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with Florida Building Code TAS 100 (A).

* In hurricane zones, IBHS Fortified Home recommends not installing gable end
vents in new homes. Use certified, properly installed ridge or off-ridge vents
rather than gable vents. For existing homes that have gable vents, either
permanently block the gable vents or provide removable or operable exterior
coverings or interior shutters that can be installed when a hurricane threatens
and removed when the threat has passed. Permanent mounting anchors should
be installed for shutters.

* Vinyl and aluminum soffits must be installed in accordance with the
manufacturer’s installation instructions and should not exceed 12 inches
between support members.

* Gable end walls should not be vented.

* Considerdesigning and constructing the soffit assembly to provide “two-stage”

air pressure control using a continuous narrow soffit strip vent coupled with an
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expansion chamber followed by a narrow structural baffle.
* For new construction, consider designing the home with an unvented attic. For

existing homes, consider converting a vented attic to an unvented attic.

See the Compliance Tab (https://basc.pnnl.gov/resource-guides/roof-vents#edit-gro

up-compliance) for related codes and standards requirements, and criteria to meet

national programs such as DOE’s Zero Energy Ready Home program (https://basc.pn

nl.gov/library/doe-zero-energy-ready-home-national-program-requirements-rev-0

7), ENERGY STAR Single-Family New Homes (https://basc.pnnl.gov/library/energy-sta

r-residential-new-construction-program-requirements), and Indoor airPLUS (https://

basc.pnnl.gov/library/epa-indoor-airplus-construction-specifications-version-1-rev-
04).

Description

In high-wind zones, roof assemblies need to be able to resist the wind pressures
that can act on them during high-wind events such as hurricanes. In wildfire events,
one of the most common means of homes catching fire is the entry of airborne

embers into vented roof assemblies through roof vents.

The most common type of residential roof assembly is a vented attic. The most
common damage occurring to residential buildings during high-wind events is
rainwater entry and one of the most common pathways for rainwater entry is

through roof vents.

For the best resistance to wind-borne rain and embers in new construction, consider
designing the home with an unvented attic. For existing homes, consider converting

a vented attic to an unvented attic. See the Vented versus Unvented Attic (https://ba

sc.pnnl.gov/resource-guides/vented-versus-unvented-attic) guide for more

information.

When soffit vents are coupled with upper roof vents, the intent is to provide
“balanced attic ventilation” where the vent area of the soffit vents matches the vent
area of the upper vents. The applicable building codes provide for a total attic vent

area (1:300 vent ratio) for balanced ventilation.
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Upper roof/attic vents are generally of three types: ridge vents (Figure 1), off-ridge
button or mushroom vents (Figure 2), and gable-end vents (Figure 3). Select and
install upper roof attic vents that resist the entry of wind-blown rain, snow, and
embers. The Insurance Institute for Business and Home Safety (IBHS) Fortified Home
program recommends that vent models be certified as resistant to wind and water
intrusion in accordance with Florida Building Code TAS 100 (A). Certain jurisdictions
have specific performance requirements for roof vent performance. See for example
this roof vent checklist (https://basc.pnnl.gov/library/miami-dade-county-checklist

-0155-approval-roof-ventilators-turbines-and-ridge-vents) from Miami-Dade County.

Figure 1. A continuous ridge vent extends the length of the ridge of a
gable roof and is concealed by ridge tiles or shingles (Source: Building
Science Corporation (https://basc.pnnl.gov/library/building-science-c

orporation-bsc)).
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Figure 2. Button vents are an alternative to ridge vents for providing
ventilation for a vented attic (Source: Building Science Corporation (http
s://basc.pnnl.gov/library/building-science-corporation-bsc)).
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Figure 3. Gable-end vents can circumvent soffit-to-ridge airflow and
allow in wind-driven rain and wildfire embers (Source: Building
Science Corporation (https://basc.pnnl.gov/library/building-science-c

orporation-bsc)).

In general, gable end vents should not be used in conjunction with ridge or off-ridge
vents because the gable-end vents are likely to “short-circuit” attic air flow. Lower
soffit vents are intended to “supply” air to the attic space and the upper roof/attic
vents are intended to “exhaust” air from the attic space. Gable end vents, when

installed in an attic that also has ridge vents, can render soffit venting ineffective.

