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 Determining the dynamic parameters of the structures allows us to obtain a substantial 
amount of  information about the state of the building. Recently, the determination of these 
parameters were performed through Structural Health Monitoring Systems (SHMSs), which 
are non-destructive methods. In scope of this study, the period values prior to and following 
the retrofitting of a school building, which are among the dynamic parameters, were 
examined. The Operational Modal Analysis (OMA) method, which is based on the principle of 
measuring the responses of ambient effects in the structure in the experimental study, has 
been utilized. For this purpose, response records taken from the building under the effect of 
ambient vibration were used.  Before and after retrofitting, the records of the building under 
the effect of ambient vibration were taken from the same locations. 3 sensors were used to 
record ambient vibrations. The data from these sensors were transferred to a computer by 
using a data logger. In order to measure and evaluate the responses Enhanced Frequency 
Domain Decomposition Method (EFDDM) in the frequency domain and Stochastic Subspace 
Identification Method (SSIM) in the time domain were used. Following the analysis, a 
comparison of how the period values had changed was conducted. 

 
 

 
 

1. INTRODUCTION  
 

The structures show many different characteristics  
under dynamic loads. Besides the uncertainties under 
dynamic loads, the uncertainties in the parameters 
affecting the dynamic behavior make it difficult to 
determine the dynamic behavior of the structures 
realistically. The identification of the dynamic 
characteristics of structures is an increasingly used 
method, especially in existing buildings. These 
characteristics are of particular importance for historical 
structures for which we do not have sufficient or precise 
information and complex and huge systems such as civil 
engineering structures (Safak 2007). Experimental data 
can be used to solve the problem of determining dynamic 
parameters. Experimental Modal Analysis (EMA) is a 
method adopted to determine dynamic parameters 
(Maia and Silva 1997; Ewins 1995; Mirtarehi and Salehi 
2018). Dynamic parameters usually consist of frequency, 
damping ratio, mode shape, modal participation factor. 
In the Experimental Modal Analysis, structures are 

excited by one or several measured forces, the responses 
of the structures are recorded. Modal models for the 
structures are identified from the input–output data. 
Finally, the modal parameters of the structures are 
extracted from the identified modal models. However, 
most civil engineering structures (bridges, buildings, 
etc.) are under ambient loads such as wind, traffic, and 
earthquakes. And since these loads are immeasurable, 
the input force cannot be fully defined. In addition, it is 
both costly and difficult to vibrate these huge structures 
with equipment. For these reasons, methods and 
algorithms that perform modal analysis of structures 
using only output data have been developed. This 
method, which is included in the literature as Operational 
Modal Analysis (OMA) or ambient vibration analysis, is a 
method based on output responses only (Van Overschee 
and De Moor 1993 ; Brincker et al. 2000 ; Bayraktar et al. 
2009; Zhu et. al 2018; Singh and Grip 2019). It has 
become a frequently used method in recent years due to 
the fact that the method uses only output data as well as 
for, its applicability and low cost. 
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High sensitivity accelerometers are required to 
measure vibrations in buildings. With the technology 
developing from the past to the present, the use of 
accelerometers that can measure with high sensitivity 
has gained great speed in vibration analysis. In this way, 
the predominant period and other dynamic parameters 
of the building can be determined in a short time with the 
sensors placed in buildings under ambient vibrations. 
Many methods with the same mathemetical bases yet 
different algorithms are used in the analysis of the 
response records. The main difference between the 
methods is that the variable is in the time domain or 
frequency domain. Methods in the frequency domain are 
based on the analysis of the signal measured at each 
point and the correlation between the signals (Bru et al.  
2015). Methods in the time domain are based on the time 
history of the signal at each point or fitting a model with 
correlation functions. Within the scope of the 
experimental study,  in the assessment of ambient 
vibration records taken before and after reinforcement, 
two commonly favored approaches were used. These are 
the Enhanced Frequency Domain Decomposition (EFDD) 
method, one of the frequency-domain methods, and the 
Stochastic Subspace Identification (SSI) method, one of 
the time-domain methods (Gunes and Anil  2017; 
Diaferio et al. 2007; Shokravi et al. 2020a; Shokravi et al. 
2020b).  

