Transition Guide
to the

2004 Florida Codes
Changes to Chapter 13 Energy Efficiency
The following table outlines the changes that occurred to Chapter 13 Energy Efficiency from the 2001 Florida Building Code, Building to the 2004 Florida Building Code, Building. Many of the changes were extensive in nature due to an update to ASHRAE 90.1-2001. 
The first part of the table provides a summary of the changes that were made to Subchapters 4 and 6 as a result of this update.  

The latter part of the table shows the full extent of the changes that were made. These changes are shown in legislative format to provide the most benefit in understanding the nature of the changes that occurred.  

	2001 FBC
Section
	2004 FBC Modifications


	
	Summary Overview of Changes

	Subchapter 4
	400.0.A Method A, the Whole Building Performance Method.
· Fully flexible, includes cases where vertical fenestration exceeds 50%

· Full trade-off allowed based on energy costs
· Envisioned for complex buildings

· EnergyGauge Fla/Com program utilized; ASHRAE rules included in program

· 400.0.B, Method B, the Building Envelope Tradeoff Method.

· This is the ASHRAE Building Envelope Tradeoff Method: the envelope performance factor of the proposed building must be less than the envelope performance factor of the budget building
· Schedules for HVAC, lighting & equipment power, and occupant density are the same for proposed & budget building.

· Envisioned for complex buildings and shell buildings

· EnergyGauge Fla/Com program utilized

400.0.C Method C, the Buildings Prescriptive Envelope Method.
· Method C is completely revised to the prescriptive method of ASHRAE 90.1-01.

· Requirements are listed on Form 400C for the appropriate climate zone.

· May be either nonresidential or residential >3 stories.

· Conditioned space or unconditioned space requirements.

· Extensive use of tables in Appendix B.

· Used provided that:

· The vertical fenestration area does not exceed 50% of the gross wall area for each space-conditioning category and

· The skylight fenestration area does not exceed 5% of the gross roof area for each space-conditioning category. Requirements are specified for the exterior building envelope, which separates conditioned space from the exterior.
Method D, Renovations and Systems Prescriptive Method
· Deleted.  Existing buildings can use Method C for components changed.

407.1.ABC.3.5 Exhaust Air Energy Recovery for Cooling Systems.
· Individual fan systems that have both a design supply air capacity of 5000 cfm or greater and have a minimum outside air supply of 70% or greater of the design supply air quantity shall have an energy recovery system with at least 50% recovery effectiveness.  Enthalpy (heat content of air) reduced to 50% of difference between outdoor air & return air at design conditions. Exceptions provided

409.1.ABC.3.5 Ventilation Controls for High-Occupancy Areas.

· Outside air capacities greater than 3000 cfm serving areas having an average design occupancy density exceeding 100 people per 1000 ft2 shall include means to automatically reduce outside air intake below design rates when spaces are partially occupied.
415 LIGHTING SYSTEMS

· Lighting power densities updated to include Addenda g to ASHRAE 90.1-01
· No more lighting control credits or control points

· Programmable controls & lighting sensors encouraged

· Hotel/motel rooms require one master control

· Building area option or space-by-space options available

· Mandatory provision for tandem wired ballasts where 1 or 3 linear fluorescent lamps greater than 30 W are in the same space & on the same control device (with exceptions)
· Most exterior power requirements were replaced with minimum efficacy requirements; exception for motion sensors

· Exit signs operating at >20 W must have source efficacy > 35 lumens/W

410.1.ABC.3, 610.1.ABC.3.0.3 Space provided. [around air distribution system components]
· Adds exception:  Retrofit or replacement units not part of a renovation are exempt from the minimum clearance requirement.

410.1.ABC.3,  610.1.ABC.3.2.2 Fibrous Glass Duct, Rigid

· Mechanical fastening. Attachments of ductwork to air-handling equipment shall be by mechanical fasteners. Where access is limited, two fasteners on one side shall be acceptable when installed in accordance with Section M603.1.6.


	Subchapter 6
	610.1.B.2 Air handler location. 

· Buildings complying with this code by Compliance Method B shall not have air handlers installed in attics.
610.2.A.3 Airtight Duct Credit. 

· An airtight Duct Credit Multiplier of 1.0 may be taken if the duct work has been demonstrated to be ‘substantially leak free’ in accordance with the provisions of Section 610.1.A.1.  Definition revised.
612.1.ABC.3  Minimum Performance standards, Water heaters.

· Electric & gas minimum efficiencies changed to new federal minimums



	
	Detailed Analysis of Changes


	SUB-CHAPTER 4


COMMERCIAL BUILDING

COMPLIANCE METHODS

[UPDATE TO ASHRAE 90.1-01]

400 ADMINISTRATION

400.0 General.  The provisions of this Chapter apply to all new commercial occupancy buildings, additions to existing commercial occupancy buildings, and multifamily residential buildings over three stories in height.  Building type classifications shall be those defined in Chapter 2 of this Code under “Occupancy Classification”.  This Chapter provides three Methods by which commercial buildings may be brought into compliance with this Code.  

400.0.ABCD Compliance Criteria.  Commercial buildings demonstrating compliance with this Code by Methods A or B shall meet all of the criteria given in the text as specific to the chosen method of compliance for 1 - 4 below .  Commercial buildings utilizing Method C or D for Code compliance shall meet all criteria specified for that Method C occupancy type or building configuration for 1, 3 and 4 below. 

1. Prescriptive Requirements.

2. Performance Calculation Procedure.

3. Certification of Compliance.

4. Reporting

400.0.A  Method A, the Whole Building Performance Method.  This is a computer-based energy code budget method computer-based annual energy performance calculation which may be used for determining the compliance of all proposed designs, except designs with no mechanical system.  Under this method, cost energy performance is calculated for the entire building based on the envelope and major energy-consuming systems specified in the design and simultaneously for a Baseline building of the same configuration, but with baseline systems.  Compliance is met if the design energy cost does not exceed the energy cost budget when calculated in accordance with this section; and the energy efficiency level of components specified in the building design meet or exceed the efficiency levels used to calculate the design energy cost.  Compliance calculations are those utilized in the EnergyGauge Fla/Com 2004 computer program and are as described in the sections called Performance Calculation Procedures.  The ratio of the total points for the As-Built Building to the total points calculated for the Baseline building shall be 1.0 or less to comply with this Code.  Basic prescriptive requirements described in the sections called Prescriptive Requirements shall must also be met.

