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 Dynamic analyses are important tools for seismic evaluation of structures in 
which the features of the used ground motion records have a key role. For proper 
estimation, the record set should have the desired extent and variability. 
However, when present literature is examined, it may be seen that difficulties 
still exist to have a record set with preferred properties. To ease these 
difficulties, a study conducted in scope of a project supported by The Scientific 
and Technological Research Council of Turkey (TUBITAK) under the title of 
“Change of Earthquake Ground Motions Depending on Soil Properties” and grant 
number 215M357. A set of acceleration records having different frequency 
content and soil classes based on average top 30 m shear velocity are given. Set 
includes 8400 records generated from 84 base rock acceleration passing through 
100 different soil cases. The set is assumed to provide a wide range of frequency 
content, amplitude and soil classification option to researchers. Also, properties 
of devastating earthquakes in Turkey are investigated. Depth-average shear 
wave velocity relations are given for sand and clay materials. It is observed that; 
scaling real earthquake records in 0.7-1.3 range does not alter the frequency-
amplitude relationship, records with a PGA of more than 0.4g have higher 
amplification ratios for waves larger than roughly 1.0 s periods when compared 
to records with smaller PGA. 

© 2019 MIM Research Group. All rights reserved. 
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1. Introduction 

Dynamic analyses are important tools for seismic evaluation of structures. In dynamic 
analyses, the features of the used ground motion records have a key role. One of the main 
effects that causes alteration in earthquake ground motion properties is the local site 
features. The earthquake waves at the base rock alters when passing through the different 
layers of soil during their course to the surface. It is known that the local site conditions 
can significantly affect the amplitude and frequency content, which are important features 
of a ground motion [1, 2]. 

The instrumental measurements in past earthquakes indicate that soil layers affect seismic 
ground motion both in time and frequency domain. Several examples can be given to these 
situations. In 1967 Caracas earthquake, resonance, which can be defined as the site and 
the structure having similar period, is observed. Since the soil stiffness in Caracas region is 
relatively uniform, it has been claimed that most of the structural damage is caused by the 
change in the base rock depth [3]. In the Mexican Earthquake of 1985, the soft soil layers 
400 km away from the focus, increased the wave amplitudes 5 times more when compared 
to the stiff soils, and severely damaged the high rise (10-20 floors) buildings [4]. Spectral 
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accelerations in the 2 s period were found to be 15-20 times greater in these soft clay layers 
than in the rock [5]. In the 1989 Loma Prieta Earthquake, low-frequency earthquake wave 
amplifications in some regions with soft clay soil layers are observed to be between 3 and 
6 times [6].  When the highest acceleration values observed in Istanbul at approximately 
equal distance to the fault compared during the 1999 Kocaeli Earthquake, intensity 
differences reaching 5 times are reported, which is mainly due to local site conditions [7]. 

Tezcan et al. [8] examined the soil amplification phenomenon in Avcılar (Istanbul) region 
120 km west of the Kocaeli Earthquake of 1999 by using Shake program with 8 
representative soil profile combinations. In the analyzes, the Izmit record of 1999 Kocaeli 
Earthquake was used with different modifications. The results of the analysis indicated 
three peak periods at 0.70, 1.00 and 1.60 sec, with magnification factors ranging from 2.5 
to 5. It can be thought that this situation is compatible with the damage observed in the 5-
8-storey buildings, whose periods vary between 0.70 and 1.00 s. The damage in Avcılar is 
suggested to be a consequence of the site amplification in soft soil layers despite the low 
acceleration in the base rock and distance to the epicenter [8]. 

Even though the given examples underline the importance of accounting for the local site 
conditions, there are limited number of acceleration records with desired features and site 
classes for the use of researchers using dynamic analyses. Problem of finding acceleration 
records with chosen characteristics is also mentioned in literature [9, 10]. Therefore, this 
study is conducted to broaden the ground motion records with different frequency 
content, amplitude and site classes. 

