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Recent trends and climate modeling suggest that the burden 
of extreme weather events will only intensify

The average 
annual cost of 
extreme 
weather 
damage has 
risen by 4-6X 
since the 1980s 
(CPI-adjusted)
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Recent trends and climate modeling suggest that the burden 
of extreme weather events will only intensify

Challenge:
mapping design 

decisions to 
resilience 

performance

---

Otherwise, we 
won’t build 

resilient 
structures
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Core CSHub Approach: 
Incorporate quantitative hazard impacts into life cycle cost
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Probabilistic Hazard Repair Estimation
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CSHub is Improve the Toolkit for 
Probabilistic Hazard Repair Estimation
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Life Cycle 
Environmental 

Analysis

Current models 
don’t accurately 
account for the 

impact of 
neighborhood 
configuration 

(texture)
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More Disorder

More Order

What is texture? 
The arrangement of buildings in a neighborhood

• The arrangement of 
buildings creates local 
wind tunnels or shields …

• So, buildings experience 
different pressure loads

• We can refer to this effect 
in two ways …

Higher building drag coefficient

Higher effective wind speed

2
DLoad C v∝
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Fluid dynamics simulations show effects of building 
arrangement: Case study of Cat 4 Hurricane Mexico Beach, FL

Cat.5

Cat. 4 Hurricane

Cat.4Cat.3Cat.1 Cat.2



2022 Concrete Innovations
www.concreteinnovations.com

©National Ready Mixed Concrete Association 5

Slide  10

Does texture matter?

How does ignoring the 
details of texture change 

evaluations of risk? 

More Disorder

More Order
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To evaluate the importance of texture, we incorporated its effects into the 
FEMA HAZUS loss estimation

Hazard

Structures

Losses

Community

Wind speeds
Terrain
Texture

Occupancy types
Building types
Mitigation

Replacement cost

Households
Local economy

Households

Texture

Local economy

GIS data

Necessary information:

Census data

Physical models

Example:
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In a case study of Florida, wind loads were underestimated in 
>80% of homes

• In 86% of Florida census 
tracks, current models
– Underestimate wind loads
– Undervalue stronger 

construction
• Model results suggest that 

stronger construction 
could reduce Florida 
expected annual losses 
by $4 billion per year 
(double the estimate of 
current models)
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Analysis of the US East Coast suggests that ignoring texture 
underestimates value of stronger construction by > $12B/year

• While Florida’s is 
largest, all coastal 
states are exposed to 
wind hazard risk
>$10 B in expected 
value from mitigation

• In several cases, 
texture reveals risks 
2X of conventional 
models

𝑬𝑨𝑩𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑚𝑒𝑠𝑨𝑬𝑨𝑩𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐸𝐴𝐵  𝑤ℎ𝑒𝑛 𝑤𝑒 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑡𝑒𝑥𝑡𝑢𝑟𝑒



2022 Concrete Innovations
www.concreteinnovations.com

©National Ready Mixed Concrete Association 7

Slide  14

Analysis of the US East Coast suggests that due to texture 
effects, building codes should be updated pervasively

• Texture leads to 
additional wind loads 
than current codes 
assume

• One way to fix this would 
be to use a texture-
informed drag coefficient 
(Cd) in codes 

• 25,000 communities 
should set a higher drag 
coefficient to reduce their 
risk of loss

𝑪𝒅 = 4.0
>32% higher winds

𝑪𝒅 = 3.0
22% higher winds

𝑪𝒅 = 2.0
Convention

Wind loads 
underestimated in 
25,000 communities 
(66% of buildings).
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High-resolution nature of CSHub modeling allows us to 
explore social and environmental implications of hazards

• Because CSHub model examines losses at the building 
level, we can couple this with census information to map 
social and environmental consequences 

Life cycle 
Environmental Impact of HazardsSocial Impacts of Hazards
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CSHub BAIA tool considers use stage,
but not yet hazard repairs.

Building Attribute to Impact Algorithm; Hester (2018)

Building LifecycleB1: Operational use

B2: Maintenance

B3: Repair

B4: Refurbishment

B5: Replacement

A1: Raw material supply

A2: Transport

A3: Manufacturing

A4: Transport

A5: Construction/installation

Product Construction Use End of Life

B3: Repair
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Concrete homes benefit from avoided losses,
which offset additional initial costs and emissions.
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Magnitude of hazard costs and emissions
vary widely by location.
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Magnitude of hazard costs and emissions
vary widely by location.
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Key takeaways

Quantifying the value of hazard resistance is 
possible

Hazard repair cost can approach value of 
conventional construction

Investing in hazard mitigation can pay off 

City texture should be considered in design 
wind loadings

More information available at:
http://cshub.mit.edu/
cshub@mit.edu