 

2. GENERAL DESCRIPTION OF THE BUILDING 
INVESTIGATED 

 

In the experimental study, the ambient vibration 
records were taken from the B block of the school 
building, which is a reinforced concrete structure and 
consists of two blocks (Fig. 1). 

The school building consists of 4 floors, each floor 
with a height of 2.95 m. The building generally consists 
of 15 cm thick slab, 25 x 60 cm cross-section beams and 
25 x 60 cm or 35 x 60 cm cross-section columns. The 
compressive strength of the concrete used in the 
construction of the school building was determined to be 
15.41 Mpa average. 
 

 
Figure 1. View of the school building 
 

The current situation of the building has been 
analyzed as a result of extensive studies. According to the 
analysis results, it was decided to add  shear walls to the 
building in two directions. The school building plan 
before and after retrofitting is shown in figure 2(a) and 
2(b).  

 

 
(a) 

 

 
(b) 

Figure 2. View of the school building B block plan; (a) 
before retrofitting (b) after retrofitting  
 
3. METHOD 

 

3.1. Ambient vibration records from school building  
 

In order to determine the dynamic properties of the 
structures, several different methods are used to obtain 
the vibration response records of the structures. One of 
these methods is to wait for an earthquake by placing 
recording devices and to record the behavior of the 
building under the effect of earthquakes. In another 
method, the harmonic external load is given to the 
structure with a vibration generating device and the 
reaction of the structure against this load is recorded. In 
this study, the structure responses were recorded under 
the influence of ambient vibration, which is another 
method. There are vibrations that occur and spread due 
to natural reasons or human activities, which we can also 
call ambient vibrations in the earth, such as small 
earthquakes, traffic loads, big engines, etc. These 
vibrations, which occur due to aforementioned reasons 
and have amplitudes that are too small to be felt by 
humans, can be measured with sensitive recording 
devices. 

In this study, structural response values were 
recorded under the influence of ambient vibration before 
retrofitting. For this purpose, accelerometer sensors 
were placed on the building. 

In order to measure the response records of the 
building under the effect of ambient vibration, 
accelerometers - property of the Department of Civil 
Engineering of Iskenderun Technical University - with 
the feature to make 3 dimensional recordings were used.  
Response records were obtained using the 
TESTBOX2010 series, which is a 16-channel data 
acquisition unit (Fig. 3).  Approximately 30-minute long 
response records were taken from the school building.  
The sampling frequency of the response records of the  
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building under the effect of ambient vibrations is in the 
range of 0-100 Hz and the time interval is taken as 0.01 
second.  

 

 
Figure 3. View of data acquisition unit and sensor 
 

With the addition of shear walls to the building during 
the school building retrofitting, the building's horizontal 
load capacity was significantly increased (Fig 4.). During 
the shear wall application, the infill wall materials 
between the columns and beams were demolished and 
cleaned. In the reinforcement application, the joints of 
the floors with the beams were drilled and the 
longitudinal reinforcements of the additional shear walls 
were continuously transferred from floor to floor, and 
the rods were placed with a two-component epoxy-
containing chemical anchoring system in the holes where 
the drilling process was applied to the existing columns 
and beams. Ambient vibration records were taken from 
the same points with  sensors after retrofitting (Celebi 
and Liu, 1998 ; Kacin et al. 2011 ; Motosaka et al. 2004 ; 
Takada et al. 2004).  
 

 
Figure 4. Adding shear walls 
 
3.2 Numerical values 
 
3.2.1 Calculation of the period with ambient 
vibration records 

 

ARTeMIS Modal software (SVS, 2010) was used to 
analyze the vibration data obtained from the data 
collection system in the experiment. Firstly, a simple 
model to represent the building was created in the 
software. Then the vibration data (acceleration-time) 
obtained was transferred to the program and placed on 
the relevant floors of the model created as a 
representation (Fig. 5).  
 