Informative Note: The energy cost budget and the design energy cost calculations are applicable only for determining compliance with this standard. They are not predictions of actual energy consumption or costs of the proposed design after construction. Actual experience will differ from these calculations due to variations such as occupancy, building operation and maintenance, weather, energy use not covered by this standard, changes in energy rates between design of the building and occupancy, and precision of the calculation tool
400.0.B  Method B, the Building Envelope Tradeoff Component Performance Method.  This is a computer-based calculation methodology.  [5.4 Building Envelope Trade-Off Option] The building envelope complies with the standard if the proposed building meets the Basic Prescriptive Requirements (.ABC) and the envelope performance factor of the proposed building is less than or equal to the envelope performance factor of the budget building. The envelope performance factor considers only the building envelope components. Schedules of operation, lighting power, equipment power, occupant density, and mechanical systems shall be the same for both the proposed building and the budget building. Envelope performance factor shall be calculated using the EnergyGauge Fla/Com 2004 computer program and the procedures specified for each envelope component under compliance Method B (.2.B).
Under this method, components of building systems must meet minimum performance standards, as described in the sections called Performance Calculation Procedures.  Basic prescriptive requirements described in the sections called Prescriptive Requirements must also be met.  Shell buildings shall comply by Method B of this Chapter.

400.0.C  Method C, the Limited and Special Use Buildings Prescriptive Envelope Method.  This method requires that a list of prescriptive requirements listed on Form 400C for the appropriate climate zone specified for a given building type be met or exceeded to comply with this Code. For conditioned space, the exterior building envelope shall comply with either the “nonresidential” or “residential” requirements on Form 400C, as applicable.  If a building contains any semiheated space or unconditioned space, (see section 400.0.C.1), then the semi-exterior building envelope shall comply with the requirements for semiheated space on Form 400C. 

 The following building types may comply by Method C of this Chapter:

1. Detached commercial buildings of less than 200 sq ft area.

2. Skyboxes or sports stadiums.

3. Traffic safety control towers.

4. Convenience stores <5,000 sq ft. 

5. Restaurants <5,000 sq ft

6. Retail stores <5,000 sq ft

7. Office buildings <5,000 sq ft

8. School buildings <5,000 sq ft

9. Storage buildings <5,000 sq ft

400.0.C.1  Scope.  [1.5.3 Prescriptive Building Envelope Option]  Method C may be used provided that:

(a) the vertical fenestration area does not exceed 50% of the gross wall area for each space-conditioning category and

(b) the skylight fenestration area does not exceed 5% of the gross roof area for each space-conditioning category
[5.1.1 Building PrescriptiveEnvelope Method, Scope]. Requirements are specified for the exterior building envelope, which separates conditioned space from the exterior.

Exceptions: For buildings that contain spaces that will be only semi-heated or unconditioned, and if compliance Method A is used for such spaces, then Method C also specifies requirements for the semi-exterior building envelope, which separates

(a) conditioned space from either semiheated space or unconditioned space,

(b) semiheated space from either unconditioned space or from the exterior.

NOTE:  Method C does not address moisture control or provide design guidelines to prevent moisture migration that leads to condensation, mold and mildew, or deterioration to insulation or equipment performance.

400.0.C.2  Space conditioning [5.1.4] Envelope requirements are specified by space-conditioning categories. Separate exterior building envelope requirements are specified for each of two categories of conditioned space:

a. nonresidential conditioned space,

b. residential > 3 stories conditioned space.

Spaces shall be assumed to be conditioned space and shall comply with the requirements for conditioned space at the time of construction, regardless of whether mechanical or electrical equipment is included in the building permit application or installed at that time.

Exceptions: For buildings that contain spaces without air conditioning that will be only semi-heated or unconditioned, and if alternative compliance is sought for such spaces, then all semi-heated or unconditioned spaces shall be clearly indicated on the floor plan as such, and the following semi-exterior building envelope requirements apply:

1. If a space will be only semiheated, the space shall be considered semiheated

2. If  a space will remain unconditioned, the space shall be considered unconditioned 

400.0.C.3  Maximum U-factor, C-factor, F-factor [5.3.1]  Compliance shall be shown with the maximum U-factor, C-factor, or F-factor for the entire assembly for the component in lieu of complying with the minimum rated R-value of insulation for the insulation alone. U-factors, C-factors, and F-factors for typical construction shall be determined from Appendix 13-B or by the procedures established by Appendix 13-B.

400.0.C.4  Renovated buildings.  Method D, the Renovated Buildings and Systems Method.  This method requires that a list of prescriptive requirements specified for one or more building components be met or exceeded to comply with this Code.  Renovated buildings shall, when applicable (see section 202), meet the efficiencies listed on Form 400C D for components being changed or shall comply with the envelope or systems criteria in Method B of FLA/COM for the components being changed.  Existing buildings not meeting the definition of a renovation in which new heating, cooling, water heating, electrical or lighting systems are installed shall meet the Basic Prescriptive minimum efficiencies listed in this code Form 400D for the system(s) being changed.
400.1 Prescriptive Requirements.  Basic Prescriptive Requirements shall be met for all buildings.  The section number followed by the combined number and letters ".1.ABCD" indicates these Basic Prescriptive Requirements (i.e., prescriptive requirements that shall be met by buildings complying by either Method A, B, or C, or D)  in sections 401 through 415.  Prescriptive Requirements specific to Method A, B, or C, or D (i.e. ".1.B" is specific to Method B) shall be met when complying with the Code by that method.  Where a Prescriptive Requirement specific to a method is more stringent than the Basic Prescriptive Requirement, the more stringent requirement shall be met.

