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ABSTRACT: 
 
Ground response analyses are mostly used for the development of design response spectra in the modern earthquake engineering. 
After 1999 Marmara Earthquake, the damages were mostly related with unavailable soil conditions and this unavailability were 
analysed according to liquefaction analysis. The other analyses which cover the dynamic soil properties were not studied in detail.  
In this study, granular soil which the Eskisehir urban area is located has been studied according to vibration period. Eskisehir is the 
city, which would be influenced negatively by the earthquake due to unavailable soil conditions and uncontrolled constructions. Five 
different districts of the Eskisehir municipality were included in this studied area. 
Seismic conic penetration test (SCPT) which is known seismic down hole test results have been used for obtaining low-strain 
dynamic soil properties in the study. The geophone in the seismic penetrometer detects the travel time, depth and shear wave 
velocity (Vs) of the tested horizon have been obtained. The soil thickness of the studied area has been calculated from the seismic 
resistivity results of the State Hydraulic Works of Eskisehir. The raw 60 m seismic resistivity records have been evaluated by using 
3 dimensional GIS and 3 dimensional alluvial thickness model have been created. Average shear wave velocity (Vsav) of each 32 
SCPT test points have been calculated by taking average of each SCPT drill log.  
Characteristic site period (Ts), which is defined as the period of vibration corresponding to the fundamental frequency has been 
obtained for each 32 test points. GIS which is a powerful tool and technique for especially earth science, has been used for the 
preparation of characteristic site period map (Tf) of the studied area. After that, the number of story of each building has been 
determined by in-situ studies in the studied districts. Fundamental vibration period (Tf)  of each building has been calculated with 
respect to number of story according to building codes. GIS overlapping analyse technique, has been used with characteristic site 
period (Ts) map layer and fundamental vibration period map layer of each building. Soil and structure relationship has been searched 
in this situation and close Ts and Tf values have been defined as critical values according to high resonance risk. It has been seen 
that, the number of critical buildings which are under the high resonance risk in the studied area are 63 and this covers 
approximately 5.4% of the total studied area. At the end, ground response of the soil according to resonance risk map has been 
prepared by GIS technique. 
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1. INTRODUCTION 

Studies into the earthquake conducted within the applications of 
ground studies emphasize that an interaction between the 
features of the earthquake and local ground conditions is of 
great importance (Ansal, A., 1999; Keçeli, A., 2000). Just as the 
ground has an impact upon the features of the seismic waves 
that it gets exposed to, so the seismic waves have an impact 
upon the physical features of the ground as they pass through 
the ground layers in such a way that they affect the loss and 
softness of the ground. Some of the factors likely to influence 
the seismic features over the surface would be stratification of 
the ground, type of the ground, the main depth of the rock, 
geological structure, level of underground water, thickness, 
flexibility and plasticity of the ground layers (Ansal, A., 1999). 
Making use of shear wave velocity measured in the upper layers 
of the ground has brought a new dimension to earthquake risk 
analyses. Through analysing the data obtained from these 
studies, it is possible to determine seismic features of the 
regions susceptible to earthquakes and their effects upon 

various geologic and ground features. Measuring the speed 
rapidity of the seismic waves, which occur as a result of seismic 
ground movements, passing through the ground is an essential 
variance in determination of a deformation likely to occur in the 
ground (Ansal A., 1999; Ersin, A., 1998; Ercan, A., 2000). 
Different methods are used for measuring shear wave velocity 
in the literature (Luna, R. and Jadi H., 2000). In this study, 
shear wave velocity (Vs) was measured in determining the 
reactive characteristics of the grounds regarding ground 
movements in the regions susceptible to earthquakes. 
The aim of this study was to determine the possibility 
percentages of structural damage due to earthquakes likely to 
occur in the region. A Seismic Conic Penetration Tests (SCPT) 
was made at 32 different points situated on new alluvium within 
a vicinity of 25 km2 area of the city of Eskişehir. Shear wave 
velocity (Vsav) was determined by using SCPT. This value was 
taken as one of the variables used in the process of calculating 
the fundamental vibration period. Another variable is the 
thickness of alluvium was obtained as a consequence of 
geophysical resistivity measurements carried out by Eskişehir 



 

DSİ in a depth of 60 m at 112 locations. The results were 
interpreted using the three-dimensional Geographical 
Information System (GIS) method. 