In scope of the study, an input acceleration record set is established using real records, 
records by deconvolution, scaled versions of real records and generating synthetic records 
with desired properties. Then the input records set is used to determine the output set 
which is the form of the input records after passing through the defined soil profiles. 

2. The soil profiles 

Used soil profiles is given in the supplementary spread sheet files attached to the article 
under “Site Definitions” page. Establishment of soil properties is performed according to 
the Uniform Building Code [11] and Turkish Building Seismic Code [12]. These codes 
classify local site conditions according to the average shear wave velocity of top 30 m soil 
layers (Table 1).  

Table 1 Site classification [11, 12] 

Site Class Soil Type Vs30 (m/s) 

ZA Hard Rock Vs30>1500 

ZB Rock 760-1500 

ZC Very dense soil/Soft rock 360-760 

ZD Stiff Soil 180-360 

ZE Soft Soil Vs30<180 

ZF Soils requiring site specific evaluation N/A 

 

When the attached “Site Definitions” page is examined, it may be seen that first 2 sites are 
the sites that reflects the conditions of the input motion. Therefore, for these sites, the 
input and output motions are the same. The successive 31 site definitions include soil 
profiles with 30 or less than 30 m depth as it is the only value accounted by the codes. The 
properties of soil layers in these sites are established in a parametric manner to examine 
code defined values. The rest of the considered sites are deeper than 30 m to examine if 
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the top 30 m is enough to define soil behavior adequately. In determination of the 
properties of soil layers, the study by Beyaz [13] is referred. In the mentioned study, Beyaz, 
has investigated the soil profiles of the 64 ground motion recording stations in Turkey 
using borehole geophysics. 

In order to have representative soil layer properties under the 30m depth, the borehole 
results by Beyaz [13] is examined. Average values of the respective soil shear wave 
velocities are determined as listed in Table 2. 

Table 2 Average and standard deviation values of shear wave velocities of soil layers 

 Sand Vs (m/s) Clay Vs (m/s) 

Depth (m) Average Standard Dev. Average Standard Dev. 

5 377.95 105.41 451.33 188.43 

15 633.13 137.43 648.63 216.08 

25 659.75 120.32 673.80 170.93 

35 733.80 186.15 708.33 207.46 

45 820.94 171.56 821.00 117.44 

55 796.44 176.96 808.56 174.66 

65 792.24 166.27 821.07 168.52 

75 837.07 136.30 840.43 147.34 

85 810.50 177.62 890.56 138.65 

95 870.67 129.77 699.00 44.64 

 

After obtaining average value data, it was aimed to establish a relationship between Vs and 
depth values in order to get the value at a chosen depth. When the graphs for sand and clay 
material in Fig. 1 is examined, it seems that for depths smaller than 15 m, there is a steep 
increase. However, after 15 m the increase in shear wave velocity has a much flat nature. 
Therefore, it was found appropriate to establish separate relations for the region with low 
depth (5 -15m) and for the region with higher depth (15 - 95 m). Among the attempted 
relations, best correlation is obtained by linear relations whose equations are given in the 
figure. High correlation coefficients obtained from the equations indicates strong relation 
with good accuracy (Fig. 1). Additionally, Table 2 shows that the coefficient of variation is 
getting smaller with increasing depth. 

  
a) sand b) clay 

Fig. 1 Average shear wave depth velocity relation for sand and clay 

3. Destructive earthquake properties 

Before selection of earthquake records the destructive ground motion properties are 
examined. For a case example, Turkey is selected as an earthquake prone country. 
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Devastating earthquakes in Turkey between 1903-2011 are investigated. The data is 
collected from Wikipedia [14], Kandilli Observatory [15] and AFAD [16]. Since the 
information of these earthquakes was taken from different sources they are checked with 
the AFAD's [17] database and the parameters of magnitude type, magnitude value and 
focal depth are obtained in a compatible manner. Fault mechanism information, is taken 
from “National Strong Motion Data Base of Turkey” which is composed by collaboration of 
TUBITAK, METU and AFAD. Since some earthquakes have no mechanism data, rake angle 
values are used to determine the fault mechanism [18]. In spite of all these efforts, fault 
mechanism information could not be reached for some earthquakes in year 1935 and 
before. All gathered information is summarized in Table 3. 

