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Federal Emergency Management Agency (FEMA) publications presenting design and 
construction guidance for both residential and community safe rooms have been available 
since 1998. Since that time, thousands of safe rooms have been built using FEMA’s Hazard 
Mitigation Assistance Program. A growing number of these safe rooms have already saved 
lives in actual events. There has not been a single reported failure of a safe room constructed to 
FEMA criteria. This Second Edition of FEMA 361 presents updated and refined design criteria 
for safe rooms when compared to the First Edition’s 2000 criteria. The changes to the design 
criteria are the result of post-disaster investigations into the performance of safe rooms and 
shelters after tornadoes and hurricanes. Further, the changes also consider the new consensus 
standard from the International Code Council® (ICC®) and the National Storm Shelter Association 
(NSSA) released in August 2008, the ICC/NSSA Standard for the Design and Construction of 
Storm Shelters (ICC-500). The criteria presented in this publication address how to design and 
construct a safe room that provides near-absolute protection for groups of individuals sent to a 
building or structure expecting it to be capable of providing them life-safety protection from wind, 
windborne debris, and flooding.

FEMA continues to support the development of consensus codes and standards that provide 
minimum acceptable requirements for the design and construction of hazard-resistant buildings; 
and FEMA supported and participated in the development of the ICC-500. Although the ICC-500 
took much of what was presented in the First Edition of this publication and updated and codified 
it through the consensus standard process, some design criteria remain different between the 
two documents. The technical differences related to wind design criteria for both tornado and 
hurricane hazards, the design missile criteria for hurricane safe rooms, peer review requirements 
for the safe room designs, and siting requirements with respect to flood hazards are presented 
at the beginning of Chapter 3 of this publication. FEMA has maintained different criteria than 
what is provided in the ICC-500 in the same way FEMA continues to provide best-practices and 
design guidance on all types of hazard resistance construction (from residential buildings to 
critical facilities). Should safe room designers, operators, and emergency managers implement 
the FEMA criteria in their projects, they can feel confident knowing that they used the best-
available information to guide the design and construction of a safe room (public or private) that 
provides near-absolute protection from the deadly winds and debris associated with extreme-
wind events.

Preface





iii

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

Design and Construction 
Guidance for Community  
Safe Rooms
Table of Contents
Preface .................................................................................................................................................. i

1 Introduction .................................................................................................................................1-1

1.1  Purpose ............................................................................................................................ 1-1

1.2  Safe Rooms vs. Shelters................................................................................................. 1-2

1.3  Background ...................................................................................................................... 1-5

1.3.1  Tornado Events ....................................................................................................... 1-5

1.3.2  Hurricane Events ..................................................................................................... 1-8

1.3.3  Post-Disaster Assessments, Research, and Design Development ......................1-10

1.4  Organization of the Publication ...................................................................................1-13

2 Protection Objectives ..............................................................................................................2-1

2.1  What is a Safe Room? ..................................................................................................... 2-2

2.1.1  Structural and Building Envelope Characteristics of Safe Rooms .......................... 2-4

2.1.2  Design Criteria for Different Types of Safe Rooms and Shelters ........................... 2-5

2.1.3  Occupant Safety ...................................................................................................... 2-6

2.2   Safe Room Design Process  ........................................................................................... 2-7

2.2.1  The Threat From Extreme-Wind Events ................................................................. 2-7

2.2.2   Vulnerability Assessment ......................................................................................2-16

2.2.3  Population at Risk  ................................................................................................2-17

2.2.4  Risk Analysis  ........................................................................................................2-18

2.2.5  Types of Safe Rooms ............................................................................................2-19

2.3  Safe Room Costs ...........................................................................................................2-21

2.3.1  Design Parameters Affecting Safe Room Costs ...................................................2-21

2.3.2  Recent Safe Room Cost Data  ..............................................................................2-22



iv

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

2.3.3  Other Factors Impacting Cost ...............................................................................2-23

2.3.4  Additional Factors to Consider When Constructing a Safe Room ........................2-26

2.4  Benefit-Cost Analysis ...................................................................................................2-26

2.4.1  Existing Shelter BCA Software ..............................................................................2-27

2.4.2  New Tornado Safe Room BCA Software ..............................................................2-28

3 Design Criteria for Tornado and Hurricane Safe Rooms ............................................3-1

3.1  General Approach to the Design of Safe Rooms ......................................................... 3-1

3.2  Load Combinations ......................................................................................................... 3-3