2.1 Geology of the study area  

It is known that the new alluvium, over which SCPT 
applications have been carried out, has been determined to be 
made up of loose soil seen in the plain of Eskişehir, among the 
particles of which no cementation occurred (Ayday C. et all., 
2001). Generally, sand containing a high amount of silt is 
present below this level. In some parts, there is a thick layer of 
silt below the same level. As for the lower levels, there is sand 
and sand containing silt layers can be found. The percentage of 
sand increases towards the lower levels and gravelly sand start 
at the lowest level. The study area is also composed of old 
alluvium in North-West and rocks in South-East part of the city 
(Figure 2) (Ayday C. et all., 2001). 

Micro-zoning maps are used in determination of earthquake 
hazards in urban areas and industrial regions. Scenarios of 
earthquake hazards are drawn up and studies of micro-zoning 
are carried out based upon the technology of GIS. Analyses of 
satellite images acquired in September 1987 and in September 
1999 revealed that the construction work focuses on unstable 
grounds in Eskişehir (Nefeslioğlu A. H. et all., 2003). 
A pilot region including 5 districts was selected in attempt to 
form a basis for micro-zoning studies. The number of the 
storeys was determined for the buildings in this region and their 
characteristic site periods were calculated in consideration of 
the number of storeys in accordance with the standards 
followed in the literature. Maps showing the characteristic site 
periods of the superstructure and the ground were compared 
numerically in order to form a basis for analyses and modelling 
studies using GIS techniques. A structure-ground relationship 
was investigated through interpreting the fundamental vibration 
period of the ground in addition to conducting a risk analyses 
with respect to resonance. 

 
 

 

 
 

2. FEATURES OF THE GROUND STUDIED 

 The ground investigated in our study is inclusive of a certain 
part of Eskişehir, which is 25 km2. The elevation of this city 
varies from 779 m to 800 m from the sea level. The Porsuk 
River is located to the south of the study area, cuts the area in 
half in the direction of E-W. 

Figure 2.  Geology of the study area and the location of SCPT 
applications 

 
3. FIELD STUDIES 

 
3.1 

3.2 

SCPT Studies  

 

The Seismic Conic Penetration Test (SCPT) method is 
employed in analysing dynamic behaviours of the ground and 
in solving engineering problems (Campanella, R. G. et all., 
1986; Robertson P. K. and Campanella, R. G., 1984). The 
application of SCPT is made using the SCPT probe formed 
through addition of a seismic receptor to the tip of the cone 
according to the standard Conic Penetration Test (CPT). 
Recording numerical data of the seismic measurements is 
carried out in such a way that, the seismic signal received by 
the seismometer is converted into numerical values by means of 
a seismic cable that is penetrated through the drilling stem in 
the depths where the application made (Campanella, R. G. et 
all., 1989). 
The seismic energy is created by horizontally striking the 
sledgehammer upon the surface of the horizontally placed metal 
sign over the surface. By repeating this process with intervals of 
1 m, interval speeds are calculated. Thus, the average speed is 
obtained using the first and last signals the reference levels. In 
an effort to measure the shear wave velocity (Vs), 32 
applications of SCPT were made in certain parts of the study 
area (Figure 2). 
 

Determination of the Number of Storeys of the 
Buildings in the Study Area 

A pilot region consisting of 5 districts was designated for as the 
study area. The number of the storeys of 1159 buildings in the 
pilot region, consisting of the districts of İhsaniye, Cumhuriye, 
Hayriye, Hacõalibey and Hacõseyit, was determined (Figure 3). 

 
Figure 1.  Location map of the studied area 

 



 

 

 
 

Figure 4.  Shear wave velocity map of the studied area 
 

2. Thickness of the alluvium (H): A large part of the 
studied area is located over a ground composed of the new 
alluvium, containing loose gravel, sand, silt and clay, 
carried away by the Porsuk River. Electric resistivity 
method has been applied in 112 locations by DSI with a 
depth of nearly 60 m. (Azdiken S. and Çatalyürekli E., 
2001; Azdiken S. and Çatalyürekli E., 2001) (Figure 5). 

