
Floodproofing  
Non-Residential Buildings
FEMA P-936 / July 2013





FLOODPROOFING NON-RESIDENTIAL BUILDINGS i

Floodproofing  
Non-Residential Buildings
FEMA P-936 / July 2013



ii FLOODPROOFING NON-RESIDENTIAL BUILDINGS

All illustrations in this document were created by FEMA or a FEMA contractor unless otherwise noted.

All photographs in this document are public domain or taken by FEMA or a FEMA contractor,  
unless otherwise noted.

Questions or comments on this manual are welcome and should be addressed to  
FEMA Building Science (http://www.fema.gov/building-science) through the  

FEMA Building Science Helpline at FEMA-BuildingscienceHelp@fema.dhs.gov or call (866) 927-2104.



FLOODPROOFING NON-RESIDENTIAL BUILDINGS iii

Acknowledgements

Acknowledgements

Authors and Key Contributors

David K. Low, P.E., DK Low and Associates

Amit Mahadevia, CFM, URS Group, Inc.

Manuel Perotin, P.E., CFM

Adam Reeder, P.E., CFM, Atkins Global

Adrienne Sheldon, P.E., CFM, URS Group, Inc.

Lauren Seelbach, E.I.T., CFM, URS Group, Inc.

Jennifer Sparenberg, CFM, URS Group, Inc.

John Squerciati, P.E., CFM, Dewberry

Reviewers and Contributors

Gene Barr, CFM, CH2M Hill, Inc.

Randy Behm, P.E., CFM, USACE, Omaha District

William Coulbourne, P.E., URS Group, Inc.

Jhun de la Cruz, FEMA Headquarters

Bret Gates, FEMA Headquarters

Michael Gease, FEMA Region VIII

Michael Grote, Gulf Coast Community Design Studio, Mississippi State University

Paul Gugenheim, Delta Structural Technologies

John Ingargiola, EI, CFM, CBO, FEMA Headquarters

Dick Jones, FEMA Region IV

Vasso Koumoudis, CFM, URS Group, Inc.

Stephen O’Leary, AIA, CFM, USACE, Huntington District



iv FLOODPROOFING NON-RESIDENTIAL BUILDINGS

A ACKNOWLEDGEMENTS

John “Bud” Plisich, FEMA Region IV

Rebecca Quinn, CFM, RCQuinn Consulting

Jody Springer, FEMA Headquarters

Alan Springett, FEMA Region II

Amy Tarce, AICP Assoc., AIA, National Capital Planning Commission

Paul Tertell, P.E., FEMA Headquarters (Retired)

Zachary Usher, FEMA Headquarters

Steven Van Dyke, FEMA Headquarters

Ronald Wanhanen, FEMA Region VI

Gregory Wilson, CFM, FEMA Headquarters

Wallace Wilson, P.E., CFM, URS Group, Inc.

Technical Editing, Layout, and Illustration

Diana Burke, ELS, URS Group, Inc.

Young Cho, URS Group, Inc.

Julie Liptak, Stantec

Lee-Ann Lyons, URS Group, Inc.

Ivy Porpotage, URS Group, Inc.

Billy Ruppert, URS Group, Inc.

Amy Siegel, URS Group, Inc. 

Claude Tybaert, URS Group, Inc.



FLOODPROOFING NON-RESIDENTIAL BUILDINGS v

Table of Contents

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

1.1 Objective and Scope ...................................................................................................................1-1

1.2 Definitions and Key Concepts ....................................................................................................1-2

1.3 Limitations of Floodproofing and Precautionary Measures ..........................................................1-3

1.4 Assumptions ...............................................................................................................................1-4

1.5 Evaluation of Floodproofing Options .........................................................................................1-4

1.6 Icons ...........................................................................................................................................1-7

1.7 Organization ...............................................................................................................................1-8

2 Design Considerations in Floodproofing  .............................................................. 2-1

2.1 Regulatory Requirements, Building Codes, Design Standards, and Guidance Documents  .........2-2

2.1.1 National Flood Insurance Program ................................................................................. 2-2

2.1.2 Floodproofing Certificate for Non-Residential Buildings in Zone A ............................... 2-6

2.1.3 Floodproofing Historic Buildings  .................................................................................. 2-7