400.2 Performance Calculation Procedures.  The calculation procedures contained in the personal computer-based program entitled EnergyGauge Fla/Com and those described in sections marked either “.2.A”, “.2.B”, or “.2.C”, respectively, shall be used to demonstrate Code compliance of the design for commercial buildings complying by Method A, or Method B or Method C of this Chapter.  The building components' efficiency levels specified in the Method A performance compliance calculation (or amended copy submitted to the building department) are the minimum efficiencies allowed to be installed in the building.  Buildings complying by Method B are allowed performance tradeoffs for envelope features only.  Buildings complying by Method C have only prescriptive minimum requirements for envelope and equipment.
400.2.A.1 Additions.  Additions to existing buildings shall follow the same Method A calculation procedure as new construction with the following qualifications:

1.  Calculations shall be conducted using only the components of the addition itself, including those pre-existing components which separate the addition from other spaces.

2.  Efficiencies for heating and cooling systems shall be assumed to be the minimum efficiency allowed by the Code for that type and size of equipment unless new equipment is installed to replace existing equipment or to service the addition specifically or higher eqpment efficiencies can be documented.
400.2.A.2  Shell buildings.  Shell buildings shall comply with this code by Method B or Method C.  Once all energy-related design parameters are known, a Method A calculation may be re-submitted.

400.3 Certification of Compliance.  

400.3.ABCD.1 Code Compliance Preparation.  The FLA/COM Performance Calculation Procedures demonstrating Code compliance for Methods A and B, and Forms 400C and 400D demonstrating Code compliance for Methods C and D shall be prepared, signed and sealed by an architect or engineer registered in the State of Florida, with the exception of buildings excluded by Section 481.229, Florida Statutes, or Section 471.003, Florida Statutes.  Calculations for buildings falling within the exception of Section 471.003, Florida Statutes, may be performed by air conditioning or mechanical contractors licensed in accordance with Chapter 489, Florida Statutes, or State of Florida certified commercial building energy raters.  

The person preparing the compliance calculation shall certify that the calculation, or amendments thereto, is true and accurate and demonstrates that the building is in compliance with the requirements of Chapter 13 of this code Florida Energy Efficiency Code For Building Construction.

400.3.ABCD.2 Code Compliance Certification. The building's owner, the owner's architect, or other authorized agent legally designated by the owner shall certify to the building official that the building is in compliance with the requirements of Chapter 13 of this code Energy Efficiency Code For Building Construction prior to receiving the permit to begin construction or renovation.

If, during the building's construction or renovation, alterations are made in the building's design or in materials or equipment installed in the building which would diminish it's energy performance, an amended copy of the compliance certification shall be submitted to the building official on or before the date of final inspection by the building owner or his/her legally authorized agent.

The certified FLA/COM calculation printout or Form 400C shall be a part of the plans and specifications submitted for permitting.

The party responsible under Subsections 471.003 and 481.228 and Chapter 489, Florida Statutes, for the design and specification of each building system shall certify that the plans and specifications for that system comply with the requirements of the Chapter 13 of this code Florida Energy Efficiency Code for Building Construction.  See also section 13-103.2.

400.3.ABCD.3 Forms.  Forms referenced in Table 400.3.ABC.3-4-1 shall be used to demonstrate Code compliance with this Chapter.

400.3.A Method A Forms.  An accurately completed Form 400A-04 01 (generated by the FLA/COM-04 01 computer program) demonstrating that Code compliance has been achieved shall be submitted to the building official for Method A compliance.  Calculations shall be performed for the climate zone in which the building will be located and according to the procedures specified for Method A in this Chapter.

400.3.B Method B Forms.  An accurately completed Form 400B-04 01 (generated by the FLA/COM-04 01 computer program) demonstrating that Code compliance has been achieved shall be submitted to the building official for Method B compliance.  Calculations shall be performed for the climate zone in which the building will be located and according to the procedures specified for Method B in this Chapter.

400.3.C Method C Forms. An accurately completed Form 400C-04 01 demonstrating that Code compliance has been achieved shall be submitted to the building official for Method C compliance.  The form submitted shall be specific for the climate zone in which the building will be located.  Climate zones are listed by county and city in Appendix A.
400.3.D Method D Forms. An accurately completed Form 400D-01 demonstrating Code compliance shall be submitted to the building official for Method D compliance.

400.4.ABCD Reporting.  A copy of the front page of the 400 series form submitted to demonstrate Code compliance shall be sent by the building official to the Florida Building Commission on a quarterly basis for reporting purposes.

TABLE 400.3.ABC.3 4-1
INDEX TO COMMERCIAL CODE COMPLIANCE FORMS

	                         METHOD
	                   FORM NO.

	Method A   Whole Building Performance 

Method B   Building Envelope Tradeoff Component Performance Method
Method C   Limited and Special Use Buildings Prescriptive Envelope

Method D   Renovated Buildings and Systems                            Method    
	Form 400A-04 01 (FLA/COM Computer printout)

Form 400B-04 01 (FLA/COM Computer printout)

Form 400C-04 01 (separate forms for N, C & S FL)

Form 400D-0197 (all climate zones)


401 FENESTRATIONS

(Glazing)

401.1 Prescriptive Requirements.  

401.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D.

401.1.ABCD.1 Window Leakage.  All exterior windows shall be designed to limit air leakage into and from the building envelope.  Manufactured Wwindows shall have air infiltration rates not exceeding those shown in Table 4-2 (see section 406.1).  Site constructed windows shall be sealed in accordance with the requirements of section 406.1.

401.1.AB Calculations. All calculations and determinations of parameters used in the demonstration of compliance with this code by Methods A or B shall be conducted according to section 401.2.

401.1.A Prescriptive Requirements Specific to Method A.  The fenestrations' solar heat gain coefficient and U-factor determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance levels allowed (maximum SHGC and U-factor). 

401.1.B Prescriptive Requirements Specific to Method B.  The fenestrations' solar heat gain coefficient and U-factor determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the minimum performance levels allowed (maximum SHGC and U-value).  

