DOE Draft Proposal for 2018 IECC; September 2015

C-1: Building Envelope Air Leakage Testing (C402.4)
	Building air leakage increases energy use for heating and cooling. In certain climates, there are also humidity issues related to uncontrolled infiltration. Implementing air barrier testing requirements has been shown to increase the care with which contractors install air barrier components and provide a reduced level of air leakage in buildings. The proposal requires testing for buildings above a certain size, depending on climate zone and building type. Testing can result in significantly reduced building leakage and consequently allow for reduced HVAC equipment sizing, better building pressurization, and energy savings due to reduced heating and cooling of infiltrated outside air. In moist climates, leakage testing can also result in better humidity control.

	


= = = IECC PROPOSAL: 
Modify Sections  C402.5, and C402.5.1 as follows and add table C402.5.1 and section C402.5.1.3 :

C402.5 Air leakage—thermal envelope (Mandatory). The building thermal envelope of buildings shall comply with Sections C402.5.1 through C402.5.8, or the building thermal envelope shall be tested in accordance with ASTM E 779 at a pressure differential of 0.3 inch water gauge (75 Pa) or an equivalent method approved by the code official and deemed to comply with the provisions of this section when the tested air leakage rate of the building thermal envelope is not greater than 0.40 cfm/ft2 (0.2 L/s · m2). Where compliance is based on such testing, the building shall also comply with Sections C402.5.5, C402.5.6, and C402.5.7.  

C402.5.1 Air barriers. A continuous air barrier shall be provided throughout the building thermal envelope. The

air barriers shall be permitted to be located on the inside or outside of the building envelope, located within the assemblies composing the envelope, or any combination thereof. The air barrier shall comply with Section C402.5.1.1 and C402.5.1.2.
Exception: Air barriers are not required in buildings located in Climate Zone 2B.

C402.5.1.1 Air barrier construction. The continuous air barrier shall be constructed to comply with the following:

1. 
The air barrier shall be continuous for all assemblies that are the thermal envelope of the building and across the joints and assemblies. 

2. 
Air barrier joints and seams shall be sealed, including sealing transitions in places and changes in materials. The joints and seals shall be securely installed in or on the joint for its entire length so as not to dislodge, loosen or otherwise impair its ability to resist positive and negative pressure from wind, stack effect and mechanical ventilation.

3. 
Penetrations of the air barrier shall be caulked, gasketed or otherwise sealed in a manner compatible with the construction materials and location. Joints and seals associated with penetrations shall be sealed in the same manner or taped or covered with moisture vapor-permeable wrapping material. Sealing materials shall be appropriate to the construction materials being sealed and shall be securely installed around the penetration so as not to dislodge, loosen or otherwise impair the penetrations’ ability to resist positive and negative pressure from wind, stack effect and mechanical ventilation. Sealing of concealed fire sprinklers, where required, shall be in a manner that is recommended by the manufacturer. Caulking or other adhesive sealants shall not be used to fill voids between fire sprinkler cover plates and walls or ceilings.

4. 
Recessed lighting fixtures shall comply with Section C402.5.7. Where similar objects are installed that penetrate the air barrier, provisions shall be made to maintain the integrity of the air barrier.
C402.5.1.2 Air barrier compliance options.  Buildings with total floor areas equal to or greater than the value shown in Table C402.5.1.2 shall comply with Section C402.5.1.3. Other buildings shall either comply with Section C402.5.1.3 or the A continuous air barrier for the opaque building envelope shall comply with Section C402.5.1.2.1 or C402.5.1.2.2.
Table C402.5.1.2

MINIMUM BUILDING SIZE FOR AIR LEAKAGE TESTING REQUIREMENT

	Climate
	Building Floor Area, ft2 (m2)
	Climate
	Building Floor Area, ft2 (m2)

	Zone
	Group R & I
	Other
	Zone
	Group R & I
	Other

	1A
	17,500
	(1,600)
	75,000
	(7,000)
	4C
	50,000
	(4,600)
	NR
	

	1B
	25,000
	(2,300)
	350,000
	(32,500)
	5A
	6,000
	(600)
	40,000
	(3,700)

	2A
	50,000
	(4,600)
	350,000
	(32,500)
	5B
	25,000
	(2,300)
	200,000
	(18,600)

	2B
	9,000
	(800)
	NR
	
	5C
	NR
	
	NR
	

	3A
	25,000
	(2,300)
	350,000
	(32,500)
	6A
	6,000
	(600)
	40,000
	(3,700)

	3B
	50,000
	(4,600)
	NR
	
	6B
	9,000
	(800)
	75,000
	(7,000)

	3C
	NR
	
	NR
	
	7
	6000
	(600)
	40,000
	(3,700)

	4A
	9,000
	(800)
	75,000
	(7,000)
	8
	17,500
	(1,600)
	200,000
	(18,600)

	4B
	60,000
	(5,600)
	NR
	 
	 
	 
	 
	 
	 


NR = Not Required
C402.5.1.2.1 Materials. Materials with an air permeability not greater than 0.004 cfm/ft2 (0.02 L/s·m2) under a pressure differential of 0.3 inch water gauge (75 Pa) when tested in accordance with ASTM E 2178 shall comply with this section. Materials in Items 1 through 16 shall be deemed to comply with this section, provided joints are sealed and materials are installed as air barriers in accordance with the manufacturer’s instructions.