By the assembled data, certain features of the devastating earthquakes that occurred in 
Turkey is revealed. The mean depth of focus is 18.61 km. In other words, shallow 
earthquakes are general destructive earthquake characteristic in Turkey. Earthquakes 
with a depth of 0-60 km are considered shallow earthquakes. Earthquakes at a depth of 
60-300 km are earthquakes with moderate depth. Deep earthquakes are earthquakes with 
depths of more than 300 km. Most earthquakes occurred in Turkey is in shallow 
earthquake category. Deep earthquakes are felt in much larger areas, but their damage is 
inversely proportional to this. However, shallow earthquakes do more damage in a smaller 
region when compared to deep earthquakes with similar magnitude [15]. 

When examined in terms of fault mechanisms, there are 22 strike-slip, 7 normal and 3 
reverse faults in 32 devastating earthquakes with known fault mechanism information. 
Strike-slip faults are found to be the dominant mechanism with a 68.75% ratio. It is seen 
that, with a ratio of 21.88%, normal faults have also an important share in Turkey. 
However, earthquakes with a reverse fault have a lower ratio of 9.37%. 

 

Table 3 Characteristics of devastating earthquakes in Turkey 

         

Date Time Location Lat. Long. Casualty Mag. 
Focal 
Depth 
(km) 

Fault 
Mechanism 

1903 01:46 Malazgirt, Muş 39.14 42.65 600 6.3 (Ms) 30  
1912 03:29 Mürefte Tekirdağ 40.75 27.20 216 7.4 (Ms) 10 Strike-slip 
1914 00:07 Burdur 37.82 30.27 300 7.0 (Ms) 10  
1924 16:34 Horasan, Erzurum 40.00 42.10 60 6.8 (Ms) 10  
1928 02:29 İzmir 38.50 28.00 50 6.2 (Ms) 35  
1929 08:37 Suşehri, Sivas 40.20 37.90 64 6.1 (Ms) 10  
1935 16:41 Erdek, Balıkesir 40.40 27.50 5 6.2 (Ms) 35  
1938 12:59 Kırşehir 39.10 34.00 160 6.6 (Ms) 10 Strike-slip 
1939 02:36 Dikili, İzmir 39.10 26.80 60 6.6 (Ms) 10  
1939 23:57 Erzincan 39.77 39.53 32700 7.9 (Ms) 20 Strike-slip 
1942 19:01 Bigadiç, Balıkesir 39.20 28.20 16 6.1 (Ms) 10  
1942 14:03 Erbaa, Tokat 40.87 36.47 3000 7.0 (Ms) 10  
1943 17:32 Hendek, Adapazarı 40.60 30.50 336 6.6 (Ms) 10 Strike-slip 
1943 22:24 Ladik, Samsun 41.05 33.72 4000 7.2 (Ms) 10  
1944 03:25 Gerede, Bolu 40.80 32.20 3959 7.3 (Ms) 10 Strike-slip 
1944 04:34 Ayvalık, Balıkesir 39.37 26.53 30 6.8 (Ms) 40 Normal 
1949 20:43 Karlıova, Bingöl 39.54 40.57 450 6.7 (Ms) 40 Strike-slip 
1951 18:36 Kurşunlu, Çankırı 40,88 32,87 50 6.9 (Ms) 10 Strike-slip 
1953 21:06 Yenice, Çanakkale 40,02 27,53 265 7.2 (Ms) 10 Strike-slip 
1955 09:07 Söke, Aydın 37,55 27,05 23 6.8 (Ms) 40 Normal 
1957 04:25 Fethiye, Muğla 36,50 28,60 67 7.1 (Ms) 80 Strike-slip 
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Date Time Location Lat. Long. Casualty Mag. 
Focal 
Depth 
(km) 