401.1.C Prescriptive Requirements Specific to Method C.  Fenestration areas of buildings complying by Method C shall be no higher than that specified on for the glazing/lighting wattage/HVAC efficiency package chosen from Table 4C of Form 400C for that occupancy type except as shown in sections 401.1.C.1 through 401.1.C.3 below. [5.3.2]  Compliance with U-factors and solar heat gain coefficient (SHGC) shall be demonstrated for the overall fenestration product, including glass, sash, and frame, as shall be determined from manufacturer’s product specification sheets in accordance with applicable test procedures [5.2.2]. Gross wall areas and gross roof areas shall be calculated separately for each space-conditioning category for the purposes of determining compliance.

Exception: Alternatively, if there are multiple assemblies within a single class of construction for a single space-conditioning category, compliance shall be based on an area-weighted average U-factor or SHGC. It is not acceptable to do an area-weighted average across multiple classes of construction or multiple space-conditioning categories.

Glazing in doors shall be included in the fenestration area.

401.1.C.1 [5.3.2.1] Fenestration Area. The total vertical fenestration area, including both fixed vertical fenestration and operable vertical fenestration, shall be less than 50% of the gross wall area. The total skylight area, including glass skylights, plastic skylights with a curb, and all skylights without a curb, shall be less than 5% of the gross roof area. 

Exception: Vertical fenestration complying with Exception 3 to 401.2.C.3.

401.1.C.2 [5.3.2.2] Fenestration U-Factor. Fenestration, including fixed vertical fenestration, operable vertical fenestration, glass skylights with a curb, plastic skylights with a curb, and all skylights without a curb shall have a U-factor not greater than that specified on Form 400C [Table 5.3] for the appropriate fenestration area. U-factor for fenestration shall be determined in accordance with manufacturer’s product specification sheets in accordance with applicable test procedures.[5.2.2].
Exception: Vertical fenestration complying with Exception 3. to 401.2.C.3 shall have a U-factor not greater than that specified for 40% of the gross wall area.

401.1.C.3 [5.3.2.3] Fenestration Solar Heat Gain Coefficient (SHGC). Vertical fenestration shall have an SHGC not greater than that specified for “all” orientations on Form 400C [Table 5.3] for the appropriate total vertical fenestration area. Skylights, including glass skylights with a curb, plastic skylights with a curb, and all skylights without a curb, shall have an SHGC not greater than that specified for “all” orientations on Form 400C [Table 5.3] for the appropriate total skylight area. SHGC for fenestration shall be determined from manufacturer’s product specification sheets in accordance with applicable test procedures.  There are no SHGC requirements for semiheated spaces.  
Exceptions:

1. Alternatively, in latitudes greater than 10 degrees, the SHGC for north-oriented vertical fenestration shall be calculated separately and shall not be greater than that specified in Form 400C [Table 5.3] for north-oriented fenestration.  When this exception is used, the fenestration area used in selecting the criteria shall be calculated separately for north-oriented and all other-oriented fenestration.

2. For demonstrating compliance for vertical fenestration only, the SHGC in the proposed building shall be reduced by using the multipliers in Table 401.2.C.3 for each fenestration product shaded by permanent projections that will last as long as the building itself.

3. Vertical fenestration that is located on the street side of the street-level story only, provided that 1) the street side of the street-level story does not exceed 20 ft in height, 2) the fenestration has a continuous overhang with a weighted average projection factor greater than 0.5, and 3) the fenestration area for the street side of the street-level story is less than 75% of the gross wall area for the street side of the street-level story. When this exception is utilized, separate calculations shall be performed for these sections of the building envelope, and these values shall not be averaged with any others for compliance purposes. No credit shall be given here or elsewhere in the building for not fully utilizing the fenestration area allowed. 

TABLE 401.1.C.3

SHGC Multipliers for Permanent Projections

	Projection Factor
	SHGC Multiplier

(All Other Orientations)
	SHGC Multiplier

(North-Oriented)

	0 – 0.10
	1.00
	1.00

	<0.10 – 0.20
	0.91
	0.95

	<0.20 – 0.30
	0.82
	0.91

	<0.30 – 0.40
	0.74
	0.87

	<0.40 – 0.50
	0.67
	0.84

	<0.50 – 0.60
	0.61
	0.81

	<0.60 – 0.70
	0.56
	0.78

	<0.70 – 0.80
	0.51
	0.76

	<0.80 – 0.90
	0.47
	0.75

	<0.90 – 1.00
	0.44
	0.73


401.1.C.1 Detached Commercial Buildings Less Than 200 sq.ft.   

Glass area:  No limit

Overhang:    Minimum 1 foot if not under another structure; or


          No overhang with a Solar Heat Gain Coefficient of 0.48 or less 

401.1.C.2 Skyboxes or Sports Stadiums.

Glass area:  No limit with a Solar Heat Gain Coefficient of 0.48 or less 

401.1.C.3 Traffic Safety Control Towers.

Glass area:  No limit

Overhang:    Minimum 1 foot if not under another structure; or


          No overhang with a Solar Heat Gain Coefficient of 0.48 or less 

401.1.D Prescriptive Requirements Specific to Method D.  Fenestrations of renovated buildings that are to be retrofitted or replaced shall meet the following requirements:


Climate zones 1, 2, and 3:

Insulated glazing U  0.87


Climate zones 4, 5, 6, 

61 SHGC with  1 ft overhang or



             7, 8, 9:
48 SHGC with no overhang.



401.2 Performance Calculation Procedures

401.2.AB Performance Calculation Procedures for Methods A and B.  Calculation procedures for determining fenestration compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone by glazing area or by each glazing unit for the following parameters:  glazing orientation and area (or unit width, unit height), glazing type (or by U-factor, solar heat gain coefficient, visible transmittance), and overhang (length and height).   

401.2.AB.1 Thermal Transmittance.  The thermal resistance of fenestrations shall be calculated in accordance with the criteria in sections 1.0 and 2.1 of Appendix 13-B.

401.2.AB.2 Fenestration Area.  The area of fenestrations shall include sash area and glazing in doors.  Areas for vertical glazing in clerestories and roof monitors shall be included in the wall fenestration calculation.

401.2.AB.3 Solar Heat Gain Coefficients.  The Solar Heat Gain Coefficient (SHGC) for fenestrations shall be determined in accordance with the criteria in section 2.1 3.1 of Appendix 13-B.

