Enclosures and Breakaway _
Walls X FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To discuss requirements and

recommendations for enclosures and breakaway walls
below the base flood elevation (BFE).

Key Issues WARNING

- Spaces below elevated buildings can be used only for
building access, parking, and storage. Designers and owners should realize that:

- Areas enclosed by solid walls below the BFE (1) enclosures and items within them are
(“enclosures”) are subject to strict regulation likely to be destroyed even during minor flood
under the National Flood Insurance Program (NFIP). events; (2) enclosures, and most items within
Note that some local jurisdictions enforce stricter them, are not covered by flood insurance and
regulations for enclosures. can result in significant costs to the building

owner; and (3) even the presence of properly
constructed breakaway wall enclosures will
increase flood insurance premiums for the
entire building (the premium rate will increase
as the enclosed area increases). Including
enclosures in a building design can have
significant cost implications.

+ Enclosures in V-zone buildings must be breakaway
(non-breakaway enclosures are prohibited).
Breakaway enclosures in V zones must be built
with flood-resistant materials, meet specific design
requirements, and be certified by a registered design
professional.

+ Enclosures (breakaway and non-breakaway) in A-zone

o - . : ) The Hurricane lke Mitigation Assessment
buildings must be built with flood-resistant materials g

Team (MAT) observed some breakaway

and eq_uip_ped with floc_)d openings_that allow water walls in excess of 11' high. While FEMA
levels inside and outside to equalize. promotes elevating homes above the BFE

- Breakaway enclosure walls should be considered (i.e., adding freeboard), one of the unintended
expendable, and the building owner could incur consequences appears to be the increasing
significant costs when the walls are replaced. size of floodborne debris elements due to taller
Breakaway wall replacement is not covered by the breakaway walls.

flood insurance policy.

- For V zones, breakaway wall enclosures below an
elevated building will result in higher flood insurance
premiums; however, surrounding below-BFE space
with insect screening, open lattice, slats, or shutters
(louvers) can result in much lower flood insurance
premiums (Figure 1). Use of these materials will allow
floodwaters to pass into and out of the enclosed
space and minimize damage to the enclosure “walls.”
Although not required by the NFIR installation of flood
openings in breakaway walls may also reduce damage
to the walls.

Space Below the BFE — What Can It Be Used
For? _
NF_IP _regUIationS state that the qre_a below an eleva_ted Figure 1. Wood louvers installed beneath an elevated house in
building can be used only for building access, parking, aV zone are a good alternative to solid breakaway walls.
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and storage. These areas must not be finished or used
for recreational or habitable purposes. No mechanical,
electrical, or plumbing equipment is to be installed below
the BFE.

What is an Enclosure?

An “enclosure” is formed when any space below the BFE
is enclosed on all sides by walls or partitions. Enclosures
can be divided into two types, breakaway and non-
breakaway.

- Breakaway enclosures are designed to fail under base
flood conditions without jeopardizing the elevated
building (Figure 2) — any below-BFE enclosure in a V
zone must be breakaway. Breakaway enclosures are
permitted in A zones, but must be equipped with flood
openings.

- Non-breakaway enclosures can be constructed in an A
zone. They may be used to provide structural support
to the elevated building. All A-zone enclosures must be
equipped with flood openings to allow the automatic
entry and exit of floodwaters. This Recovery Advisory
recommends their use only in A-zone areas subject
to shallow, slow-moving floodwaters without breaking
waves.

Breakaway Walls

Breakaway walls must be designed to break free under
the larger of: 1) the design wind load, 2) the design
seismic load, or 3) 10 pounds per square foot (psf),
acting perpendicular to the plane of the wall (see Figure
3 for an example of a compliant breakaway wall). If

the loading at which the breakaway wall is intended to
collapse exceeds 20 psf, the breakaway wall design
must be certified. When certification is required, a
registered engineer or architect must certify that the
walls will collapse under a water load associated

with the base flood and that the elevated portion of

the building and its foundation will not be subject to
collapse, displacement, or lateral movement under
simultaneous wind and water loads. Breakaway walls
must break away cleanly and must not damage the
elevated building when they do so (Figure 4). Utilities
should not be attached to or pass through breakaway
walls. See FEMA (2008a) Technical Bulletin 9, Design
and Construction Guidance for Breakaway Walls for more
information.

Figure 4. Building siding extended down and over the breakaway
wall. Lack of a clean separation allowed damage to propagate
upward as the breakaway wall failed.

Figure 2. Breakaway walls beneath this building failed as
intended under the flood forces of Hurricane lke.
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Obstruction Considerations

A V-zone building, elevated on an open foundation without an enclosure or other obstructions below the
BFE, is said to be free of obstructions, and enjoys favorable flood insurance premiums (see FEMA (2008b)
Technical Bulletin 5, Free-of-Obstruction Requirements for more information).

The following building scenarios are also classified by the NFIP as free of obstructions:

- Below BFE space is surrounded by insect screening and/or by wooden or plastic lattice, slats, or shutters
(louvers), if at least 40 percent of the lattice and louver area is open. Lattice can be no thicker than 44";
slats or louvers can be no thicker than 1".

- Below BFE space is surrounded by a combination of one solid breakaway wall (or garage door), and all other
sides of the enclosure are insect screening, or wooden or plastic lattice, slats, or louvers.

The following building scenarios are classified by the NFIP as with obstructions:
- Below BFE space is fully enclosed by solid breakaway walls.

- Below BFE space is enclosed by a combination of two or more solid breakaway walls, with the remaining
sides of insect screening, or wooden or plastic lattice, slats, or louvers.

Flood Openings

Foundation walls and other enclosure walls of A-zone
buildings (including Coastal A-zone buildings) must be
equipped with openings that allow the automatic entry
and exit of floodwaters (Figure 5).

A-zone opening requirements are as follows:

- Flood openings must be provided in at least two of the
walls forming the enclosure.

- The bottom of each flood opening must be no more
than 1’ above the higher of the interior or exterior
adjacent grade.

- Louvers, screens, or covers may be installed over
flood openings as long as they do not interfere with the
operation of the openings during a flood. Figure 5. Flood opening in a below-BFE enclosure wall.

- Flood openings may be sized according to either a
prescriptive method (1 square inch of flood opening per square foot of enclosed area) or an engineering
method (which must be certified by a registered engineer or architect).

Details concerning flood openings can be found in FEMA (2008c) Technical Bulletin 1, Openings in Foundation
Walls and Walls of Enclosures.

Other Considerations

Enclosures are strictly regulated because, if not constructed properly, they can transfer flood forces to the
main structure (possibly leading to structural collapse). There are other considerations, as well:

- Owners may be tempted to convert enclosed areas below the BFE into habitable space, leading to life-safety
concerns and uninsured losses. Construction without enclosures should be encouraged. Contractors should
not stub out utilities in enclosures (utility stub-outs make it easier for owners to finish and occupy the
space).

- Siding used on the elevated portions of a building should not extend down over breakaway walls. Instead,
a clean separation should be provided so that any siding installed on breakaway walls is structurally
independent of siding elsewhere on the building. Without such a separation, the failure of breakaway walls
can result in damage to siding elsewhere on the building (see Figure 4).

- Solid breakaway wall enclosures in V zones will result in significantly higher flood insurance premiums
(especially where the enclosed area is 300 square feet or greater). Insect screening or lattice, slats, or
louvers are recommended instead.
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- If enclosures are constructed in Coastal A zones (see the Hurricane Ike Recovery Advisory, Design and
Construction in Coastal A Zones), open foundations with breakaway enclosures are recommended in lieu

of foundation walls or crawlspaces. If solid breakaway
walls are used, they must be equipped with flood
openings that allow floodwaters to enter and exit the
enclosure. Use of breakaway enclosures in Coastal

A zones (or any A zone) will not lead to higher flood
insurance premiums.

- Garage doors installed in below-BFE enclosures
of V-zone buildings — even reinforced and high-
wind-resistant doors — must meet the performance
requirement discussed in the Breakaway Walls section
of this Recovery Advisory. Specifically, the doors must
be designed to break free under the larger of the
design wind load, the design seismic load, or 10 psf,
acting perpendicular to the plane of the door. If the
loading at which the door is intended to collapse is
greater than 20 psf, the door must be designed and
certified to collapse under base flood conditions.

This Recovery Advisory recommends the use of
insect screening, or open wood or plastic lattice,
slats, or louvers, instead of solid breakaway
walls beneath elevated residential buildings.