Fault 
Mechanism 

1957 06:36 Abant, Bolu 40,67 31,00 52 7.1 (Ms) 10 Strike-slip 
1964 16:31 Manyas, Balıkesir 40,10 27,93 23 7.0 (Ms) 34 Normal 
1966 12:23 Varto, Muş 39,17 41,56 2396 6.9 (Ms) 26 Reverse 
1967 16:56 Mudurnu, Adapazarı 40,67 30,69 89 6.8 (Ms) 33 Strike-slip 
1968 10:19 Bartın 41,79 32,31 29 6.5 (Ms) 5 Strike-slip 
1969 03:48 Alaşehir, Manisa 38,50 28,40 53 6.5 (Ms) 4 Normal 
1970 23:02 Gediz, Kütahya 39,20 29,50 1086 7.2 (Ms) 18 Normal 
1971 16:44 Bingöl 38,83 40,52 1000+ 6.8 (Ms) 3 Strike-slip 
1975 12:20 Lice, Diyarbakır 38,50 40,70 2385 6.6 (Ms) 32 Reverse 
1976 14:22 Muradiye, Van 39,12 44,03 3840 7.2 (Mw) 9 Strike-slip 
1983 07:12 Erzurum 40,33 42,19 1155 6.6 (Mw) 15 Strike-slip 
1992 17,18 Erzincan 39,70 39,69 498 6.6 (Mw) 22 Strike-slip 
1995 17:57 Dinar, Afyon 38,06 30,13 90 6.4 (Mw) 31 Normal 
1998 16:55 Ceyhan, Adana 36,88 35,31 146 6.3 (Ms) 10 Strike-slip 
1999 03:02 İzmit 40,77 30,00 17118 7.5 (Mw) 15 Strike-slip 
1999 18:57 Düzce 40,75 31,16 894 7.1 (Mw) 11 Strike-slip 
2002 07:11 Sultandağı, Afyon 38,57 31,27 44 6.5 (Mw) 5 Normal 
2003 05:26 Pülümür, Tunceli 39,46 39,79 1 6.0 (Mw) 15 Strike-slip 
2003 00:27 Bingöl 39,01 40,46 177 6.3 (Mw) 10 Strike-slip 
2010 04:32 Karakoçan, Elâzığ 38,87 39,99 41 6,1 (Mw) 5 Strike-slip 
2011 01:41 Tabanlı, Van 38,76 43,36 601 7.1 (Mw) 19 Reverse 

4. The input ground motion set 

In order to have an acceleration record set in consistency with the nature, to have real 
earthquake records as many as possible is preferred. The acceleration recordings are 
intended to be selected from the actual earthquakes, recorded on the hard rock in 
accordance with the bed rock definition. Selecting records with different amplitude and 
frequency content is aimed to enable comprehensive evaluations. 

As many seismic codes use Peak Ground Acceleration (PGA) as the amplitude indicator, it 
is also used in selection of input ground motions in scope of this study. The acceleration 
recordings having PGA values between 0 and 0.6 g are selected with 0.05 g increment in 
each group. In the first 4 groups (0-0.2 g) 8, in the next 4 groups (0.2-0.4 g) 7, in the last 
(0.4-0.6 g) 4 groups 6 earthquake records are present. The absence of any records with 
desired features with a PGA of more than 0.6g made it the limiting value.  

The intensities of the records are anticipated to be generally amplified by the soil layers 
during their excursion from base rock to the surface. This situation leads the use of higher 
number of records with low intensity for the input to have a more uniformly distributed 
output intensity values. 

In order to have records with different frequency content in each 0.05g step, the records 
are aimed to have different predominant period and Peak Ground Velocity (PGV)/Peak 
Ground Acceleration (PGA) ratio values. As known, the predominant period is defined as 
the period of the wave with the largest amplitude in the frequency content. The PGV/PGA 
ratio has wave period/2π value for a simple harmonic wave [1]. PGV/PGA ratio is known 
to be an important marker of frequency content and the shape of the acceleration spectrum 
[19–25].  

