LOAD PATHS

Gable end wall — cut concrete rake heam without looker-type overhang

Pressure-treated 2x4 at 24"on center, maximum

Roof sheathing

¥
4 —— 8" concrete Wood
_ 1 . que beam | roof
Fascia with one truss
Soffit no.5 (M #16) - -
g" h bar minimum,
over an% d at a minimum
(recc_)mmen e depth of 4"
maximum) .
90° Gable end wall — cut masonry rake beam with
standard ladder-type overhang
hook '
Vertical Notch webs 2-3/4"
wall for reinforcement
Concrete ———» reinforcement
masonry
wall Moisture barrier

1/2" anchor bolt

at 36" on center

maximum, or

according to
_\ design

Gable endwall connections.

8" overhang (recommended maximum)

2x4 (minimum pressure-treated wood nailer)

Typical reinforcement, one no. 5 (M #16)
or according to design

!

Cut concrete masonry

units to match slope;
beam height varies,
4" minimum

l«—— Concrete masonry wall

Mesh or other grout stop device

for cells not reinforced

Standard hook with lap, typical

L Vertical wall reinforcement,

as required

Grout, as required

Durability — High winds and salt-laden air can damage masonry construction. The entry of moisture into large
cracks can lead to corrosion of the reinforcement and subsequent cracking and spalling. Moisture resistance
is highly dependent on the materials and quality of construction.

Quality depends on:

Proper storage of material — Keep stored materials covered and off the ground.

Proper batching — Mortar and grout must be properly batched to yield the required strength.

Good workmanship — Head and bed joints must be well mortared and well tooled. Concave joints and
V-joints provide the best moisture protection (see detail above). All block walls should be laid with full

mortar coverage on horizontal and vertical face shells.
Block should be laid using a “double butter” technique
for spreading mortar head joints. This practice provides
for mortar-to-mortar contact as two blocks are laid to-
gether in the wall and prevents hairline cracking in the
head joint.

22 2220227

] )

Concave Joint

V-Joint
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Protection of work in progress — Keep work in progress protected from rain. During inclement weather, the
tops of unfinished walls should be covered at the end of the workday. The cover should extend 2 feet down
both sides of the masonry and be securely held in place. Immediately after the completion of the walls, the
wall cap should be installed to prevent excessive amounts of water from directly entering the masonry.

Reinforcement: Masonry must be reinforced according to the building plans. Coastal homes will typically re-
quire more reinforcing than inland homes. The following figure shows typical reinforcement requirements for a
coastal home.

One #5 at each end Shear segment Reinforced bond One #6 minimum at each side  Standard 90° hook
Beams spanning of shear segments 2" minimum beam continuous of opening having a horizontal  at each vertical bar
openings around perimeter dimension greater than 6' (typical)

A\ |

One #5 minimum at each Vertical wall reinforcement at 4' to 32' on center, Footing dowels at corners,
corner and at each change depending on wall height, design wind speed, and openings wider than 6', and
in wall direction roof span; footing dowel not always required ends of shear segments, minimum
Masonry reinforcement.

Gable Ends: Because of their exposure, gable ends are more prone to damage than are hipped roofs unless the
joint in conventional construction at the top of the endwall and the bottom of the gable is laterally supported
for both inward and outward forces. The figure at right shows a construction method that uses continuous ma-
sonry from the floor to the roof diaphragm with a
raked cast-in-place concrete bond beam

or a cut masonry bond beam.

Standard 90° hook with lap

4" minimum
Reinforced raked cast-in-place concrete
bond beam or cut masonry bond beam

2 X 4 minimum
wood nailer with
1/4" anchor bolts

Continuous gable endwall reinforcement.

Foundation at
one-story
building or
bond beam
at multistory

Cleanouts required for grout pour heights greater than 5' unless
footing dowel is not required

NAHB

RESEARCH
CENTER

Developed in association with the National Association of Home Builders Research Center
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Use of Connectors and
Brackets

HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION Technical Fact Sheet No. 4.3

Purpose: 7o highlight important building connections and illustrate the proper
use of various types of connection hardware.

Key Issues Never rely on to_e-n_ailing_for uplift
. . ) . ) connections in high-wind areas
In high-wind regions, special hardware is used for most

framing connections. Toe-nailing is not an acceptable
method for resisting uplift loads in high-wind regions.