This Recovery Advisory recommends that flood
openings be considered for solid breakaway
walls in V zones, even though they are not
required by the NFIP. The presence of flood
openings may relieve flood forces against the
solid breakaway walls and reduce damage to the
walls.

See the Breakaway Walls section for information about certification requirements.

References

FEMA. 2008a. Design and Construction Requirements for Breakaway Walls Below Elevated Coastal Buildings.

Technical Bulletin 9, available at: http://www.fema.gov/plan/prevent/floodplain/techbul.shtm

FEMA. 2008b. Free-of-Obstruction Requirements for Buildings Located in Coastal High Hazard Areas in
Accordance with the National Flood Insurance Program. Technical Bulletin 5, available at: http://www.fema.
gov/plan/prevent/floodplain/techbul.shtm

FEMA. 2008c. Openings in Foundation Walls and Walls of Enclosures Below Elevated Buildings in Special
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Design and Construction
in Coastal A Zones ¥ FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To recommend design and construction practices in coastal areas where wave and flood conditions
during the base flood will be less severe than in V zones, but still cause signiXcant damage to typical light-
frame construction.

Key Issues

+ Recent post-storm investigations have shown that
typical A-zone construction techniques (e.g., wood-
frame, light gauge steel, or masonry walls on shallow
footings or slabs, etc.) are subject to damage or
destruction when exposed to less than 3' waves,
which is the current threshold for V-zone conditions.

4 o
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- Coastal A-zone buildings that employ typical
residential and light commercial walls to elevate and
support habitable space above the flood level will be
susceptible to flood damage (Figure 1). Laboratory Figure 1. Failure of wood-frame walls used to support a coastal
tests and recent Keld investigations conXrm that building, which was subjected to shallow flooding, small waves,
breaking wave heights as small as 1.5' will cause and floating debris (Fort Walton Beach, FL, Hurricane Opal).

failure of these types of walls (Figure 2).

- Other flood hazards associated with coastal waves The Hurricane lke Mitigation Assessment Team
(e.g., floating debris, high velocity flow, erosion and (MAT) observed small wave damage consistent
scour) also damage A-zone type construction in with Coastal A-zone conditions throughout
coastal areas (Figure 3). the area affected by lke, including portions of

] west Galveston Island (Figure 4), communities

* National Flood Insurance Program (NFIP) flood hazard situated along portions of Galveston Bay (Figure
mapping is generally divided into two categories, V 5), Orange County (Figure 6), and portions of
and A zones. In coastal areas, the A-zone category coastal Louisiana (Figure 7).
could be subdivided into “Coastal A zone” and “A

Coastal A Zone, Defined

Coastal A Zone: area landward of a V zone, or landward of
an open coast without mapped V zones. In a Coastal A zone, 2SI
the principal source of flooding will be astronomical tides,
storm surges, seiches or tsunamis, not riverine flooding.
During base flood conditions, the potential for wave heights
between 1.5 and 3.0" will exist. At least 2 to 4' of stillwater
depth is necessary to support these wave heights.

W 27
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Coastal

Coastal A-zone design and construction practices described
herein are not mandated by the NFIP, but are recommended
for communities that wish to adopt higher floodplain
management standards. Community Rating System (CRS)
credits are available for doing so. Note that some Coastal
A-zone practices may be required by the International
Building Code®, through its reference to ASCE 24, Standard  Plan view showing a Coastal A zone landward of a V
for Flood Resistant Design and Construction. zone (source: ASCE 24-05).

Shoreline
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zone.” Base flood conditions in the Coastal A zone

will be similar to, but less severe than, those in the Flood insurance studies produced after
V zone; base flood conditions in the A zone will be Hurricane Katrina may include an advisory
similar to those in riverine or lake floodplains. line indicating the limit of the 1.5' wave height
) during the base flood. This line is known as
- The Coastal A zone is not shown on the Flood the Limit of Moderate Wave Action (LIMWA),

Insurance Rate Maps (FIRMs) presently adopted by
communities. Communities, designers, and owners
will have to determine whether a site lies within a
Coastal A zone, either by wave height estimation or by
consultation with FEMA regarding the LIMWA (see text box).

and the area between this line and the VE zone
boundary is the Coastal A zone.

- In general, V-zone design and construction standards are recommended in Coastal A zones subject to
erosion, high velocity flow, and/or wave heights greater than 1.5'.

Figure 2. Failure of wood-frame wall, brick veneer, and Figure 3. Failure of A-zone type foundation in coastal area,
windows as a result of 4' of stillwater flooding and small not subject to V-zone conditions (Topsail Island, NC, Hurricane
waves (Bay St. Louis, MS, Hurricane Katrina). Fran).

Figure 5. Damage to
brick veneer walls due to
shallow flooding, floating
debris, and small waves.
The damaged home

was on a sheltered bay
shoreline (Baytown, TX,
Hurricane Ike).

Figure 4. Coastal A-zone flood conditions are sufficient to
cause failure of solid breakaway walls and garage doors (west

Galveston Island, TX, Hurricane lke).

V Zone During Base Flood :)sall-l;:s,jmg Waves and Erosion

rys A Zones in Coastal Areas
\Y4 m Areas With Potential for Areas With Shallow Flooding
Damaging Waves and Erosion Only, Where Potential for
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1 2
Figure 6. Damage attributed to small waves and approximately
5' of stillwater depth (Bridge City, TX, Hurricane lke).

Coastal A-Zone Construction Guidance

Figure 7. Damage believed to have resulted from Coastal
A-zone conditions (Johnson Bayou, LA, Hurricane lke).

Because of the presence of damaging waves, V-zone design, construction, and certiX¥cation practices are

recommended for Coastal A zones.
Coastal A-zone construction should include:

- Use of open foundations (pile or pier) designed
to resist all base flood conditions, including small
waves, high velocity flow, erosion and scour, and
floodborne debris (see Table 1).

- Elevation of the bottom of the lowest horizontal
structural member supporting the lowest floor above
the base flood wave crest elevation (Figure 8). Since
waves and debris will be impacting on the floor joists

and other foundation elements during the base flood,

do not follow current NFIP minimum requirements
that allow the lowest floor’s walking surface to be
set at the wave crest elevation in Zone A. The 2009
International Residential Code® (IRC®) will require
1' of freeboard in V zones and Costal A zones.

- Use of flood-resistant materials above the level of the

100-Year
Wave Crest
Elevation (ABFE)

Freeboard

Toward Flood Source /\
-—

Bottom of
Lowest Horizontal
— Structural Member

Elevation

100-Yea—Q_
Stillwater

Figure 8. Recommended post-Katrina building standards in

Coastal A zones.

walking surface of the lowest floor (in the event that future flooding exceeds the lowest floor level and any

freeboard incorporated into the building design).

- Specillcation of connections between the foundation and the elevated building that are capable of
withstanding simultaneous wind and flood forces. Post-hurricane investigations typically Knd many

foundation-to-building connections that are deXcient.

- Use of space below the lowest horizontal structural member for parking, access, or storage only. Adding
suficient freeboard to allow parking beneath the building will not only reduce future flood damages, but will

also lower flood insurance premiums.
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Table 1. Foundation Recommendations for Coastal A Zones (Users should read across from a foundation
type to see under what soil and base flood conditions that foundation is acceptable. A foundation must

be capable of resisting all base flood conditions likely to exist at the site, or it should not be used. For
example, a properly constructed pier on a shallow footing will generally withstand 1.5 to 3.0' wave heights,
but should not be used where soils are erodible, and where high velocity flow is possible.)

roundation pe Wa:g:i'f':foiﬂie“ Velocity Flow, Erodible Soils
Fill no no
Slab on grade no no
Crawlspace, shallow footing no no
Foundation walls, shallow footing no no
Stem wall** no no
Pier, shallow footing yes no
Pier, deep footing*** yes yes
Post, shallow embedment no no
Pile/Column, deep embedment*** yes yes

* Wave heights greater than 3.0' mapped as V zone: fill, slab, crawlspace, wall foundations not permitted.

** Typical stem wall foundations are vulnerable to damage from small waves or undermining and are, therefore, not recommended
for use in Coastal A zones.

*** Deep means sufficiently deep to withstand erosion and scour, including that induced by the presence of the foundation itself.

