Buried Ducts in Vented Attics in Hot-humid and Mixed-humid
Climate Zones - Code Compliance Brief

Overview:

The intent of this brief is to provide code-related information about buried ducts in vented attics to help ensure that the measure
will be accepted as being in compliance with the code. Providing notes for code officials on how to plan review and conduct field
inspections can help provide jurisdictional officials with information for acceptance. Providing the same information to all builders,
designers, and others is expected to result in increased compliance and fewer innovations being questioned at the time of plan
review and/or field inspection.

Ducts buried in the insulation of vented attics in hot-humid and mixed-humid climates are not addressed in the International
Energy Conservation Code (IECC) or International Residential Code (IRC). This measure is an identified code barrier because it
is not discouraged or encouraged by the recent model codes (IECC/IRC). This measure has been researched (successfully
installed, tested, and monitored) and found to be nearly as effective as requiring that ducts be installed in conditioned spaces
(inside the building thermal envelope[1] or inside the air barrier). This alternative method is endorsed by Building America has
been submitted to the International Code Council (ICC) as a proposed code change for the 2018 IECC/IRC code cycle. The
“measure/alternative method” of the study was based on R-8 duct insulation. The proposed code changes require a higher level
of duct insulation in hot-humid and mixed-humid climates.

Buried ducts in vented attics, provide a cost-effective, energy-efficient alternative solution to installing ducts inside conditioned
space. This is particularly useful for avoiding challenges resulting from many house configurations, including single-story, slab-
on-grade, and two-story houses with complicated framing or open floor plans. Adapting house designs with standard interior
ducts may require the addition of duct chases, dropped ceilings, soffits, or floors.

Moving the ducting outside the building thermal envelope using the alternate system requires the ducts to be insulated, sealed,
installed close to the ceiling in a vented attic, and covered with attic insulation to minimize energy loss. Based on Building
America research, ducts insulated to a minimum R-8 with common duct insulation material, sealed with conventional duct sealing
material, and covered with a minimum R-30 attic insulation performed without any condensation issues.

The next section (Plan Review) lists current applicable code sections in the 2015 IECC/IRC. However, keep in mind, this
measure is a code barrier, and for that main reason, overall code acceptance (plan review, permitting, installation, and field
inspection/verification) would fall under the code section described below:

2015 IECCI/IRC, Section R102.1/R104.11 Alternative Materials, Design and Method of Construction and Equipment the
code is not intended to prevent the installation of any material or prohibit any design or method of construction not specifically
prescribed in the 2015 IECC/IRC, provided that any such alternative has been approved. The code official (CO) is permitted to
approve an alternative material, design, or method of construction where the CO finds that the proposed design is satisfactory
and complies with the intent of the provisions of this code, and the material, method, or work offered is for the purpose intended,
or at least the equivalent of that prescribed in the code.

[1] The building thermal envelope” in the 2015 IECC is defined as the basement walls, exterior walls, floor, roof, and any other
building elements that enclose conditioned space or provide a boundary between conditioned space and exempt or
unconditioned space.

Plan Review:
This section lists the applicable code requirements and details helpful for plan review regarding the provisions to meet the
requirements for “buried ducts in vented attics in hot-humid and mixed-humid climates.”

Per the 2015 IECC/IRC, Section R103.3/R106.3 Examination of documents. The code official/building official must examine,
or cause to be examined, construction documents for code compliance.

2015 IECCI/IRC, Section R103.2/N1101.5 Information on construction documents. Construction documents should include:

¢ Duct design specifications and layout (refer to Technical Validation/References Section for sources of case studies and
example duct designs)
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. o Completed ACCA Manual J heating and load calculations. Designers must consider non-typical adjustments for some
inputs including duct area, duct leakage, and duct
R-value. Current software calculates duct surface area as a percentage of conditioned floor area (depending upon duct
layout); therefore, the designer should calculate the actual duct areas for the most accurate results because the duct
area will be considerably less than a typical duct layout design. Furthermore, for buried ducts, the required input for the
insulation would be the effective R-value. For more information, see Building America research (Shapiro, Zoeller, and
Mantha 2013).

o Section R302.1/N1101.9, Interior Design Conditions. The interior design temperatures used for heating and cooling
load calculations should be a maximum
of 72°F (22°C) for heating and minimum of 75°F (24°C) for cooling.
= Completed ACCA Manual D for sizing of ducts based on Manual J loads

= Completed ACCA Manual T for supply and return air registers, size and location

= Completed ACCA Manual S for correctly sizing mechanical systems.