Hardware must be installed according to the manufacturer’s or engineer’s specifications.

The correct number of the specified fasteners (length and diameter) must be used with connection hardware.
Avoid cross-grain tension in connections.

Metal hardware must be adequately protected from corrosion (see NFIP Technical Bulletin 8-96).
Connections must provide a continuous load path (see Fact Sheet No. 4.1).

Fill all nail holes with specified fasteners, Improper connection to
unless reduced nailing is specified by design only one member of top

plate can lead to failure
under uplift loads

ik

The length and diameter of the fasteners must be =1
as specified by the manufacturer or engineer;
some specifications require non-standard nails

Proper fasteners must be used with
connection hardware.

Instead, nail connector
to outside face of both top plate
members, or nail to stud and top
plate members

Bolt, screw, or nail diameter  ayoid Joad path failure
and quantity as specified at roof-to-wall connections.

Offset bracket
vertically to
achieve minimum
specified end
spacing for
bolts

Material to which bracket
is attached must have
adequate thickness fo
maximum bracket capacity

Proper bracket connection. Proper strap connection.

FEM g 4.3: USE OF CONNECTORS AND BRACKETS
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LOAD PATHS

Truss plate

Truss Member Connections are made with metal plates that connect the individu-

al parts of a truss to form a structural component. Every joint must have a
connector plate on each face sized and positioned according to engineered
designs. Plates must be fully embedded, and gaps at joints should be mini-
mized (see ANSI/TPI-1 95).

Important

Coastal environments
are conducive to rapid
corrosion of metals.

All connection hard-
ware must be properly
protected. Galvanized
coatings on readily
available hardware may
not be adequate or in
compliance with local
coastal building codes.
Special-ordered hard-
ware, re-galvanizing,
field-applied coatings, or
stainless steel may be
required.

<

<

Solid wall foundation building

N Truss-to-Truss and
Rafter-to-Truss Con-
nections are made
with metal hangers
specified by the truss
designer.

Roof-to-Wall Connections
are made with metal rafter
ties or straps, sometimes
referred to as hurricane
straps. These connectors
replace toe-nailing
and provide added
uplift resistance.
The strap should
extend above the
centerline of the raf-
ter or, for the strongest
connection,
completely
over the rafter.

A stud-to-top-plate
connector is also
necessary, but it has
been omitted here for
clarity.

Pile foundation building

Connection Hardware Applications

4.3: USE OF CONNECTORS AND BRACKETS
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Stud-to-Top-Plate Connec-
tions are made with metal
straps, nailed to the side
and/or face of the stud and

—

connections replace toe-nailing or
end-nailing and provide added uplift
resistance. The strap should wrap
over the top plate.

the top of the top plate. These [~

Stud-to-Stud Connec-
tions are made with
nailed metal straps, or
brackets with threaded
rods, that connect
‘\ one story to

the next.

Header Connections
are made with nailed
straps. They trans-

fer accumulated uplift
loads from the header
to the jack studs. The
straps should extend
the full depth of the
header.

N

Important

These are examples of
typical connectors used in
residential construction.
For the required continuous
load path to be maintained,
all connectors used must
be adequate to resist the
loads expected to act on
them. Stronger connectors
may be necessary in areas
subject to high winds or
earthquakes.

<&

Built-up members
must have adequate
nailing to ensure that
members resist loads
together.

For greater uplift resistance, use
connectors on both sides of joist.

-

Joist-to-Beam Connections are made with
ties similar to roof-to-wall connections or with
wood blocking.

<

Solid wall foundation building Pile foundation building

4.3: USE OF CONNECTORS AND BRACKETS
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LOAD PATHS

Nut and washer

Wall-to-Foundation

Connections are Threaded rod
made with metal /

brackets or bolts

that connect wall /

studs and/or sill

plates to founda- Coupling

tion walls, beams,
or band joists.

Continuous Rod Connections
are made with a system of
threaded rods, couplings, and
brackets. These connections
can be used to tie the roof and
walls to band joists and sup-
port beams.

Anchor (for concrete
foundation as shown

here) or bracket
(for pile foundation)

Pile Connections are made with
special brackets, spiked grids,
bolts, or other types of connectors
that attach the main floor beams
to the piles. It is extremely impor-
tant to follow design specifications
for this con-
nection (see
Fact Sheet No.
3.3 for further
details).

