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7.1 Windborne Debris in Tornadoes and Hurricanes 

WARNING
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Table 7-1.  Windborne Debris (Missiles) and Debris Classifications for Tornadoes and Hurricanes

Missile Size Typical Debris Associated Damage Observed

7.1.1 Debris Potential at Safe Room Sites
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Figure 7-1.  Examples of large debris generated by tornadoes 
and hurricanes
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7.1.2 Representative Missiles 
for Debris Impact Testing

Figure 7-2.  A school bus was lifted atop a section of 
Caledonia High School, Caledonia, Mississippi (January 2008)
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Figure 7-3.  Refrigerator pierced by windborne missile (a 2x6 
wood board), Moore, Oklahoma
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Table 7-2.  Comparison of Debris Impact Test Requirements for Tornadoes and Hurricanes

Guidance, Code, or  
Standard Criteria  

for the Design Missile

Horizontal Debris Impact 
Test Speed (mph)

Large  
Missile 

Specimen

Momentum 
at Impact  

(lbf-s)+

Energy at 
Impact  
(ft-lbf)

+
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Guidance, Code, or  
Standard Criteria  

for the Design Missile

Horizontal Debris Impact 
Test Speed (mph)

Large  
Missile 

Specimen

Momentum 
at Impact  

(lbf-s)+

Energy at 
Impact  
(ft-lbf)

+

7.2 Commentary on Resistance to Missile Loads and Successful 
Testing Criteria

Table 7-2.  Comparison of Debris Impact Test Requirements for Tornadoes and Hurricanes (continued)
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DEFINITION

NOTE
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7.2.1 Debris Impact Test Speeds for Representative Missiles 
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

Table 7-3.  Missile Speed as a Function of Exposure and Distance Traveled (expressed as a percentage of the 
safe room design wind speed)

Exposure Considerations V Missile / V Safe Room Design

Table 7-4.  Missile Speed and Distance Traveled Relationships

Distance Traveled 
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7.2.2 Induced Loads From the Design Missile and Other Debris

NOTE
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ormula

Figure 7-4.  Variations of impact impulse as a function of 
impact angle 
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Figure 7-5.  Raw and filtered forcing functions measured 
using impact plate for impact from a 4.1-lb 2x4 moving at 
42.3 fps (Sciaudone 1996)

Figure 7-6.  Impulse as a function of initial missile 
momentum for 2x4
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7.3 Commentary on Performance of Wall and Roof Assemblies  
During Debris Impact Tests

7.3.1 Impact Resistance of Wood Systems

Figure 7-7. Wall sections constructed of plywood and masonry 
infill (a) and plywood and metal (b)
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7.3.2 Impact Resistance of Sheet Metal

DEFINITION

Figure 7-8  Uses of expanded metal (a) and sheet metal (b) in 
wall sections
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7.3.3 Impact Resistance of Composite Wall Systems

7.3.4 Impact Resistance of Concrete Masonry Units

Brick cavity wall reinforced 
with #4 rebar every 12 
inches and concrete infill

Note: This wall section may be impacted 
on either face.

Figure 7-9. Composite wall section

Figure 7-10. Concrete masonry unit (CMU) wall sections
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7.3.5 Impact Resistance of Reinforced Concrete

b
Insulating concrete form 
(ICF) waffle grid wall 
section at least 6 inches 
thick reinforced with #5 
rebar every 12 inches 
vertically and #4 rebar 
every 16 inches horizon-
tally

c
Insulating concrete form 
(ICF) flat wall section at 
least 4 inches thick 
reinforced with #4 rebar 
every 12 inches both 
vertically and horizontally

a
Reinforced concrete wall, 
at least 6 inches thick, 
reinforced with #4 rebar 
every 12 inches both 
vertically and horizontally 

Note: These wall sections may be 
impacted on either face.

Figure 7-11. Reinforced concrete wall section (a), reinforced 
concrete “waffle” wall constructed with insulating concrete 
forms (b), and reinforced concrete “flat” wall constructed with 
insulating concrete forms (c)



7   COMMENTARY ON THE DEBRIS IMPACT PERFORMANCE CRITERIA FOR SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND  EDITION

7.4 Commentary on General Performance of Doors, Door Frames, 
and Windows During Debris Impact Tests

NOTE
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7.4.1 Door Construction

Single-Door Systems Less Than 36 Inches Wide
NOTE
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Single-Door Systems Greater Than 36 Inches Wide

Double-Door Systems (with Center Mullions)
NOTE
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7.4.2 Door Frames

7.4.3 Door Hardware
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Single-Latch Mechanisms

Latching Mechanisms Operated with Panic Hardware

WARNING

NOTE
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7.4.4 Doors and Egress Recommendations
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Figure 7-12. The door of the safe room in Case Study I (Appendix C) is protected by a missile-resistant barrier. 
Note: the safe room roof extends past the safe room wall and connects to the top of the missile-resistant 
barrier to prevent the intrusion of missiles traveling vertically.
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7.4.5 Performance of Windows During Debris Impact Tests
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7.5 Commentary on Soil Protection From Debris Impact

7.6 Commentary on Large Falling Debris

NOTE

Figure 7-13.  ICC-500 Figure 305.2.2 Soil cover over a safe 
room relieving the requirement for debris impact-resistance

Exposed

12" Min.

