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 | data/Phase |
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 | 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 | 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 | data/Wind speed 24 hours.zip; and the
temperature data is http://www.cse.polyu.edu.hk/benchmark/Phase | data/Temperature 24
hours.txt.

The unzipped files are text type on format of ASCIl. 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/s®) of one channel during the hour (3,600 x 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
x60 = 1440).
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Fig. 1 Position of the accelerometers and data acquisition system
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Anemometer and
thermocouple

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



Appendices — Sensor Datasheet

High Resolution
SERVO ACCELERMETER

13-14-34, Ougi, Adachi-Ku. Tokyo. Japan

AS-2000 (C) TEL:81-3-3855-5011 AX:81-3-3855-5921

http://www. to-soku. co. jp

Low Power, Waterproof
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P Spoecifications

Sensor

Model AS—2000 @)
Mode of operation Uni-axial
Bandwidth DC~50Hz (£3dB)
Full Scale Range +2000 gal

Scale Factor 1. 25 m¥/gal
Cutput Resistance 100 @

Dynamic Range 126dB

Linearity

0.03% of full scale

Damping Ratio

h =0 6~0.7

Sensitivity Axis to case Alignment

+ 1 degree max.

Qutput noize

luVrms (0. 1~10Hz)

Cross Axis Sensgitivity

0.003 G/G

Offset Adjust

Pozsible by a trim—screw

Calibration Coil (Self Cal.) 10wA /S Gal
Power Requirement +5VDC
Current Consumption HmA

Operating Temperature —20C~470°C
Thermal Coefficient of Sensitivity 0.02% /°C
Thermal Coefficient of drift 0.02% /C

Shock Survival

30G (less than 0. 1)

Waterproof 30kpa
External Dimensions 402X 40 X 70mm
Weight 250gr
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Model 05103 Wind Monitor

ThelWind MonHor s a high pesformance,
fugged wind sensor, its simphicity and
corroston-resitant construction make
it idealfora wide rangeof wind m easur-
Ing applications.

The wind speed sensor is & four blade
helicoid propeller. Propeller rotation produces
an AG sine wave voltage signal with frequency
directly propartional towind speed. Slip ring s and
brushes are eliminated for increased reliahility.

The wind direction sensor is a rugged yet
lightweight wane with a sufficiently low aspect
ratio to assure good fidelity in fluctuating wind
conditions. Wane angle is sensed by a precision
potertiometer housed in a sealed charrber. With a Known excitation woltage applied to the
potentiormeter, the output woltage is directly proportional to wane angle. A mounting orientation
ring assures correct realignment of the wind direction reference when the instrument is removed
for maintenance,

The instrument is rade of LY stabilizad plastic with stainless steel and anodized aluminurm
fittings. Precision qrade, stainless steel ball bearings are used. Transient protection and cable
terminations are in a corwenient junction boec The instrurment mounts on standard 1 inch pipe.

Far offshare and rmarine use, Model 05106, Wind
Monltor-MA Teatures special waterproof bearing bricant
and a sealed, heavy duty cable pigtail in place of the standard
junection box, Separate signal conditioning for woltage or
currert autputs is available.

The Wind Monitor is available with to add tional output
signal options. Model 05103Y offers calibrated 0-5 VDG
outputs, comvenient for use with mary dataloqoers. Model
05103L provides a calibrated 4-20 A current signal for
gach channel, useful in high noise areas or for long cables
{Wp 1o several kilormeters). Signal canditioning electronics are
integrated inta the sensar junction box.

Specifications

Ranga:
Wind speed; 0-100 ris (224 rnph)
Aziruth: 80 rechanical, 2557 electical (5% apan)

Recuraey:
Wind speed: 203 rrds (006 raph) or 1% of mading
Wind dimction: £2 degmees

Threshald:*

Popalier: 10 mfs (22 mph)
1.1 mu's (2.4 mph) 06106
ane: 1.1 s (2.4 rrph) 06102

Dynarnic Response:*

Propeller distanca constant (B2 meovan) 2.7 mig.o1)
Wane deky distanca G004 eooveny) 1.2 m (42 1)
Darnping rtio: 03

Darnped naturlwavalength: 7.4 m (243 )

Undarrped natural wevekngth: 72 m (22 61

Signal Outpul:

Wind speed: rragnetically ind uced AC wiltage, 3 pulss
per o lution. 1800 mprm (@0 Hz) = £.8 mis (197 mph)
Azirwth: analog O wottage fom conductive plstic
potentiarneter — maistance 10K 0, linearty 025%,

lifa expectancy — 50 million revalutions

Power Requirernent
Fotantio rete reacitation: 16 WOC magimum

Dirmensione:

Oerall beight 27 crn ({46 in)

Dwerall kength: 55 e 7 in)

Popaller: 12 cr iy in diarmetar

Wounting: 24 o (1.3 injdiareder (standamd 1 inch pipa)

Weight:

Sansorweight: 1.0k (22 1ks)

Shipping weight:2.3 kg (5 1bs)

*Hiominal valves, dotermined in accordznee with 45 Tad
standard orocedines.

MODEL 05103Y 0-5 YDC outputs

Fower Requirermenk
424 WO (5 md @12 WDG)

Oparaling Termperalure:
S0t 507G

Duipul Signals:
0500 0C full scake

MODEL 051031 4-20 mA o ulpuks

Power Requirernent
£20VDC (40 ré e

Oparating Terngaralure:
G0t 5070

Oulpul Fignals:
420 md. full scale

c € Lomplies with applicalie OF directives.
Specifications subfect fo change withouf notice.

Ordering Information
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WIND MONITOR 420 rofl DUTPUTS vevec v vuruensrennsssarnsserasmsmsmnsssssnssserssnsnenes DETIGL
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WIND SENSOR INTERFRCE (FOR USEWITH 05106 025 V0 unvensrnsneevenernnsnnsnnernnn. DBBIBE
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