3.2.1  Load Combinations Using Strength Design ............................................................ 3-4

3.2.2  Load Combinations Using Allowable Stress Design ............................................... 3-5

3.2.3  Other Loads and Load Combination Considerations .............................................. 3-6

3.3  Tornado Community Safe Room Design Criteria ........................................................ 3-7

3.3.1  Wind Design Parameters for Tornado Community Safe Rooms ............................ 3-7

3.3.2  Debris Impact Criteria for Tornado Community Safe Rooms  ..............................3-12

3.4  Hurricane Community Safe Room Design Criteria ....................................................3-14

3.4.1  Wind Design Parameters for Hurricane Community Safe Rooms ........................3-15

3.4.2  Debris Impact Criteria for Hurricane Community Safe Rooms  ............................3-20

3.5  Residential Safe Room Design Criteria  ......................................................................3-23

3.5.1  Wind Design Parameters for Residential Safe Rooms .........................................3-24

3.5.2  Debris Impact Criteria for Residential Safe Rooms  .............................................3-26

3.6  Flood Hazard Design Criteria for Safe Rooms ...........................................................3-28

3.6.1  Flood Design Criteria for Community Safe Rooms ...............................................3-29

3.6.2  Flood Design Criteria for Residential Safe Rooms ...............................................3-31

3.7  Product Testing  ............................................................................................................3-33

3.8  Permitting, Code Compliance, Professional Design Oversight, and Peer Review 3-34

3.8.1  Permitting and Code Compliance .........................................................................3-34

3.8.2  Professional Design Oversight  .............................................................................3-35

3.8.3  Peer Review ..........................................................................................................3-36

3.9  Construction Documents, Signage Criteria, and Labeling .......................................3-36

3.9.1  Construction Documents .......................................................................................3-36

3.9.2  Signage Criteria and Labeling ...............................................................................3-38



v

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

3.10  Quality Assurance/Quality Control and Special Inspections ...................................3-38

3.10.1 Detailed Quality Assurance/Quality Control Recommendations ..........................3-38

3.10.2 Quality Assurance Plan Preparation  ...................................................................3-39

3.10.3 Contractor’s Responsibility ...................................................................................3-40

3.10.4 Special Inspections and Acceptance ...................................................................3-40

4 Characteristics of Tornadoes and Hurricanes ...............................................................4-1

4.1  General Wind Effects on Buildings ............................................................................... 4-1

4.2  Wind-Induced Forces – Tornadoes and Hurricanes .................................................... 4-2

4.2.1  Tornadoes ............................................................................................................... 4-2

4.2.2  Hurricanes and Typhoons ....................................................................................... 4-7

4.3 Effects of Extreme-Wind Forces ....................................................................................... 4-8

4.3.1  Effects of Tornado and Hurricane Wind Forces ....................................................4-10

4.3.2  Forces Generated by the Safe Room Design Wind Speed ..................................4-10

4.3.3  Building Failure Modes – Elements, Connections, and Materials ........................4-13

4.3.4  Cyclic Loading .......................................................................................................4-14

4.3.5  Windborne Debris and the Selection of the Representative Missile .....................4-15

4.4  Multi-Hazard Considerations ........................................................................................4-16

4.4.1  Multi-Hazard Risk Assessment  ............................................................................4-16

4.4.2  Multi-Hazard Design  .............................................................................................4-16

4.4.3  Flood Hazards  ......................................................................................................4-17

4.4.4  Seismic Hazards ...................................................................................................4-18

4.5  Other Hazards ................................................................................................................4-21

4.6  Fire Protection and Life Safety ....................................................................................4-22

5 Types, Location, and Siting of Safe Rooms .....................................................................5-1

5.1  Safe Room Types ............................................................................................................ 5-1

5.1.1  Stand-Alone Safe Rooms ........................................................................................ 5-2

5.1.2  Internal Safe Rooms ................................................................................................ 5-3

5.2  Single-Use and Multi-Use Safe Rooms ......................................................................... 5-3

5.2.1  Single-Use Safe Rooms .......................................................................................... 5-4

5.2.2  Multi-Use Safe Rooms ............................................................................................ 5-5

5.3  Modifying and Retrofitting Existing Spaces ................................................................. 5-6

5.3.1  General Retrofitting Issues ...................................................................................... 5-6

5.3.2  Specific Retrofitting Issues ...................................................................................... 5-7



vi

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

5.4  Community Safe Rooms for Neighborhoods ............................................................... 5-9

5.5  Community Safe Rooms at Public Facilities ..............................................................5-11

5.6  Safe Room Site Selection .............................................................................................5-13