2.1.4 National Policies for Federal Actions in Floodplains ....................................................... 2-8

2.1.5 Local Floodplain Management Regulations .................................................................. 2-10

2.1.6 Model Building Codes ................................................................................................. 2-10

2.1.7 Consensus Standards .................................................................................................... 2-13

2.1.8 Additional Federal Guidance Documents ..................................................................... 2-15

2.2 Design Loads and Site Characteristics .......................................................................................2-16

2.2.1 Identifying the Base Flood Elevation ............................................................................ 2-16

2.2.2 Design Flood Elevation ................................................................................................ 2-17

2.2.3 Determining the Flood Depth ...................................................................................... 2-18

2.2.4 Determining Hydrostatic Loads ................................................................................... 2-20

2.2.5 Determining Hydrodynamic Forces ............................................................................. 2-25



vi FLOODPROOFING NON-RESIDENTIAL BUILDINGS

 TABLE OF CONTENTS

2.2.6 Determining Impact Loads .......................................................................................... 2-28

2.2.7 Interior Drain Systems ................................................................................................. 2-28

2.2.8 Determining Site Drainage for Floodwalls and Levees .................................................. 2-30

2.2.9 Understanding the All-Hazards Approach .................................................................... 2-33

2.3 Other Flood Characteristics  .....................................................................................................2-34

2.3.1 Duration of Flooding ................................................................................................... 2-34

2.3.2 Rate of Floodwater Rise and Fall .................................................................................. 2-35

2.3.3 Flood Frequency ........................................................................................................... 2-35

2.3.4 Future Conditions ........................................................................................................ 2-36

2.4 Site Factors ...............................................................................................................................2-36

2.4.1 Flood Hazard Boundaries ............................................................................................. 2-36

2.4.2 Erosion ......................................................................................................................... 2-37

2.4.3 Geotechnical Considerations ........................................................................................ 2-38

2.5 Functional, Operational, and Economic Factors  ......................................................................2-38

2.5.1 Functional Use Requirements of the Building .............................................................. 2-39

2.5.2 Occupant Safety ........................................................................................................... 2-39

2.5.3 Flood Warning Time .................................................................................................... 2-40

2.5.4 Flood Emergency Operations Plan ............................................................................... 2-41

2.5.5 Inspection and Maintenance Plan................................................................................. 2-42

2.5.6 Economic Factors  ........................................................................................................ 2-43

2.6 Building Vulnerability Assessments ...........................................................................................2-43

2.6.1 All-Hazards Vulnerability Assessment ........................................................................... 2-44

2.6.2 Structural Condition Assessment  ................................................................................. 2-44

2.6.3 Vulnerability Assessments for Electrical and Mechanical Utilities and Systems  ............ 2-48

2.6.3.1 Utilities General ........................................................................................... 2-49
2.6.3.2 Electrical Utilities ......................................................................................... 2-49
2.6.3.3 Mechanical Utilities ...................................................................................... 2-50
2.6.3.4 Electrical Systems ......................................................................................... 2-50
2.6.3.5 Mechanical Systems ...................................................................................... 2-51

3  Dry Floodproofing Measures  .............................................................................. 3-1

3.1 Design Considerations for Dry Floodproofing Project ................................................................3-2

3.1.1 Flood Warning Time  ..................................................................................................... 3-2



FLOODPROOFING NON-RESIDENTIAL BUILDINGS vii

 TABLE OF CONTENTS

3.1.2 Site and Building Evaluation .......................................................................................... 3-3

3.1.3 Building Standards and Codes ........................................................................................ 3-3

3.1.4 Verification and Testing of Systems ................................................................................. 3-5

3.2 Continuous Impermeable Walls ..................................................................................................3-5

3.2.1 Openings ....................................................................................................................... 3-6

3.2.2 Wall Systems .................................................................................................................. 3-7

3.3 Flood Resistance of Interior Core Areas ....................................................................................3-10

3.4 Shields for Openings .................................................................................................................3-11

3.4.1 Doors  .......................................................................................................................... 3-12

3.4.2 Windows ...................................................................................................................... 3-12

3.4.3 Utility Connections ...................................................................................................... 3-13

3.5 Flood Shields for Openings in Exterior Walls ............................................................................3-14

3.5.1 Types of Flood Shields .................................................................................................. 3-14