The establishment of the input acceleration record is done with great care. There are 
significant limitations and absences in the present natural earthquake records for 
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establishing an acceleration record set with the desired properties which is also the reason 
of the current study. 

For some intervals, if there is not enough number of real earthquake acceleration record 
with the desired characteristics, alternatives like deconvolution of surface records to base 
rock form for known soil profiles, scaling some records with scale factors close to unity or 
generating synthetic records are employed. However, attention has been paid to the 
characteristics of the synthetic or scaled records to be in accordance with the real 
earthquake records. In this way, a set of 84 acceleration records with different amplitude 
and frequency content is established.  

4.1. Real earthquake records 

Since the selections made for the real acceleration record will constitute the main skeleton 
of the record set, each selected record should have different characteristics to represent 
whole behavior range to have appropriate results. However, there are obstacles in finding 
suitable earthquake records as the input motions that assumed to take place in bedrock 
should have a Vs30 (shear wave velocity calculated for the upper 30 m) value around 1500 
m/s. 

Firstly, PEER (Pacific Earthquake Engineering Center) strong ground motion database [26] 
is searched to form a set of earthquakes with a Vs30 value greater than or equal to 1500 
m/s. At the same time, shallow earthquakes with smaller EpiD (Epicentral distance to the 
station) values are tried to be selected. These values are important in terms of being 
appropriate to the characteristics of devastating earthquakes that are inconsistent with 
case study. However, only 17 records are founded in the database. 

This shows that there are significant difficulties in finding the appropriate acceleration 
records, because PEER is the center of the richest database. In the present literature, it is 
seen that Beyaz [13] has given soil profiles of 56 acceleration recording station with base 
rock information. In these profiles, it is observed that there may be base rocks with shear 
wave velocity values like 1000-1200 m/s without reaching 1500 m/s velocities. On the 
basis of this, the search filters are replaced with speeds higher than 1300 m/s to stay in a 
safe zone. Although, the number of records obtained becomes higher, many records could 
not be used due to the very low PGA and magnitude values. This situation was an important 
problem because records with PGA up to 0.6g is needed. 

Since the PEER database is not sufficient in the ongoing process, databases of other regions 
and countries are investigated. They are designated as Japan [27], USA [28], New Zealand 
[29], Italy [30] and Europe database [31, 32]. As a result of all these efforts, highest possible 
portion of the acceleration record set that established is obtained from the real earthquake 
records. 

4.2. Records obtained by deconvolution 

The insufficiency of the number of seismic acceleration records compatible with bed rock 
characteristics, necessitates some alternative solutions. One of these is the deconvolution 
(inverse convolution) technique. In order to perform this process, it is necessary to know 
the soil properties of the station where the surface earthquake record is taken. Motion at 
is recorded by the devices on the ground surface. In this case, if the effect of the soil layers 
up to the surface is accepted as the transfer function, and the surface earthquake record as 
the output function, the initial form of the record can be determined by the inverse 
convolution calculations [13]. This process is called deconvolution. In scope of the study, 
these calculations are made using the ProShake program [33]. 



Ozmen et al. / Research on Engineering Structures & Materials 5(3) (2019) 321-333 

 

327 

 

4.3. Records obtained by scaling 

Although the deconvolution technique has enriched the acceleration record set, it is 
thought that some earthquakes may be used as scaled since the number of predicted 
records is not reached. The most important factor to be taken into account when 
performing this process is that the scale value to be used should be at a level that does not 
disrupt the characteristic of the current recording. Intensity and frequency content of 
ground motions are important characteristics which have impact on their effects on 
structures [34]. Scaling only alters the intensity of the acceleration record, but not the 
frequency content. However, in literature it is observed that higher intensity ground 
motions tend to have frequency content with higher period waves [35]. Therefore, with 
scale factors too different then unity, it is possible to move away from natural results. 