5.6.1  Site Function and Use Considerations ..................................................................5-13

5.6.2  Site Safety and Accessibility Considerations ........................................................5-13

5.6.3  Other Criteria to Consider .....................................................................................5-14

5.7  Locating Safe Rooms on Building Sites .....................................................................5-14

6 Commentary on Load Determination and Structural Design Criteria ..................6-1

6.1  Commentary on the General Approach  ....................................................................... 6-1

6.1.1  Design Wind Speeds ............................................................................................... 6-2

6.1.2  Design Wind Speeds for Tornado Safe Rooms ...................................................... 6-3

6.1.3  Design Wind Speeds for Hurricane Safe Rooms .................................................... 6-5

6.1.4  Wind Speeds for Alaska .......................................................................................... 6-8

6.1.5  Probability of Exceeding the Design Wind Speed .................................................. 6-8

6.2  Commentary on Load Combinations  ........................................................................... 6-9

6.2.1  Strength Design ....................................................................................................... 6-9

6.2.2  Allowable Stress Design (ASD) .............................................................................6-11

6.2.3  Combination of Loads – MWFRS and C&C  .........................................................6-13

6.3  Commentary on Tornado Community Safe Room Design Criteria  .........................6-16

6.3.1  Wind Design Parameters Using ASCE 7-05 .........................................................6-16

6.4  Commentary on Hurricane Community Safe Room Design Criteria  ......................6-21

6.5  Commentary on Residential Safe Room Design Criteria ..........................................6-23

6.6  Commentary on Continuous Load Path Concepts ....................................................6-24

6.7  Anchorages and Connections  ....................................................................................6-25

6.7.1  Roof Connections and Roof-to-Wall Connections ................................................6-25

6.7.2  Foundation-to-Wall Connections and Connections Within Wall Systems ............6-27

7  Commentary on Debris Impact Performance Criteria for Safe Rooms .............7-1

7.1  Windborne Debris in Tornadoes and Hurricanes  ....................................................... 7-2

7.1.1  Debris Potential at Safe Room Sites ....................................................................... 7-3

7.1.2  Representative Missiles for Debris Impact Testing ................................................. 7-5

7.2  Commentary on Resistance to Missile Loads and Successful Testing Criteria ...... 7-8



vii

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

7.2.1  Debris Impact Test Speeds for Representative Missiles  .....................................7-10

7.2.2  Induced Loads From the Design Missile and Other Debris ..................................7-12

7.3  Commentary on Performance of Wall and Roof Assemblies During Debris  
Impact Tests ...................................................................................................................7-16

7.3.1  Impact Resistance of Wood Systems ...................................................................7-16

7.3.2  Impact Resistance of Sheet Metal ........................................................................7-17

7.3.3  Impact Resistance of Composite Wall Systems ...................................................7-18

7.3.4  Impact Resistance of Concrete Masonry Units .....................................................7-18

7.3.5  Impact Resistance of Reinforced Concrete ..........................................................7-19

7.4  Commentary on General Performance of Doors, Door Frames, and Windows  
During Debris Impact Tests ..........................................................................................7-20

7.4.1  Door Construction .................................................................................................7-21

7.4.2  Door Frames .........................................................................................................7-23

7.4.3  Door Hardware ......................................................................................................7-23

7.4.4  Doors and Egress Recommendations ..................................................................7-25

7.4.5  Performance of Windows During Debris Impact Tests .........................................7-27

7.5  Commentary on Soil Protection From Debris Impact ...............................................7-28

7.6  Commentary on Large Falling Debris .........................................................................7-28

8 Human Factors Criteria ...........................................................................................................8-1

8.1  Protection of Critical Support Systems ........................................................................ 8-1

8.2  Occupancy Duration ....................................................................................................... 8-2

8.2.1 Tornado Safe Rooms ............................................................................................... 8-2

8.2.2  Hurricane Safe Rooms ............................................................................................ 8-2

8.3  Ventilation ........................................................................................................................ 8-2

8.3.1  Ventilation for Tornado Community Safe Rooms ................................................... 8-3

8.3.2  Ventilation for Hurricane Community Safe Rooms ................................................. 8-4

8.4  Square Footage, Occupancy, and Egress Recommendations .................................. 8-5

8.4.1  Tornado and Hurricane Community Safe Room Square Footage Criteria ............. 8-5

8.4.2  Tornado and Hurricane Residential Safe Room Square Footage Criteria ............. 8-7

8.5  Distance and Travel Time ............................................................................................... 8-7

