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1 Introduction

1.1 Purpose
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1.2 Safe Rooms vs. Shelters
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TORNADO OCCURRENCE AND RESULTANT LOSSES ARE INCREASING 

This photograph from FEMA’s photo library shows the vivid 
reality of how lives are impacted by tornadoes. (Lafayette,  
TN − February 5, 2008) 
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1.3 Background

1.3.1 Tornado Events

http://www.spc.noaa.gov/climo/historical.html.
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Figure 1-1. Destroyed tornado refuge area at Kelley Elementary School, Moore, Oklahoma (1999)
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Figure 1-2. Destroyed tornado refuge area at 
Enterprise High School, Enterprise, Alabama (2007)
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1.3.2 Hurricane Events

CROSS-REFERENCE 

NOTE
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1.3.3 Post-Disaster Assessments, Research, and Design Development

Figure 1-3. Severely damaged hurricane shelter at 
Turner Agri-Civic Center, Arcadia, Florida (2004)
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http://www.fema.gov/library/viewRecord.do?id=2631
http://www.fema.gov/library/viewRecord.

do?id=2972
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Table 1-1.  Past FEMA Safe Room and Shelter Publications and Guidance

1.4  Organization of the Publication
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2 Protection Objectives

WARNING 



2   PROTECTION OBJECTIVES

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

2.1 What is a Safe Room?

NOTE 
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2.1.1  Structural and Building Envelope Characteristics of Safe Rooms
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2.1.2  Design Criteria for Different Types of Safe Rooms and Shelters

DEFINITION
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2.1.3  Occupant Safety
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2.2  Safe Room Design Process 

2.2.1 The Threat From Extreme-Wind Events
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Table 2-1.  Wind Safe Room and Shelter Design Codes, Standards, and Guidance Comparison

Title or Name of Document1 Code, Regulation, Standard, 
or Publication Wind Hazard Wind Map
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Table 2-1.  Wind Safe Room and Shelter Design Codes, Standards, and Guidance Comparison (continued)

Wind Design Coefficient  
Considerations3,4 Debris Impact Criteria5 Remarks



2   PROTECTION OBJECTIVES

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS  

SECOND EDITION

Table 2-2.  Wind Safe Room and Shelter Design Values Comparison

Shelter Design 
Standard, Code, 

or Document
Data1

Example Location #1: 
Miami, Florida  
Tornado and 

Hurricane Hazards

Example Location #2: 
Galveston, Texas 

Tornado and  
Hurricane Hazards

Example Location #3: 
Greenburg, Kansas
Tornado Hazards
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Table 2-2.  Wind Safe Room and Shelter Design Values Comparison (continued)

Shelter Design 
Standard, Code, or 

Document
Data1

Example Location #1: 
Miami, Florida  
Tornado and 

Hurricane Hazards

Example Location #2: 
Galveston, Texas  

Tornado and  
Hurricane Hazards

Example Location #3: 
Greensburg, Kansas

Tornado Hazards
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Figure 2-1.  Process for risk and needs assessments for safe rooms
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Frequency or Probability of Occurrence Maps
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Figure 2-2. Tornado occurrence map
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Wind Speed Maps
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2.2.2  Vulnerability Assessment
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2.2.3  Population at Risk 
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2.2.4  Risk Analysis 

Table 2-3.  Risk Analysis Matrix

Probability of Occurrence of an Extreme-Wind Event
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2.2.5 Types of Safe Rooms

CROSS-REFERENCE 
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CROSS-REFERENCE 
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2.3 Safe Room Costs

2.3.1  Design Parameters Affecting Safe Room Costs
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2.3.2 Recent Safe Room Cost Data 

Table 2-4.  Cost Data From Recent Community Safe Room Projects

Description Cost Metric Comments
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Description Cost Metric Comments

2.3.3  Other Factors Impacting Cost

Table 2-4.  Cost Data From Recent Community Safe Room Projects (continued)
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2.3.4 Additional Factors to Consider When Constructing a Safe Room

2.4 Benefit-Cost Analysis
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http://www.fema.
gov/government/grant/bca.shtm

2.4.1  Existing Shelter BCA Software

Figure 2-3.  Flowchart for the existing benefit-cost model
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2.4.2  New Tornado Safe Room BCA Software
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Design'and'Construction'Guidance'for'Community'Safe'Rooms'Part'1'
Updated'on:'8/19/2012'

'
1. There'has'not'been'a'ingle'reported'failure'of'a'safe'room'constructed'to'FEMA'

criteria.'
''

a) True'
b) False'

'
2. FEMA'continues'to'advocate'the'design'and'construction'of'safe'rooms'as'evident'by'

its'continuing'support'of'safe'room'initiatives'through'__________.'
'

a) guidance'of'safe'room'design,'such'as'FEMA'361'
b) several'grant'programs'
c) both'a)'and'b)'
d) none'of'the'above'

'
3. __________'means'that,'based'on'our'current'knowledge'of'tornados'and'hurricanes,'

the'occupants'of'a'safe'room'built'according'to'this'guidance'will'have'a'very'high'
probability'of'being'protected'from'injury'or'death.'

'
a) NearSabsolute'protection'
b) Maintainable'protection'
c) Absolute'protection'
d) Probable'protection'

'
4. In'__________,'the'National'Weather'Service'(NWS)'started'keeping'organized'records'

of'tornados'occurring'in'the'United'States.'
'

a) 1950'
b) 1910'
c) 1850'
d) 1980'

'
5. __________'is'a'specially'designed'and'constructed'room'or'area'within'or'attached'to'

a'larger'building;'the'safe'room'(room'or'area)'that'may'be'designed'and'
constructed'or'retrofitted'to'be'structurally'independent'of'the'larger'building,'but'
provides'the'same'wind'and'missile'protection'as'a'standSalone'safe'room.'