- Use of screen, lattice, louvers, or solid breakaway walls if space below the elevated floor is enclosed (see
Hurricane Ike Recovery Advisory, Enclosures and Breakaway Walls). Note: unless flood regulations are
changed, solid breakaway walls in Coastal A zones must be equipped with flood openings.

Additional guidance for design and construction in Coastal A zones can be found in FEMA 499, Home Builder’s
Guide to Coastal Construction (http://www.fema.gov/library/viewRecord.do?id=1570). The publication is

a series of 31 fact sheets that provide recommended design and construction practices for foundations,
connections, building envelope, etc. Fact Sheet 2 summarizes recommended practices for Coastal A zones,
and references other fact sheets that provide more details.

Identifying Coastal A Zones

Coastal A zones are not shown on present day FIRMs or mentioned in a community’s Flood Insurance Study
(FIS) Report. Those maps and studies show zones VE, AE, and X (or older designations V1-30, A1-30, B,
and C). Therefore, until Coastal A-zone designations or wave height contours are incorporated into FISs, the
community of¥cial, designer, or owner will have to determine whether or not a site will be subject to Coastal
A-zone conditions during the base flood.

In order for a Coastal A zone to be designated, two conditions are required:
1) a water depth suf¥cient to support waves between 1.5 and 3.0' high, and
2) the actual presence of wave heights between 1.5 and 3.0'".

Condition 1 requires stillwater depths (vertical distance between the 100-year stillwater elevation and the
ground elevation) of at least 2 to 4' at the site.

Condition 2 requires wave heights at the shoreline greater than 1.5 to 3.0' (under the 100-year flood
conditions), sufcient water depth between the shoreline and the site and few, if any obstructions (buildings,
dense tree stands, etc.) that may block or dampen the waves, between the shoreline and the site.

Figure 9 illustrates the procedure that was used following Hurricane Katrina to estimate Advisory Base Flood
Elevations (ABFEs) and corresponding Coastal A zones, knowing only the ground elevation and the 1 percent
annual chance stillwater level.

Design and Construction in Coastal A Zones January 2009 Page 4 of 5



Communities, designers, and owners can

obtain the information necessary to make V ZONE | COASTALAZONE | A ZONE

a post-lke Coastal A-zone determination by Wave Height>3.0 Wave Height Between | Wave Height < 1.5'
. . . . 3.0and 1.5'

observing the site and its surroundings, T

>

knowing site ground elevations, and Advisory Base Flood Elevation

using 1 percent annual chance stillwater ~ |SWet+0/2 o2y T
elevations (from the FIS report or as _ }  Stilwater Depth

determined by a govemment agency)_ 100-year Stillwater Level D Between 4 and 2'

Figure 10 shows how site and surrounding
conditions would influence a Coastal-A
zone determination.

ABFE- Ground = 3'
Ground Elevation ABFE — Ground = 6' at This Location
(from Topo Map) at This Location

Shoreline

Figure 9. Post-Katrina Coastal A-zone methodology cross-section showing 1
percent annual chance stillwater elevation, stillwater depth and ABFE, and
inland limits of a V zone and a Coastal A zone.

Figure 10. The site on the left is mapped Zone AE, and lies directly along the Gulf of Mexico shoreline. Limited obstructions to waves
indicate the site could be classified as a Coastal A zone. The site on the right is over 2 mile from the Gulf shoreline, is mapped as
Zone AE, and has a base flood stillwater level sufficient to support >1.5-foot wave heights - but obstructions to waves (e.g., trees and
other buildings between the site and the shoreline) and distance from the source of flooding would indicate the area is not a Coastal
A zone.

References
ASCE. 2005. Standard for Flood Resistant Design and Construction, ASCE 24-05.

FEMA. 2005. Home Builder’s Guide to Coastal Construction, FEMA 499. See http://www.fema.gov/library/
viewRecord.do?id=1570

FEMA. 2009. Hurricane Ike Recovery Advisory, Enclosures and Breakaway Walls.
ICC 2006. International Building Code. 2006.
ICC 2009. International Residential Code. 2009.
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Erosion, Scour, and .
Foundation Design &) FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To discuss how any lowering of the ground surface can affect the ability of a building foundation to
resist design loads, and to provide additional guidance for coastal foundation design.

Key Issues

- Coastal buildings are often subject to flood loads
and conditions that do not affect inland buildings.
These include waves, high velocity storm surge
flow, floodborne debris, and erosion and scour. This Scour refers to a localized loss of soil, often
Recovery Advisory will focus on erosion and scour. around a foundation element.

See FEMA 499, Homebuilder’'s Guide to Coastal
Construction (2005), Fact Sheets 11 through 15 at:
http://www.fema.gov/ library/viewRecord.do?id=1570, and FEMA 55, Coastal Construction Manual (2000)
at: http://www.fema.gov/library/viewRecord.do?id=1671 for discussion of other foundation issues.

Erosion refers to a general lowering of the
ground surface over a wide area.

- Foundations must transfer all loads imposed on the building into the ground. If the foundation is not strong
enough or deep enough to do this, the building will be destroyed. If the foundation embedment into the
ground is not sufficient to account for erosion and scour that may occur over the life of the building, the
building is vulnerable to collapse under design flood and wind conditions.

- Predicting the incidence, location, and magnitude of coastal erosion and scour is difficult, and present-day
building codes and standards do not prescribe clear-cut solutions for designers. Therefore, designers should
be conservative with their foundation designs. This means foundations may need to be stronger, deeper, and
higher than what has historically been used. Lessons learned from Hurricane ke and other recent coastal
storm events should be incorporated into foundation designs.

Erosion and Scour Basics

Erosion is defined by the International Building Code® (ICC, 2006) as the “wearing away of the ground surface
as a result of the movement of wind, water or ice.” Section 7.5 of FEMA’s Coastal Construction Manual
describes erosion as “the wearing or washing away of coastal lands.” Since the exact configuration of the soil
loss is important for foundation design purposes, a more specific definition is used in this Recovery Advisory
(see text box and Figure 1).

I:I I:I Original I:I I:I Original I:I |:|
Ground Ground
l \-'l \-'I \-'l \-'l l
T I "‘-r&‘-?""-»"/\'-""
Erosion Scour Erosion

and Scour

Figure 1. Distinguishing between coastal erosion and scour. A building may be subject to either or both, depending on the building location,
soil characteristics, and flood conditions.
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Erosion can occur across a wide range of time frames

— it can be gradual, occurring over a long period of time
(many years); more rapid, occurring over a relatively short
period of time (weeks or months); or episodic, occurring
during a single coastal storm event over a short period of
time (hours or days). Figure 2 shows the result of erosion
occurring over a long time frame — buildings that were
formerly on upland property, but now stand on the active
beach. Figure 3 shows episodic erosion that occurred
during Hurricane lke. In both cases, the recession of the
shoreline resulted in a horizontal translation of the beach
profile and a lowering of the ground elevation under and
near the affected buildings. The closer a building is to
the shoreline, the more likely erosion will occur and the

greater the erosion depth will be. Figure 2. Long-term erosion has caused the shoreline to
retreat and has left homes standing on the beach (Surfside
Scour occurs when floodwater passes around Beach, TX). July 2007 Texas General Land Office photo.

obstructions in the water column. As the water

flows around an object, it must change direction and
accelerate. Soil can be loosened and suspended by this
process or by waves striking the object, and be carried
away. Pilings, pile caps, columns, walls, footings, slabs,
and other objects found under a coastal building can lead
to localized scour. Scour effects increase with increasing
flow velocity and turbulence, and with increasing soil
erodibility.

Scour effects are generally localized, ranging from small,
shallow conical depressions in the sand around individual
piles (Figure 4) to larger and deeper depressions around
individual piles (Figure 5), to a building-sized shallow
depression around a group of piles (Figure 6), to a large :
and deep depression around a building foundation Figure 3. Storm-induced erosion beneath an elevated coastal
(Figure 7). Scour depressions like that shown in Figure building (Galveston Island, TX, Hurricane Ike).

7 were observed frequently following Hurricane lke,

and many of these reportedly were 6 to 10 feet deep
and required hundreds of cubic yards of soil to fill. The
presence of large, non-frangible concrete slabs and deep
grade beams under the buildings may be a contributing
factor to the large local scour depressions observed.

In some cases, buildings may settle due to inadequate
pile embedment, coupled with some combination of
erosion, scour, and soil liqguefaction that leads to loss of
bearing. This type of failure was observed by the Huricane
Ike FEMA Mitigation Assessment Team (MAT) at Surfside
Beach, TX (Figure 8) and Holly Beach, LA.

