
A Benchmark Problem on Structural Health Monitoring  
of High-Rise Slender Structures  

 
Phase I: Field vibration measurement and model updating 

 
 

Description of the measurement 
 
General 
 
This set of ambient vibration measurement data is extracted from the in-construction health 
monitoring system installed on the Guangzhou New TV Tower. The data were recorded from 
18:00 pm on 19 January 2010 to 18:00 pm on 20 January 2010, lasting 24 hours. The 
acceleration, wind direction, wind speed and ambient temperature were measured during the 
period. Format of the data will be described later.  
 
Sensors 
 
20 uni-axial accelerometers (Tokyo Sokushin AS-2000C) were employed for vibration 
measurement in this study. The frequency range is DC-50 Hz (3dB), amplitude range ±2 g, 
and the sensitivity 1.25 V/g.  
 
During the construction stage, one anemometer (RM Young, 05103L) was used to measure 
the wind direction and wind speed. The measurement range is 0 ~ 100 m/s and output signal 
is electric current type so that the signal can be transmitted to the acquisition unit about 100 m 
away. One thermocouple (PT100) was installed besides the anemometer to measure the air 
temperature. 
 
Datasheets of the accelerometer and anemometer are attached in the end of this file. 
 
Sensor Placement 
 
20 uni-axial accelerometers were installed at eight levels as shown in Fig. 1, considering the 
availability of space and accessibility to the data acquisition units. The 4th level and the 8th 
level were equipped with four uni-axial accelerometers, two for measurement of the 
horizontal acceleration along the long-axis of the inner structure and the other two for the 
short-axis. At the other six levels, each section was equipped with two uni-axial 
accelerometers, one along the long-axis of the inner structure and the other along the 
short-axis of the inner structure. Fig. 2 shows a plan of the section and the measurement 
directions of acceleration. The sensors were mounted firmly to the shear wall of the inner 
structure via a steel angle. Orientation of each accelerometer was determined by the 
positioned bolts that have been located accurately before installation. After calibrating the 
orientation, the sensors were locked in a steel box for protection. 

 
The anemometer was installed at the top of the main tower where the altitude is 461.1 m. The 
position of the installed anemometer is shown in Fig. 3. 



 
Data Acquisition System 
To reduce the noise due to long cables in the conventional centralized data acquisition system, 
a de-centralized system was specially designed in the project and, at the same time to account 
for data synchronization. At each level, an acquisition unit was employed to collect the 
acceleration data from the two (or four) sensors at this level. The total eight acquisition units 
were connected in series via two cables, one for synchronization and the other for acceleration 
data transmission. One PC placed in the Tower was responsible for sending synchronization 
signal and collecting acceleration data. The configuration of the system is illustrated in Fig. 1. 
A bandwidth filter of 0.05 Hz to 40 Hz was designed for each acquisition unit. The system has 
24 bit A/D converters. An amplifier was used in each unit to amplify the acceleration signal 
by 1000 times. 
 
The acquisition unit at the top level is also responsible to record the data from the anemometer. 
The temperature data were recorded by another static data logger. 
 
The sampling frequency of the acceleration and wind data was set to 50 Hz. The temperature 
data were measured every minute (1/60 Hz). 

 

Data Description 
 

The acceleration, wind direction, and wind speed data during one hour period were stored as 
one text file with a sampling frequency of 50 Hz. The ambient temperature was measured per 
minute. Consequently there are totally 73 text files (24 for acceleration, 24 for wind direction, 
24 for wind speed, and one for temperature) totally with an uncompressed storage size of 1.42 
GB or a compressed size of 420 MB in format of ZIP.  
 
The users can download the measurement data in two manners. The first way is to download 
all the 73 files in one ZIP file at http://www.cse.polyu.edu.hk/benchmark/Phase I data/Phase I 
data_all.zip. As the internet connection may be not smooth sometimes, one can download 27 
files individually: the compressed acceleration at each hour can be downloaded individually at 
http://www.cse.polyu.edu.hk/benchmark/Phase I data/accdata_2010-01-??-**.zip where ?? is 
19 or 20 (denoting date) and ** is 00 to 23 (denoting hour); the wind direction during the 24 
hours can be downloaded at http://www.cse.polyu.edu.hk/benchmark/Phase I data/Wind 
direction 24 hours.zip; the wind speed during the 24 hours can be downloaded at 
http://www.cse.polyu.edu.hk/benchmark/Phase I data/Wind speed 24 hours.zip; and the 
temperature data is http://www.cse.polyu.edu.hk/benchmark/Phase I data/Temperature 24 
hours.txt.  

 
The unzipped files are text type on format of ASCII. For example, the file 
accdata_2010-01-19-18.txt comprises the acceleration recorded from 18:00 pm to 19:00 pm 
on 19 January 2010. It has 20 columns and 180,000 rows. Each column represents the 
acceleration data (unit: m/s2) of one channel during the hour (3,600 × 50 = 180,000). The 
channel labels are also shown in Fig. 1 and Fig. 2. For example, the first column of the file is 
the acceleration data corresponding to channel #01 in the figures, i.e., the strong-axis 
direction on the 1st section. The size of the file is 56,602 KB.  
 



The unzipped wind speed data file contains one column only and 180,000 rows (unit: m/s). 
The wind direction data file has the same size (unit: degree to due north). It is noted that all 
acceleration data and wind data are synchronized.  
 
The temperature data file contains 24 hours’ temperature with a size of 1440 data points (24 
×60 = 1440). 

 
 

 

                                

 
 

Fig. 1  Position of the accelerometers and data acquisition system 
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Fig. 2  Measurement directions of acceleration and channel labels 

 
 
 

      
 
 

Fig. 3  Anemometer at top of the main tower (z = 461.1 m) 
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Appendices – Sensor Datasheet 
 

 



 



 


