
PART 3PART 3
PROTECT AND STRENGTHEN YOUR PROPERTY 

Protecting your property and your family goes hand in hand. Your home 
provides shelter from daily weather conditions, and a stronger home 
means you will more likely have a home to come back to after you evacuate. 
Homeowners can take several steps to protect their property and reduce 
property damage caused by natural disasters. These standards of construction 
are referred to as mitigation, which is the effort to reduce the risk of loss 
by lessening the impact of disasters. Knowing your risks, like flooding and 
hurricanes, and then mitigating for them can keep natural hazards from 
having catastrophic impacts. Whether reroofing, elevating, building new, or 
remodeling, following the recommendations in this chapter will greatly improve 
the chances your home will survive.41
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The ability for your house to survive a hazard event is limited by a number of factors, some 
of which are listed below:

1) Your location 
2) The severity of the hazard event  
3) How well your home was built 
4) How your home has been maintained 
5) What steps you take to strengthen your home

PART 3.1PART 3.1
BEST STANDARDS FOR BUILDING BETTER

Research and data have informed the best practices suggested here to strengthen your 
home. Building codes are the minimum standard and homes can be built above what code 
requires using “beyond code” standards and building methods. Building this way allows 
homes to better withstand the hazards they will face and allows homeowners to recover 
more quickly.

When and how your home is built can make a big difference in how it will perform during 
severe weather. Many cities and jurisdictions adopt and enforce building codes, but some 
do not. You need to know what codes are now or were in place, if any, when you buy, 
build a new home, re-roof or update your home, and in case you need to rebuild after a 
disaster. Additionally, building to newer building codes can reduce claim frequency by 60% 
and claim severity by 42%.42 Find out which codes are in place in your area by contacting 
your local building code office or planning and zoning department.

But what is a building code? According to FEMA, “Building codes are sets of regulations 
governing the design, construction, alteration, and maintenance of structures. They specify 
the minimum requirements to adequately safeguard the health, safety, and welfare of 
building occupants”.64

Rather than create and maintain their own codes, most states and local jurisdictions adopt 
the model building codes maintained by the International Code Council (ICC). The ICC 
family of International Codes include:

3.1.13.1.1 UNDERSTANDING BUILDING CODES
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International Building Code (IBC): Applies to almost all types of new 
buildings 

International Residential Code (IRC): Applies to new one- and two-
family dwellings and townhouses of not more than three stories in height 

International Existing Building Code (IEBC): Applies to the alteration, 
repair, addition, or change in occupancy of existing structures

If your city, jurisdiction, or municipality enforces building codes, then they 
typically adopt them every three to six years to provide a level of life-safety 
protection and to provide the local building industry a level of consistency. 
Building codes are intended for life safety, not property protection, or ensuring 
your property is there after the next big storm. While you must meet the 
minimum code requirements in your area, you can exceed minimum building 
standards when remodeling, re-roofing, or building new.

3.1.23.1.2 FORTIFIED HOME™

For homeowners who want a tested and fairly straightforward way to 
strengthen their home using “beyond code” standards, we recommend 
the FORTIFIED Home™ program. FORTIFIED is a nationally recognized 
building standard based on more than 20 years of scientific research and 
real-world testing by the Insurance Institute for Business and Home Safety 
(IBHS). The program can be used when building a new home, reroofing, or 
updating an existing home. FORTIFIED delivers superior performance during 
severe weather (such as hurricanes, strong thunderstorms, and lower-level 
tornadoes) and gives you the peace of mind that comes from knowing your 
home has been strengthened to offer additional disaster protection.

FORTIFIED gives you the option to strengthen your home and has a third-
party verification requirement that assures your home is built, reroofed, 
or retrofitted to meet the program’s stringent requirements. A FORTIFIED 
Designation may also qualify a homeowner for insurance discounts in many 
coastal states, as well as in some inland areas.

FIGURE 3-1 - SOURCE: FEMA
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Studies have also shown 
that FORTIFIED can increase 
home value.43 You can find the 
discounts at smarthomeamerica.
org/about-insurance/insurance-
discounts-and-savings or by 
contacting your insurance agent. 

When building or retrofitting your home, think about and build for all the risks your home 
is likely to face, such as flooding and high winds. Regardless of where you live, getting  
 
your roof right by building or reroofing to resist damage from high winds is affordable 
and usually an easy upgrade to make. High-wind design and retrofitting start at the roof 
and work down, ideally into the foundation using a continuous load path. Flood design 
and retrofitting are the opposite; they are bottom-up processes. Elevating a home above 
the floodwater or preventing damage from flood water using floodproofing techniques 
are common approaches.

3.1.33.1.3 DESIGN FOR YOUR RISK

FIGURE 3-2 - SOURCE: IBHS

FIGURE 3-3 - SOURCE: IBHS
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Most of us live in existing homes. When updating or retrofitting an existing home, 
you should consult with a licensed structural engineer or architect. They can go 
over the costs and benefits of installing the following common retrofit options:

Roof-to-wall and wall-to-foundation connections 
Hurricane clips only without additional foundation connection 
Stronger connectors than those required in the current building code

PART 3.2PART 3.2
RETROFITTING AN EXISTING HOME

Concepts regarding the roof-to-wall connection are covered in Part 3.5. A 
properly selected hurricane clip is required for each rafter. In addition, the 
rafters at gable end eaves should 
be strapped down. Exterior beams 
supported by corner columns also 
require strap down. For houses with 
post-and-beam roof construction, 
fasteners should be for roof rafter to 
roof beams, top of post to horizontal 
ridge beam, and post to beam 
connections located at the exterior 
wall.

You should seek a licensed structural 
engineer or architect to select the 
proper connectors and nails for your house. You can then do either all or part of 
this work yourself, or hire a licensed contractor.

3.2.13.2.1 ROOF!TO!WALL CONNECTION

3.2.23.2.2 REROOFING

Wind from a hurricane attacks any weaknesses in the roof. Once a weakness is 
exposed, adjacent areas can be more easily damaged and peeled away. 

FIGURE 3-4 - SOURCE: U.S. AIR FORCE/
JERRY SASLAV
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Thus, strengthening the roof is important and should be considered for new construction 
and when a roof is replaced after its expected life. The roofing option involves installing a 
continuous structural sheathing (for example, plywood where it is missing or damaged). 
Additional fasteners and a secondary waterproof membrane are required. You should seek a 
licensed roofing contractor to do this work. 

