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3 Design Criteria for  
 Tornado and Hurricane    
 Safe Rooms

3.1 General Approach to the Design of Safe Rooms
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3.2 Load Combinations



3   DESIGN CRITERIA FOR TORNADO AND HURRICANE SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

3.2.1 Load Combinations Using Strength Design
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3.2.2 Load Combinations Using Allowable Stress Design

NOTE
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3.2.3 Other Loads and Load Combination Considerations

NOTE
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3.3 Tornado Community Safe Room Design Criteria

3.3.1 Wind Design Parameters for Tornado Community Safe Rooms

ICC-500  
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Figure 3-1. Tornado Safe Room Design Wind Speed Map (consistent with ICC-500 Tornado Hazard Map)
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Table 3-1.  Occupant Density for Tornado Community Safe Rooms

Tornado Safe Room Occupant Minimum Recommended Usable Floor Area1 in  
Square Feet per Safe Room Occupant
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3.3.2 Debris Impact Criteria for Tornado Community Safe Rooms 
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Table 3-2.  Tornado Missile Impact Criteria

Safe Room Design Wind Speed Missile Speed (of 15 lb 2x4 board member) and  
Safe Room Impact Surface
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3.4 Hurricane Community Safe Room Design Criteria
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3.4.1 Wind Design Parameters for Hurricane Community Safe Rooms
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CROSS-REFERENCE



3   DESIGN CRITERIA FOR TORNADO AND HURRICANE SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

Figure 3-2. Hurricane Safe Room Design Wind Speed Map from the ICC-500
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Figure 3-2a. Hurricane Safe Room Design Wind Speed Map from the ICC-500 – Western Gulf of Mexico Detail

Figure 3-2b. Hurricane Safe Room Design Wind Speed Map from the ICC-500 – Eastern Gulf of Mexico Detail
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Figure 3-2c.  Hurricane Safe Room Design Wind Speed Map from the ICC-500 – Mid-Atlantic and Northeast 
Detail
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Table 3-3.  Occupant Density for Hurricane Community Safe Rooms

Hurricane Safe Room Occupant Minimum Recommended Usable Floor Area1 in 
Square Feet per Safe Room Occupant
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3.4.2 Debris Impact Criteria for Hurricane Community Safe Rooms 
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Table 3-4.  Hurricane Missile Impact Criteria

Hurricane Design Missile is a 9-lb 2x4 board member impacting the safe room at the following missile 
impact speed (as a function of safe room design wind speed [V])
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3.5 Residential Safe Room Design Criteria 
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3.5.1 Wind Design Parameters for Residential Safe Rooms

ICC-500  
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Table 3-5.  Occupant Density for Residential Safe Rooms

Type of Safe Room Minimum Recommended Usable Safe Room Floor 
Area in Square Feet Per Occupant

3.5.2 Debris Impact Criteria for  
 Residential Safe Rooms 
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Table 3-6.  Residential Safe Room Missile Impact Criteria

Safe Room Design Wind Speed Missile Speed (of 15-lb 2x4 board member) and  
Safe Room Impact Surface
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3.6 Flood Hazard Design Criteria for Safe Rooms
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3.6.1 Flood Design Criteria for Community Safe Rooms

SAFE ROOMS AND TSUNAMI HAZARDS

http://nthmp.tsunami.gov/

http://www.
atcouncil.org/atc64.shtml.
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3.6.2 Flood Design Criteria for Residential Safe Rooms

DEFINITION

Figure 3-3.  Storm surge
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3.7 Product Testing 

ICC-500  
CROSS-REFERENCE



3   DESIGN CRITERIA FOR TORNADO AND HURRICANE SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

3.8 Permitting, Code Compliance, Professional Design Oversight, and  
 Peer Review

3.8.1 Permitting and Code Compliance

ICC-500  
CROSS-REFERENCE
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3.8.2 Professional Design Oversight 
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3.8.3 Peer Review

3.9 Construction Documents, Signage  
 Criteria, and Labeling

3.9.1 Construction Documents

ICC-500  
CROSS-REFERENCE
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CROSS-REFERENCE
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3.9.2 Signage Criteria and Labeling

