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Recovery Advisories for
Hurricane Isaac

FEMA has prepared new Recovery Advisories (RAs) that present guidance to engineers, architects,
homeowners, and local officials on mitigation measures that can be taken to minimize building
damage in a hurricane event. Two advisories have been prepared and are included in this appendix:

RAI1l: Minimizing Wind and Water Intrusion by Covering the Underside of Elevated Buildings

RA2: Minimizing Flood Damage to Electrical Service Components

These advisories are also available online at http://www.fema.gov/library/viewRecord.do?id=6727.
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Minimizing Wind and Water Intrusion

by Covering the Underside &
1di &9 FEMA
of Elevated Buildings

Purpose

The purpose of this Hurricane Recovery
Advisory is to describe practices for minimizing
damage to the underside of elevated buildings
(see Figure 1) resulting from high-wind events.
The undersides of elevated coastal buildings
are typically covered with paneling (vinyl

or aluminum soffit sheeting) or sheathing
(plywood) to protect the insulation and metal
connectors used for the floor system. These
undersides are often damaged by high winds

during hurricanes, allowing water to be driven :
into the building. Figure 1. Loss of the covering from the underside of an elevated
building due to high winds (Plaquemines Parish, LA, Hurricane Isaac)

Key Issues

- Hurricane winds can pull off paneling or sheathing from the Fire-Resistant-Rated Assemblies
underside of elevated buildings. Many elevated buildings use the space

- Lost paneling or sheathing can become wind-borne debris, underneath as a parking or storage
which can damage property. area. According to building codes,

the barrier between this space and
the living area should be treated as a
partition between a garage or parking
area and a living area. Garages and

* Hurricane winds can drive large amounts of water through areas
where paneling or sheathing has been lost or where gaps have
been created.

- If the area underneath an elevated building is used for parking areas must be separated from
parking or storing small quantities of fuel or other potentially living areas with a fire-resistant floor or
combustible materials, depending on how the space is wall assembly. A variety of materials
categorized by the building code or local building official, can be used; typically gypsum or an
these areas may be required to meet code requirements to approved equivalent material is required
partition these areas from living spaces. In addition, the use to meet the guidelines for a fire-
of fire-resistant-rated assemblies on the underside of elevated resistant-rated assembly. The purpose
buildings are often not properly addressed. of the assembly is to prevent a fire from

The information in this recovery advisory is intended to help a vehicle or flammable/combustible

minimize the loss of underside paneling or sheathing on elevated ~ Material from spreading too quickly into
coastal buildings during high-wind events. Minimizing damage to ~ the living space, thereby allowing the

these underside coverings will prevent damage to floor systems occupants sufficient time to escape the
as well as water infiltration. building prior to the structure’s collapse,

while minimizing their exposure to fire
and smoke.

Use of Space Below the Elevated Building

Key Issues

- Floodplain management regulations restrict the use of building space below the base flood elevation to
vehicle parking, building access, and storage (see Figure 2).

- Local regulations may require parking/garage areas to be separated from the living space with a fire-
resistant-rated floor assembly.
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Codes and Guidelines

The building should be constructed in
accordance with the International Residential
Code or the International Building Code,
depending on design requirements.

Although these codes have slightly different
requirements, depending on how the space
is categorized by the building code, both may
require a fire-resistant-rated assembly to be
used between the parking area and living
space.

In addition to meeting applicable code
requirements, the area below the elevated
building must also meet the requirements

of the NFIP as described in NFIP Technical
Bulletins (TBs) TB 1, Openings in Foundation
Walls and Walls of Enclosures; TB 5, Free-of-
Obstruction Requirements; and TB 9, Design
and Construction Guidance for Breakaway Walls.

Figure 2. Space under an elevated building used as a parking area
(St. Tammany Parish, LA, Hurricane Isaac)

Mitigation Guidance for Covering the Underside of an Elevated Building

Key Issues

- Underside paneling or sheathing assemblies for elevated structures should utilize flood-damage-resistant
materials.

- These assemblies may be required to meet the fire-resistance-rating criteria for a garage depending on how
the space is categorized by the building code or local building official.

- These assemblies should be designed to resist wind loads based on the adopted wind speed maps for the
area where the building is located.

Material Selection

The materials selected for the underside of an elevated building need to meet the requirements of NFIP TB 2,
Flood Damage-Resistant Materials Requirements, and any additional building code requirements related to
flood protection. If required by the code in the building’s jurisdiction, designers should research the materials
to ensure that they can be used to construct a fire-resistant-rated assembly that will also resist wind loads.