Figure 4. Local scour around foundation piles (Pensacola
Beach, FL, Hurricane Ivan).

Figure 5. Local scour around foundation piles (Holly Beach,
LA, Hurricane lke).
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Figure 6. Local scour around a 3rd row house’s pile foundation Figure 7. Extreme local scour around a Gulf-front pile
(Bolivar Peninsula, TX, Hurricane lke). foundation (Bolivar Peninsula, TX, Hurricane Ike).
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Figure 8. Differential settlement of buildings thought to be Figure 9. Linear scour and erosion patterns aligning with
a result of inadequate foundation embedment coupled with canals and roads (Bolivar Peninsula, TX, Hurricane lke).
erosion, scour, and/or soil liquefaction (Surfside Beach, TX,

Hurricane Ike).

There is one other erosion and scour scenario to consider in foundation design — the loss of soil around

or under a building as a result of storm surge flow being channeled or directed across a building site. This
process usually takes place where storm surge flow is constrained between large buildings or gaps in shore
protection, or when return flow to the sea follows paths of least resistance, such as along canals and roads
(Figure 9).

Erosion and Scour - Impacts on Foundations
Erosion and scour have several adverse impacts on coastal foundations:
- Erosion and scour reduce the embedment of the foundation into the soil, causing shallow foundations to

collapse and making buildings on deep foundations more susceptible to settlement, lateral movement, or
overturning from lateral loads.

- Erosion and scour increase the unbraced length of pile foundations, increase the bending moment to which
they are subjected, and can overstress piles.

- Erosion over a large area between a foundation and a flood source exposes the foundation to increased
lateral flood loads (i.e., greater stillwater depths, possible higher wave heights, and higher flow velocities).

- Local scour around individual piles or a building foundation will not generally expose foundations to greater
flood loads, but linear scour across a building site may do so.
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Resisting higher bending moments brought about by erosion and scour may necessitate a larger pile cross-
section or decreased pile spacing (i.e., more piles) or, in some cases, use of a different pile material (e.g.,
concrete or steel instead of wood). Resisting increased lateral flood loads brought about by erosion (and
possibly by linear scour) would necessitate a similar approach. However, designers must remember that
increasing the number of piles or increasing the pile diameter will, in turn, also increase lateral flood loads
on the foundation.

Resisting increased unbraced lengths brought about by erosion and scour will require additional
embedment of the foundation into the ground.

To illustrate these points, calculations were made to examine the effects of scour and erosion on foundation
design for a simple case —a 32' x 32', two-story house (10' story height), situated away from the shoreline
and elevated 8' above grade on 25 square timber piles (spaced 8' apart), on medium dense sand. The house
was subjected to a design wind event with a 130 mph (3-second gust) wind speed and a 4' stillwater depth
above the uneroded grade, with storm surge and broken waves passing under the elevated building. Lateral
wind and flood loads were calculated in accordance with ASCE/SEI 7-05 Minimum Design Loads for Buildings
and Other Structures (model codes and related prescriptive standards, such as the International Building
Code (IBC), the International Residential Code® (IRC®), and ICC-600 Standard for Residential Construction in
High Wind Areas, are based on ASCE 7 loads). For this illustration, the piles were analyzed under lateral wind
and flood loads only; dead, live and wind uplift loads were neglected. If these neglected loads are included in
the analysis, deeper pile embedment and possibly larger piles may be needed.

Three different timber pile sizes (8" square, 10" square, and 12" square) were evaluated using pre-storm
embedment depths of 10', 15', and 20', and five different erosion and scour conditions (Erosion = 0' or 1';
Scour ranges from 2.0 times the pile diameter to 4.0 times the pile diameter). The results of the analysis are
shown in Table 1. A shaded cell indicates the combination of pile size, pre-storm embedment, and erosion/
scour does not provide the bending resistance and/or embedment required to resist lateral loads. The
reason(s) for a foundation failure is indicated in each shaded cell, using “P” for failure due to bending and
overstress within the pile and “E” for an embedment failure from the pile/soil interaction. An unshaded cell
with “OK” indicates bending and foundation embedment criteria are both satisfied by the particular pile size/
pile embedment/erosion-scour combination.

Table 1. Example foundation adequacy calculations for a two-story house supported on square timber piles and situated away from
the shoreline, storm surge and broken waves passing under the building, 130-mph wind zone, soil = medium dense sand. Shaded cells
indicate the foundation fails to meet bending (P) and/or embedment (E) requirements.

hadme Pile Diameter, a

before Erosion and Sca e B ST 8 inch 10 inch 12 inch
Erosion = 0, Scour = 0 P E E OK
Erosion = 1 foot, Scour = 2.0 a RAE E E
10 feet Erosion = 1 foot, Scour = 2.5 a P E E E
Erosion = 1 foot, Scour = 3.0 a P E E E
Erosion = 1 foot, Scour = 4.0 a P E P E E
Erosion = 0, Scour = 0 P OK OK
Erosion = 1 foot, Scour = 2.0 a P OK OK
15 feet Erosion = 1 foot, Scour = 2.5 a P OK OK
Erosion = 1 foot, Scour = 3.0 a P OK OK
Erosion = 1 foot, Scour = 4.0 a P E P E E
Erosion = 0, Scour = 0 P OK OK
Erosion = 1 foot, Scour = 2.0 a P OK OK
20 feet Erosion = 1 foot, Scour = 2.5 a P OK OK
Erosion = 1 foot, Scour = 3.0 a P OK OK
Erosion = 1 foot, Scour = 4.0 a P P OK
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Review of the table shows several key points:

* Increasing pile embedment will not offset foundation
inadequacy (bending failure) resulting from too small
a pile cross-section or too weak a pile material.

) i i . ) WARNING
+ Increasing pile cross-section (or material strength) will ) )
not compensate for inadequate pile embedment The results in Table 1 should not be used in
) o ) ) ) lieu of building- and site-specific engineering
- Given the building and foundation configuration used analyses and foundation design. The table
in the example, the 8" square pile is not strong is for illustrative purposes only and is based
enough to resist the lateral loads resulting from the upon certain assumptions and simplifications
130-mph design wind speed under any of the erosion and for the combinations of building ’
and scour conditions evaluated, even if there is no characteristics, soil conditions, and wind and
erosion or scour. Homes supported by 8" square flood conditions described above. Registered
timber piles, with embedment depths of 10" or less, design professionals should be consulted for
will likely fail in large numbers when subjected to foundations designs.

design or near-design loads and conditions. Homes
supported by deeper 8" piles may still be lost during
a design event due to pile (bending) failures

- The 10" square pile is strong enough to resist bending under all but the most severe erosion and scour
conditions analyzed.

- The 12" pile is the only pile size evaluated that satisfies bending requirements under all erosion and scour
conditions analyzed. The 12" pile works with 10' of embedment under the no erosion and scour condition.
However, introducing as little as 1' of erosion, and scour equal to twice the pile diameter, was enough to
render the foundation too shallow.

- 15' of pile embedment is adequate for both 10" and 12" piles subject to 1' of erosion and scour up
to three times the pile diameter. However, when the scour is increased to four times the pile diameter
(frequently observed following Hurricane lke), 15" of embedment is inadequate for both piles. In general
terms, approximately 11' of embedment is required in this example house to resist the loads and conditions
after erosion and scour are imposed.

- The 12" pile with 20" of embedment was the only foundation that worked under all erosion and scour
conditions analyzed. This pile design may be justified for the sample house analyzed when expected erosion
and scour conditions are unknown or uncertain.

NFIP and Building Code Requirements

One of the requirements of Section 60.3(a)(3) of the NFIP regulations that applies to all flood hazard zones
(V, VE, V1-30, A, AE, A1-30, AO, AH, etc.) within the Special Flood Hazard Area (SFHA) is:

“If a proposed building site is in a flood-prone area, all new construction and substantial improvements
shall be designed (or modified) and adequately anchored to prevent flotation, collapse, or lateral
movement of the structure resulting from hydrodynamic and hydrostatic loads, including the effects of
buoyancy.”

A requirement in Section 60.3(e)(4) states that all new construction and substantial improvements in V
zones must be elevated on pilings and columns so that:

“(i) the bottom of the lowest horizontal structural member of the lowest floor (excluding the pilings or
columns) is elevated to or above the base flood level; and

(ii) the pile or column foundation and structure attached thereto is anchored to resist flotation, collapse
and lateral movement due to the effects of wind and water loads acting simultaneously on all building

components.

