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ABSTRACT: The Bosphorus Bridge is one of the longest existing bridges in Turkey and plays 
vital role in transportation system of Istanbul. As from 1973 in which the bridge was 
constructed, it has been under the heavy traffic, earthquake and wind loads. The bridge’s 
authority, General Directorate of Turkish State Highways (KGM), decided to install 
comprehensive structural health monitoring system-SHM on the bridge, including 168 sensor, 
collecting real time data from 258 channels. Accordingly, the SHM system having alert system 
allows the authority to get the bridge under control when extreme loads hit the bridge. Based on 
the monitored data, the behavior of the bridge under operational (traffic) and extreme load 
(wind) is presented in the study. Interpreting the behavior of the bridge, some operational 
performances for the bridge are recommended by the bridge owner. The study indicated that 
dynamic characteristics of the bridge under operational load of traffic are relatively different 
from those of the bridge under the strong wind.  

1 INTRODUCTION 

Many governments allocated the majority part of their budgets for civil infrastructure systems. 
Long span bridges play critical function in transportation system. In recent few decades, long-
span bridge projects has been conducted throughout the world. Although making many 
invaluable contributions to economy of the located area, these bridges require continuous 
maintenance, safety and management strategies effectively to sustain its functionality. In 
addition to engineering experiences, the cutting-edge technologies for better understanding of 
structural performance of the bridges under operational and extreme loads, such as heavy traffic, 
wind, thermal, and earthquake loads have to be developed for long-span bridges. With the help 
of major leaps into technology, this can be achieved by monitoring system called structural 
health monitoring system (SHM). Design of a SHM system in long-span bridges includes 
comprehensive subsystem: sensory, processing, analysis system.  

Aktan et al (2000) defined SHM system in general manner as the measurement of the operating 
and loading environment and the critical responses of a structure to track and evaluate the 
symptoms of operational incidents, anomalies, deterioration or damage. Utilizing SHM data, Ko 
et al (2005), Jiang et al (2005), Brownjohn et al (2007) and Xu (2008) indicated that accurately 
performance assessment under different service loads, the control of structural parameters 
considered in design stage, damage and deterioration predictions can also be achieved by a 
SHM system. Based on the SHM applications, various updating/calibration methods can be 
developed to minimize discrepancy between measured and predicted values Gokce et al (2013). 



  

 

  

Therefore, properly contemplated SHM system provides to better understand long-term local 
and global structural behavior of long-span bridges. In parallel with increase in long-span bridge 
projects, structural health monitoring systems are also installed on these bridges for long-term 
structural system monitoring. However, the considerations adopted in design stage of the SHM 
system are based on experiences obtained from previous implementations on existing bridges. 
This indicates that there are no general corresponding standards or codes for practicing 
engineers and bridge authorities. Certain academic books, reports and articles by Mufti (2001), 
Aktan et al (2002), Giurgiutiu (2008), Boller et al (2009), Karbhari et al (2009), Wenzel (2009), 
Catbas et al (2009), Catbas (2009), Gul et al (2012), Catbas et al (2012) and Xu et al (2012) 
provides an insight into design and executing the SHM systems. 

For the Bosphorus Bridge, several studies were conducted to determine dynamic characteristic 
under various loading conditions by using certain experimental technique, and to calibrate 
analytical model by using measured dynamic parameters. Brownjohn (1994) looked into the 
effect of non-linear behavior on modal properties of Bosphorus and Fatih Sultan Mehmet 
Bridges, and concluded that non-linear behavior appeared under low-level dynamic excitation. 
Erdik and Uckan (1989) conducted ambient vibration survey of the Bosphorus Suspension 
Bridge for comparing the obtained values with those of the previous studies. Apaydin et al 
(1999) installed a SHM system for ambient vibration of the Bosphorus Bridge to diagnose 
change in structural behavior of the bridge and to update analytical model of the bridge using 
measured data. Erdik and Apaydin (2005) determined the natural frequency and corresponding 
mode shapes of two Bosphorus suspension bridges in their dead and live load. Kosar (2003) 
experimentally evaluated dynamic characteristics of the Bosphorus Bridge by using Ambient 
Vibration Test (AVT). Apaydin (2010) studied on structural earthquake performance of the 
Bosphorus and the Fatih Sultan Mehmet Suspension Bridge. 