1. 
Plywood with a thickness of not less than 3/8 inch (10 mm).

2. 
Oriented strand board having a thickness of not less than 3/8 inch (10 mm).

3. 
Extruded polystyrene insulation board having a thickness of not less than 1/2 inch (12.7 mm).

4. 
Foil-back polyisocyanurate insulation board having a thickness of not less than 1/2 inch (12.7 mm). 

5. 
Closed-cell spray foam a minimum density of 1.5 pcf (2.4 kg/m3) having a thickness of not less than 11/2 inches 38 mm). 

6. 
Open-cell spray foam with a density between 0.4 and 1.5 pcf (0.6 and 2.4 kg/m3) and having a thickness of not less than 4.5 inches (113 mm).

7. 
Exterior or interior gypsum board having a thickness of not less than 1/2 inch (12.7 mm).

8. 
Cement board having a thickness of not less than 1/2 inch (12.7 mm).

9. 
Built-up roofing membrane.

10. 
Modified bituminous roof membrane.

11. 
Fully adhered single-ply roof membrane.

12. 
A Portland cement/sand parge, or gypsum plaster having a thickness of not less than 5/8 inch (15.9 mm).

13. 
Cast-in-place and precast concrete.

14. 
Fully grouted concrete block masonry.

15. 
Sheet steel or aluminum.

16. 
Solid or hollow masonry constructed of clay or shale masonry units. 
C402.5.1.2.2 Assemblies. Assemblies of materials and components with an average air leakage not greater than 0.04 cfm/ft2 (0.2 L/s · m2) under a pressure differential of 0.3 inch of water gauge (w.g.)(75 Pa) when tested in accordance with ASTM E 2357, ASTM E 1677 or ASTM E 283 shall comply with this section. Assemblies listed in Items 1 through 3 shall be deemed to comply, provided joints are sealed and the requirements of Section C402.5.1.1 are met. 

1. 
Concrete masonry walls coated with either one application of block filler or two applications of a paint or sealer coating.

2. 
Masonry walls constructed of clay or shale masonry units with a nominal width of 4 inches (102 mm) or more.

3. 
A Portland cement/sand parge, stucco or plaster not less than 1/2 inch (12.7 mm) in thickness. 

C402.5.1.2.3 Building Thermal Envelope Testing. The building thermal envelope shall be tested in accordance with ASTME 779 or an equivalent method approved by the code official. The measured air leakage of the building thermal envelope shall not exceed 0.40 cfm/ft2 (0.2 L/s · m2) at a pressure differential of 0.3 inch water gauge (75 Pa). 
Exceptions:  
1. 
For buildings having over 50,000 ft2 (5,000 m2) of gross conditioned floor area, air leakage testing shall be permitted to be conducted on less than the whole building provided the following portions of the building are tested: 

a. The entire floor area of all stories that have any spaces directly under a roof, 

b. The entire floor area of all stories that have a building entrance or loading dock, and 

c. Representative above-grade sections of the building totaling at least 25% of the wall area enclosing the remaining conditioned space. 

The measured air leakages shall then be area-weighted by the surface areas of the building envelope in a, b, and c above to determine a whole building value. The test(s) of the areas in c shall be applied to the remainder of the building envelope surface area not included in a, b and c. 

2. 
Where the measured air leakage rate exceeds 0.40 cfm/ft2 (2.0 L/s•m2) but does not exceed 0.60 cfm/ft2 (3.0 L/s•m2), a diagnostic evaluation using smoke tracer or infra-red imaging shall be conducted while the building is pressurized and any leaks noted shall be sealed if such sealing can be made without destruction of existing building components. In addition, a visual inspection of the air barrier shall be conducted and any leaks noted shall be sealed if such sealing can be made without destruction of existing building components. An additional report identifying the corrective actions taken to seal leaks shall be submitted to the code official and the building owner, and shall be deemed to satisfy the requirements of this section.
Reason. This proposal modifies the building thermal envelope section to require air leakage testing of larger buildings in certain climate zones. The proposed testing requirement was previously an optional path in the IECC. IECC allows whole building air leakage testing as an option for compliance with the air leakage requirements in the code. The other option for compliance is that the materials or assemblies used in construction of an air barrier meet certain leakage requirements. While it is important that the materials and assemblies used have limited leakage, that alone does not guarantee a low leakage building. 
Recent research
 shows that 40% of buildings constructed without an envelope consultant have air leakage exceeding the optional text standard, while all the buildings with envelope consultants had leakage below 0.25 cfm/ft2. Requiring testing will ensure that the goal of this section of the code, limiting unintended air infiltration in buildings, will be achieved. 