Water loading values used shall be those associated with the base flood. Wind loading values used shall
be those required by applicable State or local building standards. A registered professional engineer or
architect shall develop or review the structural design, specifications and plans for the construction, and
shall certify that the design and methods of construction to be used are in accordance with accepted
standards of practice for meeting the provisions of paragraphs (e€)(4)(i) and (ii) of this section.”
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The International Residential Code (2006) has similar requirements:

“R324.1.1 [Flood Resistant Construction] Structural systems. All structural systems of all buildings and
structures shall be designed, connected and anchored to resist flotation, collapse or permanent lateral
movement due to structural loads and stresses from flooding equal to the design flood elevation.

R324.3.3 [Coastal high-hazard areas] Foundations. All buildings and structures erected in coastal high-
hazard areas shall be supported on pilings or columns and shall be adequately anchored to such pilings
or columns. Pilings shall have adequate soil penetration to resist the combined wave and wind loads
(lateral and uplift). Water loading values used shall be those associated with the design flood. Wind
loading values used shall be those required by this code. Pile embedment shall include consideration of
decreased resistance capacity caused by scour of soil strata surrounding the piling. Pile systems design
and installation shall be certified in accordance with Section R324.3.6. Mat, raft or other foundations that
support columns shall not be permitted where soils investigations that are required in accordance with
Section R401.4 indicate that soil material under the mat, raft or other foundation is subject to scour or
erosion from wave-velocity flow conditions.

Buildings and structures, and all parts thereof, shall be constructed to support safely all loads, including

dead loads, live loads, roof loads, flood loads, snow loads, wind loads and seismic loads as prescribed in
this code. The construction of buildings and structures shall result in a system that provides a complete

load path capable of transferring all loads from their point of origin through the load-resisting elements of
the foundation.”

Thus, designers are responsible for ensuring that a foundation for a building in any flood hazard area must
be adequate to support a building under applicable design loads and load combinations. Desighers must
consider the effects of erosion and scour when foundations are designed. Designers must certify the
foundations.

There may also be other (State or local) foundation design and certification requirements.

Erosion and Scour Design Guidance

Given that the design requirements listed above are performance requirements, designers must translate
those into practice. This can be difficult with respect to estimating erosion and scour conditions at a particular
site, since definitive guidance for estimating coastal erosion and scour is not present in building codes and
standards.

FEMA’s Coastal Construction Manual (FEMA, 2000) provides some information and guidance, but even
this should be considered preliminary and subject to improvement as we learn more from post-storm
investigations. The pertinent CCM sections and guidance are summarized below:

CCM Section 7.5: this section summarizes the causes of erosion, its impacts on coastal lands and
buildings, and how it is measured. Section 7.5.2.5 discusses local scour. One key point is a procedure
outlined in the note on page 7-28 and illustrated in CCM Figure 7-66 — three steps that a designer should
use to estimate future ground elevations and flood conditions at a site:

Step 1: determine the most landward shoreline location expected during the life of the building

Step 2: define the lowest expected ground
elevation during the life of the building Designers in Texas and Louisiana can obtain
erosion data and other related information from

Step 3: define the highest expected BFE during various state agencies (see References).

the life of the building

CCM Section 7.8.1.4 discusses FEMA'’s current
procedures for estimating storm-induced erosion.

CCM Section 7.9.2 discusses how designers can update an obsolete flood hazard description for a site
by accounting for long-term (Step 1 above) and storm-induced erosion (Step 2 above). CCM Figure 7-
67 (Figure 10) provides an example, illustrating the use of published long-term erosion information and
simple storm erosion calculations to estimate future ground elevations at a building site.

CCM Section 11.6.11 discusses local scour and presents a simple method for calculating erosion around
a single pile. The method predicts the depth of a scour depression below the eroded ground elevation
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is equal to 2.0 times the pile diameter, unless

non-erodible soil lies beneath the ground surface 25

(Fi gure 11). 150 feet (3 feet/year x 50 years) (@iven: average annual
20 |<_| erosion rate = 3 feet/year)

Designers should use the CCM scour depth /\

relationship (Smax = 2.0 a) with caution. 15

Observations after Hurricane Ike showed scour
exceeded twice the pile diameter at many locations.
This could have been due to deeper scour depths
around entire pile foundations (Figures 6 and 7),

L 7% __ _\|100-Year Stillwater Level |

Elevation (feet NGVD)
o

o

or to the presence of concrete slabs and deep T \

grade beams that channeled flow between the ol | T e

bottom of the slab and the soil, or to other factors. T 7 7 PostStom N

Given the uncertainty over the exact cause of local 5 , , , , , , ,
scour during Hurricane lke, foundation designs for 0 100 200 800 400 500 600 700 800
reconstruction along the Gulf shoreline should be Distance (feet)

very conservative, and an assumed scour depth

of 6 to 8" would not be unreasonable. Designers Figure 10. CCM Figure 7-67 illustrating a simple procedure to
should investigate local soils and Hurricane lke- account for long-term erosion and storm erosion.

induced scour at nearby locations before selecting

a scour depth. Post-hurricane aerial photographs, 2

Eroded Ground
Surface

such as those obtained after Hurricane Ike by NOAA | Flood Elevation
and USGS (see References) will provide a good
source of data for designers.

The CCM mentions linear scour channels occurring
between large buildings or in-line with roads,
canals, and drainage features (see CCM Section
8.3.2), but does not provide design guidance for
estimating linear scour depths. As was the case
with local scour, designers should utilize post-
hurricane data when they estimate linear scour

f P ithout Terminatin
likelihood and depth. : ratum s v
Existing Homes: Are the Pile Foundations Figure 11. CCM Figure 11-12 illustrating scour estimate
Ad equ ateq around a single pile - Hurricane Ike showed this method may
q - underestimate local scour.

The owner of an existing home may wonder whether

the pile foundation is adequate to withstand erosion and scour during a design event. The builder or building
official may have permit records, building plans, or foundation design information for the house, or may be
able to provide information about typical design requirements, construction practices, and probable pile
embedment depths for houses of the same age. A licensed engineer can perform an inspection of the
foundation, provide information about non-destructive testing methods to determine pile embedment depth,
review available foundation data, and analyze the foundation.
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Attachment of Brick Veneer in
High-Wind Regions ¥ FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To recommend practices for installing brick veneer that will enhance wind resistance in high-wind
areas (i.e., greater than 90-mph gust design wind speed).

Key Issues

- Brick veneer is frequently blown off walls of residential and
non-residential buildings during hurricanes (Figure 1). When
brick veneer fails, wind-driven water can enter and damage
buildings, and building occupants can be vulnerable to injury
from windborne debris (particularly if walls are sheathed with
plastic foam insulation or wood fiberboard in lieu of wood
panels). Pedestrians in the vicinity of damaged walls can also
be vulnerable to injury from falling veneer (Figure 2).

Common failure modes include tie (anchor) corrosion (Figure
3), tie fastener pull-out (Figure 4), failure of masons to embed
ties into the mortar (Figure 5), and poor bonding between ties
and mortar and mortar of poor quality (Figure 6).

- Ties are often installed before brick laying begins. When this =
is done, ties are often improperly placed above or below the  Figure 1. Failed brick veneer over plywood. Many
mortar joints. When misaligned, the ties must be angled up ~ of the ties are still attached to the substrate,
. . . but several of the tie fasteners pulled out of the
_or_ down_ln order f0|_’ th_e ties to be embedded into the mortar ¢, pctrate and the ties are embedded in the collapsed
joints (Figure 7). Misalignment not only reduces embedment  yeneer. Estimated wind speed: 107 miles per hour
depth, but also reduces the effectiveness of the ties because (peak gust, Exposure C, at 33 feet).

wind forces do not act parallel to the ties themselves.

Corrugated ties typically used in residential veneer
construction provide little resistance to compressive loads.
Use of compression struts would likely be beneficial,

but off-the-shelf devices do not currently exist. Two-piece
adjustable ties (Figure 8) provide significantly greater
compressive strength than corrugated ties, and are therefore
recommended. However, if corrugated ties are used, it is
recommended that they be installed as shown in Figures 9
and 10 in order to enhance their wind performance.