¢ Specified R-values of duct insulation (minimum R-8 duct insulation for buried ducts is the recommended and tested best
practice, depending on climate zone) and sealant materials.

¢ Specified R-values of ceiling insulation (ducts covered with a minimum R-30 attic insulation, installed over the top of the ducts,
was used at the Building America test house and tested). It should be noted, depending upon the code, location, and climate
zone, the minimum R-value for attic insulation could be higher than R-30.

¢ Air sealing materials and specifications for the buried ducts and ceiling assembly.

Duct System Provisions

2015 IECCI/IRC, Section R403.3/N1103.3 Ducts. Ducts and air handlers shall be in accordance with Sections
R403.3.1/N1103.3.1 through R403.3.5/N1103.3.5.

¢ R403.3.1/N1103.3.1 Insulation (prescriptive). Supply and return ducts in attics should be insulated to a minimum of R-8
where 3 inches (76 millimeters) in diameter and greater and R-6 where less than 3 inches (76 millimeters) in diameter. Supply
and return ducts in other portions of the building shall be insulated to a minimum of R-6 where 3 inches
(76 millimeters) in diameter or greater and R-4.2 where less than 3 inches (76 millimeters) in diameter. (Per the Building
America research, a minimum R-8 duct insulation would be required on all buried ducts.)

Exception:

Ducts or portions thereof located completely inside the building thermal envelope. (Buried ducts will be installed outside the
building thermal envelope so this exception would not apply.)

e R403.3.2/N1103.3.2 Sealing (mandatory). Ducts, air handlers, and filter boxes shall be sealed. Joints and seams shall
comply with either the International Mechanical Code or IRC, as applicable.

Exceptions:

1. Air-impermeable spray foam products shall be permitted to be applied without additional joint seals.

2. For ducts having a static pressure classification of less than 2 inches of water column (500 Pa), additional closure systems
shall not be required for continuously welded joints and seams, and locking-type joints and seams of other than the snap-lock
and button-lock types.

e R403.3.2.1/N1103.3.2.1 Sealed Air Handler. Air handlers shall have a manufacturer’s designation for an air leakage of no
more than 2% of the design air flow rate when tested in accordance with ASHRAE 193.

¢ R403.3.3/N1103.3.3 Duct testing (mandatory). Ducts shall be pressure tested to determine air leakage by one of the
following methods:

1. Rough-in test. Total leakage shall be measured with a pressure differential of
0.1 inch water gage (25 Pa) across the system, including the manufacturer’s air handler enclosure if installed at the time of the
test. All registers shall be taped or otherwise sealed during the test.

2. Post-construction test. Total leakage shall be measured with a pressure differential of 0.1 inch water gauge (25 Pa) across the
entire system, including the manufacturer’s air handler enclosure. Registers shall be taped or otherwise sealed during the test.

Exception:

A duct air leakage test shall not be required where the ducts and air handlers are located entirely within the building thermal
envelope. A written report of the results
of the test shall be signed by the party conducting the test and provided to the code official. (Because the ducts will be installed
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outside the building thermal envelope, this exception would not apply.)

e R403.3.4/N1103.3.4 Duct Leakage (prescriptive). The total leakage of the ducts, measured in accordance with Section
R403.3.3/N1103.3.3, shall be as follows:

e Rough-in test. The total leakage shall be less than or equal to 4 cubic feet per minute (113.3 L/min) per 100 square feet (9.29 m
2) of conditioned floor area where the air handler is installed at the time of the test. Where the air handler is not installed at the
time of the test, the total leakage shall be less than or equal to 3 cubic feet per minute (85 L/min) per 100 square feet (9.29 mz)
of conditioned floor area.