401.2.AB.4 Overhangs.  Shading may be by recessing the glazing into the building structure, by permanently mounted overhangs and projections or by permanently mounted sun shades with adequate air movement between the shading device and the fenestration.  

Complying overhangs shall be completely opaque and have the effect of being solid.  Overhangs with slots, slats, grids and other openings are not considered if the sun can penetrate through at any occurring angle.  Overhangs shall extend horizontally to points even with the left and right sides of the glazing.  

401.2.AB.5 [5.5.2.3 ]Visible Light Transmittance (VT). Visible light transmittance shall be determined in accordance with NFRC 200. Visible light transmittance shall be verified and certified by the manufacturer.

401.2.A Performance Calculation Procedures Specific to Method A.  Calculation procedures for Method A shall be those incorporated in the FLA/COM program for Method A compliance.

[11.3.6 Building Envelope]. All components of the building envelope in the proposed design shall be modeled as shown on architectural drawings or as installed for existing building envelopes.

Exceptions: The following building elements are permitted to differ from architectural drawings.

1. Any envelope assembly that covers less than 5% of the total area of that assembly type (e.g., exterior walls) need not be separately described. If not separately described, the area of an envelope assembly must be added to the area of the adjacent assembly of that same type.

2. Exterior surfaces whose azimuth orientation and tilt differ by no more than 45 degrees and are otherwise the same may be described as either a single surface or by using multipliers.
401.2.B Performance Calculation Procedures Specific to Method B.  Calculation procedures for Method B shall be those incorporated in the FLA/COM program for Method B.

401.2.B.1 Wall Glazing Daylight Credit. For a given orientation, Daylight Credit may be used in Method B of the FLA/COM computer program only for that portion of the wall fenestration area that is less than or equal to 65% of the gross wall area of the orientation.

For shell buildings, Daylight Credit shall not be claimed for the perimeter thermal wall calculation unless the lighting controls required by section 415.1.ABC.1 are installed at the time of construction of the building shell.

For a given orientation, daylight credit may be used in Method B of FLA/COM only for that portion of the fenestration area that is less than or equal to 65% of the gross wall area of the orientation.

401.2.B.2 Daylight Credit For Skylights.

401.2.B.2.1 Daylight credit for skylights may be taken under Method B if all of the following conditions are met:

1. Skylight areas, including framing, as a percentage of the roof area, do not exceed the values allowed in FLA/COM.  Skylight areas may be interpolated only between visible light transmittance values of 0.75 and 0.50.  See section 6.1.2 of Appendix B.

2. All electric lighting fixtures within daylighted areas under skylights shall be controlled by automatic daylighting controls.  Daylight areas under skylights shall be defined as the daylight area beneath each skylight whose dimension in each direction (centered on the skylight) is equal to the skylight dimension in that direction plus the dimension of the floor to ceiling height or distance to nearest opaque wall, whichever is less.

3. The overall thermal transmittance of the skylight (Uos) assembly including framing is equal to or less than 0.7 Btu (h.ft2.oF).

4. Skylight curbs shall have thermal transmittance U-values less than or equal to 0.21 Btu/(h.ft2.oF).

401.2.B.2.2 For shell buildings, the permitted skylight area used for daylight credit in FLA/COM shall be based on a light level of 30 foot candles and a lighting power density (LPD) of less than 1.0 W/ft2.

401.2.B.3  Shell Buildings. Only those shading devices that are installed at the time of construction of the building shell shall be considered when determining compliance for shell buildings.

402 WALLS

402.1 Prescriptive Requirements.  

402.1.ABCD Basic Prescriptive Requirements for Methods A, B and, C, and D 

402.1.ABCD.1 Thermal Resistance Requirements for Adjacent Walls. All opaque portions of walls separating conditioned spaces and interior unconditioned spaces shall be insulated and for the following shall have an insulation R-value of at least:


Climate Zones 1,2,3 
R-5 


Climate Zones 4,5,6 
R-2.5


Climate Zones 7,8,9 
R-1.6
402.1.AB.1 Calculations. All calculations and determinations of parameters used in the demonstration of compliance with this Code by Methods A or B shall be conducted according to section 402.2.  

402.1.A Prescriptive Requirements Specific to Method A.  Efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in walls.

402.1.B Prescriptive Requirements Specific to Method B.  Efficiencies determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in walls.

402.1.C Prescriptive Requirements Specific to Method C.  

402.1.C.1 [5.3.1.2] Above-Grade Wall Insulation. All above grade walls, including mass walls, metal building walls, steel-framed walls, and wood-framed and other walls, shall have a rated R-value of insulation not less than that specified in Form 400C [Table 5.3]. Mass wall heat capacity shall be determined from Table B-10 [A-6] or B-11 [A-7], as appropriate. 

1.   For mass walls, the rated R-value of insulation is for continuous insulation uninterrupted by framing other than 20 gauge 1 in. metal clips spaced no closer than 24 in. on center horizontally and 16 in. on center vertically.  Where other framing, including metal and wood studs, is used, compliance shall be based on the maximum assembly U-factor. Where rated R-value of insulation is used for concrete sandwich panels, the insulation shall be continuous throughout the entire panel.

Exception:  Alternatively, for mass walls, where the requirement in the table is for a maximum assembly U-0.151 followed by an asterisk only, ASTM C90 concrete block walls, ungrouted or partially grouted at 32 in. or less on center vertically and 48 in. or less on center horizontally, shall have ungrouted cores filled with material having a maximum thermal conductivity of 0.44 Btu·in./ h·ft2·°F. Other mass walls with integral insulation shall meet the criteria when their U-factors are equal to or less than those for the appropriate thickness and density in the “Partly Grouted Cells Insulated” column of Table B-11 [A-7].
2. For metal building walls, the first rated R-Value of insulation is for insulation compressed between metal wall panels and the steel structure. For double-layer installations, the second rated R-value of insulation is for insulation installed from the inside, covering the girts. For continuous insulation (e.g., insulation boards) it is assumed that the insulation boards are installed on the inside of the girts and uninterrupted by the framing members. Insulation exposed to the conditioned space or semiheated space shall have a facing, and all insulation seams shall be continuously sealed to provide a continuous air barrier.