Figure 3. Significant tie corrosion caused the brick at a fire station to Figure 2. The upper portion of the brick veneer at

fail, even though the building is not near the coast. Note that metal this apartment building collapsed. Pedestrian and

is missing for half of of width of the tie at two locations (red arrows). vehicular traffic in the vicinity of the damaged wall are
The left end of the tie was still embedded into a concrete masonry vulnerable to injury and damage if remaining portions
unit back-up wall. The right end is where the tie failed in tension, thus of the wall were to collapse during subsequent storms.

leaving a portion of the tie embedded in the collapsed brick.
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+ Buildings that experience veneer damage typically do
not comply with current building codes. Building code
requirements for brick veneer have changed over the years.
Model codes prior to 1995 permitted brick veneer in any
location, with no wind speed restrictions. Also, some older
model codes allowed brick veneers to be anchored with fewer
ties than what is required by today’s standards.

ACI 530/ASCE 5/TMS 402 (ACI 530) Building Code
Requirements for Masonry Structures is the current
masonry standard referenced by model building codes. The
2006 International Building Code® (IBC®) and the 2006
International Residential Code® (IRC®) both reference the
2005 edition of ACI 530. The latest ACI 530 is the 2008
edition.

The American Concrete Institute’s (ACI's) 530 addresses
brick veneer in two manners: rational design and a
prescriptive approach. Nearly all brick veneer in residential
and low-rise construction follows the prescriptive approach.
The first edition of ACI 530 limited the use of prescriptive
design to areas with a basic wind speed of 110 mph or less.
The 2005 and the 2008 editions of ACI 530 extend the
prescriptive requirements to include a basic wind speed of
130 mph, but limit the amount of brick that can be anchored
with veneer ties to 70 percent of that allowed in lower wind
speed regions. Both the 2005 and the 2008 editions require
rational design approaches in locations where the basic wind
speeds exceed 130 mph.

Some noteworthy distinctions exist in the requirements for
anchored brick veneer between the 2005 and the 2008
editions of ACI 530. For lower wind speed regions (110 mph
and below), ACI 530-05 limited the vertical spacing of ties to
18"; the 2008 edition allows vertical ties to be spaced up to
25", provided the amount of veneer anchored per tie does
not exceed 2.7 square feet. In ACI’s high-wind regions (over
110 mph and up to 130 mph), both editions of the code limit
vertical spacing to 18". ACI 530-08 also limits the space
between veneer anchored with corrugated ties and the wall
sheathing to 1". This is to avoid compression failures in the
corrugated ties when they are exposed to positive pressures.

Housewrap

Wood
Sheathing

Poor
Installation

Figure 4. This tie remained embedded in the mortar

joint while the smooth-shank nail pulled out from the
stud.

e
Jy

b

Figure 5. These four ties were never embedded into
the mortar joint.

Figure 6. This tie was embedded in the mortar, but the
bond was poor.

Base and Eye and
Vee Anchor Pintle Anchor
Figure 7. Misalignment of the tie reduces the embedment and promotes veneer Figure 8. Examples of two-piece adjustable

failure.

ties.
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+ The following Brick Industry Association (BIA) Technical
Notes provide guidance on brick veneer: Technical Notes Sustainability
28 — Anchored Brick Veneer, Wood Frame Construction;
Technical Notes 28B — Brick Veneer/Steel Stud Walls;
and Technical Notes 44B — Wall Ties (available online
at http://www.bia.org). These Technical Notes provide
attachment recommendations, but the recommendations
are not specific for high-wind regions and are, therefore,
inadequate.

Construction Guidance

The brick veneer wall system is complex in its behavior. There are limited test data on which to draw. The
following guidance is based on professional judgment, wind loads specified in ASCE 7-05 “Design Loads for
Buildings and Other Structures,” fastener strengths specified in the American Forest and Paper Association’s
(AF&PA’'s) National Designh Specification for Wood Construction, and brick veneer standards contained in

ACI 530-05. In addition to the general guidance given in BIA Technical Notes 28 and 28B, the following are
recommended:

Brick veneer can offer a very long service
life, provided the ties are not weakened by
corrosion. To help ensure that brick veneer
achieves its long life potential, in addition
to properly designing and installing the ties,
stainless steel ties are recommended.

Note: In areas that are also susceptible to high seismic loads, brick veneer should be evaluated by an
engineer to ensure it can resist seismic and wind design loads.

Stud Spacing: For new construction, space studs 16" on center, so that ties can be anchored at this spacing.

Tie Fasteners: Ring-shank nails are recommended in lieu of smooth-shank nails. A minimum embedment of 2"
into framing is suggested.

Ties: For use with wood studs, two-piece adjustable ties are recommended. However, where corrugated steel
ties are used, use 22-gauge minimum, 7/8" wide by 6" long, complying with ASTM A 366 with a zinc coating
complying with ASTM A 153 Class B2. For ties for use with steel studs, see BIA Technical Notes 28B — Brick
Veneer/Steel Stud Walls. Stainless steel ties should be used in areas within 3,000 feet of the coast.

Tie Installation
- Install ties as the brick is laid so that the ties are

]
= B tud
r rly align ith the mortar joints.
properly aligned with the mortar joints 1” maximum for corrugated H
- Install brick ties spaced per Table 1. Studs should be ties (per ACI 530-08)

installed at 16" spacing. Veneer tie locations for 24" Air

stud spacing are included for repairing damaged veneer I tG(I’IO(tj Space || 1]
on existing buildings with the wider stud spacing. In areas D aason . L+
where the 2006 Editions of the IBC/IRC are adopted, o0 g
install brick veneer ties spaced no more than 18" T
vertically to satisfy the requirements of ACI 530-05. : "
. L . . 8d common ring-shank nail 2l
+ Locate ties within 8" of door and window openings and (0.131” diameter x2.5" length)

within 12" of the top of veneer sections. Figure 9. Bend ties at nail heads.

-+ Bend the ties at a 90-degree angle at the nail head in
order to minimize tie Kexing when the ties are loaded in
tension or compression (Figure 9).

- Embed ties in joints so that mortar completely

il
, 1/ st
encapsulates the ties. Embed a minimum of 1 1/2" into " ma’ﬂ'e“su(rgéfr;\%cirg%%%%‘i R ]
the bed joint, with a minimum mortar cover of 5/8" to the Good Air L
outside face of the wall (Figure 10). Space ||+

Installation

5/8" 11/2II L
Minimum Minimum

Figure 10. Tie embedment.
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Table 1. Brick Veneer Tie Spacing

-'. l. -', : ' ' 16" stud spacing 24" stud spacing

90 -19.5 243b 162
100 241 243b 162
110 -29.1 20% P 13%
120 -34.7 17 NAC
130 -40.7 15 NAC
140 -47.2 13 NA°®
150 -54.2 11 NAC

Notes:

1. The tie spacing is based on wind loads derived from Method 1 of ASCE 7-05, for the corner area of buildings up to 30" high, located in Exposure
B with an importance factor (I) of 1.0 and no topographic inKuence. For other heights, exposures, or importance factors, engineered designs are

recommended.

2. Spacing is for 24" long 8d common (0.131" diameter) ring-shank fasteners embedded 2" into framing. Fastener strength is for wall framing with
a Specific Gravity G=0.55 with moisture contents less than 19 percent and the following adjustment factors, C=0.8; and C, C,,, Ceg, and C =1.0.

Factored withdrawal strength W'= 65.6#.

3. The brick veneer tie spacing table is based on fastener loads only and does not take into account the adequacy of wall framing, sheathing, and other
building elements to resist wind pressures and control deections from a high-wind event. Prior to repairing damaged brick veneer, the adequacy of

wall framing, wall sheathing, and connections should be verified by an engineer.

a Maximum spacing allowed by ACI 530-08.

b In locales that have adopted the 2006 IBC/IRC, the maximum vertical spacing allowed by ACI 530-05 is 18".

¢ 24" stud spacing exceeds the maximum horizontal tie spacing of ACI 530-08 prescribed for wind speeds over 110 mph.
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Siding Installation in
High-Wind Regions & FEMA

HURRICANE IKE RECOVERY ADVISORY

Purpose: To provide basic design and installation tips for various types of siding that will enhance wind
resistance in high-wind regions (i.e., greater than 90-mph gust design wind speed).

Key Issues

- Siding is frequently blown off walls of residential and
non-residential buildings during hurricanes. Also, wind-
driven rain is frequently blown into wall cavities (even
when the siding itself is not blown off). Guidance for
achieving successful wind performance is presented
below.

