
Investigation of rotational motion in TAIPEI 101

Abstract
We investigate rotational motions in TAIPEI 101 building in Taipei during 

typhoon weather and earthquake. Our data sets consist of translational accelerations 
and rotational rates recorded by an array of Kinemetrics™ EpiSensor™ 
accelerometers and two eentec™ R-1s™ rotational sensors in TAIPEI 101. Our 
results indicate that 1) the typhoon weather can generate significant displacement in 
the skyscraper, 2) a good waveform agreement was observed between the 
measurements of the R-1s™ and those provided by array-derived-rotation, 3) the 
frequency of vertical rotation is different from one of other 5 degrees of freedom 
(three-axis translation and two horizontal axes rotation), and 4) the performance of 
R-1™ is adequate, at least above a frequency of 0.12 Hz (periods shorter than 8s).

Normal Teleseismic Near-field eq. 
(intensity: 2) typhoon

Translation
(cm)

horizontal 2E-3 1E-2 2E-2 6

vertical 5E-4 5E-3 2E-2 3E-1

Rotation
(deg)

horizontal 1E-5 8E-5 3E-4 5E-3

vertical 4E-5 2E-4 3E-4 1E-2
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Displacement and arc-length

Translation VS Rotation

Recordings of displacement 
and arc-length are consistent!

Instrument Information

Particle Motion

PSD (Power Spectra Density)

Fundamental frequency 0.15 Hz = 6.8 sec

Fundamental frequency of vertical rotation 
is higher than other 5 degree-of-freedom.

Conclusion
• The matched waveform between translation and rotation imply that both 

recordings are correct, and the building can be modeled as a slender beam. 
• The particle motion shows the building moves in counter-clockwise, and the 

direction is consistent with typhoon spinning.
• The wind amplitude is proportional to the amplitude of vertical rotation, but 

the wind amplitude seems does not change frequency of vertical rotation.
• The fundamental frequency of vertical rotation is higher than other 5-DOF 

motion (three translations and two horizontal-axis rotations).
• For 90F in TAIPEI 101, the typhoon weather generates larger translation and 

rotation than local earthquake; while local earthquake induces larger motion 
than teleseismic.

Station Elevation Sensor A Sensor B Timing
T1S1 –22 m (B5) EpiSensor™ VSE-355G3™ NTP
T1S2 319 m (74F) EpiSensor™ VSE-355G3™ NTP
T1S3 386 m (90F) EpiSensor™ R-1™ (30s–50Hz) GPS

T1S4 386 m (90F) EpiSensor™ R-1™ (20s–20Hz) NTP

Wind speed VS vertical-translation and vertical-rotation
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