As a side note, there are small things you can do to strengthen the roof even if is relatively 
new. For example, if you climb in your attic and see that nails that are supposed to attach the 
plywood sheathing to the truss have missed the truss, then you have found what could be a 
structural weakness. The joint can be strengthened with a wood epoxy or the application of 
closed cell foam insulation. Refer to Figure 3-8 to see what spray foam looks like.

Strengthening the foundation to resist uplift will generally require the removal of interior 
finishes. The installation of uplift connections should be planned by a licensed structural 
engineer only after they have inspected the home to understand the materials and methods 
used to construct the home and have calculated the uplift requirements.

3.2.33.2.3 FOUNDATION UPLIFT STRENGTHENING RESTRAINT

PART 3.3PART 3.3
STRENGTHENING THE ROOF SYSTEM

The roof is your home’s first line of defense against severe weather and is often one of the 
most vulnerable systems of the home. Roofs are highly exposed to wind, rain, and hail and 
have the risk of failing in any given weather event. Roof damage is common, even in lower-
level hurricanes and other high-wind events, often leading to significant property damage 
inside the home when the roof covering is lost, allowing water intrusion. Strengthening the 
roof is one of the most important and often cost-effective ways to reduce damage from 
severe weather events. The best opportunities for strengthening the roof are when building 
new or reroofing, but there are techniques to strengthen roofs on existing homes that do not 
require reroofing. 
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It is important to ensure 
your roof covering 
is installed properly 
according to where 
you live based on 
wind speeds, building 
codes, and the roof 
covering manufacturer 
specifications. To 
be sure your roof is 
properly installed, only 
hire a licensed, trained, 
and insured roofer or 
contractor, preferably 
with credentials and 
references. 

3.3.13.3.1 ROOFING ASSEMBLY

Several layers of materials add to the structural strength of a roof and keep 
water out from the interior of the home. After the roof decking goes on, the next 
layer on top is called an underlayment and keeps moisture from the decking. 
Felt material is the most common underlayment that is paired with shingles. 
Synthetic roof underlayment recently began replacing traditional roofing felt. 

What you see from the outside of a home is the roof covering, typically in the 
form of shingles, metal, or tile. It protects your home from weather, heat, rain, 
hail, and wind during its lifespan and must be replaced at least once within 
the lifetime of your mortgage. Shingle roofs can last up to 20 or more years 
depending on type location, sun exposure, and maintenance. Metal, slate, or tile 
roofs can last much longer, usually 40+ years.44

 FIGURE 3-5 - SOURCE: FEMA

FIGURE 3-6 - SOURCE: IBHS
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Roof Deck - This is the wood paneling or boards (sheathing) that are attached to the roof 
structure (trusses or rafters). Once attached, the roof framing becomes stronger and rigid, so 
it transfers wind or weight loads to the exterior walls. 

The roof deck is typically plywood, oriented strand board (OSB), or, in case of many older 
homes, individually sawn wooden boards (often called “one by’s,” 1x’s). The minimum 
recommended roof deck thickness is 7/16”, but it is common to find 1/2” roof decking. 
Anything thinner than 7/16” can be too weak to protect a home from damage during a severe 
storm or hurricane and is not allowed under the FORTIFIED program.

Sealed Roof Deck - Sealing the roof deck is not typically required by code but is one of 
the most important components of the FORTIFIED program. A properly sealed roof deck is 
one that seals seams or gaps between pieces of the roof decking, so that water cannot flow 
into the attic if the roof cover is lost. This is not a common practice in most areas. However, 
some cities and counties have started requiring this added protection. Check with your 
state and local building code requirements to understand the minimum requirements for 
underlayment.

The best time to seal a roof is when re-roofing or when building a new home. When re-
roofing, it is recommended that the roof covering be removed to check overall roof condition, 
to make any necessary repairs, to re-nail the roof deck, and to apply the sealed roof deck 
properly. There are three ways to achieve a sealed roof deck when building new or re-roofing:

1) Install a 4-inch-wide modified bitumen or acrylic roofing flashing tape over all roof deck 
seams, then cover with a 30# felt or equivalent synthetic underlayment (Check out this 
Information on choosing the right tape: www.smarthomeamerica.org/resources/sealing-
the-roof-deck-choosing-the-right-tape. 

2) Install a self-adhered (peel-
and-stick) membrane over 
entire roof deck.

3) Install a double layer of 30# 
felt. 

See FORTIFIED Home guidance 
for proper installation of these 
sealed roof deck methods.

 FIGURE 3-7 - SOURCE: IBHS
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If you have an existing 
home that is not in 
need of a new roof and 
the entire underside 
of your roof deck is 
accessible from your 
attic, it may be possible 
to seal your roof deck 
by applying a closed cell 
foam (Figure 3-8) from 
the inside along the seams and rafters or trusses. This should only be done by a 
professional installer that is trained in this specific application of foam.   

Roof Deck Attachment - How a roof deck is secured to the structure of a 
home’s roof, the trusses 
or joists, is called its 
attachment. Nails, screws, 
and staples, collectively 
called fasteners, are 
common ways to attach 
a roof deck to the roof’s 
structure. Typically, roof 
decking is nailed with “8d 
smooth” nails. Stapling is 
the weakest attachment 
type, while what are 

called ring shank nails, can double the strength of a roof’s attachment compared 
to 8d smooth nails. The distance between nails is also important to maximize 
their holding power. The farther apart the nails are, the less effective they are.  
Nailing should be spaced according to the building code to resist the design 
wind loads and pressure on the roof.

The stronger the roof deck attachment, the better a home’s chance of 
withstanding a major hurricane or high winds and avoiding damage during 
storms. Whereas, a weaker roof deck attachment is more likely to be peeled 
off or damaged. Building codes typically require the appropriate attachment 
types according to the probable risk in your area. Reroofing or building new are 
opportune times to increase the strength of your home’s roof deck attachment 
and reduce your risk of damage in a cost-effective way.