In hurricane and high-wind locations, the IBHS Fortified Home program
recommends not installing gable end vents in new homes. Use certified, properly
installed ridge or off-ridge vents rather than gable vents. For existing homes that
have gable vents, either permanently block the gable vents or provide removable or
operable exterior or interior coverings or shutters that can be installed when a
hurricane threatens and removed when the threat has passed. Permanent mounting

anchors should be installed for these coverings.
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Vinyl and aluminum soffit vents must be installed in accordance with the
manufacturer’s installation instructions and support framing should be spaced no

further than 12 inches apart. Gable end soffits should not be vented.

Upper roof/attic vents are intended to provide exhaust airflow and therefore should
experience negative pressure or “suction” during wind events. Upper roof/attic vents
should be selected with built-in baffles or “lips” that provide turbulence and suction
regardless of wind direction. Ridge vents are more effective than button/off-ridge

vents in this regard.

To provide more robust wildfire resiliency, mesh screening should be installed at
soffit vent openings. The recommended mesh size is 1/8 inch (3 mm) or less. Ridge

vents for wildfire resiliency should be selected that are compliant with Miami-Dade

wind-driven rain requirements (https://basc.pnnl.gov/library/miami-dade-county-c

hecklist-0155-approval-roof-ventilators-turbines-and-ridge-vents). Ridge vents that

are effective at wind-driven rain control are also effective in controlling the entry of

airborne embers or cinders.

One approach may be to forgo upper attic and ridge vents completely. Experience
has shown that it is easier to prevent or control rainwater entry in soffit assemblies
than in upper roof vents. As such, providing “robust” soffit venting and not
installing upper roof vents reduces the risk of rainwater entry during high-wind
events. This approach also reduces the risk of roof sheathing “blow off” and loss of
the roof structure. Upper roof vents can get “sucked” off roof assemblies on the
leeward “negative air pressure” side of the building in high winds. When the wind
changes direction, the resulting large openings can allow pressurization of the attic
space and loss of the structure. If upper roof vents are not installed, the soffit vent

area needs to be increased to provide a greater vent area (1:150 vent ratio).

If the attic will be vented with soffit vents (with or without upper attic vents),
consider designing and constructing the soffit assembly to provide “two-stage” air
pressure control using a continuous “narrow” soffit strip vent coupled with an

“expansion chamber” followed by a narrow “structural baffle,” as described below.

The best practice in high wind or high wildfire risk areas may be to design roofs with

an unvented attic assembly.
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Air Pressures and Roof Venting

Testing conducted by the Insurance Institute for Business and Home Safety (IBHS)
has shown that soffit eave vents perform better in controlling airborne embers and
cinders than “open-eave” vents. This is believed to be due to the air pressure control

provided by a “two-stage” approach. (See the report Vulnerability of Vents to Wind-

Blown Embers (https://basc.pnnl.gov/library/vulnerability-vents-wind-blown-ember
s) by IBHS 2017).

Significant air pressure differences act across buildings due to the action of wind. In
general, building assemblies experience positive wind pressures on the windward

side and negative wind pressures on the leeward side of the roof.

Attic spaces that are ventilated typically have soffit vents, which consist of a
continuous ventilation opening (“strip vent”) and an insulation baffle that
maintains an air gap typically 1to 2 inches deep between the underside of the roof
sheathing and the top surface of the insulation layer (Figure 4). The insulation
baffles extend several inches above the top surface of the ceiling insulation. The
function of the baffles is to maintain a vent space and to prevent wind from
*washing” through fibrous insulation and from dislodging insulation. The baffle
should be sealed to the top plate or wall sheathing to limit “wind washing.”
Insulation baffles are often thin sheets of polystyrene foam or cardboard; they are

unable to resist significant wind pressures.

Roof rafter

Insulation baffle

Continuous
soffit vent
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Figure 4. A typical vented soffit assembly includes a strip vent and a baffle to
maintain an air gap between the insulation and the roof deck (Source: Building
Science Corporation (https://basc.pnnl.gov/library/building-science-corporation-bs

c)).

