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5.1 Safe Room Types

NOTE



5   TYPES, LOCATIONS, AND SITING OF SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

5.1.1 Stand-Alone Safe Rooms

CROSS-REFERENCE
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5.1.2 Internal Safe Rooms

5.2 Single-Use and Multi-Use Safe Rooms

ICC-500 
CROSS-REFERENCE
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5.2.1 Single-Use Safe Rooms

ICC-500 
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5.2.2 Multi-Use Safe Rooms

CROSS-REFERENCE



5   TYPES, LOCATIONS, AND SITING OF SAFE ROOMS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

5.3 Modifying and Retrofitting Existing Spaces

5.3.1 General Retrofitting Issues

Figure 5-1.  The Denver International Airport (a public-use facility) evaluated the tornado risk at the airport 
site and identified the best available areas of refuge. Signs were placed at these areas to clearly identify the 
refuge areas to the public.
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5.3.2 Specific Retrofitting Issues
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5.4 Community Safe Rooms for Neighborhoods
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5.5 Community Safe Rooms at Public Facilities

ICC-500  
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5.6 Safe Room Site Selection

5.6.1 Site Function and Use Considerations

5.6.2 Site Safety and Accessibility Considerations
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5.6.3 Other Criteria to Consider

5.7 Locating Safe Rooms on Building Sites

WARNING 
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Figure 5-2.   Illustration of properly and improperly sited community and residential safe rooms in a coastal 
environment.

Community Safe Room (CSR) Location
Residential Safe Room (RSR) Location

Acceptable
Unacceptable
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Figure 5-3a.   Elevation details for sample community safe rooms presented in Figure 5-2.
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Figure 5-3b.    Elevation details for sample residential safe rooms presented in Figure 5-2.
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6 Commentary on Load  
 Determination and  
 Structural Design Criteria

6.1 Commentary on the General Approach 

CROSS-REFERENCE
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6.1.1 Design Wind Speeds
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6.1.2 Design Wind Speeds for Tornado Safe Rooms



6   COMMENTARY ON LOAD DETERMINATION AND STRUCTURAL DESIGN CRITERIA

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

Table 6-1.  Tornado Frequencies in the United States (1950-2006) 

Fujita Scale Number of Tornadoes Percentage Cumulative Percentage
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6.1.3 Design Wind Speeds for Hurricane Safe Rooms
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Table 6-2.  Saffir-Simpson Hurricane Scale

Saffir-Simpson Scale 1-Minute Sustained Wind 
Speed (mph)*

3-Second Gust Wind Speed 
(mph)**
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6.1.4 Wind Speeds for Alaska

6.1.5 Probability of Exceeding the Design Wind Speed
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6.2 Commentary on Load Combinations 

6.2.1 Strength Design
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6.2.2 Allowable Stress Design (ASD)

NOTE
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6.2.3 Combination of Loads – MWFRS and C&C 
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Figure 6-1.  MWFRS combined loads and C&C loads acting on a structural member
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6.3 Commentary on Tornado Community Safe Room Design Criteria 

6.3.1 Wind Design Parameters Using ASCE 7-05
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6.4 Commentary on Hurricane Community Safe Room Design  
Criteria 

Figure 6-2.  Comparison of tributary and effective wind areas for a roof supported by open-web steel joists
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6.5 Commentary on Residential Safe Room Design Criteria
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6.6 Commentary on Continuous Load Path Concepts
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6.7 Anchorages and Connections 

6.7.1 Roof Connections and Roof-to-Wall Connections

Figure 6-3.  Critical connections important for providing a continuous load path in a typical masonry, concrete, 
or metal-frame building wall. (For clarity, concrete roof deck is not shown.)
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Figure 6-4.   Continuous load path in a reinforced masonry building with a concrete roof deck
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6.7.2 Foundation-to-Wall Connections and 
Connections Within Wall Systems

Figure 6-5.  Failure in this load path occurred 
between the bond beam and the top of the 
unreinforced masonry wall. This school 
building was in the path of an F4 tornado 
vortex.

Figure 6-6.  These two steel columns failed at their connection 
to the foundation. The anchor bolts that secured the column 
released from the concrete (embedment failure) while the 
anchor bolts that secured the column on the right experienced 
a ductile failure.
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'
1. A'potential'advantage'of'a'standEalone'safe'room'is'__________.'

''
a) the'safe'room'may'be'located'away'from'potential'debris'hazards'
b) the'safe'room'will'be'structurally'separate'from'any'building'and'therefore'

not'vulnerable'to'being'weakened'if'part'of'an'adjacent'structure'collapses'
c) the'safe'room'does'not'need'to'be'integrated'into'an'existing'building'design'
d) all'of'the'above'

'
2. A'potential'advantage'of'an'internal'safe'room'is'that'a'safe'room'designed'to'be'

within'a'new'building'may'be'located'in'an'area'of'the'building'that'the'building'
occupants'can'reach'quickly,'easily,'and'without'having'to'go'outside'during'the'
storm.'

'
a) True'
b) False'

'
3. A'standEalone'(internal'or'external)'safe'room'may'be'used'for'sheltering'only,'or'it'

may'have'multiple'uses.'For'example,'a'multiEuse'safe'room'at'a'school'could'also'
function'as'a'__________.'

'
a) classroom'
b) lunchroom'
c) laboratory'
d) all'of'the'above'

'
4. SingleEuse'safe'rooms'are,'as'the'name'implies,'used'only'in'the'event'of'a'natural'

hazard'event.'One'advantage'of'singleEuse'safe'rooms'is'a'potentially'simplified'
design'that'may'be'readily'accepted'by'a'local'building'official'or'fire'marshal.'