Y

\

A\ N\ N\
NN

“‘
\

S ————
| —

Additional Resources

American National Standards Institute. National Design
Standard for Metal Plate Connected Timber Trusses,

ANSI/TPI-1 95.
- > Connection Hardware Applications
Solid wall foundation building Pile foundation building
NAHB
RESEARCH
CENTER

Developed in association with the National Association of Home Builders Research Center
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Housewrap

HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION

Technical Fact Sheet No. 5.1

Purpose: 7o explain the function of housewrap, examine its attributes, and address common problems

associated with its use.

Key Issues

Housewrap has two functions:
to prevent airflow through a wall
and to stop (and drain) liquid wa-
ter that has penetrated through
the exterior finish.

Housewrap is not a vapor retard-
er. It is designed to allow water
vapor to pass through.

The choice to use housewrap
or building paper depends on
the climate and on specifier
or owner preference. Both ma-
terials can provide adequate
protection.

Housewrap must be installed
properly or it could be more det-
rimental than beneficial.

Proper installation, especially in
lapping, is the key to successful

housewrap use.

Purpose of Housewrap

Housewrap serves as a dual-purpose weather bar-
rier. It not only minimizes the flow of air in and out
of a house, but also stops liquid water and acts as
a drainage plane. Housewrap is not a vapor retarder.
The unique characteristic of housewrap is that it al-
lows water vapor to pass through it while blocking
liquid water. This permits moist humid air to escape
from the inside of the home, while preventing outside
liquid water (rain) from entering the home.

When Should Housewrap Be Used?

Almost all exterior finishes allow at least some wa-
ter penetration. If this water continually soaks the
wall sheathing and framing members, problems such
as dryrot and mold growth could occur. Housewrap
stops water that passes through the siding and al-
lows it to drain away from the structural members. In
humid climates with heavy rainfall, housewrap is rec-
ommended to prevent water damage to the framing.
Use in dryer climates may not be as critical, since
materials are allowed to adequately dry, although

>0
4

5.1: HOUSEWRAP

housewrap also prevents air movement through the
wall cavity, which is beneficial for insulating purposes.

Housewrap or Building Paper?

To answer this question, it is important to know
what attributes are most important for a particular
climate. Five attributes associated with secondary
weather barriers are:

Air permeability — ability to allow air to pass
through

Vapor permeability — ability to allow water vapor
(gaseous water) to pass through

Water resistance — ability to prevent liquid water
from passing through

Repels moisture — ability to prevent moisture
absorption

Durability — resistance to tearing and
deterioration

FEMA
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WALL SYSTEMS

As shown in the following table, the climate where the house is located determines the importance of the

attribute.

Product Attribute Rating

Poor - Fair — Good — Excellent

Product Performance
Attribute When it is Important —
Building Paper Housewrap

Air Permeability Windy and cold climates Good
Vapor Permeability Hot, humid climates Good
Water Resistance Windy and rainy climates Excellent
Repels Moisture High rainfall Good
Durability Windy, with possible extended exposure Good
Cost Owner preference Excellent

In general, housewrap is a good choice for coastal homes.

Installing Housewrap

No matter what product is used (housewrap or
building paper), neither will work effectively if not
installed correctly. In fact, installing housewrap incor-
rectly could do more harm than not using it at all.
Housewrap is often thought of and installed as if it
were an air retarder alone. A housewrap will chan-
nel water and collect it whether the installer intends
it to or not. This can lead to serious water damage
if the housewrap is installed in a manner that does
not allow the channeled water out of the wall system.
The following are tips for successful installation of
housewrap:

Follow manufacturers’ instructions.

Plan the job so that housewrap is applied before
windows and doors are installed.

Proper lapping is the key — the upper layer should
always be lapped over the lower layer.

Weatherboard-lap horizontal joints at least 6
inches.

Lap vertical joints 6 to 12 inches (depending on
potential wind-driven rain conditions).

Use Z1-inch minimum staples or roofing nails
spaced 12 to 18 inches on center throughout.

Tape joints with housewrap tape.
Allow drainage at the bottom of the siding.

Extend housewrap over the sill plate and founda-
tion joint.

Install housewrap such that water will never be
allowed to flow to the inside of the wrap.

Avoid complicated details in the design stage to
prevent water intrusion problems.