- To avoid wind-driven rain penetration into wall cavities, an
effective moisture barrier (housewrap or building paper)
is needed. For further information on moisture barriers,
see Technical Fact Sheet No. 9 in FEMA 499, Home
Builder’s Guide to Coastal Construction, Technical Fact
Sheet Series (available online at: http://www.fema.gov/
library/viewRecord.do?id=1570). For further information
on housewrap, see Technical Fact Sheet No. 23.

- Always follow manufacturer’s installation instructions and
local building code requirements.

- Use products that are suitable for a coastal environment.
Many manufacturers do not rate their products in a way
that makes it easy to determine whether the product
will be adequate for the coastal environment. Use only
siding products where the supplier can provide specific
information on product performance in coastal or high
wind environments.

- For buildings located within 3,000 feet of the ocean line,
stainless steel fasteners are recommended.

- Avoid using dissimilar metals together.

Moisture barrier (also known as a
water-resistive barrier): In the context of
residential walls, the moisture barrier is
either housewrap or building paper (felt).
The moisture barrier occurs between the
wall sheathing and the siding. The moisture
barrier is a dual-purpose layer: it sheds
water that gets through the siding and

it limits air flow through the wall. When
properly sealed, housewrap is considered
an air barrier. Although building paper
provides some resistance to air flow, it

is not considered an air barrier. Moisture
barriers shed water, but they allow water
vapor to pass through them.

For further guidance on principles,
materials, and procedures for the design
and construction of walls to make them
resistant to water intrusion, see ASTM

E 2266, Standard Guide for Design and
Construction of Low-Rise Frame Building Wall
Systems to Resist Water Intrusion.

- The installation details for starting the first (lowest) course of lap siding can be critical. Loss of siding often
begins at the lowest course and proceeds up the wall (Figures 4 and 12). This is particularly important for
elevated buildings, where the wind blows under the building as well as against the sides.

- When applying new siding over existing siding, use shims or install a solid backing to create a uniform, flat
surface on which to apply the siding, and avoid creating gaps or projections that could catch the wind.

- Coastal buildings require more maintenance than inland buildings. This maintenance requirement needs to
be considered in both the selection and installation of siding.

Vinyl Siding

Vinyl siding can be used successfully in a coastal environment if properly designed and installed.

- Windload resistance:
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- Vinyl siding is required by the International Building
Code® (IBC®) and the International Residential Definition of Wind Exposure Zones
Code® (IRC®) to comply with ASTM D 3679,
Standard Specification for Rigid Poly(Vinyl Chloride)
(PVC) Siding, which requires the siding to withstand Exposure C: Open terrain, flat open country,
wind pressures equivalent to 110 mph on a grasslands, all water surfaces in hurricane-
building up to 30" in height in Exposure B. Most prone regions.
vinyl siding has also been tested for higher wind

Exposure B: Urban, suburban, wooded areas.

pressures, and can be used in locations with a

higher basic wind speed, greater building height, more open exposure, or some combination of those.
The design wind pressure or wind speed for which these products are rated is available from product
literature, installation instructions, or listings of agencies such as the International Code Council®
(ICC®) Evaluation Service.

- For design wind speeds greater than 110 mph, or building heights greater than 30', or Exposure C,
choose a model of siding rated for those conditions or higher. The manufacturer’s product literature or
installation instructions should specify the fastener type, size and spacing, and any other installation
details needed to achieve this rating.

+ Products that have been rated for high winds
typically have an enhanced nailing hem and are High-wind siding Standard siding

sometimes made from thicker vinyl (Figure 1).
j Double
nailing hem &

Thick, rigid panels provide greater wind resistance,
withstand dents, and lie flatter and straighter
against the wall. Optimum panel thickness should
be 0.040" to 0.048", depending on style and
design. Thinner gauge vinyl works well for stable
climates; thicker gauge vinyl is recommended

for areas with high winds and high temperature
changes.

+ Position nails in the center of the nailing slot
(Figure 2).

Greater locking
area

. Thicker vinyl
« To allow for thermal movement of the siding, do not
drive the head of the nail tight against the nail hem
(unless the hem has been specifically designed Figure 1. Features of typical high-wind siding and
for this). Allow approximately 1/32" (which is about the standard siding.
thickness of a dime) clearance between the fastener head
and the siding panel (Figure 3).
- Drive nails straight and level to prevent O8O C O C @ C
distortion and buckling in the panel. \ \ '
+ Do not caulk the panels where they meet the / X\ 1/32"
receiver of inside corners, outside corners, or Yes No (about the
Jtrim. Do not caulk the overlap joints. ;h:;’r‘;‘ee)ss of
- Do not face-nail or staple through the siding. foéﬁf/:fﬂﬁﬁi"d 'mproper
+ Use aluminum, galvanized steel, or other
corrosion-resistant nails when installing vinyl Figure 3. Allow 1/32”
siding. Aluminum trim pieces require aluminum or stainless steel fasteners. clearance between the
fastener head and the
+ Nail heads should be 5/16" minimum in diameter. Shank should be 1/8" in siding panel.

diameter.

+ Use the manufacturer-specified starter strip to lock in the first course; do not substitute other accessories
such as a J-channel or utility trim (Figure 4) unless specified by the manufacturer. If the manufacturer
specifies a particular strip for high-wind applications, use it. Make sure that the starter strip is designed
to positively lock the panel, rather than just hooking over a bulge in the strip; field test the interlock before
proceeding with the installation.
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- Make sure that every course of siding is positively
locked into the previous course (Figure 5). Push
the panel up into the lock from the bottom before
nailing rather than pulling from the top. Do not
attempt to align siding courses with adjacent walls
by installing some courses loosely.

Make sure that adjacent panels overlap properly,
about half the length of the notch at the end of the
panel, or approximately 1". Make sure the overlap
is not cupped or gapped, which is caused by pulling
up or pushing down on the siding while nailing.
Reinstall any panels that have this problem.

- Use utility trim under windows or anywhere the top

nail hem needs to be cut from siding to fit around
an obstacle. Be sure to punch snap-locks into the Figure 4. Utility trim was substituted for the starter strip and

- . - - the bottom lock was cut off the siding. Siding was able to pull
siding to lock into the utility trim. Do not overlap

I der wind .
siding panels directly beneath a window (Figure 6). oose tinder wind pressure

At gable end walls, it is recommended that vinyl siding be installed
over wood sheathing rather than over plastic foam sheathing, as
was done at the house shown in Figure 7.

Install vinyl siding in accordance with manufacturer’s installation
instructions and local building code requirements.

It is recommended that vinyl siding installers be certified under
the VSI Certified Installer Program sponsored by the Vinyl Siding
Institute. For more information, go to http://www.vinylsiding.org/
aboutsiding/installation/certinstaller.

Figure 5. The siding panel was not properly
locked into the panel below.

Figure 6. Proper detailing around windows and other obstacles
is important. Use utility trim, punch snap-locks into siding, and
don’t overlap directly beneath a window.

Figure 7. The vinyl siding at this gable was installed over plastic
foam insulation. Without wood sheathing, the wind pressures on
the vinyl are increased. Also, if the siding blows away, the foam
insulation is very vulnerable to blow off. With loss of the foam
insulation, wind-driven rain can freely enter the attic, saturate
the ceiling insulation, and cause collapse of the ceiling.
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Wood Siding

+ Use decay-resistant wood such as redwood, cedar, or cypress. See the Sustainable Design section regarding
certified wood.

- To improve longevity of paint, back-prime wood siding before installation.
- Carefully follow manufacturer’s detailing instructions to prevent excessive water intrusion behind the siding.

+ For attachment recommendations, see Natural Wood Siding: Selection, Installation and Finishing, published
by the Western Wood Products Association (http://www.wwpa.org).

This publication recommends an air gap between the moisture barrier and the backside of the siding to
promote drainage and ventilation. Such a wall configuration is referred to as a rain screen wall. See the text
box on page 5.

- Follow the installation details shown in Figure 8. (Note: Although these details do not show a rain screen,
inclusion of vertical furring strips to create a rain screen is recommended.)