¢ Post-Construction test. Total leakage shall be less than or equal to 4 cubic feet per minute (113.3 L/min) per 100 square feet
(9.29 mZ) of conditioned floor area.

¢ R403.3.5/N1103.3.5 Building Cavities (mandatory). Building framing cavities should not be used as ducts or plenums.

Building Thermal Envelope Assembly (ceiling provisions)

2015 IECCI/IRC, Section R402.1.2/N1102.1.2 Insulation Criteria. The building thermal envelope must meet the requirements of
Table R402.1.2/N1102.1.2, based on the climate zone specified in Chapter 3 and the building assemblies associated with the
vented attic (ceilings) that are considered part of the building thermal envelope. (Per Building America research, a minimum R-
30 attic insulation installed over the top of the ducts would be required.) Again, it should be noted, depending upon the code,
location, and climate zone, the minimum R-value for attic insulation could be greater than R-30.

e 2015 IECC/IRC, Section R402.1.3/N1102.1.3 R-Value Computation. Insulation material used in layers, such as framing
cavity insulation, or continuous insulation should be summed to compute the corresponding component R-value. Computed R-
values should not include an R-value for other building materials or air films.

e Excerpt from the 2015 IECC/IRC, Insulation Requirements by Component Table R402.1.2/N1102.1.2
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e 2015 IECCI/IRC, Section R402.1.4/N1102.1.4 U-Factor Alternative. An assembly with a U-factor equal to or less than that
specified in Table R402.1.4/N1102.1.4 should be permitted as an alternative to the R-value in Table R402.1.2/N1102.1.2.

e Excerpt from the 2015 IECC/IRC, Equivalent U-factor Table R402.1.4/N1102.1.4

Image not found
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e 2015 IECC/IRC, Section R402.2.1/N1102.2.1 Ceilings with attic spaces. Where Section R402.1.2/N1102.1.2 would require
R-38 insulation in the ceiling, installing R-30 over 100% of the ceiling area requiring insulation should be deemed to satisfy the
requirement for R-38 wherever the full height of uncompressed R-30 insulation extends over the wall top plate at the eaves.
Similarly, where Section R402.1.2/N1102.1.2 would require R-49 insulation in the ceiling, installing R-38 over 100% of the
ceiling area requiring insulation should be deemed to satisfy the requirement for R-49 insulation wherever the full height of
uncompressed R-38 insulation extends over the wall top plate at the eaves. This reduction should not apply to the U-factor
alternative approach described in Section R402.1.4/N1102.1.4.

e 2015 IECCI/IRC, Section R402.2.2/N1102.2.2 Ceilings without attic spaces. Where Section R402.1.2/N1102.1.2 would
require insulation levels above R-30 and the roof/ceiling assembly design does not allow sufficient space for the required
insulation, the minimum required insulation for such roof/ceiling assemblies should be R-30. This reduction of insulation from
the requirements of Section R402.1.2/N1102.1.2 should be limited to 500 square feet or 20% of the total insulated ceiling area,
whichever is less. This reduction should not apply to the U-factor alternative approach described in Section
R402.1.4/N1102.1.4.

. 2015 IECCI/IRC, Section R402.2.3/N1102.2.3 Eave baffle. For air-permeable insulation in vented attics, a baffle should
be installed adjacent to soffit and eave vents. Baffles should maintain an opening equal or greater than the size of the
vent. The baffle should extend over the top of the attic insulation. The baffle should be permitted to be any solid material.
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. 2015 IECCI/IRC, Section R402.2.4/N1102.2.4 Access Hatches and Doors. Any access hatches or doors from
conditioned spaces to unconditioned spaces such as attics must also be insulated to a level equivalent to the insulation
on the surrounding surfaces (minimum R-30 insulation). In addition the access hatch or door must also be provided with
weatherstripping or gaskets to minimize air leakage. Access should be provided to all equipment that prevents damaging
or compressing the insulation. A wood-framed or equivalent baffle or retainer is required to be provided when loose-fill
insulation is installed, the purpose of which is to prevent the loose-fill insulation from spilling into the living space when the
attic access is opened, and to provide a permanent means of maintaining the installed R-value of the loose-fill insulation.