When sealant is required:
use backing rods as needed,

use sealant that is compatible with the
climate,

use sealant that is compatible with the ma-
terials it is being applied to,

surfaces should be clean (free of dirt and
loose material), and

discuss maintenance with the homeowner.

Avoid These Common Problems
Incomplete wrapping

Gable ends are often left unwrapped, leaving a
seam at the low end of the gable. This meth-
od works to prevent air intrusion, but water that
gets past the siding will run down the unwrapped
gable end and get behind the housewrap at the
seam. Also, it is common for builders to pre-wrap
a wall before standing it. If this is done, the band
joist is left unwrapped. Wrap the band joist by in-
serting a strip 6 to 12 inches underneath the
bottom edge of the wall wrap. In addition, out-
side corners are often missed.

Improper lapping

This often occurs because the housewrap is
thought of as an air retarder alone. When apply-
ing the housewrap, keep in mind that it will be
used as a vertical drainage plane, just like the
siding.

5.1: HOUSEWRAP
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Improper integration with flashing around doors and windows — See Fact Sheet No. 6.1.
Relying on caulking or self-sticking tape to address improper lapping

Sealant can and will deteriorate
over time. A lapping mistake cor-
rected with sealant will have a
limited time of effectiveness. If
the homeowner does not per-
form the required maintenance,
serious water damage could oc-
cur when the sealant eventual-
ly fails. Therefore, do not rely on
sealant or tape to correct lapping
errors.

Developed in association with the National Association of Home Builders Research Center

5.1: HOUSEWRAP
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Roof-to-Wall and
Deck-to-Wall Flashing

HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION Technical Fact Sheet No. 5.2

Purpose: To emphasize the importance of proper roof and deck flashing, and to provide typical and en-

hanced flashing techniques for coastal homes.

Key Issues

ing and subsequent water
intrusion is a common prob-
lem for coastal homes.

Enhanced flashing tech-
niques are recommended in
areas that frequently experi-
ence high winds and driving

Housewrap or building paper \
Poor performance of flash- (do not attach to roof tape)

rain. Note: Stop housewrap {

. or building paper
Water penetration at deck approximately 11/2"

ledgers can cause wood above shingles.
dry rot and corrosion of

4"-wide (minimum) self-adhering
modified bitumen roof tape

Wall sheathing

Step flashing with 2"
to 4" longer vertical
leg than normal

Vertical leg

connectors leading to deck
collapse.

Figure 1. Roof/wall flashing detail.

Roof and Deck Flashing Recommendations for Coastal Areas

Always lap flashing and other moisture barriers
properly.
Use increased lap lengths for added protection.
Do not rely on sealant as a substitute for proper
lapping.

Use fasteners that are compatible with or of the
same type of metal as the flashing material.

Use flashing cement at joints to help secure
flashing.

At roof-to-wall intersections (see Figure 1):

Use step flashing that has a 2- to 4-inch-lon-
ger vertical leg than normal.

Tape the top of step flashing with 4-inch-wide
(minimum) self-adhering modified bitumen
roof tape.

Do not seal housewrap or building paper to
step flashing.

>0
4

For deck flashing;:

Follow proper installation sequence to pre-
vent water penetration at deck ledger (see
Figure 2).

Leave gap between first deck board and
flashing to allow for drainage (see Figure 3).

Use spacer behind ledger to provide gap for
drainage (see Figure 3).

Use stainless steel deck connection
hardware.

See Fact Sheet Nos. 7.2 and 7.3 for rake and
eave details.
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WALL SYSTEMS

(1] ) (2]

Counter flashing

%

Housewrap or
building paper

{

Fastener

Housewrap or
Fastener building paper

( Level

guide line

Z-flashing #1 —T

e Counter flashing

Counter flashing
terminates above
ZAflashing #1 horizontal band

) in Zflashing

Housewrap or
building paper

(

Fastener

4" minimum in high-wind areas

Z-flashing #2
Counter flashing over upper Z-flashing
inserted in slit in housewrap or building paper

Counter flashing

%

Housewrap or
building paper

{

Fastener

Z-flashing #1

PO o o o o o &

Z-flashing #2

Viny! siding Counter flashing Ledger

Z-flashing #2

/

Housewrap or
building paper

{ Figure 2

Installation sequence for deck ledger flash-
ing.