Wood Wood
sheathing sheathing

Housewrap or
building paper

Self-adhering modified
bitumen flashing

Bevel
siding
Seal joints Corner
boards

Stud Seal joints

Housewrap or building paper

Corner boards
Self-adhering

modified bitumen

flashing

Tongue and groove horizontal
siding up to 6" wide
Wood sheathing

Nails must penetrate solid
wood 1-1/2" minimum

Tongue and groove horizontal
fding up to 6" wide

—— Extra nail

Wood sheathing Wood sheathing

Housewrap or
building paper

Interior
Housewrap wall
or building finish
paper

Wood stud

Bevel siding

Tongue and Vapor retarder

roove /
gorizontal (if needed)
siding

Insulation

Lap at 45°

Figure 8. Wood siding installation details.
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Pressure-equalized rain screen wall system

In areas that experience frequent wind-driven rain and stud Pressure-treated or
u

areas susceptible to high winds, it is recommended that a
rain screen design be considered when specifying wood or
fiber cement siding. (Typical vinyl siding products inherently
provide air cavities behind the siding that facilitate drainage.
Therefore, incorporation of vertical furring strips is normally
not applicable to this type of wall covering.) A rain screen
design is accomplished by installing suitable vertical furring
strips between the moisture barrier and siding material (see
Figure 9). The cavity facilitates drainage of water from the
space between the moisture barrier and backside of the siding
and it facilitates drying of the siding and moisture barrier.

decay-resistant
furring strips
Wood sheathing

Housewrap or
building paper

Bevel siding

Furring strip attachment: For 1" x 2" furring strips, tack strips
in place and use siding nails that are 34" longer than would
be required if there were no strips (thereby maintaining the
minimally required siding nail penetration into the studs).

For thicker furring strips, an engineered attachment is

recommended. Figure 9. Pressure-equalized rain screen
system.

At the bottom of the wall, the cavity should be open to allow
water drainage. However, the opening should be screened to
avoid insect entry.

At the wall/soffit juncture, the top of the cavity can open into the attic space to provide inlet air
ventilation, thereby eliminating soffit vents and their susceptibility to wind-driven rain entry. If the rain
screen cavity vent path is used in lieu of soffit vents, the depth of the cavity needs to be engineered to
ensure that it provides sufficient air flow to ventilate the attic.

Fiber Cement Siding

Installation procedures are similar to those for wood siding, but require specialized cutting blades and
safety precautions because of the dust produced during cutting with power tools. Manufacturer’s installation
recommendations should be strictly adhered to, and particular attention paid to the painting and finishing
recommendations for a high-quality installation.

- Always seal field-cut ends according to the manufacturer’s instructions. Properly gap the intersection
between siding edges and other building components and fill the gap with sealant.

- Always consult and follow the manufacturer’s installation requirements for the needed wind speed rating
or design pressure (refer to the manufacturer’s building code compliance evaluation report). Observe
the manufacturer’s fastener specifications, including fastener type and size, spacing, and penetration
requirements. Do not over drive or under drive.

- At gable end walls, it is recommended that fiber cement siding be installed over wood sheathing rather than
over plastic foam sheathing.

- Keep blind nails between 34" and 1" from the top edge of the panel (Figure 10). Be sure to drive nails at
least 3/8" from butt ends, or use manufacturer-specified joiners.

+ Face nailing (Figure 11) instead of blind nailing is recommended where the basic (design) wind speed is 100
miles per hour or greater. If the local building code or manufacturer specifies face nailing at a lower wind
speed, install accordingly.

-+ Do not leave the underside of the first course exposed or extending beyond the underlying material (Figure
12). Consider the use of a trim board to close off the underside of the first course.
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Wood sheathing

Wood sheathing

o Housewrap or . Housewrap or
Siding building paper Siding building paper

Blind Nail Face Nail

Figure 10. Blind nailing. Figure 11. Face nailing.

Sustainable Design

Material selection for sustainable sources and
durability

For wood products, select a Forest Stewardship Council
(FSC) certified product. The FSC seeks to ensure that
wood is harvested in a more responsible fashion,
including protecting forest ecosystems, and avoids

the use of chemicals and genetic engineering. While
redwood, cedar, and cypress are decay-resistant and
recommended for durability, they are generally cut from
old growth timber. You can determine if the manufacturer
is FSC certified by going to http://www.fsc-info.org.

For other Siding products, consider long-term life-spans  Figyre 12. Blind nailed siding installed with exposed gap at
for coastal environments, recycled content, and post- bottom (red circle) is vulnerable to failure.
consumer use.

The following publications discuss sustainable aspects of vinyl siding:

A Dozen Things You Might Not Know That Make Vinyl Siding Green (available online at http://www.vinylsiding.
org/aboutsiding/greenpaper/080919_VSI_Green_Paper_for_web.pdf).

Siding with the Environment (available online at http://www.vinylsiding.org/publications/final_Enviro_single_
pg.pdf).

Energy Conservation and Air Barriers: Uncontrolled air leakage through the building envelope is often
overlooked. The U.S. Department of Energy estimates that 40 percent of the cost of heating or cooling the
average American home is lost to uncontrolled air leakage. In warmer climates, it is a lower percentage of
loss. An air barrier system can reduce the HVAC system size, resulting in reduced energy use and demand.

Uncontrolled air leakage can also contribute to premature deterioration of building materials, mold and
moisture problems, poor indoor air quality, and compromised occupant comfort. When uncontrolled air
flows through the building envelope, water vapor moves with it. Controlling the movement of moisture by air
infiltration requires controlling the air pathways and/or the driving force.

To effectively control air leakage through the building envelope, an effective air barrier is required. To be
effective, it needs to be continuous; therefore, air barrier joints need to be sealed and the barrier needs to
be sealed at penetrations through it. The Air Barrier Association of America recommends that materials used
as a component of a building envelope air barrier be tested to have an air infiltration rate of less than 0.004
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cfm/square foot, assemblies of materials that form the air barrier be tested to have an air infiltration rate of
less than 0.04 cfm/square foot, and the whole building exterior enclosure have an air infiltration rate of less

than 0.4 cfm/square foot.
Air barrier systems installed behind siding:

Housewrap is the most common air barrier material for
residential walls. To be effective, it is critical that the joints
between sheets of housewrap be sealed as recommended
by the manufacturer, and penetrations (other than
fasteners) should also be sealed. At transitions between
the housewrap and door and window frame, use of self-
adhering modified bitumen flashing tape is recommended.

An air barrier should be installed over a rigid material, or
it will not function properly. It also needs to be restrained
from pulling off of the wall under negative wind pressures.
For walls, wood sheathing serves as a suitable substrate,
and the siding (or furring strips in a rain screen wall
system) provide sufficient restraint for the air barrier.

At the base of the wall, the wall air barrier should be
sealed to the foundation wall. If the house is elevated on
piles, the wall barrier should be sealed to an air barrier
installed at the plane of the floor.

If the building has a ventilated attic, at the top of the wall,
the wall air barrier should be sealed to an air barrier that
is installed at the plane of the ceiling.

If the building has an unventilated attic or no attic, at the
top of the wall, the wall air barrier should be sealed to an
air barrier that is installed at the plane of the roof (the roof
air barrier may the roof membrane itself, or a separate air
barrier element).

Siding maintenance:

For all siding products, it is very important to periodically
inspect and maintain the product especially in a coastal
environment. This includes recoating on a scheduled
maintenance plan that is necessary according to the
manufacturer’s instructions and a periodic check of the
sealant to ensure its durability. Check the sealant for its
proper resiliency and that it is still in place. Sealant should
be replaced before it reaches the end of its service life.

Air barrier: A component installed to provide
a continuous barrier to the movement of air
through the building envelope. Housewrap is
a common air barrier material for residential
walls. Although very resistant to airflow,
housewrap is very vapor permeable and
therefore is not suitable for use as a vapor
retarder.

Vapor retarder: A component installed to
resist diffusion of water vapor and provide
a continuous barrier to movement of air
through the building envelope. Polyethylene
is a common vapor retarder material for
residential walls. To determine whether

or not a vapor retarder is needed, refer

to the Moisture Control section of the
NRCA Roofing and Waterproofing Manual,
published by the National Roofing
Contractors Association (NRCA).

ASTM E 1677, Standard Specification for

an Air Retarder (AR) Material or System

for Low-Rise Framed Building Walls:

This specification covers the minimum
performance and acceptance criteria

for an air barrier material or system for
framed walls of low-rise buildings with the
service life of the building wall in mind. The
provisions contained in this specification are
intended to allow the user to design the wall
performance criteria and increase air barrier
specifications to accommodate a particular
climate location, function, or design of the
intended building.
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