Exception: Vertical doors that provide access from conditioned to unconditioned spaces can be permitted to meet the
fenestration requirements of Table R402.1.2/N1102.1.2 based upon the applicable climate zone specified in Chapter 3.

Air Sealing/Air Leakage Control
2015 IECCI/IRC, R402.4/N1102.4 Air Leakage. The building thermal envelope should be constructed to limit air leakage.

¢ R402.4.1/N1102.4.1 Building Thermal Envelope. The sealing methods between dissimilar materials should allow for
differential expansion and contraction.

e R402.4.1.1/N1102.4.1.1 Installation. The components listed in the Air Barrier and Insulation Installation Table[1] should be
installed in accordance with the manufacturer’s instructions and the criteria listed as the applicable method of construction.
Below are the General Requirements and components from the table that are applicable to sealing and insulating ceilings
(vented attics).

2015 IRC/IECC, Air Barrier and Insulation Installation Table R402.4.1.1/N1102.4.1.1

e Continuous air barrier[2] — Confirm that construction documents specify a continuous air barrier for the building components
associated with the insulation of the ceiling (vented attic).

e Ceiling/attic — The air barrier in any dropped ceiling/soffit should be aligned with the insulation and any gaps in the air barrier
sealed. Access openings, drop down stairs or knee wall doors to unconditioned attic spaces should be sealed.

e Shafts/penetrations — Duct shafts, utility penetrations, and flue shaft openings to the exterior or unconditioned space are
sealed.

¢ Recessed lighting — Recessed lighting fixtures installed in the ceiling (vented attic) are sealed to the drywall. The fixtures
installed are air tight and IC rated.

e HVAC register boots — HVAC register boots that penetrate the ceiling (vented attic) are sealed to the subfloor or drywall.

e Concealed sprinklers — When required, by adopted and enforced code, are sealed, concealed fire sprinklers should only be
sealed in a manner that is recommended by the manufacturer. Caulking or other use adhesive sealants should not be used to
fill voids between fire sprinkler cover plates and the ceiling.

[1] Table R402.4.1.1 of the IECC and Table N1102.4.1.1 of the IRC.

[2] “Continuous air barrier” in the 2015 IECC is defined as a combination of materials and assemblies that restrict or prevent the
passage of air through the building thermal envelope.

Field Inspection:

Per the 2015 IECC, Section R104 Inspections, construction or work for which a permit is required is subject to inspection.
Construction or work is to remain accessible and exposed for inspection purposes until approved. Required inspections include
footing and foundation, framing and rough-in, plumbing rough-in, mechanical rough-in, and final inspection.

R104.2.4 Mechanical Rough-In Inspection. Inspections at mechanical rough-in shall verify compliance as required by the code
and approved plans and specifications as to installed duct system, insulation and corresponding R-values, system air leakage
control, and testing. Because the duct system should be installed at the ceiling and then the attic insulation applied over the top
of the ducts, this inspection might also include the inspection of the attic sealing and insulation R-values and insulation
installation at the same time or performed at final inspection.

In the IRC, Section R109 Inspections, the wording is somewhat different in that for onsite construction the building official, upon
notification from the permit holder or his agent, can make, or cause to be made, any necessary inspections. Further details are
provided for inspections regarding foundation, plumbing, mechanical, gas and electrical, floodplain, frame and masonry, and final
inspections. Any additional inspections are at the discretion of the building official.

This section provides details for inspecting to the specific provisions for buried ducts in vented attics where one or more specific
types of inspection per the IECC or IRC may be necessary to confirm compliance. Verifying code compliance would typically be
at the mechanical rough-in and final inspection.
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Inspections should provide verification in the following areas:

¢ Verify that joints and seams in ductwork are properly sealed, and the duct tightness report is complete and has been submitted
per jurisdictional requirements. If ducts are employed, verify that duct insulation is installed in accordance with manufacturer’'s
installation instructions and that the manufacturer's R-value mark is readily available and meets the approved R-value specified
in construction documents.