FIGURE 3-9 - SOURCE: IBHS

FIGURE 3-8 - SOURCE: IBHS
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Drip Edge - Drip edge or drip eave (Figure 3-10) 
is important flashing at the edge of the roof that 
helps channel water away from the roof facade, 
reducing the chance of rotting the roof deck and 
fascia. Drip edge may not be installed in many 
existing homes and even in some areas for new 
construction but is required by the FORTIFIED 
program.

Roof Underlayment - This is installed between 
your shingles and your roof deck and is an 
added layer of protection from severe weather. 
It is primarily designed to act as a moisture 
barrier. (Figure 3-11)

Underlayment has historically been known as 
“tar paper” or roofing felt, but there are other options to choose from, including what’s called 
synthetic underlayment and the fully adhered membrane, or “peel-and-stick,” which also 

achieves the sealed roof deck. The FORTIFIED program 
requires certain criteria for each type of underlayment. 
For more information, see the FORTIFIED roofing 
checklist here: www.smarthomeamerica.org/resources/
fortified-re-roofing-checklist.

Roof Cover - The roof cover is the final layer of the roof 
system, most commonly consisting of shingles, metal, 
or tile. When selecting a roof cover, it is important to 
know the building code and wind speed requirements 
for your area and that your roof cover will withstand the 
highest possible winds to which your home might be 
susceptible. 

Shingles are the most common and inexpensive type of roof cover. It is important that 
shingles be “high wind” rated and properly installed, usually meaning 6 nails per shingle. 
Ask about the shingle rating during the purchase and bidding process. Look for a rating of 
Class G, H, or F. Roof covers other than shingles (metal, tile, low-sloped roofs, wood shakes/
shingles) should be rated and installed for the site-specific wind speed and design pressures. 
Information on the wind speed for your home’s location should be available at your local 
building department. 

 FIGURE 3-10 - SOURCE: ALABAMA 
Homeowner’s Handbook

 FIGURE 3-11 - SOURCE: IBHS
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PREPAREDNESS TIP:  
Be sure your roof cover is high-wind rated AND properly installed. 

FIGURE 3-12 - SOURCE: IBHS

Roof Slope - Roof slope is the incline of the roof expressed as a ratio of the 
vertical rise to the horizontal run. This ratio is always expressed as inches per 
foot. A roof that rises 4 inches for every 1 foot, or 12 inches, of run is said to 
have a “4 in 12” slope. If the rise is 6 inches, then the roof slope is “6 in 12.” The 
slope can also be expressed as a ratio. For example, a “4 in 12” slope can be 
expressed as the ratio of 4:12.

Common roof slope terms are flat, low slope, and steep slope. Building codes 
and product manufacturers dictate the type of roofing materials needed and 
how they are installed based in part on the slope of a roof. Common roof 
slopes are between 4:12 and 9:12. When a roof’s slope exceeds 9:12, it is 
commonly called a steep sloped roof, and code or manufactures may require 
special installation techniques or materials. For guidance on low-sloped 
roofing, see the FORTIFIED Technical Bulletin here: disastersafety.org/fortified/
resources/#standards.

Ridges - These are the high points of a roof, where the roofing comes to a peak. 
Often, roof ridges are used to add attic ventilation using ridge vents. Ridge vents 
can be an access point for wind-driven rain unless a high wind rated vent is used 
and properly installed.

FIGURE 3-13 - SOURCE: IBHS
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Valleys - Opposite of a ridge, valleys are formed 
where two inward sloping roof lines meet. These 
areas require additional sealing to keep water 
from entering the home. This sealing is often 
done using thin metal plating under the roof 
covering or by adding additional fully adhered 
roofing membrane or underlayment, often known 
as “ice and water shield” or peel-and-stick. Peel-
and-stick can also be used over an entire roof 
deck to create a fully sealed roof deck.

Roof Venting - Venting allows your home 
to breathe, maintaining comfortable interior 
temperatures, but also must keep wind-driven rain and pests out of your home and attic. 
There are many ways to vent an attic. The proper approach, number, and size of vents 
are critical to ensuring your home performs well during storms. It also keeps your home 
comfortable while keeping heating and cooling costs as low as possible. It is important to 
properly install Miami-Dade approved or TAS 100A rated roof and soffit venting product. 
Please see the glossary for a list of the different types of venting systems. 

3.3.23.3.2 STRENGTHENING GABLES AND SOFFITS

There are two common types of roof framing for 
a home. Gable-end roofs have two flat ends that 
are A-shaped and two sloped sides (Figure 3-15). 
Hip roofs have all four sides of the roof sloping 
up towards the center of the roof (Figure 3-16).  
This inward sloping design makes hip-style roofs 
inherently more sturdy than gable style roofs.  
During a hurricane, gable-end roofs are vulnerable 
to intense wind pressure on their flat ends. If one of 
these ends collapses, it can allow wind-driven rain 
to enter through the attic and allow wind pressure 
to blow off the roof decking, potentially causing 
catastrophic damage to a home.

Roof Framing and Bracing

FIGURE 3-15

FIGURE 3-16 

FIGURE 3-14 - SOURCE: US DEPARTMENT 
OF ENERGY

Gable Roof

Hip Roof
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Look at the “Don’t Goof 

When You Reroof” 

campaign to see how to 

improve the strength of 

your roof the right way. 

www.DontGoof.org

PRO TIP:

Strengthening a gable-end roof is recommended and can be done by adding 
lateral and diagonal bracing. Figure 3-17 demonstrates gable-end bracing. 
For lateral bracing, a system of metal connectors and 2x4’s are attached to 
the gable-end wall framing and braced against the next four to five adjacent 
trusses of the roof. Each vertical member of the gable-end wall should be 
braced using this method, and additional vertical braces behind the gable-end 
wall may be necessary to achieve appropriate bracing. Diagonal bracing runs 
from the top of the gable-end to the bottom of the fourth truss and from the 
top of the fourth truss to the bottom of the gable-end.

FIGURE 3-17 - SOURCE: FEMA

Soffits and Eaves - When a roof overhangs 
the exterior walls of a home, it creates eaves, 
which are typically the ends of the roof’s 
structure, sometimes called rafters. Eaves 
can be used to help vent the home’s attic or 
protect the sides of a home from rain. A home 
can have no eaves, or they can range from 4 
to 24 inches or more in depth. Soffits cover 
exposed eaves and protect the interior of a 
home from water intrusion and wind. Many 
different materials can be used for soffits. 
More durable soffit materials include rigid 
materials, such as plywood or fiber cement, 
but it is very common to find more flexible 
materials, such as vinyl or aluminum. 