 
Figure 3.  The number of stories of the buildings in the studied 

area 
 

4. GIS STUDIES 

Processing of Seismic Data 4.1 

4.2 

 
 Data of the seismic trace obtained at intervals of 1 m were 

filtered using the 30-100 Hz band pass filter. Digital filtration is 
the most optimum approach to analysing seismic data 
(Campanella, R. G. and Stewart, W. P., 1991; Campanella R. G. 
et all., 1989). The average shear wave velocity (Vsav) was 
determined using the first and the last reference signals. 

 

 
Determination of Fundamental Vibration Period Using 

GIS 

Various techniques have been used in applications of 
determination of earthquake risks and micro-zoning based on 
GIS in accordance with the variation of the shear wave velocity 
(Huntera, J. A. et all., 2002). Map of fundamental vibration 
period of the ground (Tf) is one of the maps used for 
determining regional earthquake risk that makes use of the 
shear wave velocity. 

 
Figure 5.  Locations of geophysical resistivity measurements 

 Fundamental vibration period of the ground (Tf) is determined 
using the following equation. 
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The geophysical measurements obtained revealed that, the 
thickness of the alluvium in the studied area varied between 10-
25 m, and that the northern east part reached a thickness 
varying between 10-15 and 15-25 due to the over-storage of 
materials carried away by the Porsuk River (Azdiken S. and 
Çatalyürekli E., 2001; Azdiken S. and Çatalyürekli E., 2001).  A three-dimensional model of thickness of alluvium was 
obtained by using geophysical resistivity data. Values of the 
thickness of the alluvium scattered across the study area have 
been presented in this model (Figure 6). 

where  H = the thickness of the alluvial ground focal length 
 Vs = the average shear wave velocity  
 
Determination of the fundamental vibration period of the 
ground depends on two variables.  

 1. (Vsav): A map of the average shear wave velocity was 
obtained by using the SCPT technique. The average shear 
wave velocity was determined to vary between 100-340 
m/s for all the seismic record depth in each of the 32 
different points (Figure 4). 
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Figure 6.  A three-dimensional model of the alluvium thickness 

of the studied area  
 Figure 8.  Frequency histogram of Tf values determined for the 

studied area  Using this theoretical information, Vsav obtained from the 
locations undergoing SCPT applications and values of the 
thickness of the alluvium, the fundamental vibration period of 
the ground of the study area was determined and mapped 
accordingly (Figure 7). 

 
5. ANALYSIS OF EARTHQUAKE RISKS ACCORDING 

TO SITE PERIOD FOR THE STUDIED AREA 

 When the fundamental vibration period of the ground is equal 
to that of peculiar vibration period of the building, which is 
called resonance, seismic burdens that have an impact on the 
structure pose high risks and thus increase the possibility of 
damage to and vulnerability of the structure (Akkargan, Ş. and 
Özçep, F., 2000). Each structure and building on the earth has 
its own type of contraction materials for construction and 
different numbers of storeys and a peculiar characteristic site 
period frequency depending on many parameters (Sağlam, H., 
2003). 

 

 

Concrete buildings were determined to form the highest number 
of the structures in the study area. Characteristic site periods for 
different storeys of the structures to be constructed in the 
disaster areas according to the �Equal Earthquake Method� 
issued on 1998 in Building Code are determined using the 
following equation ; 
 

 4
3
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where  HN = Building Story × 3 Figure 7.  Fundamental vibration period map of the ground of 

the studied area (Tf)  
Regarding the structure-ground relationship, the peculiar 
characteristic site period of the superstructure was calculated 
with the equation of (2) so that a risk analysis could be made in 
terms of resonance.  

 
The minimum value of the fundamental period of the ground 
was 0.18 and the maximum value was 0.61 for the 32 different 
locations in the studied area. All the data were determined to 
agree with the normal distribution function and the mean level 
was 0.39, which was in agreement with the characteristics of an 
alluvial ground (Figure 8). 

Based on the fundamental vibration period of the ground in the 
study area, four possibilities were determined for the structures 
in the study area to experience resonance (Table 1). 
  
