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Introduction

Protecting buildings that are constructed in special flood hazard areas (SFHAs) from damage caused by flood forces is an important objective of the National Flood Insurance Program

(NFIP). In support of this objective, the NFIP regulations include minimum building design criteria that apply to new construction, repair of substantially damaged buildings, and

substantial improvement of existing buildings in SFHAs. The base flood is used to delineate

SFHAs on Flood Insurance Rate Maps (FIRMs) prepared by the NFIP. The base flood is the

flood that has a 1-percent chance of being equaled or exceedUnder the NFIP, the “lowed in any given year (commonly called the “100-year” flood).

est floor” is the floor of the

Certain terms used in this Technical Bulletin are defined in

lowest enclosed area of

the Glossary.

a building. An unfinished

The NFIP regulations require that residential buildings

constructed in A zones have the lowest floor (including basement) elevated to or above the base flood elevation (BFE). In

this Technical Bulletin, the term “A zones” includes all zones

shown on FIRMs as Zones A, AE, A1-A30, AR, AO, and AH.

Enclosed areas (enclosures) are permitted under elevated

buildings provided the enclosed areas meet certain use restrictions and construction requirements related to flood

resistance, including use of flood damage-resistant materials

and installation of openings to allow for automatic entry and

exit of floodwaters. Enclosures under buildings in V zones

(includes all Zones V, VE, and V1-V30) must meet the same enclosure requirements except that openings are not required

and walls must be non-supporting breakaway walls, open lattice-work, or insect screening (see Technical Bulletin 9, Design

and Construction Guidance for Breakaway Walls Below Elevated

Coastal Buildings).

The NFIP regulations for new construction and substantial

improvements of existing buildings require that enclosed areas under elevated non-residential buildings meet the same

requirements as those for enclosures under elevated residential buildings. New non-residential buildings constructed in A

zones, and substantial improvements of existing non-residential buildings, must either have their lowest floors elevated to

or above the BFE or be floodproofed (made watertight) to or

above the BFE.

Many types of foundations are used to elevate buildings. While

the main portions of elevated buildings are above the BFE,

the foundation and any enclosed areas below the BFE will

be exposed to flood forces. Enclosed areas below the BFE
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or flood-resistant enclosure that is used solely for

parking of vehicles, building access, or storage is

not the lowest floor, provided the enclosure is built in

compliance with applicable

requirements.

As used by the NFIP, an

“enclosure” is an area that

is enclosed on all sides by

walls.

The NFIP defines a “basement” as any area that is

below-grade on all sides.

The regulations do not allow

basements to extend below

the BFE.



Owners of existing elevated

buildings with enclosures

below the BFE may wish

to retrofit the enclosures.

Lower NFIP flood insurance rates may apply if the

retrofit enclosures have

openings that meet the requirements in this Technical

Bulletin and also meet other

requirements for enclosures

(limited use, flood damage-resistant materials, and

elevated utilities).







(including crawlspaces) are permitted if used only for parking of vehicles, building access,

and storage. Figure 1 illustrates a typical crawlspace foundation wall and a typical framed wall

surrounding an enclosed area.

If enclosure walls are not designed with openings to relieve the

pressure of standing or slow-moving water against them (called

hydrostatic loads), the walls can be damaged or fail during a

flood. If the walls are “load-bearing” walls that support the elevated building, failure of the walls may result in damage to,

or collapse of, the building. To address this concern, the NFIP

regulations require that enclosure walls contain openings that

will allow for the automatic entry and exit of floodwaters. These

openings allow floodwaters to reach equal levels on both sides

of the walls, thereby lessening the potential for damage caused

by a difference in hydrostatic loads on opposite sides of the

walls. In A zones, the requirement for flood openings applies

to all enclosed areas below new elevated buildings and below

substantially improved buildings.



Areas of shallow flooding may be shown as AO

zones on FIRMs. Rather

than BFEs, AO zones have

“flood depths” that range

from 1 to 3 feet. In these

zones, all NFIP requirements related to BFEs

apply, including elevation of

the lowest floor to or above

the designated flood depth

and requirements for enclosures with flood openings

that are located so that

floodwaters will flow in and

out.