¢ Verify that joints, seams, holes, and penetrations are caulked, gasketed, weather-stripped, or otherwise sealed.
¢ Ensure that the appearance of the installed ceiling insulation matches that specified in the approved construction documents.

¢ If the R-value or U-factor approach for compliance was used in the documentation, ensure that the installed insulation meets
the minimum R-value or maximum U-factor required for the ceiling and climate zone per the approved construction documents.

¢ Ensure that the continuous air barrier is properly installed. Confirm that the air barrier is aligned with the insulation in any
dropped ceiling/soffit and sealed.

Technical Validation(s):

This section provides additional information and helpful resources.

e Measure Guideline: Buried and/or Encapsulated Ducts [1]

Author(s): Shapiro, Zoeller, Mantha
Organization(s): CARB
Publication Date: August 2013

Document covering the technical aspects of buried and insulated ducts, as well as the advantages, disadvantages, and risks of
buried and insulated ducts compared to alternative strategies.

e Building America Top Innovations 2013 Profile: Buried and Encapsulated Ducts [2]

Author(s): PNNL
Organization(s): PNNL
Publication Date: September 2013

Case study providing information about buried and encapsulated ducts.

e Technology Solutions Case Study: Buried and Encapsulated Ducts, Jacksonville, Florida [3]

Author(s): CARB
Organization(s): CARB
Publication Date: November, 2013

Case study exploring how using buried and/or encapsulated ducts can reduce duct thermal losses in existing homes.

e Compact Buried Ducts in Hot-Humid Climates [4]

Author(s): D Mallay
Organization(s): Home Innovation Research Labs
Publication Date: January 2016

A system of compact, buried ducts provides a high-performance and cost-effective solution for delivering conditioned air
throughout the building. This report outlines research activities that are expected to facilitate adoption of compact buried duct
systems by builders. The results of this research would be scalable to many new house designs in most climates and markets,
leading to wider industry acceptance and building code and energy program approval.
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http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/measure_guide_buried_encap_ducts.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/ba_innovations_1-1-3_high_performance_ducts.pdf
http://energy.gov/sites/prod/files/2013/11/f5/case_study_buried_encaps_ducts.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/building_america/compact-buried-ducts-hot-humid.pdf

e ACCA Manual D — Residential Duct Systems, Air Conditioning Contractors of America, 2013. https://www.acca.org/technical-
manual/manual-d/ [5]

¢ ACCA Manual J — Residential Load Calculation, Air Conditioning Contractors of America, 2011.
http://www.acca.org/technical-manual/manual-j/ [6]

¢ ACCA Manual S — Residential Equipment Selection, Air Conditioning Contractors of America, 2013.
http://www.acca.org/technical-manual/manual-s/ [7]

e ACCA Standard 5: HVAC Quality Installation Specification, Air Conditioning Contractors of America, 2010.
http://www.energystar.gov/ia’lhome_improvement/home_contractors/qispec.pdf [8]

e ACCA Standard 9: HVAC Quality Installation Verification Protocols, Air Conditioning Contractors of America, 2009.
http://www.energystar.gov/iaslhome_improvement/home_contractors/QI_Verification Protocols.pdf [9]

BASC Related Guides:

e Compact Air Distribution, https://basc.pnnl.gov/resource-guides/compact-air-distribution [10]

¢ Ducts Buried in Attic Insulation, https://basc.pnnl.gov/resource-guides/ducts-buried-attic-insulation [11]

¢ Ducts Buried in Attic Insulation and Encapsulated, https://basc.pnnl.gov/resource-guides/ducts-buried-attic-insulation-
and-... [12]

¢ Duct Leakage to the Outdoors, https://basc.pnnl.gov/resource-guides/duct-leakage-outdoors [13]
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