In the study, structural behavior investigation on the Bosphorus Bridge also called Ataturk 
Bridge are conducted using monitoring data. Based on data recorded by the SHM system of the 
bridge, some recommendations and concluded remarks related to structural dynamic properties 
of the bridge under strong wind event and operational load are presented. Hopefully, the results 
obtained provide an opportunity to observe the change in modal characteristics of the bridge, to 
revise the existing SHM system, and to guide to installation of new SHM system on ongoing 
bridge or on bridge to be built in the future. 

2 DESCRIPTION OF THE BOSPHORUS BRIDGE AND SHM SYSTEM 

The Bosphorus (first) and Fatih Sultan Mehmet (second) Bridges, two suspension bridges 
constructed on the Bosphorus River, are life-lines in transportation system of Istanbul.  

 

Figure 1. General arrangement of the Bosphorus Bridge. 

+0.000 Mean Sea Level

EUROPEAN SIDE ASIAN SIDE

Z
Y

X



  

 

  

The Bosphorus Bridge shown in Figure 1 is gravity anchored suspension bridge with steel 
pylons and inclined hangers. It can be called modern type suspension bridge due to its 
orthotropic and aerodynamic cross-sectional deck. It consists of one main and two side spans. 
Side spans are not suspended and rest on slender columns. The main span length is 1074 m, and 
the side-span lengths are 255 and 231 m on the Asian and the European sides, respectively. The 
width of the deck is 33.4 m and the height of the steel towers is 165 m Record Book (1973). 

After critical wind effect in 2004 leading to damage in stool plate of hanger element at south 
tower of Ortakoy side, the need to SHM system for the bridge became inevitable. This system is 
aimed to determine response of the bridge under daily and unusual events, such as, heavy 
traffic, wind and earthquake loads. Accordingly, it helps to previously take appropriate measure 
against possible structural problem and to determine the best maintenance method at the right 
time.  

Structural health monitoring (SHM) system of the bridge has consisted of 168 sensors which are 
accelerometer, tiltmeter, force transducer, strain gages, laser displacement, GPS, thermocouples, 
weather stations and voltmeters. The SHM system collects data from these sensors 
continuously. The quantity and location of sensors are determined after many temporary 
installation tests on its SHM system. In addition, site observation and inspection conducted by 
Japan researchers in 1989 verified suitability of the SHM system.  

3 THE BEHAVIOR OF THE BRIDGE UNDER OPERATIONAL AND EXTREME WIND 
LOADS 

Strong winds are not very frequent in Istanbul due to its location. However, during the daytime 
on April 18 2012, a strong storm occurred in Istanbul. It was the first time, the bridge 
experienced such high wind. According to measurement of Turkish Meteorology Service, the 
maximum wind-speed reached to 122 km/h. Although ultimate design wind speed of the bridge 
is 162 km/h, the bridge was closed to the traffic for a period of time as a precautionary measure. 
The change of wind speed with time is shown in Figure 2. This variation is obtained by weather 
stations installed on the bridge. As seen from the figure, the average wind speed before the 
storm was around 20 km/h. However, it suddenly increased to 100 km/h in 10 minutes. 

 
Figure 2. Wind variation data at deck mid-span south side. 

According to in-situ records and observations, the main span of the bridge relatively oscillated 
in lateral direction. The monitoring system also allows to monitor corresponding wind direction 
to wind speed. With the help the weather stations installed on different critical points of the 
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bridge, the effective wind direction is obtained in transverse direction. Based on the measured 
data, wind direction-wind speed variation is plotted in polar charts at the specific weather 
stations shown in Figure 3. Figure 3 presents the locations of the weather stations and 
accelerometer.  As it can be seen from Figure 3, lateral wind direction is verified by all polar 
charts, and the bridge is greatly induced in this direction.   

 
 

Figure 3. Weather station and accelerometer locations and Wind direction-Wind velocity variation in polar charts. 

Based on lateral strong wind data, the effects of this critical event on vibration characteristics of 
the bridge are investigated. Considering wind speed variation, acceleration data recorded at the 
deck mid-span shown in Figure 3 during the wind is divided into three ranges, Before, During 
and After.  Since the strong wind excited the bridge in transverse direction, acceleration data is 
considered in this direction. Figure 4a and Figure 4b shows these ranges on the wind variation 
and corresponding acceleration data, respectively. In order to properly determine modal 
frequency changes of the bridge in these ranges, the fundamental data analysis procedure, the 
Fast Fourier Transform-FFT, is performed for three different time intervals considered for each 
range. These time intervals are presented in Table 1.   
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Figure 4. (a) The range on wind variation data, (b) The range on acceleration data at deck mid-span. 