Coastal areas are corrosive environments, and any fasteners used on the exterior of the building must be
resistant to corrosion. Corrosion-resistant fasteners should be used for the entire floor system assembly and
all paneling or sheathing materials. The compatibility of the fasteners with the materials must be verified.
Ideally, corrosion-resistant fasteners should be used even in areas where the assembly is covered with
paneling or sheathing material.

Creating a Fire-Resistant-Rated Assembly

FEMA post-disaster damage assessments have reported that plywood sheathing performs well in high-

wind conditions. However, plywood sheathing alone is insufficient if the underside of the elevated building
requires a fire-resistant-rated floor system. Although fire-retardant-treated plywood that meets some of the
fire-resistance requirements is available, it is not a substitute for fire-resistive gypsum, a common material in
many fire-resistant-rated assemblies.

Some alternative products may meet the fire-resistance requirement. The designer should contact the
manufacturer to verify that the material will create a code-compliant assembly when used with the other
materials in the assembly (floor system). The proposed design should be submitted to the local building
official for approval. Building codes often require assemblies of a designated fire resistance to be
documented by a recognized testing and listing organization/laboratory (e.g., Underwriters Laboratory). All
structural elements, such as piles, posts, or columns, should be evaluated to determine if additional fire
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protection is needed. For instance, sprinkler systems may be required to meet building code requirements in
some jurisdictions.

Creating a Wind-Resistant Assembly

Currently, no design standards provide guidance on how to calculate wind loads underneath an elevated
building. Although the wind loads underneath the building are significantly less than those on the roof system,
designers should try to determine the potential loads imposed on the plywood sheathing system to determine
the appropriate fastener size and spacing to adequately attach the plywood sheathing. If a refined wind load
analysis will not be performed, it may be appropriate to use the plywood sheathing fastening requirements for
low-slope roof systems with the design wind speed for the area where the building is located. In many cases,
floor joists are spaced at 16 inches, rather than a roof truss spacing of approximately 24 inches on center,
which may adjust typical fastener spacing due to the tighter spacing of support members (joists).

FEMA post-disaster assessments have observed that
vinyl siding or soffit paneling material used to cover
the underside of elevated buildings frequently fails,
usually as a result of the vinyl tearing or fasteners
pulling out (see Figure 3). FEMA has observed less
damage to underside coverings from high-wind
events where the covering material is wood (typically
plywood sheathing). The use of wood or more rigid
materials may not eliminate all damage during
high-wind events, but it will minimize damage to the
underside covering material from tear out around
fasteners or buckling (see Figure 4).

Designing the Complete Assembly

If the area underneath an elevated building is
categorized, by the code or buiIding code official, F!'gure 3..Coverin.g under an elevated building was I?st w_hen tfle
such that it requires a fire-resistant-rated assembly vinyl soffn:‘ panelm.g tore arourtd fastener heads during high winds
and must meet flood-resistance requirements and (Plaquemines Parish, LA, Hurricane Isaac)

adequately resistant wind loads, it will result in a I
complex assembly of materials. « A grERR] Al

,-'III imimEn"
i W e R R u—" we—

If common construction materials are to be used,
a fire-resistant-rated assembly can be constructed
using a standard plywood subfloor, floor joists with
insulation between the joists, a layer of exterior-
grade plywood sheathing, and a layer of 5/8-inch-
thick Type X paperless gypsum wallboard. Although
this approach exposes the gypsum wallboard to
wind-borne debris, it will reduce the likelihood of
plywood sheathing loss due to high winds. The
plywood layer should be fastened to the floor joists
to minimize plywood sheathing loss and deflection
in high-wind events. The plywood sheathing layer
will prevent the gypsum wallboard from deflecting

) . ; R Figure 4. Wood sheathing under a house near the one shown in
in a high-wind event and thus minimize loss of the Figure 3 did not fail; this is not a fire-resistant-rated assembly
gypsum. (Reversing the drywall and the plywood (Plaquemines Parish, LA, Hurricane Isaac)

layers requires the fasteners attaching the plywood

to the floor joists to bridge the gypsum; these fasteners may then be a potential point of failure.)

