date Magnitude Soil Earthquake (gal) ' - ' .
type zone Scaling  Fractional Scaling Fractional
Province = Country N-S E-W U-D constant relative constant relative
( ST)  error (%) (a ST) error (%)

Tokat Centrum  11.06.1999 4.1 73 1 1.9 11 0.64 1.4 17.28 4.9 16.25
Tokat Centrum  11.06.1999 4.5 Z3 1 411 14 1.1 1.1 18.2 1.1 17.81
Tokat Centrum  14.04.2006 2.8 Z3 1 101 57 129 1.4 1.11 7.9 1.10
Kirikkale Centrum  12.08.2008 4.8 72 1 0.66 0.68 0.31 4.7 15.55 412 15.68
Ankara Bala 12.08.2008 4.8 72 2 029 04 014 1.7 18.99 1.7 18.12
Ankara  S. kochisar 12.08.2008. 4.8 Z3 2 035 037 0.25 7.4 18.53 7.6 17.88
Aksaray Centrum  12.08.2008 4.8 73 5 0.59 0.77 0.29 3.4 22.8 1.2 22.83
Kayseri Centrum  13.11.2008 3.7 72 3 0.35 033 0.36 1.9 20.23 1.9 19.9
Kayseri Centrum  19.11.2008 3.6 72 3 062 0.7 045 1.9 20.79 1.10 20.79
Kayseri Centrum  15.01.2009 3.7-3.9 72 3 1.2 12 1.1 1.2 20.29 21 19.63
Nigde Centrum  30.01.2009 4.3 72 4 13 12 18 1.1 22.9 1.1 22.46
Nevsehir ~ Centrum  30.09.2011 4.3 72 3 09 11 079 1.10 19.61 7.6 19.94
Sivas Ulas 30.08.2013 33 72 4 0.34 1.01 047 26.13 22.29 — —
Nigde Camardi  01.11.2013 3.7 Z3 4 1.3 1.2 1.2 1.1 23.59 1.2 23.44
Sivas Kangal 01.05.2014 4.2 72 4 0.6 0.61 047 1.6 23.48 1.5 23.13
Kayseri Centrum  26.03.2015 3.8 72 3 0.52 0.46 0.38 8.4 20.78 1.10 20.3
Sivas Gemerek  26./03/2015 3.8 72 3 0.66 0.62 0.27 12.2 19.27 1.9 20.1

accelerogram, whereas in the time domain, the amplitude of
the record is changed.

3.3.1. Scaling of Ground Motion in Frequency Domain.
In this method, records are generated that are compatible
with the design response spectrum recorded by accelero-
grams. This is a more effective method than other methods
of earthquake record production, as the earthquake motion
does not lose its physical characteristics during scaling in the
frequency domain [42]. Using a scaling method in the
frequency domain, attaining records that precisely match the
design spectrum is possible. However, when these records
are used in the nonlinear earthquake calculations of
structures, it is necessary to determine whether an equal
displacement rule in the sensitive area applies [43].

3.3.2. Ground Motion Scaling in Time Domain. In this
approach, the recorded ground motion is simply scaled up or
down uniformly (multiplying by greater than one or less
than one and by a constant) so that the results have the best
match with the target spectrum within a period range of
interest. When the use of more than one earthquake record
is required, it is possible either to fit each record separately or
to best fit the average of the produced spectra to the target
spectrum.

Scaling in the time domain is based on minimizing the
difference between the scaled behavior spectrum and the
design response spectrum using the least-square method.
The “difference” is scaled and defined as an integration of the
square of differences among the target design spectrum
amplitudes. It is calculated using the following equation:

TABLE 2: Spectrum characteristic periods, T4 and Tj.

Site class T, (sec) Ty (sec)
Z1 0.10 0.30
72 0.15 0.40
73 0.15 0.60
74 0.20 0.90
S(T)
2.5
S(T) = 2.5 (Ts/T)"*
1.0
Ta TB T
FIGURE 4: Spectrum function.
TF
. actual target 2
Dif ference| = | [aSi™ (T) - S (T)]|"dT, (1)
TS
where S is the target acceleration response spectrum,

Sectual js the acceleration spectrum of the real earthquake
record used, « is the linear scaling factor, T'is the period of
the oscillator, T is the lower period range of scaling used,
and Ty is the upper period range of scaling used.
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FIGURE 5: Elastic design acceleration spectra for four different earthquake zones and different local site classes [5].