'
a) True'
b) False'

'
5. For'hospitals'and'clinics,'constructing'multiEuse'safe'rooms'in'building'areas'such'as'

intensive'care'units'or'surgical'suites,'from'which'the'occupants'cannot'be'
evacuated'rapidly,'is'an'example'of'a'multiEuse'application'that'provides'immediate'
return'on'investment'for'the'safe'room'space.'

'
a) True'
b) False'

'
6. A'retrofit'project'that'modifies'a'space'in'a'building'for'safe'room'use'but'that'does'

not'meet'the'design'criteria'of'Chapter'3'will'improve'the'ability'of'the'space'to'
function'as'a'shelter'or'refuge'area'from'extremeEwind'events,'but'it'cannot'be'
relied'upon'to'provide'nearEabsolute'protection'as'defined'by'FEMA'361.'

'
a) True'
b) False'

'



7. Designers'should'be'aware'that'an'area'of'a'building'usually'used'for'refuge'are'
always'the'best'candidate'for'retrofitting'when'the'goal'is'to'provide'nearEabsolute'
protection.'
'

a) True'
b) False'

'
8. It'is'difficult'to'retrofit'an'existing'area'of'a'building'to'serve'as'a'shelter'or'refuge'

area'and'meet'the'level'of'protection'of'a'safe'room'designed'according'to'the'
guidance'presented'in'FEMA'361.'

'
a) True'
b) False'

'
9. Issues'related'to'the'retrofitting'of'existing'refuge'areas'that'should'be'considered'

include'__________.'
'

a) the'roof'system'
b) the'wall'system'
c) openings'
d) all'of'the'above'

'
10. Community'safe'rooms'intended'to'provide'protection'in'the'residential'

neighborhoods'require'designers'to'focus'on'a'number'of'issues'in'addition'to'
structural'design.'These'can'include'__________.'

'
a) ownership'
b) rules'for'admission'
c) liability'
d) all'of'the'above'

'
11. Access'and'entry.'Confusion'has'occurred'during'past'tornado'events'when'

residents'evacuated'their'homes'to'go'to'a'community'shelter,'but'could'not'get'in.'
During'the'Midwest'tornadoes'of'May'3,'1999,'residents'in'a'Wichita'community'
went'to'their'assigned'shelter'only'to'find'it'locked.'

'
a) True'
b) False'

'
12. Safe'rooms'should'be'located'outside'known'floodEprone'areas'including'the'

__________'floodplain,'and'away'from'any'potential'large'debris'sources.'
'

a) 20'year'
b) 50'year'
c) 100'year'
d) 500'year'

'



13. Historical'data'were'the'key'tool'used'to'establish'wind'speeds'and'zones'associated'
with'areas'susceptible'to'tornado'occurrence.'

'
a) True'
b) False'

'
14. Even'in'the'areas'of'the'middle'of'the'country'where'the'risk'of'EF4'and'EF5'

tornadoes'is'greatest,'the'annual'probabilities'that'a'particular'structure'will'be'
impacted'by'an'EF4'or'EF5'tornado'are'no'more'than'0.00002'(a'50,000Eyear'MRI).'

'
a) True'
b) False'

'
15. According'to'ASCE'7E05,'the'__________'is'an'assemblage'of'structural'elements'

assigned'to'provide'support'and'stability'for'the'overall'structure'and,'as'a'
consequence,'generally'receives'wind'loading'from'all'surfaces'of'the'building.'

'
a) components'and'cladding'
b) main'wind'force'resisting'system'
c) structural'frame'
d) all'of'the'above'

'
16. C&C'elements'include'wall'and'roof'members'(e.g.,'joists,'purlins,'studs),'windows,'

doors,'fascia,'fasteners,'siding,'soffits,'parapets,'chimneys,'and'roof'overhangs.'C&C'
elements'receive'wind'loads'directly'and'transfer'the'loads'to'other'components'or'
to'the'MWFRS.'

'
a) True'
b) False'

'
17. It'is'recommended'that'site'Exposure'_____,'associated'with'open'terrain,'be'used'to'

determine'design'wind'forces'for'safe'rooms.'In'severe'tornadoes'and'hurricanes,'
ordinary'structures'and'trees'in'wooded'areas'are'flattened,'exposing'safe'rooms'to'
winds'coming'over'open'terrain.'

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

'
18. The'directionality'factor'(Kd)'is'conservatively'set'at'______'.'This'is'done'because'

wind'directions'may'change'considerably'during'a'tornado'or'higher'intensity'
hurricane'and'a'building'may'be'exposed'to'intense'winds'from'its'most'vulnerable'
direction.'

'
a) 0.85'
b) 1.00'
c) 1.25'
d) 1.85'

'



19. A'common'failure'of'buildings'during'extremeEwind'events'is'the'failure'of'
connections'between'building'elements.'This'failure'is'often'initiated'by'a'breach'in'
the'building'envelope,'such'as'____________,'which'allows'internal'pressures'within'
the'building'to'increase'rapidly.'

''
a) broken'doors'and'windows'
b) partial'roof'failure'
c) both'a)'and'b)'
d) none'of'the'above'

'
20. Adequate'connections'must'be'provided'between'the'roof'sheathing'and'roof'

structural'support,'steel'joists,'and'other'structural'roofing'members'and'walls'or'
structural'columns.'These'are'the'connections'at'the'top'of'the'continuous'load'path'
and'are'required'to'keep'the'roof'system'attached'to'the'safe'room.'

'
a) True'
b) False'