In this application of lateral 
bracing, the 2x4’s are 18 inches 
from the ridge and connect to 
horizontal members that attach 
the opposing trusses. Not all 
roofs will have the horizontal 
members. The 2x4’s are 
connected with two #14 3-inch 
screws (A) and overlap over two 
trusses (A and B). The end is 
connected to the gable end with 
an angle or L bracket (C).
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Vinyl or aluminum soffits can be a 
weak link in a home’s protection 
when they are 12” in depth or 
more and not reinforced or 
braced. Without reinforcement, 
these types of soffits can fail in 
high winds by being blown off 
or pushed into the attic space, 
allowing wind and water to get 
into a home. Bracing unreinforced 
vinyl or aluminum soffits can 
be done easily in many cases 
and by using several different 
approaches.

PART 3.4PART 3.4
SHUTTERS AND OTHER PROTECTIVE BARRIERS 

Keeping out wind and water is critical to the survival of your home during severe weather. 
Protective barriers, such as shutters and impact-rated windows and doors, should be 
installed well in advance of a storm. Installing impact-rated windows and doors are also 
permanent protection. The FORTIFIED program requires shutters or impact ratings on all 

openings to meet specific testing standards 
in any location with wind speeds greater than 
130 mph. However, many current codes allow 
the use of plywood. It is important to check 
with your local building code department for 
requirements specific to your area. If plywood 
is used, it must be properly fastened, and 
installation should not be attempted once the 
wind begins to blow. Hanging plywood in 
high winds is extremely dangerous. 

FIGURE 3-19 - SOURCE: ROLL-A-WAY/QMI

FIGURE 3-18 - SOURCE: iSTOCK
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FIGURE 3-20 - SOURCE: FEMA

Many homeowners think using window and opening protection is to simply 
protect the glass from breaking, but that is only partially true. Shutters and even 
impact windows can, and do, bend or break. Once a window breaks, the inside 
of your home is exposed to both wind and wind-driven rain. Wind can cause a 
home to pressurize and experience vast damage, such as losing part or all of the 
roof, walls blowing out, or other interior damage.

Finally, DO NOT tape your windows, it is a myth that this will prevent them 
from breaking when impacted by windborne debris. This method provides 
no protection and wastes valuable time that should be used for other storm 
preparation tasks.

Benefits of Protective Barriers for Openings

When installed properly, protective barriers can:  
Keep wind pressure from building up inside, which often leads to loss  
of the roof. 
Reduce the chance glass will break. 
Reduce the chance of wind-driven rain soaking the interior. 
Help ensure continued habitability of a home.

Protective Barrier Options

Protective barriers may be temporary or permanent. When possible, install 
permanent protection, such as impact-rated windows and doors or roll-down 
shutters. For temporary protection, permanent fasteners should be installed 
on the building long before storm warnings, so shutter panels can be put in 
place quickly when needed. A wide range of products are available to fit your 
budget, including some do-it-yourself options, which are about 50% less per 
square foot than options requiring professional installation. Aesthetics may also 
be important when determining the right protection. Some permanent barriers 
have a greater impact on a building’s appearance, which should be taken into 
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consideration. However, there 
are also options that do not affect 
appearance, like impact-resistant 
glazing. Many homeowners choose 
a mixture of protective measures to 
meet their individual needs, budgets, 
and tastes.

Plywood Shutters

One of the most common options for 
window protection is regular plywood. 
Plywood is available at almost every 
hardware store and offers good 
protection if properly installed. 
Furthermore, the material cost is the 
least expensive of any of the other 
options discussed. 

If budget for protective barriers is a hurdle, then it is recommended to buy and prepare 
plywood with the recommended thickness of at least ⅝” well in advance of hurricane season. 
Once you make your customized system, you can quickly install them before evacuating for a 
hurricane. 

The disadvantages of plywood are that 
it can rot or warp if stored in a wet 
or warm area. In addition, plywood 
shutters are relatively heavy. You will 
need two people who can lift 30-40 
pounds to help with the preparation 
and deployment of these shutters.

Please refer to this installation 
resource: flash.org/pdf/060111_
EmergencyBoardUp.pdf.

FIGURE 3-21 - SOURCE: FEMA

FIGURE 3-22 - SOURCE: FEMA
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Ratings and Labels

Choose products with the proper approval rating for impact resistance based on 
your local building code requirements or FORTIFIED Home™ recommendations. 
The label “hurricane tested” alone is not adequate. The most common impact 
rating for opening protection is commonly known as the “Large Missile Impact 
Test,” meaning that it has withstood the impact of a 9-pound 2x4 lumber board 
fired at the shutter at 30+ miles per  
hour followed by cyclic wind load  
testing. Look for these ratings or  
labels, and if you have questions  
contact your local building code  
department:

ASTM E1886 and E1996 
AAMA 506 
Florida Building Code TAS 201,  
202, 203 
Miami-Dade County Product  
Control Approved and NOA  
number per TAS 201, 202, 203

Consider These Questions When Determining the Appropriate Opening 
Protection:

Am I a year-round resident? 
Am I capable of installing temporary shutters by myself? 
Do I have the tools needed to install temporary shutters (ladders, plywood, 
screws, etc.)? 
Do I have a single-story home? 
Will the look of permanent products, such as roll down or accordion-style 
shutters, negatively impact the appeal of my home? (These often have visible 
storage “boxes” on a home’s exterior when not in use.)

If the answer to any of these questions is no, installing permanent shutters or 
impact-rated windows and doors is highly recommended.

FIGURE 3-23 - SOURCE: IBHS
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Protective Barriers Resources

Learn more using the “IBHS Opening Protection Selection Guide” at smarthomeamerica.
org/resources/opening-protection-guide to compare all the types of opening protection and 
choose what is right for you.

The International Hurricane Protection Association (a trade association group of 
manufacturers, contractors, and other industry professionals) has several tips regarding 
the selection of projects, installing contractors, and other useful information on its website: 
www.inthpa.com. Regardless of the system you choose, installation is key. We encourage you 
to consult with a competent, licensed, and insured contractor specializing in supplying and 
installing these systems. 

