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Introduction : Structural Analysis UsingAmbient and ForcedVibration Data

Research in Seismic Monitoring Equipment & Technology
Å Ambient & Forced Vibration Tests

ï Ambient vibrations refer to a buildingôs
natural responseto its environment. In
ambienttests,the buildings are monitored
undertypicaldaily conditions.

ï Forced vibrations result from shakingor
hitting thebuilding in someunnaturalway.
In thesetests,mechanicalshakersor other
tools are used to induce vibrations and
excite the natural frequencies of the
building.

Processed Data ARTeMIS: A Powerful Tool for Data Analysis
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Tri -axial accelerometers(above left) record and

send real-time information to the Q330 data

loggers(aboveright). Using Rockhoundsoftware,

data are collectedat 200 samplesper secondper

channelwith 24bitsof digital resolution.

Å Purpose

ï Structural monitoring allows engineers
and scientiststo determinehow buildings
respondto earthquakesand other natural
andman-madephenomena.

ï Measureddynamicpropertiescanbeused
to monitorstructuralhealthandto improve
standardsfor designandconstruction.

ï Researchin this field helps ensuresafety
andstructuralintegrity.

�‡ Engineering I: University 
of California, Los Angeles, 
USA

ï 4 level building starting at 
the ground floor and 
including roof

ï Fully functional and 
operational classrooms, 
labs, and offices

ï Lots of operating machinery

ï 2 different test 
configurations conducted

Å ETA-B Blok: Boĵazi­i 
University, Instabul, 
Turkey

ï 7 level building, 
including the basement 
and roof

ï Completely gutted 
building undergoing 
construction, including  
seismic retrofit

ï 6 different test 
configurations conducted

Testing Configurations

ÅBackbone: One 

sensor on each floor 

and an additional 

sensor on the roof

ÅAll 8 on 1: All 

eight sensors set up 

around the perimeter 

of a single floor

Graphical Analysis of Data

ï Acceleration vs. Time (upper left):
showsbuilding vibrationsover time
measuredin g unitspersecond.

ï PowerSpectralDensityPlot (lower
left): displays which frequencies
excite the building mostshownby a
seriesof peaks.

ï Spectrogram (below): a three
dimensionalplot showing the level
of energycorrespondingto a peakat
anygivenfrequencyin time.

Temperature Variation Affects  Both the 
Instrumentation and the Building

ï Accelerationvs. Time plots like the one at
left showtemperaturedrift whendisplaying
datacollectedover long periodsof time or
duringpeakhoursof sunlightchange.

ï The modal frequenciesof a building are
also affectedby temperaturedue to slight
changesin materialproperties.

ï The modalfrequencyfluctuationsappearto
be correlated with the change in
temperatureover the time of testing, as
shownin theplot at right.

The Effects of Temperature 

ARTeMIS model of data collected during the Backbone Test on the 

ETA-B Blok building.

ARTeMIS model of data collected during the 4th Floor Test on the ETA-

B Blok building.

ARTeMIS is a commericalprogram

that imports and analyzesstructural

monitoring data to produce three-

dimensionalanimationsof the way a

structure vibrates at specific

frequencies. The movements are

shown on a highly exaggeratedbut

proportionalscale.

By selectingthe determinedmodal

frequencies of a building and

running an ARTeMIS analysisfor

those values, the behavior of the

building can be visualized. Data

models can also be combined to

form a multiple-testanimation.
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Future Research
ÅFurther analysis of the effects of

temperatureonbuildingvibration

ÅGather follow up data on ETA-B Blok

building after retrofit hasbeencompletedto

verify improvementsin structuralintegrity
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