Soffit vent openings are prone to rainwater entry and snow entry as a result of wind
(Figure 5). In most soffit assembilies, there is little or no resistance to air flow or air
pressure differences. Soffit vents, ridge vents, or round vents placed near the roof
ridge, and baffles or ventilation chutes are installed to work together to provide air
flow up along the underside of the roof deck. Attic ventilation air (“air flow”) is
intended to be supplied by soffit vent openings to provide control of moisture in the
attic space via the process of dilution air change. However, too much “air flow” leads
to rainwater entry during high wind events. In cold climates, too much air flow leads
to snow entry (“blown snow’) into attic spaces. Additionally, during wildfire events,

burning embers and cinders can be carried into attic spaces.

_/
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(1) Wind carries rain through
vented soffit into roof
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Figure 5. In hurricane- or wildfire-prone regions, wind-driven rain and wildfire

embers can enter an attic through the soffit vents (Source: Building Science
Corporation (https://basc.pnnl.gov/library/building-science-corporation-bsc)).

In high-wind events, if soffit assemblies collapse, excessive wind can enter the attic
space on the windward side, pressurizing the attic space. When this positive
pressure in the attic is coupled with the negative pressure on the exterior surfaces
of the leeward side of the building, the air pressure difference across the roof
sheathing and roof cladding elements such as the shingles, tiles, and metal roofing
significantly increases. This significant air pressure increase can lead to loss of the

roof structure.

Soffit rainwater entry, snow entry, and airborne ember entry can be controlled by
constructing the soffit assembly in such a way that it provides “two-stage” air
pressure control (Figure 6). This approach also can prevent soffit assembly collapse
if the pressure control layers are also “structural.” The approach involves a
continuous “narrow” structural soffit strip vent coupled with an “expansion
chamber” followed by a narrow “structural baffle”. Any rain and snow that enter are
deposited in the soffit “chamber” and do not enter the attic space. High wind
pressure events are resisted by the use of “robust” soffit materials (plywood,
oriented strand board (OSB), fiber cement, cellular PVC) and structural wood
blocking, which provide the “baffle” as shown in Figure 6. Alternatively, exterior
structural sheathing in wood frame construction can be extended up past the top
plate to act as the “structural baffle” or wind dam as shown in Figures 7 and 8. This
structural baffle also provides needed additional structural support for raised heel
trusses in high wind zones. A plastic or foam ventilation chute can be attached to
this wood baffle. Metal soffit vent grilles or vinyl vent covers installed per
manufacturer’s instructions that are mechanically fastened in place every 12 inches
or less should be used rather than perforated vinyl soffit coverings set in J channels
as the vinyl is likely to collapse in in high winds, enabling wind to rush in and

pressurize the roof which can lead to roof failure.
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@ Wind squeezed into narrow
gap at region of high pressure

@ Drop in pressure due to
expansion in soffit pressure
chamber

(3) Air squeezed into narrow
ventilation gap

Figure 6. Adding blocking to a vented soffit assembly increases pressure as air
enters the narrowed soffit vent then decreases pressure in the wider soffit
chamber, then increases pressure by narrowing the attic entry; this design

encourages rain to fall out in the chamber (Source: Building Science
Corporation (https://basc.pnnl.gov/library/building-science-corporation-bsc)).
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Figure 7. The exterior wall sheathing extends to the top of the raised heel

trusses providing structural support for raised heel trusses in high-wind zones
(Source: Thrive Home Builders (https://basc.pnnl.gov/library/thrive-home-build

ers)).
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Insulation
Baffle

Figure 8. The exterior wall sheathing, which extends to the top of the raised heel
trusses, provides a structural wind dam that can resist high winds and keep
wind-driven rain from blowing through the insulation (Source: PNNL (https://bas

c.pnnl.gov/library/pnnl)).

Additional Considerations for Wildfire Resistance

In wildfire-prone areas, the eave should be covered with a non-combustible or fire-
resistant soffit material. Open eaves can trap hot air, gases, and embers and
exposed wood rafter tails are at risk of ignition (Figure 9). If the soffit is applied
directly to the rafter eave, it forms a sloping soffit, which creates a pocket that can
trap flames, hot gases, and wind-borne embers (Figure 10). It is preferable to
construct a flat horizontal soffit (Figure 11) that allows the structure to more readily

deflect fire outward.

https://basc.pnnl.gov/resource-guides/disaster-resistant-roof-venting#edit-group-scope 12/24


https://basc.pnnl.gov/library/pnnl

6/22/23,4:12 PM

Disaster-Resistant Roof Venting | Building America Solution Center

Open eave
traps heat

Exterior wall

Figure 9. An open eave with no soffit covering can trap

rising hot air and embers from a wildfire (Source: CSFS

2012 (https://basc.pnnl.gov/library/firewise-constructi
on-site-design-building-materials)).