3' - 0" Min.

12"Min.

12
2 Max.

Protected

Shelter
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Design'and'Construction'Guidance'for'Community'Safe'Rooms'Part'4'

Updated'on:'8/19/2012'

'

1. For'a'safe'room'to'be'effective'and'considered'as'having'met'the'criteria'presented'
in'FEMA'361,'the'external'surfaces'of'the'safe'room'should'be'designed'to'resist'

windOinduced'loads'as'well'as'____________.'

''

a) earth'pressures'
b) impacts'from'debris'
c) hydraulic'loads'from'storm'surge'
d) none'of'the'above'

'

2. The'quantity,'size,'and'force'of'windborne'debris'(missiles)'generated'by'tornadoes'
and'large'hurricanes'are'unequaled'by'those'of'other'windstorm'debris.'Missiles'are'

a'danger'to'buildings'because'the'debris'can'damage'the'structural'elements'

themselves'or'breach'the'building'envelope.'

'

a) True'
b) False'

'

3. Appliances,'HVAC'units,'long'wood'framing'members,'steel'decking,'trash'
containers,'and'furniture'are'classified'by'FEMA'as'__________.'

'

a) small'missile'
b) medium'missile'
c) large'missile'
d) none'of'the'above'

'

4. Although'pieces'of'debris'larger'than'the'test'missiles'(a'wood'board'2x4'that'is'
either'5'or'9'pounds'in'weight)'have'been'observed,'the'speed'of'these'missiles'is'

considerably'less.'From'postOdisaster'investigations,'the'2x4'test'missile'appears'

most'representative'of'the'highOenergy'missile'most'likely'to'penetrate'

conventional'construction.'

'

a) True'
b) False'

'

5. The'Florida'windborne'debris'standards'and'past'Standard'Building'Code'(SBC)'as'
well'as'the'current'ASCE'7O05'windborne'debris'requirements'meet'or'exceed'the'

FEMA'361'requirements.'

'

a) True'
b) False'

'



6. _________'is'the'term'used'to'describe'the'failure'of'a'safe'room'component'from'
windborne'debris.'When'a'missile'impacts'a'safe'room'component'and'passes'

through'it'and'into'the'protected'space'of'the'safe'room,'this'is'called'________.'

'

a) perforation'
b) penetration'
c) breaching'
d) none'of'the'above'

'

7. Few'window'or'glazing'systems'tested'for'resistance'to'missile'impact'have'met'the'
missile'impact'criteria'recommended'in'FEMA'361.'

'

a) True'
b) False'

'

8. The'actual'impact'force'of'the'missile'varies'with'the'material'used'for'the'wall'or'
roof'section'and'will'be'a'function'of'the'stiffness'of'the'material'itself'as'well'as'the'

overall'stiffness'of'the'wall'section'in'which'it'is'used.'

'

a) True'
b) False'

'

9. The'impact'of'windborne'debris'can'apply'extremely'large'forces'to'the'structure'
and'its'components'over'a'very'short'period'of'time.'The'magnitude'of'the'force'is'

related'to'the'___________'of'the'object'and'the'time'of'the'deceleration'as'the'missile'

impacts'a'surface'of'the'safe'room.'

'

a) volume'
b) mass'
c) angle'
d) shape'

'

10. On'a'wood'stud'wall,'a'4Ogauge'steel'sheet'can'resist'perforation'only'when'it'is'
used'as'the'last'layer'on'the'nonOimpact'face'on'the'interior'(safe'room'side)'of'the'

wall,'as'shown'in'Figure'7O8.'

'

a) True'
b) False'

'

11. Tests'performed'on'composite'wall'systems''have'shown'that'impacting'a'panel'
next'to'a'support'can'cause'perforation'while'impacting'midway'between'supports'

results'in'permanent'deformations'but'not'perforation.'

'

a) True'
b) False'

'



12. 8Oinch'CMU'walls'should'be'fully'grouted'but'need'only'be'reinforced'with'_________'
reinforcing'steel'@'40'inches'o.c.'for'debris'impactO'resistance;'however,'more'

reinforcing'steel'may'be'required'in'the'masonry'wall'to'carry'wind'loads,'

depending'upon'the'design'and'geometry'of'the'masonry'wall.'

'

a) #4'
b) #5'
c) #6'
d) #7'

'

13. Door'construction'(primarily'the'exterior'skin)'has'been'found'to'be'a'limiting'
element'in'the'ability'of'a'door'to'withstand'missile'impacts,'regardless'of'the'

direction'of'door'swing.'

'

a) True'
b) False'

'

14. Few'window'or'glazing'systems'tested'for'resistance'to'missile'impact'have'met'the'
missile'impact'criteria'recommended'in'FEMA'361.'

'

a) True'
b) False'

'

15. Safe'rooms'with'at'least'12'inches'of'soil'cover'protecting'horizontal'surfaces,'or'
with'at'least'______'inches'of'soil'cover'protecting'vertical'surfaces,'do'not'need'to'be'

tested'for'resistance'to'missile'impact'as'though'the'surfaces'were'exposed.'

'

a) 12'
b) 24'
c) 36'
d) 48'


