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Questions on Our Minds 

§  Tornado effects on buildings – what is known? 
–  How are buildings damaged by tornadoes? 
–  Are specific buildings more vulnerable than others? 
–  Can damaged buildings stifle community progress? 

§  Tornado-resilient building design - is it feasible? 
–  What knowledge is needed to build such buildings? 
–  Are our building materials/technology suitable? 
–  What trade-offs are needed, or should we change? 
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120 years of Tornado Damage Surveys  

It is scarcely possible that buildings 
would yield to any of the pressure found 
by Mr. Baier, and that degree of 
provision (structural capacity) would be 
neither difficult nor extravagant.  

(1897, ASCE Review) 
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Texas Tech’s 1971 Lubbock Tornado Report 

§  Highest near-ground wind speeds:  
 à 200 mph 

§  Most damage caused by:  
 à 75 to 125 mph winds 

§  Totally destroyed buildings:  
 à failure of weak links led to 
      progressive failures 

Construction (material and engineering) – important determinants of bldg. performance 
  

à  RC Bldgs – limited damage à Steel – severe damage à Masonry – severe 

à  Multi-family units – roof removals, upper story damaged, interior partitions ok 
à  Single-family houses – total destruction, extensive and widespread damage 
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FEMA Reports (1990 -2007) 
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Hidden Consequences 

§  Loss of family structure / support networks 
§  Neighborhoods suffer 
§  Unemployment, housing shortages 
§  Interrupted education, schools destroyed 
§  PTSD, stress-related medical issues 

Not quantified by FEMA or Engineering Bldg Damage Reports 
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Response to the 2011 Tornadoes 

Structural / Wind Engineers are Re-Mobilized: 
 
à National Science Foundation – Tuscaloosa report 
à American Association of Civil Engineers – Joplin report 
à NOAA – Weather Ready Nation – addressing social AND physical consequences 

à Several reports by many teams, & peer-reviewed research papers available 
à Tornado Design Load Included in Commentary of ASCE 7-16 Load Standard 
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EF-Rating vs. Actual Damaging Winds 

EF	
  level Wind	
  Speed	
  
(mph) 

Area	
  on	
  Map	
  
(acres) 

	
  %	
  by	
  Area 

0 65-­‐85 908 22.9% 

1 86-­‐109 1179 29.8% 

2 110-­‐137 1211 30.6% 

3 138-­‐167 494 12.5% 

4 168-­‐199 166 4.2% 

5 200-­‐234 0 0.0% 

83% 

Joplin, MO Tornado 22 May 2011 
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EF2 Level Damage (110-137 mph) 
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EF4 Level Damage (168-199 mph) 
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St. John’s Regional Hospital 

EF5? 

Damaged 
steel frame 
penthouse 
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2013 Moore, OK Tornado 

§  3 tornadoes since ‘99 
§  But little change to building code 
§  Same damage to housing  
§  à Fewer deaths (FEMA shelters)  
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Life Safety AND Building Performance 
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Methodology Proposed 
Enhanced Fujita Scale Winds (3-sec gust) 

EF0 
(65-85) 

EF1 
(86-110) 

EF2 
(111-135) 

EF3 
(136-165) 

EF4 
(166-200) 

EF5 
(>200) 

Design Objective 
Damage (D)/Life Safety (L) D D D/LS D/LS LS LS 

Philosophy Considered 
Component (C)/System 
(S)/Alternative (A) 

C C C/S S S/A A 

!

Applying the Philosophy 
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Wind speeds that Damage Houses 

§  Toe-nailed roof-to-wall connection fails  – 105 mph 
§  Suction force exceeds weight of house  – 125-135 mph 
§  Wall studs can be broken (2 x 4 lumber)  – 105 mph 
§  Houses sliding failure (anchors at 6 ft o.c.)  – 105 mph 
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A Tornado-Resilient House? 
§  Use structural fasteners and connections for hurricanes 

–  Vertical Load path – beefier wood members 
–  Ring shank nails, metal hurricane straps,  
–  More anchor bolts into foundation 
–  Continuous structural sheathing on walls 
–  Outlaw TOE-NAILED roof-to-wall connections!! 

 
§  Utilize potential strength of interior partition walls 

–  i.e. use same anchorage and metal tie connection as exterior walls 
–  Brace exterior walls using strengthened interior partitions 
–  Design roof hold-downs through interior partitions 

§  Reinforce exterior building corners to hold together 
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Concluding Thoughts 

§  Catastrophic damage to housing stock is unacceptable  
§  Tornado-resilient housing - a feasible and realistic objective 
§  Better building codes will strengthen the housing sector. 

§  Involve the community to find multi-faceted solutions  
–  (social science, engineering, political, & physical science) 
–  Engineering, Engagement and Education – a must! 
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Thank you for Your Attention! 

dprev@ufl.edu 
www.davidoprevatt.com 



           University of Florida       23 

Online Link to Surveys 

§  Moore 
–  http://esridev.caps.ua.edu/MooreTornado/

MooreTornado.html 

§  Tuscaloosa 
–  http://esridev.caps.ua.edu/tuscaloosa_tornado/ 

§  Joplin 
–  http://esridev.caps.ua.edu/JoplinTornado/ 
 


