Experimental validation of a stochastic simulation model for non-Gaussian

and non-stationary wind pressures using stationary wind tunnel data
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Introduction Stochastic Simulation Framework

Modern performance-based wind engineering aims to

explicitly evaluate the performance objectives associated with . Stationary Wind Tunnel Data | . Transiton model to merge segments

structural and non-structural components of building systems. . Generate a realization of the target non-Gaussian non-stationary pressure coefficient
: . process by the following “stitching” process:

For the Improved prediction of structural responses and ) ]

cladding damage, it is desirable to simulate the complete @?f(t;“(t))=j:{i2i+1}¢("><t>5z’iaj+\/m(Cz’ia = Cley)

evolution of uncertain hurricane events, leading to the better '

capture of the fluctuating wind field and the non-stationary

wind loads. While several hurricane hazard models exist,

stochastic non-Gaussian, non-stationary pressure simulation " L \ \,,

models that can be calibrated to building-specific wind tunnel m ‘“ﬁ\\’”\'"l .,;‘,. W b 'MMHJ" W “ M *, "M‘ h“ ! w MMM‘W it

Building-specific  wind
tunnel pressure data
collected at multiple
taps for multiple
discrete wind directions:
Cx(t; a)

« Treats time-averaged components differently from the fluctuating components so that the
resulting realization will have a near-linear variation of mean, variance and autocorrelation in
the transition region between a;;_1) and ay;.
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Discretize a(t) into a; and generate
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Figure 1: Image from NOAA’s GOES-13 of Hurricane Sandy on October 29, 2012. _ _ _ _ _ _ _
Figure 2: Conceptual flowchart illustrating the simulation of non-Gaussian, non-stationary vector pressure process.

Experimental Validation Conclusions
» A series of tests were conducted on a scaled model at the NHERI Boundary — - e *This va;_ork vaflidated Ia ts(tjochastig model for the
e B - simulation of correlated non-Gaussian, non-

Layer Wind Tunnel at the University of Florida.
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» Pressure data were recorded while continuously varying the wind direction ; 3talt|onary wind pressures using experimental
. . . 700 ala.
l.e., rotating the turntable) during the test.
(- ; )- J TORRT 600  The results Indicate satisfactory performance of
« Different da/dt were considered together with different rates of change of the N 90 the 1 o 4ol based B
mean reference wind speed. = - e transition model based on errors in the
4 P At T E4mm 180 < evolutionary spectral density and autocorrelations
« 20 repetitions were performed for every test combination. = e sirulation | y o the faithf .I
» Test 1: Turntable first rotated to 180° from 0° counter-clockwise (da/dt= 0.5%s o * The sll_mu atflog ramework can enable the taithiu
. . . ey 90 -
and constant mean reference wind speed) and then returned to its initial ey o thde ”qu of hurricane-induced aerodynamics on
position through a clockwise motion; « = 0° wind is incident on Surface 2. — - N . the built environment
) 107! 10° 10* 1071 10!
— o N A TAPI53 I Target [process realliza,tion I Simulaticln 4 ISinrlulatiomSI Frequency [HZ] Frequency [Hz]
200 R SR [ ISurface 2 L gﬁﬁiﬁﬁﬁ; 3123}23222 gﬁsizﬁgz £1)0 l Figure 5: Comparison of data-averaged spectrogram and the simulation-averaged spectrogram for TAP 153, Test 1.
400\ e - | Simulation 3 Simulation 7
2 il 0.5 G IR oo o o oloMaoloo oo "o T o T o6 o1 o ©0l00bloolo 6 o oloo " " "
= 300, 'M ”' EHHRSISRSEISTH I SEERERSEER T Rl LR National Science Foundation (NSF) . B Naciona
v O s R | aEEReE TBe Grant No. CMMI-1750336 N e
100 %WMNMWMW _:§03||— oo . T B R ks Grant No. CMMI-2131111 |
N i ”m‘w DR 1% o el i e N BT n
300 ‘iw IS e e 0 i Ty M 4 5 R | E
200 T W‘i & 02 [spje o e R I ERIRNEESY | - BRI o - References
IR TT\OTOT_\__\_ T B O_I_T_TOT_ o [
) e " . - - L e - Ouyang, Z. and Spence, S. M. J. (2021). A
300 (o) 0 0020000000 s ol 1 SR 5 S 0 Performance-Based Wind Engineering Framework
Surface 2 Surface 4 Surface 3 Surface 5 for Engineered Building Systems subject to
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