Z-flashing #1
Deck board

Fastener

Z-flashing #1

5.2: ROOF-TO-WALL AND DECK-TO-WALL FLASHING
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Exterior sheathing —l

Housewrap or building paper

Siding
Deck board
Z-flashing #2
Gap for drainage ——
L I

Flashing drip-edge

I T hz) Housewrap or

building paper

Deck joist

/ Spacer behind ledger

/

Z-flashing #1

Ledger

i

/Foundation wall

Figure 3 Deck ledger flashing.

Developed in association with the National Association of Home Builders Research Center

5.2: ROOF-TO-WALL AND DECK-TO-WALL

FLASHING
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Siding Installation in
High-Wind Regions

HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION

Technical Fact Sheet No. 5.3

Purpose: To provide basic design and installation tips for various types of siding that will enhance wind re-
sistance in high-wind regions (i.e., greater than 90 miles per hour [mph] basic [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 per-
formance is presented in the following.

To avoid wind-driven rain penetration into wall
cavities, an effective moisture barrier (house-
wrap or building paper) is needed. For further in-
formation on moisture barriers, see Fact Sheet
No. 1.9, Moisture Barrier Systems. For further
information on housewrap, see Fact Sheet No.
5.1, Housewrap.

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

Use products that are suitable for a coastal en-
vironment. Many manufacturers do not rate their
products in a way that makes it easy to deter-
mine whether the product will be adequate for
the coastal environment. Use only siding prod-
ucts where the supplier can provide specific in-
formation 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.

The installation details for starting the first (low-
est) 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 require-
ment needs to be considered in both the selec-
tion and installation of siding.

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. It is a dual-pur-
pose layer that sheds water that gets through the
siding and 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 al-
low 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 American Society for Testing and Materials
(ASTM) E 2266, Standard Guide for Design and
Construction of Low-Rise Frame Building Wall
Systems to Resist Water Intrusion.

SW3LSAS TIVM

1 The 90 mph speed is based on ASCE 7-05. If ASCE 7-10 is being used, the equivalent wind speed is 116 mph for Risk Category Il buildings.

FEM g 5.3: SIDING INSTALLATION IN HIGH-WIND REGIONS
HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION 1 0of 8

12/10

S
3

iU
/O
i)
N
Ty 30

LAND 550



WALL SYSTEMS

Vinyl Siding
Vinyl siding can be used successfully

in a coastal environment if properly de-
signed and installed.

Windload Resistance

Vinyl siding is required by the Inter-
national Building Code (IBC) and the
International Residential Code (IRC) to
comply with ASTM D 3679, Standard
Specification for Rigid Poly (Vinyl Chlo-
ride) (PVC) Siding. Both the IBC and IRC
require static pressure testing over solid
wall surfaces capable of independently
resisting the design wind pressures to
approximate loading conditions that oc-
cur in 110-mph wind zone areas for a
building up to 30 feet in height in Expo-
sure B.2 Most vinyl siding has also been
tested for higher wind pressures and can
be used in locations with a higher ba-
sic wind speed, greater building height,
more open exposure, or some combi-
nation of these. While vinyl siding wind
pressure ratings found in most product
literature are based on tests of the vinyl
over an approved sheathing capable of
independently resisting the design wind
pressures, methods of installation that
rely on a combination of wind resistance
provided by exterior wall sheathing, vinyl

High-wind siding

Double
nailing hem

Greater locking
area

Thicker vinyl

Standard siding

@
1l

Figure 1. Features of typical high-wind siding and standard siding.

D (@O C O C @

\
/Yes

\\
X No

tener locations.

Figure 2. Proper and improper fas-

siding, and interior wall sheathing are available for
some applications. The design wind pressure or wind
speed for which these products are rated, as well
as requirements for sheathing behind the vinyl sid-
ing are available from product literature, installation
instructions, or listings of agencies such as the Inter-
national Code Council (ICC) Evaluation Service.

be 0.040 to 0.048
inches, depending
on style and design.
Thinner gauge vinyl
works well for sta-

1/32"
(about the
thickness of
a dime)

Figure 3. Allow 1/32"
clearance between the
fastener head and the
siding panel.

ble climates; thicker gauge vinyl is recommended
for areas with high winds and high temperature

changes.

