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Natural Hazards Affect Large Regions

Wind fields that can extend hundreds of kilometers Distributed Infrastructure System
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Spatial Correlation in TC Wind Speed Residuals
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Previous Research: Spatial Correlation of Wind Field Residuals
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Study Framework
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Study Cases: Storms Track and Landfall Location

1. Storm selsection and data processing
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H*Wind Dataset

and HAZUS Model

1. Storm selsection and data processing
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Latitude

Wind Field Residual Spatial Correlation
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2. Wind Field Residual Spatial correlation
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Components of The Total Residual
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Wind Field Residual Spatial Correlation
/ Within-event Residuals \
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Wind Field Residual Spatial Correlation

2. Wind Field Residual Spatial correlation
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Simulation of Correlated Wind Field Residuals
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Simulation of Correlated Wind Fields

3. Spatially Correlated Wind Field Residual Simulation
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Case Study: Power Distribution Network

Electric power system of Shelby County, Tennessee I Gate Station

A Medium voltage substation

Span of support towers: 240m © Low voltage substation

Transmission Line
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Simulation of Correlated Wind Fields

Observation (H*wind dataset)
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Simulation of Correlated Wind Field Residuals
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3. Spatially Correlated Wind Field Residual Simulation
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Fragility Function

4. Tower, Line, and System failure

l Estimate Tower I
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Sensitivity to Median Capacity

The median capacity of the fragility function,
0, 1s parameterized relative to a reference
maximum wind speed, V,,,,,, through the

capacity ratio:
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4. Tower, Line, and System failure
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System Response
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System Response

- Increasing component capacity — increasing sensitivity to correlation model

O/V oy = 0.75 O/Vpax = 1 OV = 1.2
L5 . ‘ | : . 1.5 ‘ ‘ ‘ ‘ l ‘ 1.5 , ‘ ‘ ‘ ‘ ‘

PExp(K 2 k}
PGauss(K = k)

y
v
y
y

05 L 1 05 1 L L 1 L L 05 1 L

5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

Number of failed lines, k
OlVyax = 1.5 O/Vax = 2

1.5 1.5

Larger k: greater difference
between models




=15

Vmax

Number of failed lines, k
a/

—

(o < )¥"Og
(o 2 y)™dg




=1.5

Vin

Number of failed lines, k
OV ax

(o T )=
(y < )™y




System Response

System failure logic
changes the importance
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Key Takeaways

-

TC wind wield spatial correlation

~

matters for risk assessment of spatially

o

distributed systems

)

The impact of the type of correlation
model depends on the component
capacity and the line failure rule
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