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• This poster summarizes recent application of the Wavelet-

Galerkin (WG) approach to the stochastic simulation of

structural load, response and damage (SLRD) caused by

non-stationary wind loads.

• Traditional frequency domain approaches for analysis of

SLRD under these non-stationary conditions are

inaccurate while time-domain numerical techniques are

computationally demanding.

• The WG approach provides rapid approximations of the

solution to differential equations that govern structures

subjected to downburst wind loads.

• This advantage is crucial for stochastic analysis in a Monte

Carlo environment, requiring vast amounts of simulations.

•Exploitation of innovative computational methods will

further optimize this technique for stochastic analysis of

SLRD induced by non-stationary winds.
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ABSTRACT

1. INTRODUCTION

Intensity of a thunderstorm downburst is 

dependent on various parameters, e.g. [3]:

• Initial touchdown location

• Inner/Outer radii

• Time of max intensification

• Translational speed

• Nose-like vertical wind profile

β

Thunderstorm 

center at 

touchdown point

Thunderstorm

track

Along-wind

Across-wind

X0

x

y

Y0

CAARC tall 

building

𝑼𝒕𝒓𝒂𝒏

ഥ𝑼(𝑧, 𝑟, 𝑡)

θ

𝑼𝒕𝒓𝒂𝒏

Schematic showing the placement of the structure with respect to the 

thunderstorm’s path of travel 

3. STOCHASTIC ANALYSIS

𝑇𝐶 = 183 m ×
1
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Limit State Complementary Cumulative Distribution Function (CCDF)

ሿ𝐹𝑇 ഥ𝑈𝑚𝑎𝑥 = 𝑃[𝑞𝑚𝑎𝑥 > 𝑇𝐶|ഥ𝑈𝑚𝑎𝑥

ሿ𝐹𝑇𝑠 ഥ𝑈𝑚𝑎𝑥, 𝑋0 = 𝑃[𝑞𝑚𝑎𝑥 > 𝑇𝐶|ഥ𝑈𝑚𝑎𝑥 ∧ 𝑋0

Engineering Demand 

Parameter (EDP)

𝑞𝑚𝑎𝑥 = max 𝑞

Example fragility curve Example fragility surface Fragility surface cut at 50%

• Digital simulation of the wind field of a thunderstorm downburst is feasible with space-time intensification
functions for amplitude of mean wind speed and random turbulence

• Wavelet-Galerkin approach yields significant savings in computational time for Monte Carlo simulation of
structural load, response and damage (SLRD) due to non-stationary wind phenomena such as
thunderstorm downbursts

• Fragility curves and surfaces, using maximum mean wind speed of the downburst as an intensity measure,
illustrate system’ likelihoods for exceeding structural limit states in stochastic analysis of SLRD
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(Top) Photograph of thunderstorm downburst captured by Jerry Ferguson, 

helicopter reporter of Chopperguy Aerial Productions in Arizona, USA 

(Source: http://chopperguy.com/phoenix-microburst)

(Bottom) Illustration of cross-section of thunderstorm downburst from 

United States Federal Aviation Administration (FAA)

(Source: Wikipedia)

a) Thunderstorm Downburst

ሷ𝜂 = 𝛀𝟎,𝟐𝛈{𝐤}
ሶ𝜂 = 𝛀𝟎,𝟏𝛈{𝐤}
𝜂 = 𝛀𝟎,𝟎𝛈{𝐤}

(Above) Connection 

coefficients to replace 

derivatives of differential 

equations

(Left) Examples of 

Daubechies scaling 

functions at various 

orders

b) Wavelet-Galerkin (WG) Approach [1,2] 
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Examples of spatial intensification of the 

downburst as it touches down at 

various locations

Nose-like vertical wind profile 

unique to thunderstorm 

downbursts
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“CAARC” = Commonwealth 
Advisory Aeronautical 
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