3. For steel-framed walls, the first rated R-value of insulation is for uncompressed insulation installed in the cavity between steel studs. It is acceptable for this insulation to also be continuous insulation uninterrupted by framing. If there are two values, the second rated R-value of insulation is for continuous insulation uninterrupted by framing, etc., to be installed in addition to the first insulation. Opaque mullions in spandrel glass shall be covered with insulation complying with the steel-framed wall requirements.

4. For wood-framed and other walls, the first rated R-value of insulation is for uncompressed insulation installed in the cavity between wood studs. It is acceptable for this insulation to also be continuous insulation uninterrupted by framing. If there are two values, the second rated R-value of insulation is for continuous insulation uninterrupted by framing, etc., to be installed in addition to the first insulation.

When a wall consists of both above-grade and below-grade portions, the entire wall for that story shall be insulated on either the exterior or the interior or be integral. If insulated on the interior, the wall shall be insulated to the above-grade wall requirements. If insulated on the exterior or integral, the below-grade wall portion shall be insulated to the below-grade wall requirements, and the above-grade wall portion shall be insulated to the above-grade wall requirements.

402.1.C.2 [5.3.1.3] Below-Grade Wall Insulation. Below-grade walls shall have a rated R-value of insulation not less than that specified in Form 400C [Table 5.3]. For below-grade walls, the rated R-value of insulation is for continuous insulation uninterrupted by framing. Where framing, including metal and wood studs, is used, compliance shall be based on the maximum assembly C-factor.

 Specific requirements for walls listed below shall be met for buildings covered by Method C, Limited Applications.  See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.



Wall Construction

Minimum Insulation R-value (by type of wall)



1.  Concrete 

R-7 (exterior, adjacent, and common)



2.  Wood frame

R-11 (exterior, adjacent, and common)



3.  Metal frame

R-13  (exterior, adjacent, and common)
402.1.D Prescriptive Requirements Specific to Method D.  Walls in renovated buildings that are to be retrofitted or replaced shall meet the following requirements.



Wall Construction

Minimum Insulation R-value



1.  Concrete 

R-7



2.  Wood frame

R-11



3.  Metal frame

R-13

402.2 Performance Calculation Procedures

402.2.AB Performance Calculation Procedures for Methods A and B.  Calculation procedures for determining wall compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone, by wall orientation and area (gross length, gross height), by type of wall construction (U-value, thickness, density, specific heat, heat capacity), and by insulation position.  Choosing a wall component  from the FLA/COM menu assumes ASHRAE-determined thermal transmittance, thickness, density, specific heat and heat capacity for that wall component.  

402.2.AB.1 Gross Wall Area. The gross area of exterior or adjacent walls enclosing a heated or cooled space is measured on the exterior and consists of the opaque wall including between floor spandrels, peripheral edges of flooring, window areas (including sash), and door areas but excluding vents, grilles and pipes.

402.2.AB.2 Thermal Resistance.  The thermal resistance of exterior or adjacent walls shall be calculated in accordance with the criteria of Section 1 of Appendix 13-B, section 2.1

402.2.A Performance Calculation Procedures Specific to Method A.  Calculation procedures for Method A shall be those incorporated in the FLA/COM program for Method A compliance.

402.2.B Performance Calculation Procedures Specific to Method B.  Calculation procedures for Method B shall be those incorporated in the FLA/COM program for Method B compliance.

402.2.B.1 Heating and Cooling Flux. Method B of the FLA/COM computer program calculation compares the total annual heating and cooling flux through the walls, due to heat transmission and solar gains for all orientations, of Baseline and As-Built building configurations.  Wall, window and door U-values, fenestration shading coefficients, component areas, lighting power density, equipment power density and other required information determined in accordance with the procedures listed in Appendix B shall be input into FLA/COM to determine heating and/or cooling flux.  

402.2.B.1.1 Spaces Heated and Cooled. The sum of the As-Built annual wall heating and cooling fluxes shall not exceed the sum of the Baseline annual wall heating and cooling fluxes.

402.2.B.1.2 Spaces Heated Only. The As-Built annual wall heating flux shall not exceed the Baseline annual wall heating flux.

402.2.B.1.3 Spaces Cooled Only. The As-Built annual wall cooling flux shall not exceed the Baseline annual wall cooling flux.

402.2.B.2 Lighting Power Density. The Lighting Power Density used in wall compliance calculations in Method B of the FLA/COM computer program shall be the average lighting power density of the proposed design in W/ft2.  For shell buildings, the lighting power density used shall be 2 W/ft2.

402.2.B.3 Equipment Power Density. The equipment power density used in wall compliance calculations is determined by FLA/COM (on the lighting screen) based on the occupancy specified by the Building Type.  See section 4.1.1 of Appendix B for default power density loads assigned in the Average Receptacle Power Densities Table.

402.2.B.4 Loads from Occupants.  FLA/COM assumes sensible load from occupants by occupancy type.  See section 4.1.2 of Appendix B for default heat generation values in the Occupancy Loads Table.

403 DOORS

403.1 Prescriptive Requirements

403.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D.  

403.1.ABCD Door Types Allowed.  All exterior and adjacent doors other than glass doors shall be solid core wood, wood panel, or insulated doors.  Hollow core doors shall not be used in either exterior or adjacent walls.  Doors may have glass sections.
403.1.AB.1 Calculations for Methods A and B. All calculations and determinations of parameters used in the demonstration of compliance with this code by Methods A or B shall be conducted according to section 403.2.

403.1.A Prescriptive Requirements Specific to Method A.  Efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in doors.

403.1.B Prescriptive Requirements Specific to Method B.  Efficiencies determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in doors.

403.1.C Prescriptive Requirements Specific to Method C.  Blank for numbering consistency.

403.1.C.1 [5.3.1.6] Opaque Doors. All opaque doors, including swinging doors and non-swinging doors, shall have a U-factor not greater than that specified on Form 400C [Table 5.3].