As a final step, the gypsum wallboard should be covered with an exterior-grade paint or sealant consistent
with the gypsum wallboard manufacturer’s specifications. Any assembly requiring a fire-resistance rating must
be verified with the appropriate building material listing service and by the local building official for building
code compliance.
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This Recovery Advisory describes one approach to designing an assembly, and while other techniques exist,
designers must consider appropriate wind loads, use flood-damage-resistant materials, and provide fire
resistance. For example, other materials, such as some fiber cement sheathing products, may meet the wind-
loading requirements for the plywood sheathing and fire-resistance requirements of the gypsum wallboard.
However, designers should always check with the manufacturer. The entire floor assembly should be assessed
as a whole rather than as individual products.
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Minimizing Flood Damage to
Electrical Service Components ¢

HURRICANE ISAAC RECOVERY ADVISORY

Purpose [ A &
The purpose of this Hurricane Recovery Advisory is to describe ¥ 4. - 2 ' s &
practices for minimizing damage to electrical service components 7 B ' {
during coastal and riverine flood events (see Figure 1). It's primary | T8 ¢
focus is on services of less than 300 volts, which are typical of i 14 ik ;
residential homes. Considering flood risks when designing and 1 13 i B : \ " :
constructing electrical services can ensure that outage durations A8 B % SR A ) f 3
resulting from flooding are minimized and that utility and code T U
requirements are met. P OE R LU :

Key Issues : wd b LT B
+ Floods can damage electrical utility meters and disconnect

switches and other electrical service components. Damaged

components can delay recovery time and extend the duration of

power outages.

- Preventing flood damage requires placing all electrical
equipment above the flood level, but utility company ;
requirements and the National Electrical Code (NEC) place limits ord
on where electrical service equipment can be located.

The following information is intended to help homeowners and
builders identify options for locating electrical service components
to minimize flood risks. Figure 2 clarifies some terminology and
shows some of the necessary clearance requirements.

National Electrical Code and Local Utility
Requirements

Figure 1. Electrical components installed below
the lowest floor system are subject to increased
flood damages and lengthy outage durations (St.
Key Issues Tammany Parish, LA)

- The NEC may dictate the locations for some electrical service
components because of clearance requirements

- NEC requirements do not directly address flood protection needs
- Local utilities may have additional requirements that dictate the location of electrical service components

- Local utilities may also require an external disconnection at the metering equipment so that emergency
response personnel can safely de-energize all power without entering the structure

NEC Requirements

NEC contains requirements for electrical services that significantly affect their design and construction.
The code dictates:

- Clearance to energized conductors
- Means to disconnect electrical power from a home

- Clearances around electrical service components

Minimizing Flood Damage to Electrical Service Components December 2012 Page 1 of 4



-«—— Utility pole
Service drop minimum

(bare conductor)

Service to
circuit breaker

Service disconnect
Raceway conduit

6-7 feet
maximum
height

12 feet over
residential property,
< but in some

instances increased
vertical clearance is
required

—

*Except if within 4 feet of the edge of the roof, otherwise 8 feet
of vertical clearance is required over the roof extending 3 feet
horizontally beyond the roof edge. Where voltage is less than
300 volts and the roof is steeper than 4/12, the 8 feet can be
reduced to 3 feet.

)

Figure 2. lllustration identifies some of the electrical service components and some of the NEC requirements for
residential electrical service. Other clearance requirements come into effect if the service drop (an overhead
electrical line running from a utility pole to a home) is attached near a door or window or is attached to the side of
the house rather than to the roof as shown in the illustration.

NEC clearance requirements prevent people from coming in contact with energized conductors (electrical
lines). Clearances above roofs, doors, windows, driveways, and walking surfaces (stair landings, decks,
balconies, etc.) must meet NEC requirements. When electrical components are elevated to avoid flooding, the
NEC requirements for clearance must still be maintained.

NEC requirements for service disconnecting means ensures power to a building can be shut off in the event
of an emergency like fire or flooding, or when electrical equipment must be de-energized for servicing. Main
circuit breakers mounted within electrical service panelboards are often used to disconnect the service.
Separate enclosed circuit breakers or separate fused disconnect switches mounted between the electrical
meters and the electrical panelboards can also be used. The NEC requires that service disconnecting means
be readily accessible. The NEC allows the use of remote control as a disconnecting means if the remote
control device is readily accessible.
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The NEC also governs working space around electrical
equipment, and requires a clear area around electrical
equipment to allow a utility worker or electrician to
work without obstructions. Meeting these requirements
often affects the placement and location of electrical
service components. Equipment that must be serviced
or repaired when energized must have sufficient
working clearance to protect electricians as they
perform service and repairs.

