
o Non-stationary wind storms such as thunderstorm

downbursts and tornadoes present challenging structural

engineering problems due to non-stationary, transient flow

fields leading to intense wind loading.

o Performance-based wind engineering (PBWE) methods

promote flexibility, cost-effectiveness, and sustainability in

engineering design for wind phenomena.

o Recent implementations of PBWE utilize analytical methods

are inadequate for complex non-stationary wind events.

o The objective of the research is to develop a framework that

applies the PBWE methodology to vertical structures

(buildings, towers, etc.) subjected to loading from non-

stationary wind phenomena.
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❑ Tornado
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Setup of multi-blade flow device experiments in the Northeastern 

University’s wind tunnel

 
 
 
 
 
 
 
 
 
 
 

 

 

Schematic of multi-blade flow device (left) and illustration of downburst 

gust front (right)
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(Right) Schematic of reduced-order model of 

tall building.

(Left) Schematic of point-like monopile 

structure.
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Research Findings

Stage 2: Monte Carlo Simulations

➢ A computationally efficient framework for performance-based assessment of vertical structures in 

environments prone to severe loading from non-stationary wind phenomena is developed.

➢ Physical replication of the non-stationary gust front of a downburst is achieved using a multi-blade 

flow device in a wind tunnel experiment.