For design wind speeds greater than 110 mph
per ASCE 7-05, or 139 mph per ASCE 7-10, or,
building heights greater than 30 feet, or Exposure
C, choose a siding product rated for those con-
ditions or higher. The manufacturer’s product lit-
erature or installation instructions should specify
the fastener type, size and spacing, and any other
installation details such as requirements for the
sheathing materials behind the vinyl siding need-
ed to achieve this rating.

Products that have been rated for high winds typi-
cally have an enhanced nailing hem and are some-
times made from thicker vinyl (Figure 1). Thick,
rigid panels provide greater wind resistance,
withstand dents, and lie flatter and straighter
against the wall. Optimum panel thickness should

Position nails in the center of the nailing slot
(Figure 2). 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 for this). Allow approxi-
mately 1/32 inch (which is about the thickness
of a dime) clearance between the fastener head
and the siding panel (Figure 3).

Drive nails straight and level to prevent distor-
tion and buckling in the panel.

Do not caulk the panels where they meet the
receiver of inside corners, outside corners, or
Jtrim. Do not caulk the overlap joints.

Do not face-nail or staple through the siding.

2 The 110 mph wind speed is based on ASCE 7-05. If ASCE 7-10 is used, the equivalent wind speed is 139 mph for Risk Category Il buildings.
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Use aluminum, galvanized steel, or other corro-
sion-resistant nails when installing vinyl siding.
Aluminum trim pieces require aluminum or stain-
less steel fasteners.

Nail heads should be 5/16 inch minimum in di-
ameter. Shank should be 1/8 inch in diameter.

Use the manufacturer-specified starter strip to
lock in the first course; do not substitute oth-
er 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 proceed-
ing with the installation. Make sure that every
course of siding is positively locked into the pre-
vious 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 proper-
ly, about half the length of the notch at the end
of the panel, or approximately 1 inch. Make sure
the overlap is not cupped or gapped, which is
caused by pulling up or pushing down on the sid-
ing 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 siding to lock into the utility trim. Do not
overlap siding panels directly beneath a window
(Figure 6).

At gable end walls, it is recommended that vi-
nyl siding be installed over approved sheath-
ing capable of independently resisting the full
design wind pressures rather than over plas-
tic foam sheathing or combinations of exterior
foam sheathing and interior gable end sheath-
ing except as provided for in the IRC Section
R703.11.2. Figure 7 depicts the vulnerability of
siding on gable end walls not properly sheathed
with approved materials capable of independent-
ly resisting the full design wind pressures.

Install vinyl siding in accordance with manufac-
turer’s installation instructions and local building
code requirements. Ensure product rating is ap-
propriate for the intended application.

It is recommended that vinyl siding installers be
certified under the VSI Certified Installer Program
sponsored by the Vinyl Siding Institute.

Figure 4. Utility trim was substituted for the starter
strip and the bottom lock was cut off the siding. Siding
was able to pull loose under wind pressure.

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 do not overlap directly beneath
a window.
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Wood Siding

Use decay-resistant wood such as redwood, ce-
dar, or cypress. See the Sustainable Design sec-
tion regarding certified wood.

To improve longevity of paint, back-prime wood
siding before installation.

Carefully follow manufacturer’s detailing instruc-
tions to prevent excessive water intrusion behind
the siding.

For attachment recommendations, see Natural
Wood Siding: Selection, Installation and Finish-
ing, published by the Western Wood Products
Association.

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 Figures
8a and 8b. (Note: Although these details do not
show a rain screen, inclusion of vertical furring
strips to create a rain screen is recommended.)

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.

Wood
sheathing

Bevel
siding

Seal joints

Corner boards
Self-adhering

modified bitumen

flashing

Housewrap or
building paper

Self-adhering modified
bitumen flashing

Wood
sheathing

Corner
boards

Seal joints

Tongue and groove horizontal
siding up to 6" wide

Stud

Housewrap or building paper

Wood sheathing

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

Tongue and groove horizontal
siding up to 6" wide

~— Extra nail

Figure 8a. Wood siding installation details.
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Housewrap
or building

paper

Tongue and
groove
horizontal
siding

Lap at 45°

Vapor retarder
(if needed)

Wood sheathing

Housewrap or
building paper

Interior
wall
finish

Bevel siding

Insulation

Figure 8b. Wood siding installation details.