It is recommended that the scaling process on actual earthquake records does not exceed 
certain limits. In literature some suggestions are given: When the acceleration record is 
scaled outside the range of 0.25-4.00, it is noticed that the spectral behavior of the records 
becomes uncertain [36]. It is recommended that the maximum value of scale factor is 4.0 
for linear analyses and the factor should be in the range of 0.5-2.0 in the nonlinear analyses. 
Also, this coefficient should not be more than 2.0 for liquefaction studies [37–39]. 

Considering all these, an appropriate scale range should be determined. The scaling of 
existing records without disturbing the frequency content-amplitude relationship of the 
earthquake such as PGV/PGA, mean period and predominant period is seen important in 
terms of achieving accurate results. 

In order to avoid any alteration in the frequency-amplitude relationships, it is found 
appropriate to select maximum and minimum scale values. This selection is done by visual 
inspection and trial-error approach in scope of the study. The records are scaled by 
different values and their frequency content-amplitude relation is examined by using 
(PGV) and different frequency content parameters (PGV/PGA ratio, predominant period 
(TP), mean period (TM) [40]) graphs. The frequency content-amplitude relation of the 
scaled records with factors in the range of 0.7-1.30 are observed to be in consistent with 
unscaled natural earthquakes. 

Fig. 2, shows the relationships between amplitude (PGV) and frequency content 
parameters for the scaled and natural earthquakes used in the study. When these relations 
are examined, it is seen that there are not any cases such as the separation of the scaled 
earthquakes from the natural earthquakes, scaled earthquakes in the extremities of the 
graphs. This shows that the frequency-amplitude relationship of acceleration records is 
not impaired by scaling. The reason for using PGV as amplitude parameter is that this 
parameter is shown as the one with highest correlation with other acceleration record 
parameters in the literature [41, 42] and PGV has a relatively high level of correlation with 
the seismic damage of various types of structures [43, 44]. 
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a) PGV/PGA and PGV relation b) TP and PGV relation 

 
c) TM and PGV relation 

Fig. 2 The relationships between intensity and frequency content parameters for the 
scaled and natural earthquakes 

4.4. Synthetic records 

Although the acceleration record set reached a certain abundance by natural, scaled and 
records obtained using deconvolution method, it was not possible to reach desired 
quantities. This is due to the fact that the number of actual earthquake records and the 
recordings produced by the deconvolution technique are relatively low. Since the use of 
the scaling method many times may result in the dominance of the same records in the set, 
the addition of synthetic recordings seems to be a necessity. 

Compatibility of the produced synthetic recordings with the natural earthquake 
characteristics is given importance. Produce earthquake records in the base rock feature 
is one of the first considerations. For this purpose, the use of the SeismoArtif program is 
deemed suitable since the base rock feature is provided in the software [45]. The 
acceleration record can be produced by entering hard rock value in the program, and a 
specific magnitude value can also be defined. The harmony of the produced synthetic 
records with the natural records is investigated graphically on the basis of PGV and 
PGV/PGA, TP (predominant period) and TM (mean period) relations (Fig. 3). A number of 
different acceleration records are generated and the ones that are far away from natural 
records in any of the 3 relations (indication of incompatibility in frequency content) are 
eliminated. 
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a) PGV/PGA and PGV relation b) TP and PGV relation 

 
c) TM and PGV relation 

Fig. 3 The relationships between intensity and frequency content parameters for the 
synthetic and natural earthquakes 

4.5. Established acceleration record set 

As a result of the explained studies, a set with 84 earthquake acceleration records is 
obtained by four different methods. In this context, it is thought that the acceleration 
records are both according to basement rock definition and having different amplitude and 
frequency content. Precedence is given to the real earthquake records. After these, 
deconvolution, scaling and synthetic records are used with mentioned priority order.  The 
properties of the used input ground motions are given in the supplementary spread sheet 
files attached to the article under “Used Ground Motion Info” page. 

