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Introduction

Modern performance-based wind engineering aims to

explicitly evaluate the performance objectives associated with

structural and non-structural components of building systems.

For the improved prediction of structural responses and

cladding damage, it is desirable to simulate the complete

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

models that can be calibrated to building-specific wind tunnel

data are lacking.

• A series of tests were conducted on a scaled model at the NHERI Boundary

Layer Wind Tunnel at the University of Florida.

• Pressure data were recorded while continuously varying the wind direction

(i.e., rotating the turntable) during the test.

• Different 𝑑𝛼/𝑑𝑡 were considered together with different rates of change of the

mean reference wind speed.

• 20 repetitions were performed for every test combination.

• Test 1: Turntable first rotated to 1800 from 00 counter-clockwise (𝑑𝛼/𝑑𝑡= 0.50/s

and constant mean reference wind speed) and then returned to its initial

position through a clockwise motion; 𝛼 = 00 wind is incident on Surface 2.

Stochastic Simulation Framework
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Figure 1: Image from NOAA’s GOES-13 of Hurricane Sandy on October 29, 2012.

Non-Gaussian Stationary Pressure Simulation Model

• Proper orthogonal decomposition-based spectral representation model:

• Translation process to capture the non-Gaussianity in the data: ሚ𝐶𝑝
𝑘(𝑡; 𝛼)

ሚ𝐶𝑝,𝐺
𝑘 𝑡; 𝛼 = σ𝑗=0

𝑁𝜔−12 𝚿𝒌 𝜔𝑗 Λ𝑘 𝜔𝑗 Δ𝜔 cos 𝜔𝑗𝑡 + 𝜽𝒋 𝜔𝑗 + 𝜃𝑘𝑗

 By incorporating the dominant frequency-dependent 

eigenvalues and eigenvectors of the CPSD matrix, the 

second-order properties are sufficiently matched.
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• Storm track model

• Wind field model

• Filling-rate model

Time-varying wind speed, 

ҧ𝑣𝐻(𝑡) and direction, 𝛼(𝑡)

Parameter vector, 𝚯
𝚯 = {Δ𝑝0, 𝑐, 𝑟𝑀 , 𝜃, 𝑑𝑚𝑖𝑛, 𝑎0, 𝑎1, 𝜖𝑓}

Transition model to merge segments

• Generate a realization of the target non-Gaussian non-stationary pressure coefficient 

process by the following “stitching” process:

• 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 𝛼𝑑 𝑖−1 and 𝛼𝑑𝑖. 
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• Simulation of pressure/force coefficient processes

• Use instantaneous Strouhal-number scaling to 

convert to building-scale pressure/force processes
Discretize 𝛼 𝑡 into Ԧ𝛼𝑑 and generate 

simulations, ሚ𝐶𝑝
𝑘(𝑡; 𝛼d𝑖)
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Figure 5: Comparison of data-averaged spectrogram and the simulation-averaged spectrogram for TAP 153, Test 1.

Figure 2: Conceptual flowchart illustrating the simulation of non-Gaussian, non-stationary vector pressure process.

Figure 6: Map of 2-norm errors in the spectrogram for Test 1.Figure 3: Scaled building model with pressure tap layout.
Figure 4: Comparison of 𝐶𝑝(𝑡) for TAP 153, Test 1: 

Data and 10 computer simulations

• This work validated a stochastic model for the

simulation of correlated non-Gaussian, non-

stationary wind pressures using experimental

data.

• The results indicate satisfactory performance of

the transition model based on errors in the

evolutionary spectral density and autocorrelations.

• The simulation framework can enable the faithful

modeling of hurricane-induced aerodynamics on

the built environment.

Stationary Wind Tunnel Data

Building-specific wind

tunnel pressure data

collected at multiple

taps for multiple

discrete wind directions:

𝐶𝑝
k(𝑡; 𝛼)