Electrical Utility Company Requirements

In addition to the NEC requirements for electrical
services, electrical utility companies also have
requirements that must be met. Utility companies
commonly require the center of electrical meters to be
placed within 4- to 6-feet of the finished grade to allow
access for recording electrical usage from manually

National Electrical Code and National
Electrical Safety Code

The National Fire Protection Association (NFPA)
70, also known as the National Electrical Code
(NEC), is the minimum standard incorporated

by many building codes and adopted by many
States and municipalities. The NEC governs all
wiring downstream of the electrical service point,
which delineates on-premise wiring from that
operated by the electrical utility. Wiring upstream
of the electrical service point is governed by
other standards, like the National Electrical
Safety Code (NESC, ANSI/IEEE C2).

For more information, refer to:
http://standards.ieee.org/about/nesc/2012.html.

read meters. The 4- to 6-foot requirement also allows

utility workers to remove the electrical meters from meter boxes if they need to discontinue electric service to
a home. The specific requirements for the elevation of the center of the meter above grade should be verified
with the utility company. Some utility companies allow electric meters to be accessed from elevated stairs,
walkways, or decks, particularly when not used solely for meter access (and thus more likely to be maintained
in a serviceable condition). When accessible from elevated structures, the electrical meters and other service
components can be elevated to reduce or alleviate flood risk without restricting access for utility company
personnel.

Choosing Locations for Electrical Service Components

Key Issues
- Locating electrical service components above potential floodwaters

- Maintaining access for utility workers

National Flood Insurance Program Requirements

The National Flood Insurance Program (NFIP) requires that
buildings in a Special Flood Hazard Area:

... be constructed with electrical heating, ventilation,
plumbing, and air conditioning equipment and other
service facilities that are designed and/or located so as
to prevent water from entering or accumulating within
the components during conditions of flooding.

Electric service
equipment | | I

Although the NFIP does not regulate equipment owned by
utilities, such as electric meters, FEMA recommends that
electrical services be designed so that all equipment is
elevated above flood levels to prevent flood damage
(Figure 3) or that most of the electric service equipment be
placed above flood levels to minimize flood damage

(Figure 4).

Figure 3 shows a house where the electrical meter and all
other electrical service components are all located above the
elevated lowest floor. For floods that do not rise above the
level of the elevated lowest floor, service equipment will not be damaged by flood waters (with the possible
exception of an easily repairable grounding conductor that bonds the meter enclosure and service panel to a
ground rod below). Workers can easily access the electrical meter from the stairs and elevated deck to read
the meter or remove it to shut off power to the home.

Figure 3. Example of the preferred method of elevating
all electrical components (St. Tammany Parish, LA)
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In some situations, elevating the meter may not be possible,
but all other electrical service components may be elevated
(see Figure 4). Because there are no stairs or elevated decks
to provide access for an elevated meter, the utility meter is =
located within 4 to 6 feet of grade and remains vulnerable : Service
to flooding, but can be repaired or replaced after floodwaters ; - _disconnec_t
recede. Flood risks to the electrical equipment, while not 1
eliminated, are greatly reduced at this home. The service
disconnecting means is mounted nearly 10 feet above grade; / _
it is equipped with a hookstick that allows remote operation. i : ' | — Hookstick
The electrical service panel (located inside opposite the ] e : _ ) | vom N
service disconnect) is also elevated and protected from R e il —== Electrical
flooding. Limeter

Other Considerations

- In addition to adhering to the elevation requirements in
areas with high-velocity floodwaters, any utilities located

Figure 4. Other than the electrical meter, all the
electrical components are elevated and protected

below the ‘?‘es'gn flood _ele_vat'on should be placed on _the from flooding at this home. The system incorporates an
landward side of the building and attached to foundation electrical service disconnect that is remotely operable
elements, such as piles or columns. with a hookstick (St. Tammany Parish, LA).

- Utilities such as meters, conduits, or service masts (see
Figure 2 for terminology) should not be attached to breakaway walls or elements that are not designed to
resist flood loads.

- Conduits and electrical cables should not be mounted on breakaway walls or cross open areas below the
design flood elevation.

- All electrical components, both above and below the design flood elevation, should be designed to drain and
prevent the accumulation of water.

- Branch circuits and secondary electrical components placed below design flood elevations should be
designed so that they can be electrically isolated from the rest of the system. This will allow electrical power
to be safely restored to the home before completing all flood-related electrical repairs.

- For additional information regarding the proper installation of electrical components in flood-prone areas,
see FEMA P-348, Protecting Building Utilities from Flood Damage (1999), and FEMA P-499, Home Builder’s
Guide to Coastal Construction (2010).
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