8.6  Americans with Disabilities Act (ADA) .......................................................................... 8-8

8.7  Special Needs .................................................................................................................. 8-9

8.8  Lighting ............................................................................................................................. 8-9



viii

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

8.9  Emergency Provisions ..................................................................................................8-10

8.9.1  Food and Water .....................................................................................................8-10

8.9.2  Sanitation Management ........................................................................................8-10

8.9.3  Emergency Supplies  ............................................................................................8-11

8.9.4  Communications Equipment .................................................................................8-11

8.10  Standby Power ...............................................................................................................8-12

9 Emergency Management Considerations ........................................................................9-1

9.1  Community Safe Room Operations Plan ...................................................................... 9-2

9.1.1  Community Safe Room Manager ............................................................................ 9-3

9.1.2 Building Manager .................................................................................................... 9-4

9.1.3 Shift Supervisor ....................................................................................................... 9-4

9.1.4  Registration Unit Leader .......................................................................................... 9-5

9.1.5  Health Services Unit Leader ................................................................................... 9-5

9.1.6  Communications Unit Leader .................................................................................. 9-6

9.1.7  Food Unit Leader ..................................................................................................... 9-6

9.1.8  Equipment and Supplies ......................................................................................... 9-7

9.2  Community Safe Room Maintenance Plan ................................................................... 9-7

9.3  Commercial or Public Building Safe Room Operations Plan ..................................... 9-8

9.3.1  Emergency Assignments ........................................................................................ 9-8

9.3.2  Emergency Call List ................................................................................................ 9-9

9.3.3  Tornado/Hurricane Procedures for Safety of Employees .....................................9-10

9.4  Signage ...........................................................................................................................9-10

9.4.1  Community Signage ..............................................................................................9-11

9.4.2  Building Signage at Schools and Places of Work .................................................9-11

10 References ..................................................................................................10-1

Appendices
APPENDIX A  Acknowledgments

APPENDIX B  Safe Room Assessment and Design Tools

APPENDIX C  Case Study I – Stand-Alone Community Safe Room (North Carolina)

APPENDIX D  Case Study II – School Community Safe Room (Kansas)

APPENDIX E  Wall Sections That Passed Previous Missile Impact Tests



ix

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

APPENDIX F  Doors and Hardware That Passed Previous Missile Impact Tests

APPENDIX G  Design Guidance on Missile Impact Protection Levels for Wood Sheathing

APPENDIX H  Acronyms and Abbreviations

Tables
Chapter 1

Table 1-1. Past FEMA Safe Room and Shelter Publications and Guidance ..................1-13

Chapter 2

Table 2-1. Wind Safe Room and Shelter Design Codes, Standards, and 

Guidance Comparison ....................................................................................................... 2-8

Table 2-2. Wind Safe Room and Shelter Design Values Comparison ...........................2-10

Table 2-3. Risk Analysis Matrix .......................................................................................2-18

Table 2-4. Cost Data From Recent Community Safe Room Projects .............................2-22

Chapter 3

Table 3-1. Occupant Density for Tornado Community Safe Rooms ...............................3-11

Table 3-2. Tornado Missile Impact Criteria .....................................................................3-13

Table 3-3. Occupant Density for Hurricane Community Safe Rooms ............................3-19

Table 3-4. Hurricane Missile Impact Criteria ...................................................................3-22

Table 3-5. Occupant Density for Residential Safe Rooms ..............................................3-26

Table 3-6. Residential Safe Room Missile Impact Criteria ..............................................3-27

Chapter 4

Table 4-1. Comparison Table for the Fujita and Enhanced Fujita Scales ........................ 4-5

Table 4-2. The Saffir-Simpson Hurricane Scale Wind Speeds and Pressures ................ 4-7

Chapter 6

Table 6-1. Tornado Frequencies in the United States (1950-2006) ................................. 6-4

Table 6-2. Saffir-Simpson Hurricane Scale ....................................................................... 6-6

 Chapter 7

Table 7-1. Windborne Debris (Missiles) Classifications for Tornadoes and Hurricanes ...7-3

Table 7-2. Debris Impact Test Requirements for Tornadoes and Hurricanes .................. 7-8

Table 7-3. Missile Speed as a Function of Exposure and Distance Traveled  ...............7-11