3.10 Quality Assurance/Quality Control and Special Inspections

3.10.1 Detailed Quality Assurance/Quality Control Recommendations
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3.10.2 Quality Assurance Plan Preparation 
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3.10.3 Contractor’s Responsibility

3.10.4 Special Inspections and Acceptance
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4 Characteristics of  
 Tornadoes and Hurricanes

4.1 General Wind Effects on Buildings

NOTE
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4.2 Wind-Induced Forces – Tornadoes and Hurricanes

4.2.1 Tornadoes
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Table 4-1. Comparison Table for the Fujita and Enhanced Fujita Scales

Fujita Scale EF Scale

Fujita Scale 3-Second Gust Speed 
(mph) EF Scale 3-Second Gust Speed 

(mph)
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Figure 4-1. Typical tornado damage
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4.2.2 Hurricanes and Typhoons

Table 4-2. The Saffir-Simpson Hurricane Scale Wind Speeds and Pressures

Strength Sustained Wind 
Speed (mph)*

Gust Wind Speed 
(mph)** Pressure (millibars)



4   CHARACTERISTICS OF TORNADOES AND HURRICANES

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

4.3 Effects of Extreme-Wind Forces

CROSS-REFERENCE

CROSS-REFERENCE
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Figure 4-2.  Typical hurricane damage
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4.3.1 Effects of Tornado and Hurricane Wind Forces

4.3.2 Forces Generated by the Safe Room Design Wind Speed
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Figure 4-3. Calculated pressures (based on ASCE 7-05 C&C 
equations) acting on a typical safe room. This figure illustrates the 
different roof pressures that result for the same building and wind 
speed as the roof shape is varied. For the calculation of the loads 
from these pressures, the safe room was assumed to be a 50-foot 
x 75-foot rectangular building with a constant mean roof height of 
12 feet. Note: These loads do not include any additional loads from 
internal pressurization resulting from either a vented or breached 
building envelope.
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4.3.3 Building Failure Modes – Elements, Connections, and Materials

Figure 4-4.  Internal pressurization and resulting building 
failure due to design winds entering an opening in the 
windward wall
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4.3.4 Cyclic Loading

Figure 4-5. Forces on a building due to wind moving around 
the structure
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4.3.5 Windborne Debris and the Selection of the Representative Missile

2x6 missile penetrating a refrigerator, Midwest tornadoes of 
May 3, 1999

A plywood missile lodged in a palm tree, 
Hurricane Andrew
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4.4 Multi-Hazard Considerations

4.4.1 Multi-Hazard Risk Assessment 

4.4.2 Multi-Hazard Design 

CROSS-REFERENCE
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4.4.3 Flood Hazards 
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4.4.4 Seismic Hazards

Design Methods
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Figure 4-6.  Examples of buildings with regular and irregular 
shapes

Figure 4-7.  Time response of ground during a seismic event

Figure 4-8. Example of a single-degree-of-
freedom system
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Code Development

Figure 4-9.  Acceleration vs. period of 
structure
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Other Design Considerations

4.5 Other Hazards
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4.6 Fire Protection and Life Safety



Design'and'Construction'Guidance'for'Community'Safe'Rooms'Part'2'

Updated'on:'8/19/2012'

'

1. The'design'of'a'safe'room'to'resist'wind'loads'relies'on'the'approach'to'wind'load'
determination'taken'in'__________.''For'consistency,'the'designer'may'wish'to'use'the'

same'document'to'determine'other'loads'such'as'dead,'live,'seismic,'flood,'and'snow'

loads'that'may'act'on'the'safe'room.'

''

a) AISI'
b) ASCE'7P05'
c) ACI'316'
d) none'of'the'above'

'

2. Where'the'purpose'of'a'safe'room'is'to'provide'lifePsafety'protection'from'both'
tornadoes'and'hurricanes,'the'entire'safe'room'should'be'designed'and'constructed'

using'the'most'restrictive'of'the'two'sets'of'criteria.'

'

a) True'
b) False'

'

3. Wind'and'seismic'loads'should'not'be'considered'to'act'simultaneously.'
'

a) True'
b) False'

'

4. The'exposure'category'from'ASCEP7'to'be'used'for'safe'rooms'is'__________.'
'

a) A'
b) B'
c) C'
d) D'

'

5. The'height'of'a'safe'room'is'restricted'to'no'more'than'7'feet'per'FEMA'guidelines.'
'

a) True'
b) False'

'

6. Each'community'safe'room'should'be'sized'to'accommodate'a'minimum'of'one'
wheelchair'space'for'every'__________'occupants.'