Class A roof

Sloped soffit
encloses eave

Roof

vent Hot air and

allows gases from

some fire:
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Figure 10. If the soffit is applied directly to the rafter
eave, it forms a sloping soffit, which creates a pocket
that can trap hot air and embers from a wildfire (Source:
CSFS 2012 (https://basc.pnnl.gov/library/firewise-constr
uction-site-design-building-materials)).
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Class A roof

Vent located
in the fascia

Non-combustible
Hot air soffit
and gases
are deflected
out away from
the building

Figure 11. In wildfire prone areas, a flat soffit is
preferred to an angled soffit that follows the roofline
and could trap rising embers from a wildfire; installing
the vent on the fascia keeps hot air and embers from
fires out of a vented attic (Source: CSFS 2012 (https://b
asc.pnnl.gov/library/firewise-construction-site-design-

building-materials)).

Consider designing the home with an unvented attic. Unvented soffits (and
unvented attics) are more resistant to fires than vented attics. If the eaves must be
vented, place the vents further from the wall and closer to the fascia or in the fascia
itself. Install metal mesh screening behind the vent openings with a mesh size of

1/8 inch (3mm) or less (Source: CSFS 2012 (https://basc.pnnl.gov/library/firewise-co

nstruction-site-design-building-materials)).

Ensuring Success

In high-wind zones, soffits should be fastened to support structures every 12 inches
to resist the air pressures acting on the soffit to prevent soffit collapse and

pressurization of the attic space and potential loss of the structure.

Per IBHS, vent models should be certified as resistant to wind and water intrusion in
accordance with Florida Building Code TAS 100 (A). These vents will also prevent

entry by wind-borne embers.
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Vented attics should incorporate a soffit design that uses “two-stage” joint pressure

control.

Consider designing the home with an unvented attic.

Climate

The recommendations provided on the Description (https://basc.pnnl.gov/resource-

guides/roof-vents#edit-group-description) tab apply to all regions that may

experience high winds or wildfires, regardless of climate zone.

Right and Wrong Images
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CAD Files

Compliance

The Compliance tab contains both program and code information. Code language is
excerpted and summarized below. For exact code language, refer to the applicable
code, which may require purchase from the publisher. While we continually update
our database, links may have changed since posting. Please contact our webmaster

(mailto:basc@pnnl.gov) if you find broken links.

ENERGY STAR Single-Family New Homes, Version 3/3.1 (Rev. 11) (https://basc.pnn

L.gov/library/energy-star-residential-new-construction-program-requirements)
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ENERGY STAR Single-Family New Homes requires that builders comply with the
National Water Management System Builder Requirements which specifies water

management details for roofs, walls, foundations, sites, and building materials.

Please see the ENERGY STAR Single-Family New Homes Implementation Timeline (ht

tps://basc.pnnl.gov/library/energy-star-residential-new-construction-program-requi

rements) for the program version and revision currently applicable in your state.

DOE Zero Energy Ready Home (Revision 07) (https://basc.pnnl.gov/library/doe-zero

-energy-ready-home-national-program-requirements-rev-07)

Exhibit 1 Mandatory Requirements.

Exhibit 1, Item 1) Certified under the ENERGY STAR Qualified Homes Program or the
ENERGY STAR Multifamily New Construction Program.

Exhibit 1, tem 6) Certified under EPA Indoor airPLUS (https://basc.pnnl.gov/library/e

pa-indoor-airplus-construction-specifications-version-1-rev-04). See the EPA Indoor

airPLUS checklist for additional building and site water management requirements.