 
Figure 5. Model of school building and placed sensors 

 

Amplitude-frequency values were obtained by 
transforming the vibration data from acceleration-time 
domain to acceleration-frequency domain by Fast 
Fourier Transformation (FFT) method. After the FFT 
values were processed, these values were analyzed with 
both SSI and EFDD aproaches (Fig. 6a and 6b). The 
predominant period of the school building was 
calculated  after the analysis. The same analyses were 
done after retrofitting.  

 

 
(a) 

 
(b) 

Figure 6. Analysis results; (a) SSI analysis (b) EFDD 
analysis 
 

3.2.2 Calculation of the period with structural analsis 
software 
 

After the results of the experimental study, the 
building was modeled with a structural analysis program 
(CSI, SAP2000 2015) for comparison. The concrete 
compressive strength that makes up the school building 
was defined as 15.41 Mpa. In retrofitting, C30 (30 
N/mm2) grade concrete properties were defined for 
shear wall. Infill walls were defined based on the cross 
bar assumption. The school building modeled with the 
structural analysis program was shown in figures 7a and 
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7b. In addition, the school building modelled without 
walls.  

Assumptions and formulas related to the modeling of 
diagonal bars are given below, as defined in Turkish 
Building Earthquake Code 2018 (TBE)  and FEMA 306 
(TBEC 2018, FEMA 306 1999). Eqs. (1)-(2) are given for 
the width of the infill wall by taking the current thickness 
of the infill wall.  After modelling the predominant period 
of the school building were determined for before and 
after retrofitting. The school building model with walls 
was choosen to comparison due to its analysis results.  

 

awall = 0.175(λwall x hk)-0.4  x rwall                 (1)  

λwall = [(Ewall*twall*Sin 2θ)/(4*Ec*Ik*hwall)0.25             (2) 

 
(a) 

 
(b) 

Figure 7. General view of school building; (a) before 
retrofitting (b) after retrofitting 
 

After the analyses, calculated periods were shown as 
a comparison for both experimental study and structural 
analysis program (Table 1). 
 

Table 1. Periods before and after retrofitting 
 Periods 

 
Before 

Retrofit-
ting(sn) 

After 
Retrofit-
ting(sn) 

Differ-
ence 
(%) 

Experimental 
results 

1. 
2. 

0.21 
0.20 

0.18 
0.15 

%16.3 
%23.1 

Sap2000 
results with 

walls 

1. 
2. 

0.29 
0.21 

0.16 
0.13 

%44.8 
%38.1 

Sap2000 
results 

without walls 

1. 
2. 

0.42 
0.27 

0.16 
0.15 

%61.9 
%44.4 

 

4. CONCLUSION  
 

In this study, how to change the periods of reinforced 
concrete school buildings with retrofitting was studied. 
For this purpose, measurements were made under 
ambient vibrations in order to determine before and 
after retrofitting period values. The school building, 
which does not provide sufficient performance level, has 
been strengthened with shear walls. Ambient vibration 
records were taken by placing high-sensitivity sensors 
on the top floor of the school building. The determination 
of the period values with the ambient vibration records 
obtained was made with two different approaches of the 
Operational Modal Analysis method. As a result of the 
analysis, the periods of the school building were obtained 
as 0.21, 0.20, respectively, as a result of the experimental 
study before retrofitting. In the experimental study 
carried out after the strenghtening, the periods of the 
school building were obtained as 0.18 and 0.15, 
respectively. The period values obtained show the first 
and second periods of the school building, respectively. 
After the retrofitting, the first period and second period 
are decreased % 16.3 and % 23.1, respectively. As a 
result of the analysis of the school building modeled with 
walls with the structural analysis program before 
retrofitting, the period values were found 0.29 and 0.21, 
respectively. The period values after retrofitting were 
found 0.16 and 0.13, respectively. As a result of structure 
analysis program, after the retrofitting, the first period 
and second period are decreased % 44.8.3 and % 38.1, 
respectively. The shear walls added to the school 
building with the retrofitting provided an increase in the 
first two natural frequencies of the building, in other 
words, a decrease in the period of the building. This is to 
be expected thanks to the increase in the stiffness of the 
school building with the addition of shear walls.  
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