This Technical Bulletin explains the NFIP requirements for flood openings and provides

guidance for prescriptive (non-engineered) openings and engineered openings. Non-engineered openings are used to meet the NFIP’s prescriptive requirement of 1 square inch of net

open area for every square foot of enclosed area. As an alternative, engineered openings that

have characteristics that differ from non-engineered openings may be used provided they are

designed and certified by a registered design professional as meeting certain performance

characteristics described in this Technical Bulletin.



Figure 1.	







Typical enclosures with flood openings
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This Technical Bulletin also discusses how openings could affect flood insurance premiums,

provides examples of enclosures that require openings and situations where openings are not

required, and outlines the requirements for, and provides guidance on, the following:

n	 Installation of openings, including the minimum number of openings and height of open-



ings above grade,

n	 Non-engineered openings, and

n	 Engineered openings.



Examples are provided to illustrate types of buildings and enclosures that require openings,

and to address several commonly encountered situations. Other situations may require the advice of a registered design professional. Questions should be directed to the appropriate local

official, NFIP State Coordinating Office, or FEMA Regional Office.

Solid perimeter foundation walls and walls surrounding enclosed areas below the BFE may be damaged by forces related

to moving floodwaters and wave impacts (called hydrodynamic

loads), and debris impacts. The requirement for openings is

intended to reduce only flood damage associated with hydrostatic – not hydrodynamic – loads.

Hydrodynamic loads and debris impacts may be significant in

some flood hazard areas shown as A zones on FIRMs, including riverine areas where high flow velocities are likely (e.g.,

faster than 5 feet per second) and areas where wave heights of

1.5 feet or more are possible. In these areas, it is recommended that a registered design professional evaluate foundation

designs. Open foundations without enclosed areas are less vulnerable to the type of damage that can be caused by high flow

velocities and wave action.



This Technical Bulletin discusses openings in walls

below the BFE. Readers

should check with the

community to determine

whether a higher elevation standard is enforced.

For example, communities may add freeboard or

may regulate to the design

flood elevation (DFE). In

those cases, references to

the BFE in this Technical

Bulletin should be construed as references to

the community’s elevation

requirement.



Buildings in V zones (Zones V, VE, and V1-V30) must meet certain design and construction

requirements that are specified in the NFIP regulations at Section 60.3(e). The area below the

lowest floors of buildings in V zones must be free of obstruction or, if enclosed, the walls of

enclosures must be constructed with non-supporting breakaway walls, open wood lattice-work,

or insect screening. Openings may be provided, but are not required, in breakaway walls under buildings in V zones. For information on V-zone design and construction requirements,

refer to the NFIP regulations, the Technical Bulletin series (especially Technical Bulletin

5, Free-of-Obstruction Requirements and Technical Bulletin 9, Design and Construction Guidance

for Breakaway Walls Below Elevated Coastal Buildings), the Coastal Construction Manual (FEMA

55CD), Flood Resistant Design and Construction (ASCE 24), and Home Builder’s Guide to Coastal

Construction (FEMA 499).
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NFIP Regulations

The NFIP regulations for enclosures are codified in Title 44 of the Code of Federal Regulations, in Section 60.3(c)(5), which states that a community shall:

“Require, for all new construction and substantial improvements, that fully enclosed areas below the lowest floor that are usable solely for parking of vehicles, building access,

or storage in an area other than a basement and which are subject to flooding shall be

designed to automatically equalize hydrostatic flood forces on exterior walls by allowing

for the entry and exit of floodwaters. Designs for meeting this requirement must either be

certified by a registered professional engineer or architect or meet or exceed the following

minimum criteria: A minimum of two openings having a total net area of not less than

one square inch for every square foot of enclosed area subject to flooding shall be provided.