One of the most important yet frequently overlooked openings in a home that also requires 
protection is its doors — both the garage door and entry doors. Most major suppliers of both 
types of doors offer products that meet both wind and impact resistance requirements.

The garage door is often a significant weakness during a hurricane due to its large area 
and the forces to which it is subject.45 Its failure can cause extensive damage. Garage door 
options include replacement with a stronger door, horizontal bracing, vertical bracing, 
or other types of bracing kits. For many garage doors, vertical bracing is a popular and 
reasonably priced option.  

The FORTIFIED program requires that garage doors without glazing (windows) should, at the 
very least, be pressure rated for the location of your home. These stronger door assemblies 
should come with more brackets to fasten the door to its frame. Garage doors are available 
with impact ratings as well. If a garage door does have windows, it is important that the door 
be impact rated or be protected by a tested shutter system. Often, replacement of a non-
rated door with one of these newer types is cost-effective when compared to the cost of 
providing protection for the door.

Double-entry doors, such as French doors, should have slide bolts at the top header and 
bottom threshold of the inactive door, a deadbolt with at least 1-inch throw length between 
each door, and three hinges attaching the door to the frame. Single-entry doors should 
have three hinges and a bolt long enough that it goes into the 2x4 framing of the door. Non-
impacted rated double-entry doors should still be covered by a tested shutter system or 
plywood.

3.4.13.4.1 GARAGE AND ENTRY DOORS
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FIGURE 3-24 - SOURCE: IBHS

As with impact-resistant windows and doors, any replacement of a door with a 
stronger or impact-resistant garage or entry door should be done by a qualified, 
licensed, and insured professional.

3.4.23.4.2 OPENING PROTECTION TO AVOID

Window film is an aftermarket product used to enhance glass breakage 
characteristics and is commonly known as security window film. Such 
products are often touted as “hurricane film” or similar – claims that cannot be 
substantiated by testing. Application of any of these window films to existing 
windows does not constitute adequate opening protection, does not meet the 
appropriate impact testing standards, and should not be considered for use as 
opening protection. Additionally, the State of Florida has ruled that window film 
does not meet the standards for hurricane protection and may not be sold or 
marketed as such. For more information, visit the website of the International 
Window Film Association (IWFA): iwfa.com.   

Above all, do not use tape as an opening protection measure!
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PART 3.5PART 3.5
CONTINUOUS LOAD PATH, DESIGN PRESSURE, AND CHIMNEY 

3.5.13.5.1 CONTINUOUS LOAD PATH CONNECTIONS

All homes have some connection from the roof to the foundation; otherwise, they would 
fall apart. The continuous connection from the roof to the foundation is often called a “load 
path” and is analogous to a chain — it is only as strong as the weakest link. In response to 
recent hurricane damages, much stronger connections are now required to protect against 
hurricane winds. New homes are designed with continuous load path connections; older 
homes may need to be retrofitted to add load path components.

Framing and creating the structure of a home can be done with many types of materials, like 
wood, concrete, and steel framing. New technologies and methods have also emerged and 
are being used, such as insulated concrete forms (ICF), Structural Insulated Panels (SIPs), 
and even modular homes where the walls and other structural components are built off-
site, shipped, then assembled on the lot. There are even new “advanced framing” techniques 
to increase energy efficiency and reduce the amount of materials used while retaining the 
strength of a structure. Each of these has advantages and disadvantages, but when building 
a new home using any of 
these systems, an engineer 
should always be involved in 
the design to assure that the 
appropriate connections and 
load path are appropriate 
for the specific wind speeds 
and wind loads based on 
where the home is located.

Most homes are built using 
wood frame construction, 
with the walls, floors, 
ceilings, and roof structure 
made of wood. Building 
codes outline how a home 
should be built based on its location and the materials used. The specifics of the continuous 
load path connection are illustrated in Figure 3-25. The roof is tied to the wall typically

FIGURE 3-25 - SOURCE: IBHS
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with hurricane clips and plate ties. The wall of a higher story is tied to a lower 
story with straps. The walls are tied to the foundation with plate ties and 
anchors. There are a wide variety of clips, ties, and anchors available for all these 
connections, and it is critical that an engineer specify which are appropriate for 
each location in order for them 
to work properly.

The weakest link for many 
homes is the roof-to-wall 
connection. The hurricane clip 
(aka “hurricane tie”) was created 
to improve this connection. 
There are several types of 
hurricane clips; which one 
should be used on your home 
depends on the design and the 
load of the home. A properly 
selected hurricane clip is 
required for each truss or rafter.

For older houses, it is possible 
to add load path connections. 
Each home is different, but in 
general, it will be easier and less 
expensive to put in hurricane 
clips than to add the foundation 
connections. Hurricane clips 
help to keep your roof from 
blowing off during a hurricane 
or high winds. Check with a 
licensed professional, structural 
engineer, or architect to 
determine what is feasible 
for your home. You can then 
determine if you can do the 
retrofitting yourself or if you 
will need to hire a licensed 
contractor.

FIGURE 3-26 - SOURCE: SIMPSON STRONG-TIE

  
FIGURE 3-27 - SOURCE: SIMPSON STRONG-TIE

FIGURE 3-28 - SOURCE: SIMPSON STRONG-TIE
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3.5.23.5.2 WINDOW AND DOOR DESIGN PRESSURE

When an engineer is designing a load path, he or she is taking into account the ways that 
wind and other pressures affect all parts of and materials in a home. The walls, foundation, 
and roof, however, are not the only parts of a home where pressure must be taken into 
account. Windows and doors are also designed to withstand specific amounts of pressure 
and are rated using a Design Pressure rating (DP rating). This rating takes into account the 
entire window or door assembly, not just the components like glass, sash, or frame of the 
window. These DP ratings are set by local building codes and keep these components from 
breaking or failing under normal circumstances. It is important to note that because of the 
way wind flows around and acts on a home’s surface, windows or doors near the corners of a 
home experience more pressure than those closer to the center of walls.

When purchasing doors and windows, most will come with labels showing the design 
pressure. It is nearly impossible to tell the design pressure of openings in existing or older 
homes. However, if you are replacing openings or building a new home, you should purchase 
those with design pressure ratings for the location of your home.