Table 7-4. Missile Speed and Distance Traveled Relationships .....................................7-12



x

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

Chapter 8

Table 8-1. Venting Area Requirements for Tornado Safe Rooms .................................... 8-4

Table 8-2. Venting Area Requirements for Hurricane Safe Rooms  ................................. 8-5

Figures
Chapter 1

Figure 1-1. Destroyed tornado refuge area at an elementary school ............................... 1-6

Figure 1-2. Destroyed tornado refuge area at a high school ............................................ 1-7

Figure 1-3. Severely damaged hurricane shelter ............................................................1-10

Chapter 2

Figure 2-1. Process for risk and needs assessments for safe rooms .............................2-12

Figure 2-2. Tornado occurrence map ..............................................................................2-14

Figure 2-3. Flowchart for the existing benefit-cost model ...............................................2-27

Chapter 3

Figure 3-1. Tornado Safe Room Design Wind Speed Map (consistent with ICC-500 
Tornado Hazard Map) ....................................................................................................... 3-8

Figure 3-2. Hurricane Safe Room Design Wind Speed Map ..........................................3-16

Figure 3-2a. Western Gulf of Mexico Detail ....................................................................3-17

Figure 3-2b. Eastern Gulf of Mexico Detail .....................................................................3-17

Figure 3-2c. Mid-Atlantic and Northeast Detail................................................................3-18

Figure 3-3. Storm surge ...................................................................................................3-30

Chapter 4

Figure 4-1. Typical tornado damage ................................................................................. 4-6

Figure 4-2. Typical hurricane damage ............................................................................... 4-9

Figure 4-3. Calculated pressures acting on a typical safe room .....................................4-12

Figure 4-4. Internal pressurization and resulting building failure ....................................4-13

Figure 4-5. Forces on a building due to wind moving around the structure ....................4-14

Figure 4-6. Examples of buildings with regular and irregular shapes .............................4-19

Figure 4-7. Time response of ground during a seismic event .........................................4-19

Figure 4-8. Example of a single-degree-of-freedom system ...........................................4-19

Figure 4-9. Acceleration vs. period of structure ...............................................................4-20

Chapter 5 

Figure 5-1. Signs at an airport showing the best available areas of refuge  ..................... 5-6



xi

TABLE OF CONTENTS

DESIGN AND CONSTRUCTION GUIDANCE FOR COMMUNITY SAFE ROOMS

SECOND EDitiON

Figure 5-2. Illustration of properly and improperly sited community and residential safe 
rooms in a coastal environment.......................................................................................5-15

Figure 5-3a. Elevation details for sample community safe rooms presented in  
Figure 5-2. .......................................................................................................................5-16

Figure 5-3b. Elevation details for sample residential safe rooms presented in  
Figure 5-2. .......................................................................................................................5-17

Chapter 6

Figure 6-1. MWFRS and C&C loads acting on a structural member ..............................6-15

Figure 6-2. Tributary and effective wind areas for a roof  ...............................................6-21

Figure 6-3. Critical connections important for providing a continuous load path  ...........6-25

Figure 6-4. Continuous load path in a reinforced masonry building  ...............................6-26

Figure 6-5. Load path failure between bond beam and top of URM  wall  ......................6-26

Figure 6-6. Steel columns that failed at their connection to the foundation ....................6-27

Chapter 7

Figure 7-1. Examples of large debris generated by tornadoes and hurricanes ................ 7-4

Figure 7-2. School bus lifted atop a section of a high school ............................................ 7-5

Figure 7-3. Refrigerator pierced by windborne missile  ..................................................... 7-6

Figure 7-4. Variations of impact impulse as a function of impact angle ..........................7-14

Figure 7-5. Measured raw and filtered forcing functions  ................................................7-15

Figure 7-6. Impulse as a function of initial missile momentum for 2x4 ...........................7-15

Figure 7-7. Plywood/masonry infill and plywood/metal wall sections..............................7-16

Figure 7-8. Uses of expanded metal and sheet metal in wall sections ...........................7-17

Figure 7-9. Composite wall section .................................................................................7-18

Figure 7-10. Concrete masonry unit (CMU) wall sections ..............................................7-18

Figure 7-11. Reinforced concrete wall sections ..............................................................7-19

Figure 7-12. Safe room door protected by a missile-resistant barrier. ............................7-26

Figure 7-13. Soil cover over a safe room  .......................................................................7-29

Chapter 9

Figure 9-1. Example of a wind safe room sign ................................................................9-10