Pressure-equalized rain screen wall system

In areas that experience frequent wind-driven rain
and areas susceptible to high winds, it is recom-
mended 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 cov-
ering.) 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.

Furring strip attachment: For 1 by 2 inches furring
strips, tack strips in place and use siding nails
that are 3/4 inch longer than would be required
if there were no strips (to maintain the minimally
required siding nail penetration into the studs).
For thicker furring strips, an engineered attach-
ment is recommended.

At the bottom of the wall, the cavity should be
open to allow water drainage. However, the open-
ing 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 instead of
soffit vents, the depth of the cavity needs to be
engineered to ensure that it provides sufficient
air flow to ventilate the attic.

5.3: SIDING INSTALLATION IN HIGH-WIND REGIONS

Pressure-treated or
decay-resistant
furring strips

Wood sheathing

Stud

Housewrap or
building paper

Bevel siding

Figure 9. Pressure-equalized rain screen system.

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 at-
tention paid to the painting and finishing recom-
mendations for a high-quality installation.

Always seal field-cut ends according to the man-
ufacturer’s instructions. Properly gap the inter-
section between siding edges and other building
components and fill the gap with sealant.
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Energy Conservation and Air Barriers

Uncontrolled air leakage through the building enve-
lope is often overlooked. The U.S. Department of
Energy estimates that 40 percent of the cost of heat-
ing or cooling the average American home is lost due
to uncontrolled air leakage. In warmer climates, it is
a lower percentage of loss. An air barrier system can
reduce the heating, ventilation, and cooling (HVAC)
system size, resulting in reduced energy use and
demand.

Uncontrolled air leakage can also contribute to pre-
mature deterioration of building materials, mold and
moisture problems, poor indoor air quality, and com-
promised 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 build-
ing 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 ma-
terials used as a component of a building envelope
air barrier be tested to have an air infiltration rate of
less than 0.004 cubic feet per minute (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 exte-
rior 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 tran-
sitions 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 mate-
rial, 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 re-
straint 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 elevat-
ed 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.

5.3: SIDING INSTALLATION IN HIGH-WIND REGIONS

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 re-
tarder material for residential walls. To determine
whether or not a vapor retarder is needed, refer
to the appropriate provisions of Chapter 14 of
the 2009 IBC or Chapter 6 of the 2009 IRC. Also
refer to the Moisture Control section of the NRCA
Roofing and Waterproofing Manual, published
by the National Roofing Contractors Association
(NRCA) (http://www.nrca.net).

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 crite-
ria 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 con-
tained in this specification are intended to allow
the user to design the wall performance criteria
and increase air barrier specifications to accom-
modate a particular climate location, function, or
design of the intended building.

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 be the roof mem-
brane itself or a separate air barrier element).

Siding Maintenance

For all siding products, it is very important to peri-
odically 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.
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Additional Resources
American Tree Farm System®, ATFS (http://www.treefarmsystem.org/index.shtml).

Forest Stewardship Council, FSC (http://www.fsc-info.org)

International Code Council. International Building Code. 2009. (http://www.iccsafe.org)
International Code Council. International Residential Code. 2009. (http://www.iccsafe.org)
Sustainable Forestry Initiative® Program, SFI (http://www.sfiprogram.org)

Vinyl Siding Institute, VSI (http://www.vinylsiding.org)

NAHB

RESEARCH
CENTER

Developed in association with the National Association of Home Builders Research Center

5.3: SIDING INSTALLATION IN HIGH-WIND REGIONS
8 of 8 HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION

12/10



Attachment of Brick Veneer
in High-Wind Regions

HOME BUILDER’S GUIDE TO COASTAL CONSTRUCTION Technical Fact Sheet No. 5.4

Purpose: 7o recommend practices for installing
brick veneer that will enhance wind resistance in
high-wind regions (i.e., greater than 90-miles per
hour [mph] basic [gust design] wind speed).’

Key Issues

When not adequately attached, 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 en-
ter and damage buildings, and building occupants
can be vulnerable to injury from windborne de-
bris (particularly if walls are sheathed with plas-
tic foam insulation or wood fiberboard instead of
wood panels). Pedestrians in the vicinity of dam-
aged walls can also be vulnerable to injury from
falling veneer (Figure 2).

Common failure modes include tie (anchor) cor-
rosion (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 ©).