Design pressure is different from impact rating. Impact rated doors and windows keep debris 
from penetrating the opening but does not protect the window from the wind pressure. 
To assure your windows and doors will keep wind and water out of your home in a severe 
weather event, you should consider both design pressure rating and impact rating.

3.5.33.5.3 CHIMNEYS

Chimneys that have wood framing around a chimney flue can also be particularly vulnerable 
to severe wind events. It is important that when an engineer is designing the load path and 
specifying the opening design pressure that they also specify framing and hurricane tie 
connections for the framing of the chimney. This is very difficult to achieve for an existing 
home, but can easily be done when designing and building a new home.  
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PART 3.6PART 3.6
FOUNDATION

A building’s foundation is arguably its most important structural element. It must 
support the building above it and all the loads that are exerted on it. It must 
resist weathering, decay, and corrosion (with little or no maintenance) to remain 
viable for the entire life of the building. Because of the many factors involved in 
determining the loads on a foundation and the best type for your location, it is 
important to involve a professional or structural engineer in foundation design 
for new construction. 

The foundation a home needs, or has, depends on several factors:

Load capacity. Some foundations are meant to hold a certain amount 
of weight. Exceeding that load-bearing capacity can result in complete 
foundation and home failure or collapse. 
Groundwater. If a home’s foundation is over-exposed to groundwater, it 
can weaken it. Foundations should be built in an area with good drainage; 
in some cases, this can simply mean on top of a hill. In other instances, this 
means using gravel, grading, or sloping the area around a home to drain 
water away. Other types of foundations may lift a home off the ground. 
However, some foundations cannot be used in areas where the ground 
remains too saturated. 
Climate and risks. Different climate zones and local risks determine the 
type of foundation a home will need. A home in a high-risk flood zone will 
have a different foundation (e.g., pier and beam) versus one that is not 
(e.g., concrete slab). The same goes for areas with extreme temperature 
ranges. Places that freeze, areas with heavy rainfall, or that may flood require 
different foundations and materials.

There are three common closed foundation types: slab, basement, and 
crawlspace. Additional options include a stem wall. These are becoming 
popular choices for many reasons, and we recommend homeowners 
consider them depending on their location and the hazards to which they 
are exposed. There are variations of each type of foundation type you can 
talk about with your contractor, engineer, or inspector.
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The primary open foundation practice in coastal high-risk flood zone areas is an elevated 
home because it allows the home to sit above the base flood elevation (BFE). 

They typically have a wood-frame foundation that is secured atop concrete columns or 
wooden piles (often called stilts), which are poured or driven into the ground based on 
the building code requirements. Generally, the deeper the columns or piles, the more 
secure the home will be. 

In the Special Flood Hazard Area, elevated homes may have “breakaway” components 
beneath them (we recommend this approach regardless), such as staircases, storage 
areas, etc. When flooded, these breakaway elements are designed to come off the 
structure, leaving the main, elevated home intact. Many areas have building codes and 
flood ordinances that do not allow permanent fixtures or rooms on the ground level in 
areas where homes must be elevated. This is because the risk of flooding or storm surge 
is too great. If you live in a special hazard flood area, using breakaway walls may decrease 
your flood insurance premium costs, except in an X Zone, in which premiums may 
increase with any structure below the BFE. Please double-check the building standards in 
your area and contact your insurer.

Refer to the glossary for definitions of each type of foundation.

PART 3.7PART 3.7
FLOOD PREVENTION

Protecting your property from flooding can involve a variety of actions, from inspecting 
and maintaining the building to installing protective devices. Most of these actions, 
especially those that affect the structure of your building or their utility systems, should 
be carried out by qualified maintenance staff or professional licensed contractors. The 
most important information to know about your home when considering flood prevention 
techniques is the base flood elevation shown on the Flood Insurance Rate Map (FIRM) 
for your community. Minimum elevation requirements can differ by community and are 
reflected through local codes and ordinances. 

Based on the age of your building and the cost of the mitigation, your local floodplain 
manager can provide you guidance on whether your home needs to meet any minimum 
elevation requirements. These minimum elevation requirements are usually referenced 
off the BFE but can often require 1 or 2 feet above the BFE as a minimum elevation 
requirement (known as “freeboard”). Flood insurance premiums are also significantly 
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FIGURE 3-29 - SOURCE: FEMA

higher when a home is below the BFE and drop for every foot that a home 
is built above the BFE (up to 4 feet), so additional elevation above the BFE is 
recommended. 

Elevating a home above the minimum elevation requirement provides 
the best protection from flooding. There are some other options that 
may be less expensive, although, it should be noted that they can provide less 
protection. Floodproofing a home requires taking the necessary precautions 
to minimize water damage from storm surge or rising flood waters to protect 
critical electrical and mechanical equipment, as well as interior contents. 
There are two main types of flood proofing systems: wet floodproofing and 
dry floodproofing. Prior to considering any mitigation measures homeowners 
should review FEMA P-312, Homeowner’s Guide to Retrofitting, which addresses 
several techniques.

3.7.13.7.1 WET FLOODPROOFING

The first method to prevent significant flood damage is to design and construct 
areas of the home in the floodplain to allow water to pass through. Wet 
floodproofing is designed with the understanding that the portion of the building 
below a specific elevation, or the Base Flood Elevation (BFE), will flood. Doing so 
will either remove critical components of the home from the potentially flooded 
areas or reduce the pressure of flood waters on the walls.
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Successful wet floodproofing, according to FEMA, involves the following: 

 Allowing floodwaters to enter and exit a home. For National Flood Insurance Program 
compliance, floodwaters must be able to exit a home without the use of mechanical pumps.

 Allowing floodwaters inside a home to rise or fall at the same rate as floodwaters  
outside the home.

 Reduce damage caused by floodwater in areas of the home that are below the flood height.

 Protect mechanical equipment and appliances inside and outside the home (by elevating  
or other means).

 Relocate valuable contents stored below the Design Flood Elevation (DFE) to a higher 
location.