2009 (https://basc.pnnl.gov/library/2009-irc-international-residential-code-one

-and-two-family-dwellings), 2012 (https://basc.pnnl.gov/library/2012-irc-interna

tional-residential-code-one-and-two-family-dwellings), 2015 (https://basc.pnnl.

gov/library/2015-irc-international-residential-code-one-and-two-family-dwellin

gs), 2018 (https://basc.pnnl.gov/library/2018-irc-international-residential-code-

one-and-two-family-dwellings), and 2021 International Residential Code (IRC) (h

ttps://basc.pnnl.gov/library/2021-international-residential-code)

2018 IRC R301.2.1 Wind design criteria. Buildings shall be constructed in accordance
with the wind provisions of this code using the ultimate design wind speed in Table
R301.2(1) as determined from Figure R301.2(5)A. Where not otherwise specified, the
wind loads listed in Table R301.2(2) adjusted for height and exposure using Table

R301.2(3) shall be used to determine design load performance requirements.
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Section R806 Roof Ventilation. Ventilation requirement and provisions for
protections against weather, insect and vermin intrusion; also includes minimum

vent area, insulation clearance, installation, and rafter assemblies.

Retrofit: 2009 (https://basc.pnnl.gov/library/2009-irc-international-residential-cod

e-one-and-two-family-dwellings), 2012 (https://basc.pnnl.gov/library/2012-irc-intern

ational-residential-code-one-and-two-family-dwellings), 2015 (https://basc.pnnl.go

v/library/2015-irc-international-residential-code-one-and-two-family-dwellings),

2018, (https://basc.pnnl.gov/library/2018-irc-international-residential-code-one-and

-two-family-dwellings) and 2021 IRC (https://basc.pnnl.gov/library/2021-internation

al-residential-code)

Section R102.7.1 Additions, alterations, or repairs. Additions, alterations, renovations,
or repairs shall conform to the provisions of this code, without requiring the
unaltered portions of the existing building to comply with the requirements of this
code, unless otherwise stated. (See code for additional requirements and

exceptions.)

Appendix J regulates the repair, renovation, alteration, and reconstruction of

existing buildings and is intended to encourage their continued safe use.

2009 (https://basc.pnnl.gov/library/2009-iwuic-international-wildland-urban-i

nterface-code), 2012 (https://basc.pnnl.gov/library/2012-iwuic-international-wil

dland-urban-interface-code), 2015 (https://basc.pnnl.gov/library/2015-iwuic-int

ernational-wildland-urban-interface-code), 2018 (https://basc.pnnl.gov/library/
2018-iwuic-international-wildland-urban-interface-code), and 2021
International Wildland-Urban Interface Code (IWUIC) (https://basc.pnnl.gov/libr

ary/2021-iwuic-international-wildland-urban-interface-code)

Chapter 5 Sections 504, 505, and 506 discuss the requirements for roof assemblies

in the wildland-urban interface.

Section 504 Class 1Ignition-Resistant Construction.
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Section 504.10.1 Attic ventilation openings, foundation or underfloor vents, or other
ventilation openings in vertical exterior walls and vents through roofs shall not
exceed 144 square inches (0.0929 m2) each. Such vents shall be covered with
noncombustible corrosion-resistant mesh with openings not to exceed 4 inch (6.4
mm), or shall be designed and approved to prevent flame or ember penetration into

the structure.

Section 504.10.1 Vent locations. Attic ventilation openings shall not be located in
soffits, in eave overhangs, between rafters at eaves, or in other overhang areas.
Gable end and dormer vents shall be located not less than 10 feet (3048 mm) from
lot lines. Underfloor ventilation openings shall be located as close to grade as

practical.
Section 505 Class 2 Ignition-Resistant Construction.

Section 505.10.1 Attic ventilation openings, foundation or underfloor vents, or other
ventilation openings in vertical exterior walls and vents through roofs shall not
exceed 144 square inches (0.0929 m2) each. Such vents shall be covered with
noncombustible corrosion-resistant mesh with openings not to exceed Y4 inch (6.4
mm), or shall be designed and approved to prevent flame or ember penetration into

the structure.

Section 505.10.1 Vent locations. Attic ventilation openings shall not be located in
soffits, in eave overhangs, between rafters at eaves, or in other overhang areas.
Gable end and dormer vents shall be located not less than 10 feet (3048 mm) from
lot lines. Underfloor ventilation openings shall be located as close to grade as

practical.

Note: The IWUIC does not contain any requirements for attic ventilation openings for

Class 3 Ignition-Resistant Construction.