'

a) 20'
b) 50'
c) 200'
d) 500'

'

7. No'portion'of'the'envelope,'including:'roof,'wall,'opening,'door,'window,'etc.'should'
fail'by'wind'pressure'or'be'breached'by'the'specified'windborne'debris'(at'the'

appropriate'debris'impact'wind'speed).'

'

a) True'
b) False'



8. 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) 10'
b) 18'
c) 36'
d) 50'

'

9. The'hurricane'community'safe'rooms'are'designed'to'provide'occupants'lifePsafety'
protection'for'storm'durations'of'at'least'__________'hours.'

'

a) 4'
b) 8'
c) 12'
d) 24'

'

10. To'show'that'the'safe'room'provides'lifePsafety'protection'against'flying'debris,'all'
__________'should'successfully'pass'the'debris'impactPresistance'product'testing.'

'

a) wall'and'roof'assemblies'
b) window'and'door'assemblies'
c) exterior'cladding'systems'
d) all'of'the'above'

'

11. The'states'along'the'Atlantic'and'Gulf'coasts'have'some'of'the'highest'occurrence'
rates'of'smaller'tornadoes'(EF0PEF2),'while'the'Great'Plains'region'of'the'country'

(which'includes'parts'of'Texas,'Oklahoma,'Kansas,'and'Nebraska)'consistently'has'

the'highest'occurrence'rates'of'larger'tornadoes'(EF3PEF5).'

'

a) True'
b) False'

'

12. Tornadoes'occasionally'accompany'tropical'storms'and'hurricanes'that'move'over'
land.'They'are'most'common'in'the'__________'quadrant'of'the'storm'center'as'it'

comes'onshore.'

'

a) right'front'
b) right'rear'
c) left'rear'
d) left'front'

'

13. The'highest'wind'speeds'in'a'tornado'occur'at'a'radius'measured'from'the'tornado'
vortex'center'that'can'be'larger'than'the'edge'of'the'visible'funnel'cloud’s'radius.'It'

is'important'to'remember'that'a'tornado’s'wind'speeds'cannot'be'determined'solely'

from'its'appearance.'

'

a) True'
b) False'

'



14. __________'is'an'organized'system'of'strong'thunderstorms'with'a'defined'circulation'
and'maximum'sustained'winds'of'39'to'73'mph.'

'

a) Tropical'depression'
b) Tropical'storm'
c) Hurricane'
d) Typhoon'

'

15. Extensive'damage'is'done'to'roofs,'windows,'and'doors;'roof'systems'on'small'
buildings'completely'fail;'some'curtain'walls'fail.'''This'sort'of'damage'would'be'

described'as'___________________'on'the'FEMA'C1PC5'scale.'

'

a) moderate'
b) extensive'
c) extreme'
d) catastrophic'

'

16. Damage'to'buildings'from'tornados'and'hurricanes'can'occur'as'a'result'of'__________.'
'

a) forces'induced'by'changes'in'atmospheric'pressure'(for'tornados'only)'
b) windPinduced'forces'
c) forces'induced'by'debris'impact'
d) all'of'the'above'

'

17. Forces'on'a'building'due'to'wind'blowing'around'the'structure'include'__________.'
'

a) translation'or'sliding'
b) overturning'
c) racking'
d) all'of'the'above'

'

18. The'source'of'flooding'includes'__________'and'flooding'from'local'drainage.'
'

a) floods'up'to'and'including'the'500Pyear'flood'
b) any'flood'of'record'
c) flooding'from'storm'surge'(costa'areas)'
d) all'of'the'above'

'

19. The'dynamic'analysis'for'these'types'of'structures'consists'of'__________.'
''

a) a'time'history'analysis'
b) a'response'spectrum'
c) a'modal'analysis'of'the'final'structure'
d) all'of'the'above'

'

20. Even'if'wind'loads'govern,'consideration'should'be'given'to'the'calculated'seismic'
loads'to'allow'the'structure'to'deform'without'immediate'failure.'

'

a) True'
b) False'