Methods for wet floodproofing involve the following: 

Repurpose all floors below the  
minimum elevation - Floors located  
below the minimum elevation can be  
used for storage, access, or parking.  
The walls must also be designed with  
flood openings or to break away under  
flood loads. 
Install flood vents and/or flood  
openings in walls - This will allow water  
to pass through perimeter walls and  
throughout the wet floodproofed areas. 
Elevate Critical Systems - It is important  
to elevate interior and exterior critical  
systems like mechanical, air handling,  
electrical, and plumbing above the minimum  
elevation to ensure their function during a  
flood, prevent direct contact with floodwater, and minimize damage and repair costs. 
Provide backwater valves for water and sanitary systems. 
Elevate, secure, or tie down fuel tanks - if tanks, including fuel oil or water tanks, cannot 
be elevated above the BFE, tanks must be secured or properly tied down. 
Use flood resistant materials - For example, tiled floors can be easily cleaned after a 
flood whereas carpet must be replaced.

Look at FEMA’s Protect Your Home From Flooding to see low-cost ways you can help protect 
your home against flooding: fema.gov/media-library-data/1528734155205-5dba7257256260a5
785db8bf7a63243e/Protect_Your_Home_From_Flooding_Brochure.pdf. 

FIGURE 3-30 - 
SOURCE: FEMA
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Another way to protect a structure and its contents from flood damage is to 
seal the building so that floodwaters cannot enter, or make it watertight. This 
method, referred to as “dry floodproofing,” encompasses a variety of measures.  
This method is not allowable in many instances for residential buildings, cannot 
bring a building into compliance with floodplain regulations, and is not eligible 
for any flood insurance premium discounts. 

Success with dry floodproofing is extremely difficult, and failure to do it 
properly can result in flooding of the building or even worse, the collapse of 
building walls. The design of a dry floodproofed building and inspection during 
construction should be done by a professional structural engineer. You may 
also need to consult with your local building department for allowable dry 
floodproofing measures. Some of the measures necessary to dry floodproof a 
home are:

Strengthening walls so that they can withstand the pressures of 
floodwaters and the impacts of flood-borne debris. 
Applying a waterproof coating or membrane to the exterior walls of the 
building. 
Constructing watertight shields to cover doors, windows, and other 
openings and the ability to install 
them quickly.  
Anchoring the building as 
necessary so that it can resist 
flotation.  
Installing backflow valves in 
sanitary and storm sewer lines.  
Raising HVAC and electrical 
system components above the 
flood level. 
Anchoring fuel tanks and other 
storage tanks to prevent flotation. 
Installing a sump pump and 
foundation drain system that can 
run for extended periods when 
area power has been lost.

3.7.23.7.2 DRY FLOODPROOFING

FIGURE 3-31 - SOURCE: FEMA
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Building with materials that can withstand floodwaters for at least 72 hours (examples: 
concrete, ceramic tile, pressure-treated lumber, steel, metal, brick, epoxy paint, foam, and 
closed-cell insulation). 

Ensuring wells are properly constructed to avoid contamination from floodwaters. 

Keep these additional points in mind when you dry floodproof:

Dry floodproofing is appropriate primarily for slab-on-grade buildings with concrete 
or solid masonry walls. Concrete and masonry are easier to seal, more resistant to flood 
damage, and stronger than other conventional construction materials.

You cannot dry floodproof a “substantially damaged” or “substantially improved”  
building (as defined by the National Flood Insurance Program [NFIP] regulations) or a  
newly constructed building. Check with your local floodplain manager or building official  
for more information.

You cannot dry floodproof a structure built after the adoption of the local Flood 
Insurance Rate Map (i.e., “Post-FIRM” building).

The height of your dry floodproofing should not exceed three feet. The pressures exerted 
by deeper water can cause walls to buckle or collapse.47 If your dry floodproofing measures 
require human intervention before flood waters arrive, such as placing shields over doors and 

TABLE 3-1. FLOOD RESISTANT MATERIALS
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3.7.33.7.3 ELEVATING EXISTING STRUCTURES

Elevation certificates are required for new construction and substantial 
improvements to existing structures within the floodplain; the forms 
demonstrate a structure’s compliance with local floodplain ordinances. It is 
recommended that a structure is surveyed by a registered professional after 
major storm events or when purchasing a home in a Coastal V Zone. The 
elevation certificate needs to be completed by a registered professional land 
surveyor, engineer, or architect to ensure that all elevations and requirements 
are met per the community’s flood damage prevention ordinance.

The lowest floor 
elevation of a structure 
that is new or 
substantially improved 
(where repairs are 50% 
or more of the market 
value of the structure) 
must be at or above 
the locally required 
minimum elevation. 
Any area below the 

minimum elevation can only be used for parking, storage, or access. In V Zones 
and where Coastal A Zones are applicable, additional elevation requirements 
apply. The area below the base flood level must be free of obstruction and any 
enclosure must be made of breakaway walls. In V Zones and Coastal A Zones, 
a breakaway wall certification letter may be required, and any structure below 
the minimum elevation may substantially increase flood insurance premium 
rates. You can find examples of A and V zones in Chapter 7 of FEMA’s Coastal 
Construction Manual at fema.gov/media-library/assets/documents/3293. 

FEMA’s publication Free-of-Obstruction Requirements (Technical Bulletin 5) 
provides more information on building and protecting homes located in V 
Zones. In any floodplain, elevation is the single most important factor in reducing 
the risk of flooding but in areas subject to coastal storm surge, wave action high-
velocity water can destroy buildings with insufficient foundations.

windows, you should have an operations and maintenance plan that describes  
all the actions that must be taken and lists the persons who are responsible.

FIGURE 3-32 - SOURCE: STORMSMART COASTS
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Major storms and flash floods can cause waters to rise higher than the BFE; therefore, it is 
always a good investment to build in a safety factor above the BFE.

Even if you are not in a designated flood zone, you are still at risk from flooding. You can 
go to the FloodSmart website and type 
in your street address to determine a 
general estimate of the flood risk for your 
property: floodsmart.gov. 

For those properties located within a 
flood zone, elevating a building’s lowest 
floor above predicted flood elevations 
by an additional height (known as 
“freeboard”) has very little effect on 
the look of a home yet can lead to 
substantial reductions in damages 
caused by flooding as well as reductions 
in flood insurance premiums.

The home in Figure 3-33 is elevated with freeboard. The home in Figure 3-34 is elevated at 
the minimum requirement.

