
FIG Congress 2010 
Facing the Challenges – Building the Capacity 
Sydney, Australia, 11‐16 April 2010  1 

Analysis of Wind-Induced Response of Tall 
Reinforced Concrete Building Based on Data 

Collected By GPS and Precise Inclination Sensor 

2School of 
Surveying & Spatial Information 

Systems 
UNSW 

Australia 

Cemal Özer Yiğit1,2  
Xiaojing Li2  
Cevat İnal1 

 Linlin Ge2 
Mevlüt Yetkin1 

 M.Hakan Arslan1 
1Department of  
Geomatic Engineering 
Secuk University 
Turkey 

Outline of the Presentation 

 Background 
 The structure and Actual Deployment  
 Experiment and Analysis 
 Comparing Sensor Performance 
 Conclusions and Discussion 

 



FIG Congress 2010 
Facing the Challenges – Building the Capacity 
Sydney, Australia, 11‐16 April 2010  2 

Modal & System parameters 

Modal 
Parameters 

Modal 
Damping 

Value 

Mode shapes 

Natural 
Frequencies 

System 
Parameters 

Damping 
Matrices 

Mass Matrices 

Stiffness 

Loading on Tall building 

Dynamic 
Load 

Dead 

Live 

Wind 

Seismic 

Static 
Load 



FIG Congress 2010 
Facing the Challenges – Building the Capacity 
Sydney, Australia, 11‐16 April 2010  3 

Turbulent Characteristic of Wind  

                        

Typical trace of variation of wind speed with time 

Definition of load and wind direction  
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The Predicted Natural Frequency 

Mode 
number 

Frequency Period 

1 0.38 Hz 2.6 sn 

2 0.55 Hz 1.8 sn 

3 0.62 Hz 1.6 sn 

4 1.25 Hz 0.8 sn 

5 1.61 Hz 0.6 sn 

6 2.13 Hz 0.5 sn 

Basic Properties of the Structure 

     

-30-storey  

-~100 m (height). 

- 44 columns with different sizes and 2 shear-nucleuses (core 
construction).  

-using as a hotel 
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Schematic Overview of Sensors in 
the Building 

Experiment and Analysis 

                        

Mean & maximum wind speed (upper) and mean wind direction 
(bottom) for all day  



FIG Congress 2010 
Facing the Challenges – Building the Capacity 
Sydney, Australia, 11‐16 April 2010  6 

                        

Zoom – in of the wind data during the experiment  

Mean Wind Direction and GPS & Nivel 
Axes with respect to the Building 
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GPS Results 

Nivel Results  
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GPS and Nivel Results 

      

Determination of rotation angle 
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Conversion GPS Coor. Syst. to Nivel 
Coor. Syst. 

Conversion Nivel Coor. Syst. to GPS 
Coor. Syst. 
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Comparison in terms of Dynamic 
Component 

113 sn 

Comparison in terms of Dynamic 
Component 

        

Correlation coefficient = 0.65 
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FFT Spectrum 

Converting inclination into displacement  

     (a) linear case  (b) non-linear case 
Illusturation of converting inclination into displacement 

d(mm)=h(m)*(mrad) 
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Conclusions 

              

0.41 Hz 
0.41 Hz 

Measured Natural Frequency 
from both sensor 

= 

Predicted Natural Frequency 
from FEM 

0.38 Hz 

≠ 

Discrepancy 

7% 

-unrealistic theoretical 
assumptions of the model 
building 

-considerable changes 
during the design stage  

Conclusions 

              

Derived-displacement 
need to be corrected 
because of non-linear 
behaviour. 
quadratic polinomial 
equations may be 
determined by instaling 
more than two nivel 
sensors in the same 
vertical profile. 
Very sensitive in terms 
of catching low 
vibration. 
Contribute mode shape 
determination and 
localize damage. 

Actual -displacement 
on top of the building 
can be measured 
directly in case the 
tip displacement is 
over 5 mm. 
-contribute to find 
global damage after 
building exposure 
significant load. 
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Thank you... 