3.5.2 Flood Shield Materials .................................................................................................. 3-18

3.5.3 Gaskets and Seals ......................................................................................................... 3-18

3.5.4 Plate-Style Flood Shields .............................................................................................. 3-19

3.5.5 Case Study: Retrofit Dry Floodproofed Building, New Castle, DE ............................... 3-22

3.6 Backflow Valves ........................................................................................................................3-24

3.7 Internal Drainage  .....................................................................................................................3-27

3.7.1 Sump Pumps ................................................................................................................ 3-27

3.7.2 Pressure Relief Systems ................................................................................................. 3-32

3.8 Flood Emergency Operations Plan and Inspection and Maintenance Plan  ...............................3-33

3.9 Dry Floodproofing in New Construction  .................................................................................3-34

3.10 Case Study: University of Texas Perimeter Wall and Dry Floodproofing Project  .......................3-38

4 Other Flood Protection Measures ......................................................................... 4-1

4.1 Floodwalls and Levees .................................................................................................................4-1

4.1.1 Floodwalls ...................................................................................................................... 4-1

4.1.1.1 Types of Floodwalls ........................................................................................ 4-2 
4.1.1.1.1 Gravity Floodwalls .......................................................................................... 4-3
 4.1.1.1.2 Cantilever Floodwalls ...................................................................... 4-4



viii FLOODPROOFING NON-RESIDENTIAL BUILDINGS

 TABLE OF CONTENTS

 4.1.1.1.3 Buttress and Counterfort Floodwalls................................................ 4-5
4.1.1.2 Building and Site Considerations in Floodwall Design ................................... 4-5
4.1.1.3 Floodwall Design Process ................................................................................ 4-8

4.1.2 Levees........................................................................................................................... 4-10

4.1.2.1  Building and Site Considerations in Levee Design ........................................ 4-10
4.1.2.2.  Basic Levee Design Parameters ...................................................................... 4-11
4.1.2.3  Levee Design Process .................................................................................... 4-13

4.2 Wet Floodproofing Measures ....................................................................................................4-14

4.2.1 Flood Damage-Resistant Materials ............................................................................... 4-14

4.2.2 Protection of Vulnerable Equipment and Contents  ..................................................... 4-16

4.2.3 Flood Openings for Equalization  ................................................................................. 4-17

4.3 Floodproofing Electrical and Mechanical Utilities and Systems  ................................................4-18

4.3.1 Electrical Utilities and Systems ..................................................................................... 4-21

4.3.2 Mechanical Utilities and Systems.................................................................................. 4-23

4.4 Emergency Measures .................................................................................................................4-24

4.4.1 Sandbags ...................................................................................................................... 4-24

4.4.2 Temporary Flood Barriers ............................................................................................. 4-25

4.4.3 Flood Wrapping Systems .............................................................................................. 4-26

4.5 Combination of Floodproofing Measures ..................................................................................4-29

4.5.1 Wet and Dry Floodproofing Techniques ....................................................................... 4-30

4.5.2 Other Combinations .................................................................................................... 4-32

4.5.3 Case Study: Application to Historic Buildings .............................................................. 4-32

Appendix A: FEMA Assistance

Appendix B: Understanding the FEMA Benefit-Cost Process

Appendix C: Checklist for Vulnerability of Flood-Prone Sites and Buildings

Appendix D: References

Appendix E: Resources

Appendix F: FEMA Region Contact Information



FLOODPROOFING NON-RESIDENTIAL BUILDINGS ix

 TABLE OF CONTENTS

Figures
Figure 2-1  Satisfying NFIP requirements through building codes .................................................... 2-2

Figure 2-2 FEMA’s 8-step decision-making process for compliance with Executive 
Order (EO) 11998 and 44 CFR Part 9 ........................................................................... 2-9

Figure 2-3  Building and stream location on a FIRM  .................................................................... 2-17

Figure 2-4  Flood depth .................................................................................................................. 2-20

Figure 2-5 Equal (A) and unequal (B) hydrostatic pressures applied to the exterior 
elements of a building; (B) shows the building protected by dry 
floodproofing methods applied ..................................................................................... 2-21

Figure 2-6  Hydrostatic forces acting on a foundation wall ............................................................. 2-24