'
a) Internal'safe'room'
b) External'safe'room'
c) Adjacent'safe'room'
d) IntraSbuilding'safe'room'

'
6. The'term'storm'surge'means'an'abnormal'rise'in'sea'level'accompanying'a'

hurricane'or'other'intense'storm,'whose'height'is'the'difference'between'the'
observed'level'of'the'sea'surface'and'the'level'that'would'have'occurred'in'the'
absence'of'the'hurricane.'

'
a) True'
b) False'



7. When'a'hurricane,'tornado,'earthquake,'or'terrorist'attack'results'in'a'catastrophic'
natural'or'manmade'disaster'in'the'United'States'or'one'of'its'territories,'the'
objectives'of'a'FEMA'Mitigation'Assessment'Team'is'to'__________.'
'

a) inspect'damage'to'buildings'
b) assess'the'performance'of'the'buildings'
c) evaluate'design'and'construction'practices'
d) all'of'the'above'

'
8. FEMA'has'developed'prescriptive'designs'for'residential'and'small'community'safe'

rooms'(for'6'or'fewer'occupants)'designed'to'nearSabsolute'protection'for'the'
occupants'of'a'home'or'small'business'during'extremeSwin'events.'

'
a) True'
b) False'

'
9. The'term'__________'refers'to'specialized'design'and'construction'applied'to'a'room'

or'building'to'allow'it'to'resist'wind'pressures'and'wind'borne'debris'impacts'
during'an'extremeSwind'event'and'are'capable'or'providing'lifeSsafety'protection.'

'
a) softened'
b) hardened'
c) strengthened'
d) weakened'

'
10. The'primary'difference'in'a'building’s'structural'system'designed'for'use'as'a'safe'

room,'rather'than'for'conventional'use,'is'the'magnitude'of'the'wind'forces'that'it'is'
designed'to'withstand.'

'
a) True'
b) False'
'

11. Areas'within'hurricane'prone'regions'located'within'1'mile'of'the'coastal'mean'high'
water'line'where'the'basic'wind'speed'is'equal'to'or'greater'than'110'mph'and'in'
areas'where'the'basic'wind'speed'is'equal'to'or'greater'than'120'mph'are'called'
__________.'

'
a) wind'borne'debris'regions'
b) category'5'zones'
c) high'velocity'regions'
d) all'of'the'above'

'
12. The required design strength of the safe room, shelter, or refuge area, is dictated 

by wind pressure criteria given by different guides, codes, and standards. FEMA 
recommends design wind speeds for safe rooms that range from 130 to 250 mph 
for tornado hazards and from 160 to 255 mph for hurricane hazards.'

'
a) True'
b) False'

'



13. During'the'second'stage'of'the'vulnerability'assessment,'special'attention'should'be'
made'to'identify'__________'that'could'be'used'as'safe'rooms'after'the'structural'
hardening'and'other'recommended'improvements'are'completed.'

'
a) standSalone'buildings'
b) portions'of'existing'buildings'
c) the'interior'areas'of'highSoccupancy'buildings'
d) all'of'the'above'

'
14. Community'safe'rooms'have'a'single'purpose'S'to'protect'the'life'safety'of'the'

population'at'risk'during'the'storm'event.'The'population'at'risk'is'understood'to'
encompass'only'those'people'who'are'unable'to'evacuate'ahead'of'the'storm'for'any'
reason.'

'
a) True'
b) False'

'
15. When'evaluating'risk'analysis',the'potential'losses'determined'on'the'basis'of'the'

vulnerability'of'a'building'and'its'occupants'to'damage'and'resultant'death'and'
injury'from'an'extremeSwind'event'of'a'certain'magnitude'are'compared'with'the'
__________.'

'
a) cost'of'constructing'the'safe'room'
b) the'probability'of'occurrence'of'such'an'event'at'that'location'
c) maintenance'cost'of'structure'
d) damage'to'structure'and'building'are'the'only'two'considerations'

'
16. Evaluating'safe'room'areas'in'an'existing'building'helps'the'owner'__________.'

'
a) determine'whether'the'safest'part'of'the'building'is'being'used'as'a'safe'

room'
b) identify'possible'ways'to'make'existing'areas'safer'
c) decide'whether'to'design'and'build'a'safe'room'according'to'the'guidance'in'

this'publication'
d) all'of'the'above'

'
17. The'simpler'the'safe'room'construction'system'(short'walls,'short'roof'spans,'and'

minimal'interior'finishes),'the'lower'the'cost.'Safe'rooms'with'large,'open'spaces'
that'require'more'elaborate'construction'systems'will'undoubtedly'cost'more'than'
an'ordinary'building.'

'
a) True'
b) False'

'
18. The'cost'for'constructing'a'community'safe'room'is'approximately'$150S$240'per'

square'foot.'
'

a) True'
b) False'

'



19. The'most'costSeffective'means'of'constructing'a'safe'room'at'a'site'is'to'__________.'
''

a) use'local'materials'
b) incorporate'the'safe'room'into'a'new'building'design'in'the'initial'planning'

stage'
c) reduce'the'design'wind'speed'
d) use'a'lighter'foundation'

'
20. Benefits'or'avoided'damages'are'based'on'the'reduction'of'casualties'(injuries'and'

deaths)'resulting'from'the'construction'of'the'proposed'shelter.''The'main'factor(s)'
used'to'calculate'these'benefits'is'__________.'

'
a) losses'associated'with'injury'or'death'
b) safe'room'occupancy'
c) probability'of'injury'and'death'due'to'tornado'or'hurricane'winds'
d) all'of'the'above'