2.5
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Spectrum constant (g), S(T)
Spectrum Constant (g), S(T)

Period, T (Second) Period, T (second)
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FIGURE 6: Response spectra of earthquake records scaled according to elastic design acceleration spectrum (with local site class Z2);
(a) North-South (N-S) and (b) East-West (E-W) components.
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Spectrum

(®)

FIGURE 7: Response spectra of earthquake records scaled according to elastic design acceleration spectrum (with local site class Z3); (a)

North-South (N-S) and (b) East-West (E-W) components.

To minimize the difference, the derivative of the “dif-
ference” function with respect to the scaling factor must be
zero, as follows:

d|Difference|
da -
where the “difference” function in Equation (1) is equated to
zero by taking a derivative with respect to da. By changing
the integrals in Equation (1) to discrete forms, a total form
continuing to Ty with a AT (step) increment from Tj is

obtained, where AT is the period step increment, as in the
following equation.

ZT TA( actuul (T) Starget (T))
ZT TA( actual T))

(2)

min |Difference|occurs at

(3)

3.4. Selection and Scaling of Real Records according to the
Design Spectra. In the earthquake codes, the design earth-
quake is accepted as being a ground motion that has a 10%
probability of exceedance within a period of 50 years. To
show this ground motion, a spectrum constant, S(T),
depending on local site classes with a 5% damping ratio, is
identified. The differences of the local site classes on the
design spectrum are reflected with the help of spectrum
characteristic periods (T4 and Tpg); and [35] provides
characteristic periods corresponding to four different site
classes (Table 2).

The design spectrum function is given in Figure 4. The
elastic spectral acceleration constant, A(T), used in analysis
is calculated by multiplying S(T), which is equivalent to the

period of the structure; the effective ground acceleration
constant, A,, which shows the earthquake risk within the
region; and the building importance constant, I, which varies
according to the utilization type of the buildings, as follows.

(4)

The spectrum constant, S (T), is evaluated according to
the following equation.

A(T) = AIS(T).

T
S(M =1+ L57 (0<T<T,),

A

S(T) = 2.5,

(T,<T<Ty), (5)

S(T) = 2.5(%)0'8, (T5<T).

Site classes provided are shown in Figure 5, together with
the elastic spectral acceleration constants drawn for different
earthquake zones. A, is defined regarding the existing faults
and records of prior earthquakes, and Turkey is separated
into five earthquake zones.

3.4.1. Definition of Scaling Constant for Elastic Spectral
Acceleration. A(T) is obtained by multiplying A, I, and S(T).
In this study, records are selected and scaled only for S(T)
using this feature; the scaling constant obtained from this
process is named agp. In addition, a4, which is related to
A(T) is obtained by multiplying agr by A, and I [5], as
follows.
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3.4.2. Limits of Scaling Factors. Scaling performed on the
amplitude of real earthquake records should not exceed
specific limits. These limits are dependent on the type of
problem for which the selection of ground motion is
intended for wuse. In previously conducted studies
[3, 19, 23, 44, 45], a scaling constant of 4 is accepted as the
upper limit for the analyses of linear elastic structures.
However, for the analyses of nonlinear inelastic structures,
ar should be in the range from 0.5 to 2, and for lique-
faction, a4 should not be greater than 2.

3.4.3. Criteria for the Selection of Records. In the earthquake
codes, it is permissible to use earthquake ground motion
records that are artificially generated, previously recorded,
or simulated for the linear and nonlinear seismic analysis of
buildings and building-type structures within the time
domain. However, the earthquake records used should have
certain features. For example, the duration of the strong
ground motion part of the earthquake record should be no
shorter than five times the first natural vibration period of a
building not longer than 15 s. In addition, the average of the
spectral acceleration records, which is equivalent to the zero
period, should be used for earthquake ground motion that is
not less than A . Furthermore, in the earthquake direction
considered, the average of the spectral acceleration records
that conform to the acceleration record and are used for the
5% damping ratio should not be less than 90% of the elastic
spectral acceleration records defined in [35], within a period
range between 0.27; and 2T, with respect to the first
(dominant) period T;. Finally, for linear and nonlinear
calculations in the time domain, the maximum of the results,
in which three ground motions are used, and the average of
results, in which at least seven ground motions are used, is
going to be the basis for design.