Figure 2-7 Hydrodynamic and impact loads .................................................................................. 2-26

Figure 2-8  Frontal impact from debris ........................................................................................... 2-28

Figure 2-9 Typical interior drain systems ....................................................................................... 2-29

Figure 2-10 Rectangular area enclosed by a floodwall or levee.......................................................... 2-30

Figure 2-11  Rectangular area partially enclosed by a floodwall or levee ............................................ 2-32

Figure 2-12  Relationship between flood recurrence intervals and the probability of an 
event occurring within a given period ........................................................................... 2-36

Figure 2-13  Basic building components exposed to flood loads ....................................................... 2-45

Figure 2-14  Significant differential settlement in the foundation causing slab failure ....................... 2-47

Figure 2-15  Typical systems in buildings ......................................................................................... 2-49

Figure 3-1  Filled window opening ................................................................................................... 3-7

Figure 3-2  Application of a waterproof membrane on the exterior (positive side) of 
a wall (left) and fiber-reinforced polymer wrap applied to the interior 
(negative side) of a wall (right) ....................................................................................... 3-8

Figure 3-3 Decision process for selecting type of sealant .................................................................. 3-9

Figure 3-4 Interior drain in a dry floodproofed retail building ....................................................... 3-10

Figure 3-5 Watertight door used to protect mechanical rooms subject to flooding ......................... 3-11

Figure 3-6 Equipment room with watertight door ......................................................................... 3-12

Figure 3-7  Door opening protected from low-level flooding by a flood shield ................................ 3-14

Figure 3-8 Window protected from low-level flooding by a flood shield and wall sealant ............... 3-15

Figure 3-9 Aluminum flood shield used for flooding less than 3 feet deep ..................................... 3-15

Figure 3-10 Types of flood shields ................................................................................................... 3-17



x FLOODPROOFING NON-RESIDENTIAL BUILDINGS

 TABLE OF CONTENTS

Figure 3-11 Selection/design of plate-style flood shields  ................................................................. 3-19

Figure 3-12 Front of retrofit dry floodproofed building where drop-in flood shields  
protect doors  ............................................................................................................... 3-23

Figure 3-13 Rear of retrofit dry floodproofed building with permanently installed flood shield ....... 3-23

Figure 3-14 Backflow valve  ............................................................................................................. 3-24

Figure 3-15 Floor drain with a backflow valve with a ball float check valve ...................................... 3-25

Figure 3-16 Backflow valve selection process ................................................................................... 3-25

Figure 3-17  Typical sump detail ...................................................................................................... 3-27

Figure 3-18 Sump pump design process .......................................................................................... 3-30

Figure 3-19 A deteriorated flood shield gasket that must be replaced for the shield to 
seal and function properly ............................................................................................ 3-34

Figure 3-20  Dry floodproofed fuel pump room adjacent to generator fuel tank vault  ..................... 3-35

Figure 3-21  Door to a dry floodproofed generator fuel tank vault servicing multiple 
generators in high-rise building  ................................................................................... 3-36

Figure 3-22  Cross section of the test mock-up used for the SERRI tests of a 
substantially impermeable CMU wall system  .............................................................. 3-37

Figure 3-23  Flood doors incorporated into the existing building façade  .......................................... 3-39

Figure 3-24  Ross Sterling Avenue was raised to protect the MSB to the level of the base flood  ....... 3-40

Figure 3-25  Three sets of stairs that provide building egress during the design flood 
event, but still allow normal use of the building  .......................................................... 3-40

Figure 4-1  Typical masonry floodwall with engineered closures, which protected the 
Oak Grove Lutheran School in Fargo, ND, from flooding in 2001 ................................ 4-2

Figure 4-2  Gravity, cantilever, buttress, and counterfort floodwalls  ................................................. 4-3

Figure 4-3  Concrete cantilever floodwall reinforcement  .................................................................. 4-4

Figure 4-4  Stability of a cantilever floodwall  ................................................................................... 4-5

Figure 4-5 Floodwall successfully safeguards Lourdes Hospital from Tropical Storm 
Lee flooding (source: FloodBreak) .................................................................................. 4-7

Figure 4-6 Aerial view showing effective protection of Lourdes Hospital from flooding 
as a result of Tropical Storm Lee ..................................................................................... 4-7

