
Corresponding author contact: James.G.LaDue@noaa.gov



F4 207 – 260 mph Devastating damage. Well-constructed houses 
leveled; structures with weak foundations blown away 
some distance; cars thrown and large missiles 
generated.

F5 >260 mph Incredible damage. Strong frame houses leveled off 
foundations and swept away; automobile-sized 
missiles fly through the air in excess of 100 meters 
(109 yds); trees debarked; incredible phenomena will 
occur.

Note, terms like well “constructed” 
and “strong” are used but what do 
they mean? 

Note, terms like well “constructed” 
and “strong” are used but what do 
they mean?

http://www.spc.noaa.gov/faq/tornado/f4.htm
http://www.spc.noaa.gov/faq/tornado/f5.htm
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Black, max wind 
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Houses:  The only DI 
with a debris blown 
away DOD can be 
EF5



Date Tornado Rating
27 April Tuscaloosa - Concord , AL EF4

Hacklesburg – Phil Cambell, AL EF5
Smithville, MS EF5
Philadelphia, MS EF4
Rainsville, AL EF5
Ringgold, GA EF4

22 May Joplin, MO EF5
24 May El Reno – Piedmont, OK EF5

Chickasha – Blanchard, OK EF4
Washington – Goldsby, OK EF4



Multiple candidate 
houses swept clean of 
debris



Photo by Tim Marshall

• Another house 
swept clean of 
debris

• Let’s look more 
closely
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Grass scouring 
here

Less grass scouring 
around the house



Photo by Tim Marshall

• Any debris above 
basement swept 
away from the 
house

• CMU foundation 
unreinforced
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Verdict:

• Weakness in foundation

• Most scouring located away 
from the house

• EF4Simplest way for an upgrade?
• Rebar in the CMU 

foundation
• A solid concrete stemwall, 

inc the back



Chastain Manor 
apartments

Chastain Manor 
clubhouse

Damage imagery provided by National Ocean Service



Slabbed 
apartments? Slabbed 

clubhouse?

Photo by Tim Marshall

Tornadomotion



Second floor 
apts removed

Grass bent 
over but not 
scoured

Photo by Jim LaDue



1st floor down 
a hill

Apartments, 
Condos, 
Townhouses

Almost complete 
destruction of top 
two stories

Expected wind 
speed = 180 mph

To go EF5, we 
would have to see 
compelling 
evidence of 
superior 
construction

2nd floor 
resting on fill.
Bottom plates 
straight 
nailed into 
floor 
diaphragm



Proper 
anchor bolts 
but typical 
washers 

Sill plates 
straight 
nailed into 
studs from 
below.

Too much 
debris around 
considering 
weakness.

2011 Apr 30  Photo by Jim LaDue  

What is needed to be EF5?
•Metal straps anchoring studs
•And/or more debris removal inc. sill plates
•And/or more scouring



Surveyors rating Estimated 
wind

Reasoning

Authors EF4 190 mph •max DOD matches observations, 
•Current code means pick expected wind, 
•Needed more than straight nailed studs
•context of surroundings

URS Corp 
for FEMA

EF4 •Lack of hurricane clips on long span roof 
trusses

NSF team EF5
(3 team 
members in 
favor)

> 199 mph •Slab swept clean indicates greater than 
DOD=6.
•Nail spacing to code (6” OC) 
•Quality Southern Pine, large shearwalls
•Similar construction to houses where a higher 
DOD is available

EF4
(3 team 
members in 
favor inc. 
team 
leader)

~180 mph •Lack of clips on girders or top plates to rafters
•Lack of roof deck panel staggering
•Anchor spacing, no square plate washers
•Seems to be built closer to 90 mph code



Maximum DOD with 
anchored sill plate.

But the fence is still 
standing and no 
scouring. 

Entire house vaulted 
in ~one piece leaving 
no debris within 100 
m. Inclination is to go 

below expected wind 
speed for a DOD=10. 

South of Dibble, OK   2011 May 24  Photo by Jim LaDue  



Maximum DOD with 
anchored sill plate, 
bolts every 24”!.

But there’s a mobile 
home frame resting in 
the debris. 

The debris didn’t get 
scattered long distances 
and pulverized. 

Inclination is to go below 
expected wind speed for 
a DOD=10. 

East of Dibble, OK   2011 May 24  Photo by Jim LaDue  

Tornado

motion

EF5 upgrade requirement
•No collateral damage
•Debris swept away 



Piedmont, OK 2011 May 27 Photo by Jim LaDue

•All walls down but debris remained
•Jacuzzi remains in usable condition
•DOD=9, 170 mph wind



Shrubs look in good 
condition.

Grass unscoured.

Houses left in center of 
path had walls standing.

Nail penetrated only ¼” 
into stem wall.

Used lower bound wind 
threshold 165 mph.

East of Holt, AL 2011 May 1  Photo by Jim LaDue  

Tornadomotion



Piedmont, OK 2011 May 27  Photo by Jim LaDue



Philadelphia, MS   2011 Apr 27 Photo by NWS JAN



• Adds confidence of an EF5 to a DI 
but is typically not as reliable as 
ground scouring.

• Poor asphalt is susceptible to 
stripping.

Blanchard, OK 2011 May 26  Photo by Jim LaDue



Tornado

m
otion

Piedmont, OK 2011 May 27  Photo by Jim LaDue
Bridge Creek,  OK 1999-05-05  Photo by Jim LaDue
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Blanchard, OK 2011 May 26  Photo by Jim LaDue



1999-05-04 Bridge Creek, OK  Jim LaDue



Not all of these components may exist



EF4 EF5

Surveyor A Surveyor B



Blanchard, OK 2011 May 26  Photo by Jim LaDue
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