Ties are often installed before brick laying be-
gins. When this is done, ties are often improper-
ly placed above or below the mortar joints. When
misaligned, the ties must be angled up or down
in order for the ties to be embedded into the mor-
tar joints (Figure 7). Misalignment not only reduc-
es embedment depth, but also reduces the effec-
tiveness of the ties because wind forces do not
act parallel to the ties themselves.

Corrugated ties typically used in residential ve-
neer construction provide little resistance to
compressive loads. Use of compression struts
would likely be beneficial, but off-the-shelf devic-
es do not currently exist. Two-piece adjustable
ties (Figure 8) provide significantly greater com-
pressive strength than corrugated ties and are,
therefore, recommended. However, if corrugated
ties are used, it is recommended that they be in-
stalled as shown in Figures 9 and 10 in order to
enhance their wind performance.

1 The 90 mph speed is based on ASCE 7-05. If ASCE 7-10 is being
used, the equivalent wind speed trigger is 115 mph for Risk Category
11 buildings.
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Figure 1. Failed brick veneer over plywood. Many of
the ties are still attached to the substrate, but several
of the tie fasteners pulled out of the substrate and the
ties are embedded in the collapsed veneer. Estimated
wind speed: 107 miles per hour (peak gust, Exposure
C, at 33 feet).

Figure 2. The upper portion of the brick veneer at
this apartment building collapsed. Pedestrian and
vehicular traffic in the vicinity of the damaged wall are
vulnerable to injury and damage if remaining portions

of the wall were to collapse during subsequent storms.
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Figure 3. Significant tie corrosion caused the brick at
a fire station to fail, even though the building is not
near the coast. Note that metal is missing for half of
the width of the tie at two locations (red arrows). The
left end of the tie was still embedded into a concrete
masonry unit back-up wall. The right end is where the
tie failed in tension, thus leaving a portion of the tie
embedded in the collapsed brick.

Figure 4. This tie remained embedded in the mortar
joint while the smooth-shank nail pulled out from the
stud.

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

Buildings that experience veneer damage typi-
cally 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 old-
er model codes allowed brick veneers to be an-
chored with fewer ties than what is required by
today’s standards.

The Masonry Society’s (TMS) 402/American Con-
crete Institute 530/American Society of Civil
Engineers (ASCE) 5 Building Code Requirements
and Specifications for Masonry Structures (TMS
402) is the current masonry standard referenced
by model building codes. The 2009 International
Residential Code (IRC) and the 2009 International
Building Code (IBC) references the 2008 edition of
TMS 402, which is the latest edition.

TMS 402 addresses brick veneer in two manners:
rational design and a prescriptive approach. Nearly
all brick veneer in residential and low-rise construc-
tion follows the prescriptive approach. The first
edition of TMS 402 limited the use of prescriptive
design to areas with a basic wind speed of 110
mph or less. The 2008 edition of TMS 402 extend-
ed the prescriptive requirements to include a basic
wind speed of 130 mph, but limits the veneer wall
area per tie that can be anchored with veneer ties
to 70 percent of that allowed in lower wind speed
regions. The 2008 edition requires rational de-
sign approaches in locations where the basic wind
speeds exceed 130 mph.

Some noteworthy distinctions exist in the require-
ments for anchored brick veneer between the 2005
and the 2008 editions of TMS 402. For lower wind
speed regions (110 mph and below), TMS 402-05
limited the vertical spacing of ties to 18 inches; the
2008 edition allows vertical ties to be spaced up
to 25 inches, provided the wall area of veneer an-
chored per tie does not exceed 2.67 square feet.
In TMS’s high-wind regions (over 110 mph and up
to 130 mph), both editions of the code limit verti-
cal spacing to 18 inches. TMS 402-08 also limits
the space between veneer anchored with corrugat-
ed ties and the wall sheathing to 1 inch. This is to
avoid compression failures in the corrugated ties
when they are exposed to positive pressures.

The following Brick Industry Association (BIA)
Technical Notes provide guidance on brick ve-
neer: Technical Notes 28 — Anchored Brick
Veneer, Wood Frame Construction; Technical
Notes 28B - Brick Veneer/Steel Stud Walls;
and Technical Notes 44B — Wall Ties. Although
these Technical Notes provide attachment rec-
ommendations, the recommendations are inade-
quate because they are not specific for high-wind
regions.
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