Before the FFT analysis, data processing on the acceleration data is implemented. Firstly, base-
line correction is performed to get rid of offset value. The next step is to remove linear trends 
from the data using detrend technique. Besides, the mean value (DC) of the data is subtracted. 
In order to remove the unwanted noise component, a standard fourth order Butterworth band-
pass filter with the first corner frequency of 0.05 Hz and the second corner frequency of 5.0 Hz 
is performed. For all these works, MATLAB computing program developed by The Math 
Works (2014) is utilized. The FFT analysis of the time intervals in each ranges are conducted. 
Only for During range, the representative results of FFT analysis are shown on Figure 6. For the 
other ranges, Before and After, same analysis is performed, and the results from corresponding 
acceleration data to time intervals shown in Figure 5 and Figure 7 are presented in Table 1 in 
detail. In Before range, dominant frequency of the bridge is determined as mean value of 0.070 
Hz. This is similar to the results obtained from Ambient Vibration Test (AVT) conducted by 
Erdik et al (1989), Brownjohn et al (1989) and Kosar (2003). It means that the bridge is under 
the operational load (traffic) before the strong wind event. The response of the bridge in During 
range; however, differs from that in Before range. Effective frequency is determined as mean 
value of 0.064 Hz, and the amplitude relatively increases. All results for this range are indicated 
in Figure 6. In After range, dynamic characteristics of the bridge are similar to that in Before 
range. This shows that the bridge returns to operational condition after the strong wind effect. 
The results obtained are given in Table 1 for corresponding acceleration data to time intervals 
shown in Figure7.  



  

 

  

 
Figure 5. Corresponding acceleration data to time intervals for Before range. 

 
Figure 6. Corresponding acceleration data to time intervals and representative FFT results for During 

Range 

 

Figure 7. Corresponding acceleration data to time intervals for After range. 

Table 1 presents the preliminary results of the bridge response and more analyses are currently 
underway for better characterization. However, the preliminary results also provide some basic 
understanding of the structure and the interpretation of the preliminary results are as follows. In 
an effort to minimize the effect of noise component in the analysis, mean values of vibration 
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frequency and corresponding amplitude are also calculated, and given in this table. Based on the 
results from the the fundamental FFT analysis, the bridge shows operational performance before 
and after the extrme wind load. However, dominant frequency of the bridge during the wind 
event relatively lower than that in the other ranges, leading to large movements in lateral 
direction. Thus, effective modal period and amplitude of the bridge increases as 1.0 sec. and 
tenfold, respectively. 

Table 1. FFT analysis results of the bridge 

Range No 
Time Interval 

(sec) 
f 

(Hz) 
T 

(sec) 
Amplitude 

f, Mean 
(Hz) 

T, (Mean) 
(sec) 

Amplitude 
(Mean) 

Before 
1 0-400 0.0725 13.80 6.20×103 

0.070 14.40 7.17×103 3 800-1200 0.068 14.70 6.30×103 
5 1700-2500 0.068 14.70 9.03×103 

During 
1 2700-3000 0.066 15.15 1.10×105 

0.064 15.50 70.86×103 3 2800-2880 0.062 16.13 2.36×104

5 2880-3000 0.066 15.15 7.90×104 

After 
1 5500-6500 0.070 14.30 1.50×104 

0.072 13.90 7.89×103 3 8000-8500 0.072 13.88 4.80×103 
5 9500-10000 0.074 13.51 3.88×103 

4 RESULTS 

The study presents the preliminary results of dynamic response of the Bosphorus Bridge under 
extreme wind and operational loads. Strong wind event in the daytime on April 18 2012 is 
considered as an extreme loading condition, and the periods before and after this critical wind 
are considered as operational loading condition. Thus, fundamental spectral analysis of the Fast 
Fourier Transform (FFT) is performed for three ranges-before, during and after the extreme 
wind event-to determine vibration characteristics of the bridge. In addition, these ranges are 
split into three time intervals to obtain accurate FFT results. For the FFT analysis, transverse 
acceleration data at deck mid-span is used since the effective wind direction is in lateral 
direction. Data processing is also p to determine reliable results. The results from the FFT 
analysis reveal that the bridge is under operational level after and before the strong wind event; 
however, with the decrease in the dominant frequency of 0.64 Hz and the increase in the 
amplitude, the response of the bridge during this event is relatively different from that in 
operational loading conditions. Based on these results, the extreme wind load affects structural 
response of the bridge significantly. Therefore, some measures should be taken defining 
operational performance criteria for the bridge. In this study, only fundamental FFT spectral 
analysis results are presented. Further studies are currently underway with more improved data 
analysis and insightful understanding. 
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