In each PGA group, attention is paid to find an acceleration record with different properties 
in terms of fault type, earthquake characteristics, frequency content, and generation 
method (natural-deconvolution, scaled, synthetic). Due to the low number of natural 
acceleration records with desired base rock properties, the establishment of the 
acceleration record set is a very time consuming and demanding process. 

These 84 records which are compatible with base rock definition, are used to determine 
output acceleration records on the surface of the given 100 soil profiles using ProShake 
software. This way 8400 acceleration records with different frequency content, amplitude 
and site classes are obtained. These output records are given in the 7 supplementary 
spread sheet files attached to the article. The files are divided due to the high sizes 
exceeding 150 MBs. 

5. Soil amplification 

One of the goals in establishment of this acceleration record set is the investigation of soil 
amplification for different soil profiles. Exemplary results of soil amplification for a soil 
profile are given in Fig. 4 for all 84 acceleration records. Amplification ratios for each of 
the 84 acceleration records for example profile (output/input spectral acceleration ratios 
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for the corresponding period) are given in Fig. 4a. Although the values between 0 and 10 s 
were obtained in the analysis, the graphical values are given up to 4 s which includes 
significant amplification zone and the effective range of most of the engineering structures. 

 

  
a) Soil amplification for all records b) Soil amplification (up to 10 folds) 

 
c) Average soil amplification for different PGA ranges 

Fig. 4 Soil amplification values for all 84 records and averages for different PGA ranges 

In figures, extreme cases of amplification are seen up to 90 times, which is for small 
amplitude waves. However, the most of the values are up to 10 times amplification which 
is illustrated in Fig. 4b. The period of the examined soil profile is 0.44 s, which is roughly 
the value where maximum amplification occurs for most of the records. The average values 
of the different acceleration records may be more useful to understand the behavior. 
Therefore, in Fig. 4c, the average values for different PGA ranges are given. 

It is seen that the magnification ratios are lower as expected with the increase of the 
ground motion amplitude. Maximum average amplification is around 10.5 times for 0.0-
0.2g PGA group. 0.2-0.4g PGA group follows with 6.5 average amplification. The 0.4-0.6g 
group has a smaller average amplification of approximately 5.2 at a different period and 
has significantly higher amplification values than the other groups for periods larger than 
roughly 1.0 seconds. It is attributable to the richness of higher magnitude records in terms 
of waves with larger period. Although, it is not given here, same behavior is observed for 
other soil profiles, as well. 

6. Summary & conclusions 

As there is a problem in finding acceleration records with chosen characteristics in 
literature, this study is conducted to broaden the ground motion records for the 
researchers. Firstly, a set of 84 input records are established in consistent with base rock 
properties. These records are used to determine output acceleration records on the surface 
of the given 100 soil profiles. This way an acceleration record set with 8400 records with 
different frequency content, amplitude and site classes are obtained and given as 
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attachment to this article (for files http://dx.doi.org/10.17515/resm2019.116ea0209.ds). 
The main conclusions of the study are as follows: 

- The present acceleration data recorded from real earthquakes are not sufficient to 
conduct some scientific studies like the current one. Additionally, it is hard or not 
possible to find ground motion records for extensive dynamic analyses of some 
structures, which is also previously stated in literature. 

- Depth-average shear wave velocity relations are examined and given for sand and 
clay materials. It is seen that the coefficient of variation is getting smaller with 
increasing depth. 

- Properties of devastating earthquakes in Turkey are investigated as a case study of 
an earthquake prone country. The mean depth of focus is found to be 18.61 km. It 
is observed that shallow earthquakes with strike-slip mechanism is the main 
characteristics of destructive Turkish earthquakes. 

- Scaling real earthquake records in 0.7-1.3 range does not observed to alter the 
frequency-amplitude relationship. 

- It is seen that soil amplification ratios are lower with the increase of the ground 
motion amplitude. Records with PGAs of more than or equal to 0.4 g are observed 
to have higher amplification ratios for waves larger than roughly 1.0 s periods when 
compared to records with smaller PGA. It is attributable to the richness of higher 
magnitude records in terms of waves with larger period. 
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