The bottom of all openings shall be no higher than one foot above grade. Openings may

be equipped with screens, louvers, valves, or other coverings or devices provided that they

permit the automatic entry and exit of floodwaters.”

Proposals for substantial improvement of existing buildings in SFHAs, and proposals to repair

those that have sustained substantial damage, must comply with the requirements for new

construction. In A zones, the applicable requirements include openings in the walls surrounding enclosed areas below the BFE. As part of issuing permits, community officials must review

such proposals to determine whether they comply with the requirements. Further information on substantial improvement and substantial damage is found in Answers to Questions About

Substantially Damaged Buildings (FEMA 213).

The NFIP Technical Bulletins provide guidance on the minimum requirements of the NFIP regulations.

Community or State requirements that exceed those of the NFIP take precedence. Design professionals should contact the community to determine whether more restrictive provisions apply to the

building or site in question. All other applicable requirements of the State or local building codes must

also be met for buildings in flood hazard areas.



How Openings Affect Flood Insurance Rates

Careful attention to compliance with the NFIP regulations for flood openings is important

during design, plan review, construction, and inspection. Compliance influences both the

vulnerability to flood damage and the cost of NFIP flood insurance. If openings are not compliant, the floor of the crawlspace or the floor of the enclosure becomes the “lowest floor.” In

those cases, the result may be significantly higher flood insurance premiums, especially if the

floor of the crawlspace or enclosure is more than a foot or two below the BFE.
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Documenting Elevations and Information About Openings

Communities are required to collect data from permittees to document the surveyed elevation

of the lowest floors of new buildings and existing buildings that are substantially improved.

Although the data may be provided in other formats, the NFIP’s Elevation Certificate (FEMA

Form 81-31) is designed specifically for this purpose. The current version of the Elevation Certificate is online at http://www.fema.gov/business/nfip/elvinst.shtm.

The Elevation Certificate is designed to collect information that facilitates determining compliance of new construction and to provide data necessary for the proper rating of NFIP flood

insurance. For guidance, see the instructions that accompany the Elevation Certificate and

the Floodplain Management Bulletin: Elevation Certificate (FEMA 467-1).

The Elevation Certificate has blanks that are to be completed if there are enclosures under

elevated buildings, including:

n	 The square footage of the enclosed area,

n	 The number of flood openings within 1.0 foot above adjacent grade, and

n	 The total net area of flood openings.



The Elevation Certificate provides space for comments. As noted above and explained in more

detail below, the regulations provide two ways to satisfy the requirements for openings. Comments should be provided when engineered openings are used, and when there are other

aspects of enclosures and openings that comply with the requirements but that, without close

inspection, may appear to be non-compliant. The documentation required for engineered

openings should be attached to the Elevation Certificate (described on page 25, Documentation of engineered openings for flood insurance).



Enclosed Areas Below Elevated Buildings

The NFIP regulations specify that enclosed areas under elevated buildings may be allowed

provided the enclosed areas are used solely for:

n	 Parking of vehicles (attached garages or parking areas be-



low elevated buildings)

n	 Building access (stairwells, foyers, elevators)

n	 Storage (low-value items)



Although crawlspaces are not listed explicitly as an allowable

use, buildings may be elevated using perimeter foundation

walls that create enclosed areas, typically called crawlspaces or

under-floor spaces. Crawlspaces provide access to under-floor

utilities such as pipes, ductwork, and electric conduits.
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Some communities require

permittees to execute a

“non-conversion” agreement

to document their understanding that the use of

enclosures is limited, that

conversion to other uses is

not allowed, and that modification of enclosures may

result in higher NFIP flood

insurance rates.







It is important to understand how an otherwise compliant enclosed area below the BFE can be rendered non-compliant by

installing features that are not consistent with the limitations

on uses. The following are not allowed below the BFE because

of potential damage and their presence is inconsistent with

the allowed uses: appliances, heating and cooling equipment,

plumbing fixtures, more than the minimum electric service

required to address life safety and electric code requirements

for building access and storage areas, and materials that are

not flood damage-resistant.