FEMA has several other tools and 
resources designed to help citizens build 
safely and cost-effectively in the Coastal 
V Zone, including the “Home Builder’s 
Guide to Coastal Construction” fact 
sheet series (FEMA P-499) , which can be 
found at fema.gov/media-library/assets/
documents/6131, and “Recommended 
Residential Construction for Coastal 
Areas: Building on Strong and Safe 
Foundations” (FEMA P-550, second 
edition), which can be found at fema.gov/
media-library/assets/documents/3972.

Look at FEMA’s “Protect Your Home From Flooding” to see low-cost ways you can help protect 
your home against flooding: fema.gov/media-library-data/1528734155205-5dba7257256260a
5785db8bf7a63243e/Protect_Your_Home_From_Flooding_Brochure.pdf. 

FIGURE 3-33 - SOURCE: STORMSMART COASTS

FIGURE 3-34 - SOURCE: STORMSMART COASTS

With Freeboard

Annual flood insurance: $2,084

Without Freeboard

Annual flood insurance: $5,499
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PART 3.8PART 3.8
CONCRETE STRUCTURES 

Concrete structures, even for residential units, are becoming much more 
popular in coastal areas. Concrete homes were some of the few left standing 
in storm surge zones after Hurricanes Katrina (2005), Ike (2008), and Michael 
(2018). Along with well-built, wood-frame structures, concrete structures can 
withstand the high winds in Category 4 and 5 storms, as well as lower category 
tornadoes.48

Concrete may be somewhat more expensive initially than a wood-frame home, 
but the arrival of insulated concrete forms (ICF) allows for a structurally sound, 
wind-resistant house with excellent insulation. In the long run, these thermal 
properties of ICF and other concrete technologies mean overall lower energy 
costs. Keep in mind, in a coastal surge zone, elevation is still an important factor. 

3.8.13.8.1 SAFE ROOMS

A safe room is a room designed to withstand winds from hurricanes and 
tornadoes. This option should only be considered if the safe room is outside 
of all known flood and storm surge zones and sited in accordance with FEMA 
requirements.2 Although costs vary nationwide, it is much less expensive to 
build a safe room during the original construction of a home. The safe room 
can also double as a master closet, bathroom, or utility room. The additional 
cost can be wrapped into the original home mortgage. This is a good 
investment that yields a sizable return in that it adds value to your home as 
well as protection and peace of mind for your family.

More information regarding design and construction of safe rooms can be 
found in ICC 500 at codes.iccsafe.org/content/ICC5002014?site_type=public, 
FEMA Publication 361, “Design and Construction Guidance for Community 
Safe Rooms,” at fema.gov/media-library/assets/documents/3140 and FEMA 
Publication 320, “Taking Shelter from the Storm,” at fema.gov/fema-p-320-
taking-shelter-storm-building-safe-room-your-home-or-small-business.
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PART 3.9PART 3.9
TREES
Cutting or trimming trees that overhang your home is an additional measure you can take 
to protect your property during a hurricane. There is a serious danger if there are large 
trees or limbs that are close enough to fall on your home. Tree limbs or branches falling 
onto or impacting your home will cause considerable damage — few roofs are strong 
enough to withstand a falling 20-inch diameter tree. FEMA recommends that the distance 
between a tree and your house should always be greater than the height of the tree 
when it is fully grown. This is to prevent a tree from falling on the roof, either at its current 
size or in the future. 

FIGURE 3-35 - SOURCE: FEMA

If it is not possible to 
remove a tree, you 
can at least cut off all 
branches that hang 
over the roof of the 
home. Generally, you 
should hire a licensed 
arborist to perform 
an evaluation of what 
should be done. Keep 
in mind that healthy 
trees can serve as 
a windbreak and 
provide much-needed 
shade in hot climates, 
so it is important 
not to overreact by 
removing too many trees from a landscape. Visit hort.ifas.ufl.edu/treesandhurricanes/
establishing.shtml for guidance on tree selection and planting tips.

3.9.13.9.1 LANDSCAPING TIPS
Choosing the right landscaping can be the difference between a tree being in your living 
room or harmlessly falling a safe distance from your house. No matter if this is your 
current home or the one you’re deciding to build or buy, look at the land it is built on or 
will be constructed on and ask yourself these questions:
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Are these trees healthy? Trees afflicted by disease or decay are much 
weaker than healthy trees. Some signs of disease are the loss of leaves 
(other than in fall or winter), fungus growth, brittle limbs or bark, holes, and 
soft or spongy wood. If you spot trees that are diseased or rotten, remove 
them. We know this can be expensive to do, but so is removing the same 
tree out of your kitchen after a storm. Consult a certified arborist49 if you 
need help identifying trees to remove, that need pruning or trimming, or 
need to be brought back to good health.  
Are large trees too close to the home or power lines? Identify trees 
that are too close to your home or powerlines. Have the trees removed 
or professionally pruned to reduce the chance for problems and damage 
during a storm. 
Is there a place where rainwater settles? If there is, this can be good 
or bad. If that gathering place is near or under your home, then consider 
using swales, berms, or other techniques to divert the water. If you are in a 
floodplain, consult with your local floodplain manager before constructing 
anything to divert water.

When deciding what vegetation to use in your landscape, consider the 
climate you live in and how it affects your home and property. A coastal 
home will have different native plants and protection needs than an inland 
home. Research which trees are best for your area, the risks your home will 
face, your natural climate and environment, and which plantings will fit into 
the aesthetic you are aiming for in your landscaping.

Some good general rules are:

Choose trees and shrubs with deep growing root systems. Most 
trees have shallow root systems. You want well-planted trees that are 
slow, steady growers, edis.ifas.ufl.edu/pdffiles/EP/EP31400.pdf. Healthy 
root systems are what keep the wind from toppling your vegetation  
even after the ground is rain saturated.

Make sure the trees you use are not susceptible to breaking 
under heavy wind or rain loads.

Stick to a reasonable size. Be mindful of the distance from your 
house, the size in area where it has to grow, and the spacing from other 
trees and shrubs. Think about trees with flexible trunks and limbs. Look 
for trees that tend to have some give in the wind. Significant research 
on tree wind resistance has been conducted in Florida, so use these 
resources to compare trees based on their wind resistance.50
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