403.1.D Prescriptive Requirements Specific to Method D.  Blank for numbering consistency.

403.2 Performance Calculation Procedures

403.2.AB Performance Calculation Procedures for Methods A and B.  

Calculation procedures for determining door compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone by door area or by each unit for the following parameters:  door orientation and area (or unit width, unit height), number of units, and door type (or by U-value).  Choosing a door type from the FLA/COM menu assumes ASHRAE-determined thermal transmittance for that door type.  

403.2.AB.1 Thermal Resistance. The thermal resistance of doors shall be calculated in accordance with the criteria of Section 1 of Appendix 13-B, section 2.1.  Data input shall be determined from ASHRAE or manufacturer's test data/rating sources.

403.2.AB.2 Gross Door Area. The gross area of exterior or adjacent doors is calculated as part of the wall calculation.  Glazing in doors shall be included with the glazing areas in Code compliance procedures.

404 ROOFS/CEILINGS

404.1 Prescriptive Requirements.

404.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D
 404.1.ABCD.1 Roof/Ceiling Thermal Envelopes.  The roof or ceiling which functions as the building's thermal envelope shall be insulated to an R-value of at least R-10.  .Roof insulation shall not be installed on a suspended ceiling with removable ceiling panels.[5.5.1.4]
404.1.ABCD.2 Cavities Used as Plenums.  Cavities beneath a roof deck which will be used as supply or return plenums shall have an insulated roof.  The insulation shall have a R-value of at least R-19.

404.1.ABCD.3 Vented Cavities above Dropped Ceilings.  Where cavities beneath a roof deck are not sealed from the outside environment, the ceiling shall be treated as the exterior thermal and pressure envelopes of the building.

404.1.AB.1 Method A and B Calculations. All calculations and determinations of parameters used in the demonstration of compliance with this code by Methods A or B shall be conducted according to section 404.2.

404.1.A Prescriptive Requirements Specific to Method A.  Efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in roofs/ceilings.  Multifamily residential roofs/ceilings shall be insulated; the insulation shall have a R-value of at least R-19, space permitting.

404.1.B Prescriptive Requirements Specific to Method B. Efficiencies determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in roofs/ceilings.  Multifamily residential roofs/ceilings shall be insulated with an insulation R-value of at least R-19, space permitting.

404.1.C Prescriptive Requirements Specific to Method C.  Roofs/ceilings in buildings complying by Method C, Limited Applications, shall be insulated.  The insulation shall have a R-value of at least R-19.  See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.

404.1.C.1 [5.3.1.1] Roof Insulation. All roofs, including roofs with insulation entirely above deck, metal building roofs, and attics and other roofs, shall have a rated R-value of insulation not less than that specified on Form 400C (see Appendix D)[Table 5.3]. Skylight curbs shall be insulated to the level of roofs with insulation entirely above the deck or R-5, whichever is less. 

For single-rafter roofs, the requirement is the lesser of the values for attics and other roofs and those listed in Table 404.1.C.1.A below. [5.3.1.1A].

Exception: For roofs where the exterior surface has a minimum total solar reflectance of 0.70 when tested in accordance with one of the solar reflectance test methods listed below, and has a minimum thermal emittance of 0.75 when tested in accordance with one of the thermal emittance test methods listed below, other than roofs with ventilated attics or roofs with semiheated spaces, the U-factor of the proposed roof shall be permitted to be adjusted using Equation 4-1 for demonstrating compliance:

URoofAdj = URoofProposed X FactorRoofMultiplier



(4-1)

Where:

URoofAdj = 
    the adjusted roof U-factor for use in demonstrating compliance.

URoofProposed = 
    the U-factor of the proposed roof, as designed.

FactorRoofMultiplier = the roof U-factor multiplier from Table 404.1.C.1.B [5.3.1.1B].
Solar Reflectance Test Methods: ASTM E903, ASTM E1175, or ASTM E1918.

Thermal Emittance Test Methods: ASTM C835, ASTM C1371, or ASTM E408.
TABLE 404.1.C.1A

Single Rafter Roofs

	Minimum Insulation R-Value

or Maximum Assembly U-Factor

	Wood Rafter Depth, d (actual)

	d < 8 in.
	8 < d < 10 in.
	10 < d < 12 in.

	R-19

U-0.055
	R-30

U-0.036
	R-38

U-0.028


TABLE 404.1.C.1.B

Roof U-Factor Multipliers for Exception to 404.1.C.1

	Climate Zone
	Roof U-Factor Multiplier

	4,5,6, 7,8,9
	0.77

	1,2,3
	0.83


404.1.C.1.1. For roofs with insulation entirely above deck, the rated R-value of insulation is for continuous insulation.  Interruptions presented by framing and pads for mechanical equipment with the combined total area no greater than one percent of the opaque assembly area shall be permitted.

404.1.C.1.2. For metal building roofs, the first rated R-value of insulation is for insulation draped over purlins and then compressed when the metal spanning members are attached, or for insulation hung between the purlins, provided there is a minimum 1 in. thermal break between the purlins and the metal spanning members. For double-layer installations, the second rated Rvalue of insulation is for insulation installed parallel to the purlins. For continuous insulation (e.g., insulation boards), it is assumed that the insulation boards are installed below the purlins and are uninterrupted by framing members. Insulation exposed to the conditioned space or semiheated space shall have a facing, and all insulation seams shall be continuously sealed to provide a continuous air barrier.

404.1.C.1.3. For attics and other roofs, the rated R-value of insulation is for insulation installed both inside and outside the roof, or entirely inside the roof cavity, and it allows occasional interruption by framing members but requires that the framing members be covered with insulation when the depth of the insulation exceeds the depth of the framing cavity. Insulation in attics and other roofs shall be permitted to be tapered at the eaves where the building structure does not allow full depth. For single-rafter roofs, the requirement is the lesser of the values for attics and other roofs and those listed in Table 404.1.C.1.A [5.3.1.1A].
404.1.D Prescriptive Requirements Specific to Method D.  Roofs/ceilings in renovated buildings that are to be retrofitted or replaced shall be insulated.  The insulation shall have a R-value of at least:


Built-up roof: climate zones 1, 2, and 3

R-16




climate zones 4, 5, and 6

R-14




climate zones 7, 8, and 9

R-12


Insulation in attic or dropped ceiling cavity




(all climate zones):


R-19
404.2 Performance Calculation Procedures 

404.2.AB Performance Calculation Procedures for Methods A and B.