  
 
 
 
 
 
 
 
 



 

T [s] 
High 
Reso 

nance [1] 

Normal 
Reso 

nance [2] 

Low 
Reso 

nance [3] 
No Resonance 

 Story Story Story Story 
0.58 9 8 10 7 6  5 4 3 2 1 
0.56 8 9 7 10 6  5 4 3 2 1 
0.54 8  9 7 10 6 5 4 3 2 1 
0.52 7 8 9 6 10 5  4 3 2 1 
0.50 7 8 9 6 10 5  4 3 2 1 
0.48 6 7 8 5 9  10 4 3 2 1 
0.46 6 7 8 5 9 4 10  3 2 1 
0.44 6  7 5 8 4 10 9 3 2 1 
0.42 5 6 8 7 4  10 9 3 2 1 
0.40 5 6 7 4 8 3 10 9  2 1 

When the distribution of resonance-risk values according to the 
districts in the study area was analysed, the number of the 
buildings likely to experience resonance was 63, which 
accounts for the 5.4 % of all the buildings investigated. The 
number of the buildings with little risk of resonance was 849, 
which accounts for 73 % of the buildings in the study area 
(Table 2). 
 
 

 Risk1 Risk2 Risk3 Risk4 Toplam 
Hacõseyit 18 14 9 208 249 
Hayriye 1 5 27 122 155 
İhsaniye 9 9 6 144 138 

Hacõalibey 15 23 10 150 198 
Cumhuriy

e 
20 55 89 255 419 

Toplam 63 106 141 849 1159 
(%) 5.4 9.1 12.2 73.3 100 

 
Table 1.  Possibilities of the structures to experience resonance 

depending on the number of their storeys 
 
 

6. CONCLUSION 

Analysing the map of Tf, which was drawn up using Tf values 
determined for the study area with the applications of SCPT, 
revealed that the fundamental vibration period of the ground 
varied between 0.18 and 0.61. The most striking feature of the 
study area was that the fundamental vibration period of the 
ground decreased towards the northern east and southern east 
parts of the study area through which the Porsuk River flows 
with an east west oriented course. In parts with high elevations, 
the values of Tf in the study area varied due to such geological 
features as rock and presence of old alluvium. The fact that the 
To value was as low as 0.20 as a result of 18th and 28th 
applications seems to indicate that the ground is hard in this 
part. 

 
Table 2.  Distribution of resonance-risk values in the study area 

according to districts 
 
Buildings with 1,2 and 3 storeys were categorized as the fourth 
group as they were the ones with the least risk. They account 
for 73.3 % of all the buildings in the study area, but they 
accommodate only 25.5 % of the inhabitants residing there. On 
the other hand, buildings with 7, 8 and 9 storeys were 
categorized as the 1 group as they were the ones with the 
highest risk. They account for only 5.4 % of all the buildings in 
the study area, but they accommodate 51.9 % of the inhabitants 
of the study area. Therefore, we suggest that the risk should not 
be determined according to the number of the buildings. On the 
contrary, it should be determined according to the number of 
the storeys of the buildings and the number of the inhabitants 
occupying these buildings (Figure 10). 

It is known that, there is an alluvial ground in the SCPT 
application points numbered 6,13,16,22,25,27,30 and 32 
(Ayday, C. et all., 2001). There was an agreement between the 
high values of Tf, varying between 0.40-0.61, and the profile of 
the ground. 

 Map of fundamental vibration period suggests that, buildings 
with 5 and 6 storeys constructed on alluvial grounds in the 
study area are likely to experience resonance. Using Chart 1, 
resonance-risk values were determined and mapped in 
consideration of the number of storeys of the buildings and the 
fundamental vibration period of the ground in the study area 
(Figure 9). 

 

 

 
 

 

 
Figure 10.  Percentage values of resonance-risk in the studied 

area  
  
 Figure 9.  Map of resonance-risk values in terms of structure-

risk of the studied area  
  
 



 

The following suggestions were made based on the study 
results: 

• Determination of resonance risk should first be 
performed in the study area, and then be performed in 
the sites to be designated for constructions for the first 
time. 

• Resonance risk should be taken into considered for 
the already existing residential areas as well as for the 
new sites to be opened to construction with respect to 
decreasing possible damages and collapses in case of 
an earthquake. 
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