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ABSTRACT

In this chapter, a study on the effects of transforming wind speed data, from
a time series domain into a frequency domain via Fast Fourier Transform
(FFT), is presented:~The wind data is first transformed into a stationary
pattern from a non-stationary pattern of time series data using statistical
software. This set of time seriesis then transformed using FFT for the main
purpose of the chapter. The analysis is done through MATLAB software,
which provides a very useful function in FFT algorithm. Parameters of
engineering significancesuch ashidden periodicities, frequency components,
absolute magnitude and phase of the transformed data, power spectral
density and cross spectral density can-be obtained. Results obtained using
datafromcasestudiesinvolvingthirty-oneweather stationsin Malaysia show
great potential for'applicationinverifyingthecurrent criteriausedfor design
practices.
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INTRODUCTION

Inthedesignof civil engineeringstructures, theeffectsof thenatura environment
onthesestructureshaveto betakenintocons deration. Someexamplesof theseare
theeffectsof wind, currentandwavesonoffshorestructures, andtheeffectsof wind
andsaismicactivitiesonbuildings. Thischapter focusesmainly ontheeffectsof wind
onbuildings. Theparameter of interestinthedesignand constructionof astructure
isthedesignwindspeed. Thiscanbeobta nedfromfundamental principlesbacked
by verificationthroughfiel d studiesof thedynamic characteristicsof thestructure.
Inmany casesinvolvinglargestructures, theinput forcecannot becreated at will
or becontrolled. Thisshortcomingisovercomethroughambient vibrationtesting
andtheuseof Fast Fourier Transform (FFT) toconverttheraw winddataintowind
loads.

Thechapter startswithareview of thegenera effectsof windonstructuresand
theinhabitants. Theparametersusedinthedesignof structuresincludingbuildings
arediscussed. Itisshown herethat Fast Fourier Transform (FET) whichinclude
Power Spectral Density (PSD), Cross Spectral Density (CSD)and Turbulence
Intensities(TI) canbeappliedtoderivethedesign parametersand subsequently,
improveawind codefor structures. Examplesof early studiesonwindloadsare
given, andthelimitsof tolerancefor civil engineering structuresand theinhabitants
thereinarementioned: Itisnotedthat thecriteriafor designaremoreconcernedwith
thehumantolerancerather thanthestructural tolerance. Inthedesignof structures,
thereisaneed for afull understanding of the effects of wind at each stage of
constructionsincethetol erancefor thefinal structurecouldvary appreciably with
thetolerance at each intermediate stage of the structure during construction.
Vibration effectsduetowind onstructuresaregiven, andexamplesof vibration
effectsonmechanical structuresarea sogivenasacomparison.

Methodsof structural analysi sand structural monitoringincludingvibration
anaysisandmodal analys sarementioned. Fieldtestsincludingforcedvibration
methodsaswell asambient vibration methodsaredescribed. Factorsaffectingthe
design of structuresaswell astheincentivesto better understand the complex
effectsof wind onstructuresresultintheapproachto simplify theseeffectsinto
components. Thesecomponentscanthenbeutilizedindefining designwindspeed
andderivingdesignwindload, whichcanbeusedtodevel opthelocal designwind
codefor civil engineering structuressuchasbuildings.

Theanalysisusing FFT inthischapter canbetakenonestepfurther through
frequency responsefunction (FRF). FRFistheratioof theoutput responsetothe
input excitationforce. Thismeasurementistypically acquired usingadedicated
instrument suchasan FFT analyzeror adataacquisitionsystemwith softwarethat
performstheFFT . Theinput datainthiscasewoul d bethemeasured wind speed
using several anemometers, which can be converted into dynamic pressure
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