Figure 4-7 Floodwaters surround Columbus Regional Hospital in 2008 ......................................... 4-8

Figure 4-8 Columbus Regional Hospital schematic of floodwall plan .............................................. 4-8

Figure 4-9  Floodwall design process  ............................................................................................... 4-9

Figure 4-10  Levee design parameters for a typical non-residential levee  .......................................... 4-12



FLOODPROOFING NON-RESIDENTIAL BUILDINGS xi

 TABLE OF CONTENTS

Figure 4-11  Basic levee design process ............................................................................................. 4-13

Figure 4-12 The Duval Beach Club after wet floodproofing retrofits ................................................ 4-16

Figure 4-13  Typical openings in walls of enclosures ......................................................................... 4-17

Figure 4-14  Non-residential structure retrofitted with flood openings following 
Hurricane Katrina (New Orleans, LA, 2008)................................................................ 4-18

Figure 4-15  Equipment in an electrical control panel that was mostly destroyed 
when approximately two-thirds of the height of panel was inundated by 
floodwaters (Columbus Junction, IA, 2008) ................................................................. 4-19

Figure 4-16 Main electrical service switchboard inundated by floodwaters that rose to 
the red mark on the doorframe (Cedar Rapids, IA, 2008) ............................................ 4-19

Figure 4-17  Undamaged secondary switchgear located at the University of Texas 
Medical Branch. The switchgear had been constructed on an upper floor 
that remained above flood levels. The switchgear was not damaged during 
Hurricane Ike (Galveston, TX, 2008) ........................................................................... 4-20

Figure 4-18  Emergency generator elevated above flood levels at the University of Texas 
Medical Branch, Hurricane Ike (Galveston, TX, 2008) ................................................ 4-20

Figure 4-19 Pad-mounted transformer and 15 kilovolt switchgear, both vulnerable to 
damage when inundated with floodwaters (Cedar Rapids, IA, 2008) ............................ 4-21

Figure 4-20 Electrical cables and an example of an electrical installation using cables ...................... 4-22

Figure 4-21  Example of installation using electrical conduits and insulated conductors  .................. 4-22

Figure 4-22 Techniques for proper placement of sandbags  .............................................................. 4-25

Figure 4-23 Three-foot-high water-filled temporary barrier protecting a structure in Tunica, MS .... 4-26

Figure 4-24 Gravel-filled containers that formed a barrier to protect the University of  
Iowa (2008) ................................................................................................................. 4-26

Figure 4-25  Plan view of wall section showing the deflection of a wrap at a doorway....................... 4-27

Figure 4-26  Plastic sheeting attached to a brick-faced wall to seal it from water intrusion ................ 4-27

Figure 4-27  Decision process for the selection and design of a flood wrapping system ..................... 4-28

Figure 4-28 Commercial structure in Darlington, WI mitigated using a combination of 
wet and dry floodproofing techniques .......................................................................... 4-30

Figure 4-29 A non-critical break room, originally located on an upper floor was 
relocated to create space for the critical control room ................................................... 4-31

Figure 4-30  Flooding of businesses in historic downtown Darlington, WI, Midwest Flood (1993).. 4-32

Figure 4-31  Businesses along Main Street in Darlington, WI, mitigated with an 
elevated interior first floor ............................................................................................ 4-33



xii FLOODPROOFING NON-RESIDENTIAL BUILDINGS

 TABLE OF CONTENTS

Figure 4-32 Hardware store on Main Street in Darlington, WI, mitigated with a raised 
interior first floor and flood damage-resistant materials ................................................ 4-33

Figure 4-33 Hardware store on Main Street in Darlington, WI, showing ramp to 
elevated interior first floor for ADA compliance ........................................................... 4-33

Tables
Table 1-1  Consideration of Floodproofing Measures for Non-Residential Buildings ...................... 1-5

Table 2-1  NFIP General Requirements for Dry Floodproofing ...................................................... 2-5

Table 2-2  NFIP General Requirements for Wet Floodproofing  ..................................................... 2-6

Table 2-3  Key Code Requirements for Flood-Resistant Design from IBC 2012 ........................... 2-12

Table 2-4  ASCE 24 Requirements and Limitations for Dry Floodproofing .................................. 2-14