The proposal retains a test limit of 0.4 cfm/ft2 as is currently required for optional testing. This is less stringent than the current Department of Defense requirements at 0.25 cfm/ft2 and case studies
 have shown that much lower leakage levels–in the range of 0.15 cfm/ft2–can be achieved. Since mandatory rather than optional testing would be a new requirement, it was felt appropriate to retain the current, higher limit of 0.4 cfm/ft2 for improved building industry acceptance. The review of more stringent requirements by the Department of Defense2 shows that while the range of building leakage can exceed the requirement by more than double (0.9 cfm/ft2) the average leakage of buildings tested is well below the 0.4 limit when leak testing is part of the construction process, so it is a realistic and achievable goal.    

It was also prudent to provide some flexibility on the test standard to allow for building industry acceptance and a transition to a fixed requirement, because when the testing occurs, access to the air barrier for repairs is difficult. So an exception is included that allows the tested leakage rate to be below 0.6 cfm/ft2 as long as specific remediation to be undertaken. This exception is meant to provide a modest relaxation of the requirement, but only if significant corrective actions are taken. Another exception for large buildings (over 50,000 ft2) allows representative portions of the building to be tested. This exception will make compliance more economical for large buildings.  

This proposal is similar to the residential air leakage provisions in the 2015 IECC in that it also requires the use of ASTM E 779, but differs from those provisions in that the air leakage metric is calculated in the manner that is the industry standard for non-residential buildings.  The proposal requires the same level of air leakage testing that is required by the State of Washington and City of  Seattle commercial building energy codes
 as well as procedures followed by the US Department of Defense for testing of commercial buildings referenced above. The city of Seattle requirements have been in place since 2009 and hundreds of commercial buildings have been tested under that code, including many large buildings.  
Energy Savings: An analysis of energy impact shows that savings from air barrier testing  in the proposal ranges from $1.69 to $12.59 per thousand square feet of floor area in large offices and from $6.69 to $44.82 in mid-rise apartment buildings in climate zones where testing is recommended. More details are found in the cost-effectiveness analysis referenced in the cost impact section.

The U.S. Department of Energy (DOE) develops its proposals through a public process to ensure transparency, objectivity and consistency in DOE-proposed code changes. Energy savings and cost impacts are assessed based on established methods and reported for each proposal, as applicable.  More information on the process utilized to develop the DOE proposals for the 2018 IECC can be found at:  https://www.energycodes.gov/development/2018IECC.

Cost Impact. This proposal will increase the cost of construction of new commercial and high-rise multi-family residential buildings as whole building air leakage testing will be required. Based on a survey of professional commercial building air barrier testing companies, it was determined that the cost of air leakage testing for buildings could range from a minimum of about $4,000 to $7,000 for the small and relatively simple buildings to about twice that ($8,000 to $14,000) for larger and more complex buildings. As demand for air leakage testing in commercial buildings increases, more companies will enter the market to provide these services.  This will lead to a gradual decrease in cost as more companies are available to do the testing.  It is possible that small buildings (up to about 5,000 ft2) could likely use residential air leakage testing firms such as those associated with HERS ratings; however the current proposal does not require small building testing, except as an optional path. An examination of prices for residential air leakage testing indicated costs can be less than $350 per home.  Given that both the residential and commercial air leakage testing protocols are based on the same ASTM E 779 standard, there is not likely to be much difference in the equipment and training needed for a company to perform small building commercial air leakage testing as well as residential air leakage testing.   
Cost-effectiveness: PNNL performed a cost-effectiveness analysis using DOE’s methodology.
 Results of the cost-effectiveness analysis showed that the average savings-to-investment ratio (SIR) was 1.8 in large offices and 1.6 in mid-rise apartment buildings. A proposal is cost-effective when the SIR is greater than 1.0, indicating that the present value of savings is greater than the incremental cost. The cost-effectiveness results were reviewed and air barrier testing was required by climate zone for buildings that have present value savings exceeding the testing cost based on building size.  The complete cost-effectiveness analysis is available at: https://www.energycodes.gov/development/2018IECC.
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