2020 Florida Building Code (https://basc.pnnl.gov/library/2020-florida-building

-code-residential-7th-edition)
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Section 1523.6.5.2.13 Ridge vents of metal, plastic or composition material. All ridge
vents shall be tested in compliance with TAS 100(A) for wind-driven water
infiltration. All ridge ventilators shall be restricted to roof mean height as tested in
compliance with TAS 100(A) and shall be listed in the system manufacturer’s

product approval. (See code for additional requirements and exceptions.)

The information regarding roof vents that is provided for new homes applies to
existing homes as well. When a roof replacement occurs, consider also replacing the
roof vents and venting system to vents that may improve ventilation performance.
For example, replacing mushroom or gable vents with reinforced soffit vents and
continuous ridge vents that are designed to minimize wind-borne rain intrusion and
lined with metal screening to keep out insects and wind-born embers can improve

both ventilation and resistance to high winds and wildfires.

More Info.

Access to some references may require purchase from the publisher. While we
continually update our database, links may have changed since posting. Please

contact our webmaster (mailto:basc@pnnl.gov) if you find broken links.

References and Resources”

Attic Air Sealing Guide and Details, GM-1001 (https://www.building
science.com/documents/guides-and-manuals/gm-attic-air-seali
ng-guide/view)
Author(s): Lstiburek

Organization(s): Building Science Corporation, BSC
Publication Date: February, 2010

Document providing background and approach for the prep work necessary
prior to adding attic insulation - focusing on combustion safety, ventilation

forindoor air quality, and attic ventilation for durability.
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Rainwater Management Performance of Newly Constructed
Building Enclosures During August and September 2004, RR-

0503 (https://buildingscience.com/documents/reports/rr-0503-r
ainwater-management-orlando/view)

Author(s): Lstiburek
Organization(s): Building Science Corporation, BSC
Publication Date: January, 2005

Report covering the performance of residential buildings during three

hurricanes impacting Florida in 2004.

Miami-Dade County - Checklist #0155 for the Approval of Roof
Ventilators, Turbines, and Ridge Vents

Author(s): Miami-Dade County
Organization(s): Miami-Dade County
Publication Date: September, 2012

Report covering the selection of roof vents for rainwater resistance.

Vulnerability of Vents to Wind-Blown Embers

Author(s): Quarles
Organization(s): Insurance Institute for Business & Home Safety
Publication Date: August, 2017

Report covering the migration of wind-blown embers in roof vents.

FireWise Construction: Site Design & Building Materials

Author(s): Bueche David, Foley Tim
Organization(s): Colorado State Forest Service, CSFS
Publication Date: December, 2012

Wildfire construction guidelines from the Colorado State Forest Service
focusing on site design and building materials to mitigate damage to homes

in wildfire-prone areas.

Prepare for Wildfire: Hardening Your Home (https://www.readyforw
ildfire.org/prepare-for-wildfire/get-ready/hardening-your-home/)

Author(s): CalFire
Organization(s): State of California
Publication Date: April, 2021

Webpage offering recommendations to homeowners and contractors for

retrofitting a home to make it more resistant to wildfires.
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FireWise Research Fact Sheet Series (https://www.nfpa.org/Public
-Education/Fire-causes-and-risks/Wildfire/Firewise-USA/Firewise

-USA-Resources/Research-Fact-Sheet-Series)

Author(s): Insurance Institute for Business & Home Safety, National Fire Protection
Association

Organization(s): IBHS, NFPA

Publication Date: January, 2020

Webpage listing 10 factsheets describing research by IBHS into wildfire

causes and construction tips for reducing the risk of ignition.

FEMA P-737, Home Builder's Guide to Construction in Wildfire
Zones: Technical Fact Sheet Series

Author(s): Federal Emergency Management Agency
Organization(s): FEMA
Publication Date: September, 2008

Report providing a collection of fact sheets describing guidance for

constructing homes in wildfire zones.

Make your home more resilient for hurricane season (https://ww

w.lsuagcentercom/profiles/tblanchard/articles/page1623770909
633)

Author(s): Blanchard Tobie, Reichel Claudette Hanks
Organization(s): LSU Ag Center Research Extension
Publication Date: June, 2021

Web article describing many ways homeowners, contractors, and builders can

make homes more resistant to hurricanes, tornadoes, high winds, floods, and
hail.

*For non-dated media, such as websites, the date listed is the date accessed.
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