3.44. Method for Selecting and Scaling Real Earthquake
Records and Generating Response Spectra. The following
records and methods were used in time domain calculations
in this study and are summarized as follows:

(1) Data pertaining to the location, ground conditions,
history, magnitude, and scaled acceleration value
features of records of earthquakes occurring in the
CAFZ, as found in the Turkish National Strong
Ground Motion Database, are listed in Table 1.

(2) For each N-S (north-south) and E-W (east-west)
component, in the period range between Tg=0.01s
and Tr=2.00s, for a 5% damping ratio, the response
spectra were obtained using the Bispec-Earthquake
Solutions Programme [46].

(3) The scaling factors for each component of the
earthquake records were calculated by matching the
response spectra obtained for each earthquake re-
cord with the target response spectrum. In this study,
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TaBLE 3: S*(T) and S8 (T) values.

T(s) Seewal () a5 (T)
0.01 0.14 1.10
0.05 0.16 1.51
0.09 0.23 1.91
0.13 0.36 2.32
0.17 0.32 2.50
0.21 0.25 2.50
0.25 0.23 2.50
0.29 0.33 2.50
0.33 0.28 2.50
0.38 0.27 2.50
0.42 0.23 2.42
0.46 0.25 2.25
0.50 0.26 2.10
0.54 0.25 1.97
0.58 0.15 1.86
0.62 0.14 1.76
0.66 0.15 1.68
0.70 0.14 1.60
0.74 0.15 1.53
0.78 0.16 1.46
0.82 0.16 1.40
0.86 0.16 1.35
0.90 0.14 1.30
0.94 0.12 1.26
0.98 0.11 1.22
1.03 0.10 1.18
1.07 0.10 1.14
1.11 0.10 1.11
1.15 0.12 1.08
1.19 0.15 1.05
1.23 0.15 1.02
1.27 0.15 0.99
1.31 0.13 0.97
1.35 0.13 0.94
1.39 0.13 0.92
1.43 0.12 0.90
1.47 0.11 0.88
1.51 0.09 0.86
1.55 0.08 0.84
1.59 0.07 0.83
1.63 0.06 0.81
1.68 0.05 0.79
1.72 0.05 0.78
1.76 0.05 0.77
1.80 0.05 0.75
1.84 0.05 0.74
1.88 0.05 0.73
1.92 0.05 0.71
1.96 0.05 0.70
2.00 0.05 0.69

the following methods were applied, and they are
listed in items 4-7, as follows.

(4) Records with a scaling factor, agy, greater than 20

and less than 1/20 were eliminated. For example, in
Table 1, the scaling factor, ag, of an earthquake with
an epicenter at Sivas-Ulasli (My: 3.3) was eliminated
for being greater than 20.
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(5) Scaled response spectrum graphs were created by
multiplying data related to real ground motion re-
sponse spectrum graphs obtained using the Bispec-
Earthquake Solutions Programme [46] with the
scaling factor, agr.

(6) The differences between the design spectrum of each
component for each record and the response spec-
trum amplitude of the scaled record, in the period
range between Ts=0.0ls and Tr=2.00s, were

|Sum Relative Error| = Z

computed using the “Sum Relative Errors” formula
shown in the following equation.

TS

aszctual (T) _ S‘tzarget (T)
Starget (T) ‘

TF a

(7)
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The error amount is calculated as a percentage by where k is the number of period steps (AT) used to
putting the “Sum Relative Error” obtained in the generate the response spectrum of the record.
following equation. . (TFA,_T Ts)‘ ©)

1
|Average Relative Error (%)| = —-|Sum Relative Error| x 100,
k (7) Each earthquake record was scaled for both the N-S

(8) (north-south) and E-W (east-west) components and
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in the period range between Ts=0.0ls and Records of earthquakes occurring throughout the CAFZ
Tr=2.00s for the 5% damping ratio obtained. Scaled were grouped as N-S (north-south) and E-W (east-west)
response spectrum graphs were created using the  according to the characteristics of local soil classes (Z2 and
scaled acceleration record graphs, and the scaled or ~ Z3 local site class) at stations where the earthquakes were
unscaled response spectrum graphs obtained were  scaled. The spectrum constant, S(T), which was obtained by
then compared to the design acceleration spectra. scaling to the design acceleration spectra defined, and the
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average spectrum curve obtained using these records is
shown in Figures 6 and 7.