The only exception to the

openings requirement is

for non-residential buildings that are engineered to

be floodproofed by meeting

stringent requirements to

be watertight. For information on floodproofing, refer

to Technical Bulletin 3, NonResidential Floodproofing

– Requirements and

Certification.



The NFIP regulations require that enclosed areas surrounded

by solid walls that extend below the BFE have flood openings. The requirement applies whether the walls are load-bearing walls or non-load-bearing

walls. Therefore, openings are required in solid perimeter foundation walls that surround

crawlspaces and openings are required in the walls of fully enclosed areas that meet the use

limitations (parking of vehicles, building access, or storage). The requirement applies to new

construction and to buildings that are undergoing substantial improvement, including repair

of substantial damage.



Enclosures That Require Openings

Several examples of enclosures that require openings are described below:

n	 Solid perimeter foundation walls (crawlspaces or under-floor spaces)

n	 Solid perimeter foundation walls (below-grade crawlspaces)

n	 Solid perimeter foundation walls (with full-height under-floor spaces)

n	 Garages attached to elevated buildings

n	 Enclosed areas under buildings elevated on open foundations in A zones

n	 Enclosed areas with breakaway walls under buildings elevated on open foundations in A



zones

n	 Solid perimeter foundation walls on which manufactured homes are installed

n	 Accessory structures (detached garages and storage sheds)



Solid perimeter foundation walls (crawlspaces or under-floor

spaces)

The crawlspace or under-floor space that is created when a

building is elevated on a solid perimeter foundation wall is an

enclosed area below the BFE that must meet all of the requirements for enclosed areas (refer to Figure 1). If a brick veneer,

siding, or other material covers the wall, then the openings

must completely penetrate into the enclosed area. A crawlspace

access with a door does not qualify as a flood opening unless





In many parts of the country, a common practice is

to build “conditioned crawlspaces” that are sealed and

have mechanical ventilation.

In SFHAs, all crawlspaces

must have flood openings

that meet the requirements

of the NFIP and the building

codes.
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the door has an opening installed in it or otherwise meets the performance requirement that

it will allow automatic entry and exit of floodwaters.

As explained on page 14 (Height of Openings Above Grade), the bottom of each opening is

to be located no higher than 1 foot above the higher of the final interior or exterior grades

under the opening. Therefore, placement of the openings in the foundation wall requires

knowledge of the expected finished exterior grade and the final interior grade of the crawlspace.

Building code requirements may call for ventilation of certain under-floor spaces. Ventilation

openings typically are positioned near the top of the foundation wall to facilitate air flow. In

most cases, ventilation openings will be too high above grade to satisfy the requirements for

flood openings.



Solid perimeter foundation walls (below-grade crawlspaces)

The NFIP regulations do not allow buildings to be constructed

Communities are required

with areas that are below grade on all sides (basements), exto adopt specific provicept for certain engineered non-residential buildings that are

sions in their ordinances

designed and certified to be floodproofed. Therefore, crawlto be consistent with the

spaces that are below-grade on all sides are not allowed because

limitations in TB 11 in order to permit below-grade

they are basements. An exception is available only in shallow

crawlspaces.

floodplains, and then only if certain other requirements and

limitations are met. Those requirements and limitations are

detailed in Technical Bulletin 11, Crawlspace Construction for Buildings Located in Special Flood

Hazard Areas: National Flood Insurance Program Interim Guidance.

According to this guidance, below-grade crawlspaces may be

allowed provided the wall height

is less than 4 feet when measured

from bottom of the floor joist/

truss to the top of footing, which

must be no more than 2 feet below-grade (see Figure 2). Flood

openings are required in the

foundation walls surrounding

these crawlspaces and, as noted

above, air ventilation may be required.

Although crawlspaces that satisfy

the limitations in TB 11 are not

considered basements for floodplain management purposes, it

is important to note that they

are basements for NFIP flood



Figure 2.	 Limitations on below-grade crawlspaces in shallow

flood hazard areas (TB 11)
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