Table 2-5 ASCE 24 Requirements and Limitations for Wet Floodproofing .................................. 2-15

Table 2-6  Drag Coefficients for Ratios of Width to Depth (w/H) and Width to Height (w/h) ..... 2-28

Table 2-7  FEMA Resources on Design Guidance ......................................................................... 2-34

Table 3-1  Advantages and Disadvantages of Dry Floodproofing Retrofits Compared 
to Other Flood Mitigation Retrofit Measures ................................................................. 3-2

Table 3-2  ASCE 24 Structure Categories and Minimum Floodproofing Elevation in Zone A ........ 3-4

Table 3-3 Comparison of Types of Pump Activation Switches ...................................................... 3-29

Table 4-1 Class Descriptions of Flood Damage-Resistant Materials .............................................. 4-15

Equations
Equation 2-1  Flood depth .................................................................................................................. 2-19

Equation 2-2  Lateral hydrostatic forces .............................................................................................. 2-22

Equation 2-3  Submerged soil and water forces ................................................................................... 2-23

Equation 2-4  Buoyancy forces ........................................................................................................... 2-25

Equation 2-5  Hydrodynamic load ..................................................................................................... 2-27

Equation 2-6  Runoff quantity in an enclosed area .............................................................................. 2-31

Equation 2-7  Runoff quantitiy from higher ground into a partially enclosed area .............................. 2-32

Equation 2-8  Minimum discharge for pump installation ................................................................... 2-33

 



FLOODPROOFING NON-RESIDENTIAL BUILDINGS xiii

Acronyms and 
Abbreviations

A
AA Aluminum Association 

ACI American Concrete Institute 

ADA Americans with Disabilities Act

AF&PA American Forest & Paper Association 

AHPS Advanced Hydrology Prediction Service 

AISC American Institute of Steel Construction 

ANSI American National Standards Institute 

ASCE American Society of Civil Engineers 

ASD  Allowable Stress Design 

ASFPM  Association of State Floodplain Managers 

ASTM  ASTM International 

AWPA  American Wood Protection Association 

B
BCA  benefit-cost analysis 

BCR benefit-cost ratio 

BFE base flood elevation

C
CFR  Code of Federal Regulations 

CMU  concrete masonry unit 

D
DDF depth-damage function 

DFA  Damage Frequency Assessment 

DFE  design flood elevation 



xiv FLOODPROOFING NON-RESIDENTIAL BUILDINGS

 ACRONYMS AND ABBREVIATIONS

E
EO Executive Order 

F
FEMA Federal Emergency Management Agency 

FIRM  Flood Insurance Rate Map 

FIS Flood insurance Study 

FMA Flood Mitigation Assistance 

ft foot (feet)

ft/sec feet per second

G
gph gallons per hour 

gpm gallons per minute 

H
H&H  hydrologic and hydraulic 

HMA Hazard Mitigation Assistance 

HMGP  Hazard Mitigation Grant Program

HVAC  heating, ventilation, and air-conditioning 

I
IBC International Building Code 

I-Codes International Code Series 

ICC Increased Cost of Compliance 

ICF  Insulated Concrete Form 

IEBC  International Existing Building Code 

in./hr inches per hour

IT information technology

L
lb/ft2 pounds per square foot

lb/ft3 pounds per cubic foot



FLOODPROOFING NON-RESIDENTIAL BUILDINGS xv

 ACRONYMS AND ABBREVIATIONS

lb/lf pounds per linear foot

LRFD  Load Resistance Factored Design

M
MEP  mechanical, electrical, and plumbing 

MSB  Medical School Building 

N
NFIP National Flood Insurance Program 

NFPA National Fire Protection Association

NWS National Weather Service 

P
PA Public Assistance 

PDM Program  Pre-Disaster Mitigation Program 

R
Risk MAP Risk Mapping, Assessment, and Planning

S
SERRI Southeast Region Research Initiative

SFHA Special Flood Hazard Area 

SIP Structural Insulated Panels 

T
TMS The Masonry Society 

U
UL  Underwriters Laboratories 

USACE U.S. Army Corps of Engineers 

U.S.C. United States Code 




	FloodproofingNon-Residential Buildings
	Acknowledgements
	Table of Contents
	Acronyms andAbbreviations