3.5. Implementation. In this example, the earthquake record
(Mp: 3.7) shown in Table 1 is selected. This event occurred in
2008 along the N-S route at Kayseri-Kocasinan on the
CAFZ. The recording station at which the earthquake was

scaled is located on a Z2 local site class and in the 3rd degree
earthquake zone (4, = 0.2); the building importance factor is
selected as I=1.

To enable this record to provide a match with the design
acceleration spectrum identified for Z3 local site class, the
agp constant is found to be 8.79 using Equation (3). Sl (T))
and S5 (T) values used for calculation of ag; are given
below in Table 3.
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From Equation (3) and Table 3, ag; = 8.79 is obtained.
Then, Equation (6) is used to calculate the scaling factor
as follows:

aur = Adagy = 0.2 x 1x8.79 = 1.758. (10)

To obtain the scaled record, the amplitudes of earth-
quake records are thus linearly multiplied by a1, the scaling
constant. Figure 8 shows records that are both scaled and not
scaled with a,r; the acceleration response spectra of the
scaled records have a period range of between Ts=0.01 s and

Tr=2s. The 5% damping ratio is shown in Figure 9 in the
forms of spectral total acceleration, spectral relative accel-
eration, spectral velocity, and spectral displacement. Fig-
ure 10 shows acceleration response spectra with a 5%
damping ratio for a SDOF linear system, and a design
spectrum for a record scaled with a, (with respect to this
record).

While ag; linear scaling constant is being calculated, it
should be considered that the response spectrum that is not
scaled in the period range from Ts=0.01s to Tr=2s pos-

sesses a 5% damping ratio of Sy ® E-W (east-west)
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components of earthquake with epicenter at Nigde-Camardi (M;: 4.3).

earthquake route record, and for earthquake records mea-
sured in local site class Z3 and 3rd earthquake zone, ;arget is

the elastic design acceleration spectrum value in Figure 5.

3.6. Scaled Response Spectrum Graphs of Records. Scaled
response spectrum graphs of records in the North-South (N-
S) and East-West (E-W) earthquake routes that occurred on

the CAFZ, according to the elastic design acceleration
spectra, are given below in Figures 11-26.

4. Results and Discussion

This is a pioneering study on the analysis of seismic behavior
using SDOF systems subjected to ground motions that were
recorded in relation to earthquakes occurring on the CAFZ
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in Turkey. It is considered that the study provides useful
results for application in earthquake engineering perfor-
mance-based design principles within the region.

It is essential that records have particular features for use
and that scaling methods are selected to match real ground
motion records and design acceleration spectra as defined in
[35, 47]. Earthquake ground motion records occurring
through this fault zone can then be scaled, thus conforming
to the design acceleration spectrum defined.

This study uses the records of 17 ground motions
recorded in the Turkish National Strong Ground Motion
Database (2015) throughout the fault zone. Table 1 shows the

associated station location, ground conditions, distance,
magnitude, acceleration values, and scaling factors related to
these records. Acceleration record graphs that are both
scaled and not scaled for each N-S (north-south) and E-W
(east-west) component are shown; and the response spec-
trum graphs (spectral total acceleration, spectral relative
acceleration, spectral velocity, and spectral displacement
forms) with a 5% damping ratio of a SDOF linear system
within the period range between Ts=0.01s and Tp=2s in
the time domain are generated using the scaling method.
Compatible records are selected from the 17 ground
motion records to fit scaling, with conditions provided in the
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design acceleration spectrum defined. The study then shows
the practice of record scaling in the period range between
Ts=0.01s and Tr=2s with a proper SDOF linear system
with a damping ratio of 5%.

The study mentions the importance of the compatible
scaling of real earthquake records with the design response
spectrum using conditions specified in the earthquake codes.
When the earthquakes recorded throughout the CAFZ were

examined, some were found to be unsuitable for scaling. By
examining response spectra formed by the scaled earthquake
records, it was thus possible to understand which earthquake
records were suitable or not for scaling in line with the
design spectrum.

It should be noted that this is a study based on specific
examples of building structures along the CAFZ. Meanwhile,
this research method is applicable in other seismic regions of
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the world because it is based on current scaling methods
available in the literature. This study determines the im-
portance of selecting suitable records with certain features
that can be used with the scaling method to ensure that real
ground motion records match the design acceleration
spectrum defined in the earthquake codes.
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