Calculation procedures for determining roof/ceiling compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone for the following parameters:  roof area (or by width and length), roof construction type (or by components and U-value), and roof color.  Choosing a roof type from the FLA/COM menu assumes ASHRAE-determined thermal transmittance and shading coefficients for that roof type.  

Where cavities beneath a roof deck are ventilated, the ceiling shall be considered the envelope component utilized in the FLA/COM calculation.

404.2.AB.1 General. Data input shall be determined in accordance with applicable requirements and procedures given in Appendix B.

404.2.AB.2 Thermal Resistance.  The thermal resistance of roof or roof/ceiling assemblies shall be calculated in accordance with the criteria of section 1 2.1 of Appendix 13-B.

404.2.AB.3 Gross Roof/Ceiling Area.  Areas of exterior or adjacent roof/ceiling assemblies consist of the total surface of the roof assembly exposed to outside air or unconditioned spaces.  The roof or ceiling assembly shall be considered to include all roof or ceiling components through which heat may flow between indoor and outdoor environments including skylight surfaces but excluding service openings.  

404.2.A Performance Calculation Procedures Specific to Method A. Calculation procedures for roofs or roof/ceiling assemblies shall be in accordance with the procedures contained within Method A of the FLA/COM computer program.

404.2.B Performance Calculation Procedures Specific to Method B. Calculation procedures for roofs or roof/ceiling assemblies shall be in accordance with the procedures contained within Method B of the FLA/COM computer program.

404.2.B.1 Thermal Resistance - Roofs. Any building that is both heated and mechanically cooled shall have an insulation R-value for the gross area of the roof assembly meeting at least the following values:


Climate zones 1,2,3          R-16


Climate zones 4,5,6          R-14


Climate zones 7,8,9          R-12

EXCEPTIONS:

1. Any building that is heated only shall have an overall thermal transmittance value (Uor) for the gross area of the roof assembly less than or equal to the value determined by Equation 4-1 with CDD65 and CDH80 set equal to zero.

2. Any building that is mechanically cooled only shall have an overall thermal transmittance value (Uor) for the gross area of the roof assembly less than or equal to the value determined by Equation 4-1 with HDD65 set equal to zero.

EQUATION 4-1





Uor = 1/(5.3 + 1.8 x 10-3





x HDD65 + 1.3 x 10-3





x CDD65 + 2.6 x 10-4 x CDH80)

404.2.B.2 Glazing in Roofs. Areas for vertical glazing in clerestories and roof monitors shall be included in the wall fenestration calculation.

Skylight areas may be excluded from the calculation of the overall thermal transmittance value of the roof assembly if all of the conditions of section 401.2.B.1.1 respective to Daylight Credit have been met.

405 FLOORS

405.1 Prescriptive Requirements.  

405.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D.

405.1.AB.1 Calculations for Methods A and B. All calculations and determinations of parameters used in the demonstration of compliance with this code by Methods A or B shall be conducted according to section 405.2.

405.1.A Prescriptive Requirements Specific to Method A.  Efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in floors.

405.1.B Prescriptive Requirements Specific to Method B.  Efficiencies determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in floors.

405.1.B.1 Floors Over Unconditioned Space. Exterior or adjacent floors shall have an insulation R-value meeting at least the following values:


Climate Zones 1,2,3     R-11 


Climate Zones 4,5,6     R-5 


Climate Zones 7,8,9     R-3 

405.1.B.2 Slabs.  The R-value and dimensions required for slabs refers only to the insulation materials.  Insulative continuity shall be maintained in the design of slab edge insulation systems.  Continuity shall be maintained from the wall insulation through the slab/wall/footing intersection to the body of the slab edge insulation. 

405.1.C Prescriptive Requirements Specific to Method C.  Floors covered by Method C, Limited and Special Use Buildings Prescriptive Method, shall have insulation values that comply with the following.  See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.

[5.3.1.4] Floor Insulation. All floors, including mass floors, steel joist floors, and wood-framed and other floors, shall have a rated R-value of insulation not less than that specified on Form 400C (see Appendix D) [Table 5.3].

405.1.C.1 Mass floors.  For mass floors, the rated R-value of insulation is for continuous insulation uninterrupted by framing. Where framing, including metal and wood joists, is used, compliance shall be based on the maximum assembly U-factor rather than the minimum rated Rvalue of insulation. For waffle-slab floors, the floor shall be insulated either on the interior above the slab or on all exposed surfaces of the waffle. For floors with beams that extend below the floor slab, the floor shall be insulated either on the interior above the slab or on the exposed floor and all exposed surfaces of the beams that extend 24 in. and less below the exposed floor.

405.1.C.2. Steel joist floors. For steel joist floors, the first rated R-value of insulation is for uncompressed insulation installed in the cavity between steel joists or for spray-on insulation. It is acceptable for this insulation to also be continuous insulation uninterrupted by framing. All continuous insulation shall be installed either on the interior above the floor structure or below a framing cavity completely filled with insulation.

405.1.C.3 Wood-framed and other floors. For wood-framed and other floors, the first rated Rvalue of insulation is for uncompressed insulation installed in the cavity between wood joists. It is acceptable for this insulation to also be continuous insulation uninterrupted by framing. All continuous insulation shall be installed either on the interior above the floor structure or below a framing cavity completely filled with insulation.

405.1.C.4 [5.3.1.5] Slab-on-Grade Floor Insulation. All slab-on-grade floors, including heated slab-on-grade floors and unheated slab-on-grade floors, shall have a rated R-value of insulation not less than that specified on Form 400C (see Appendix D) [in Table 5.3] and shall be installed around the perimeter of the slab-on-grade floor to the distance specified. Perimeter insulation installed inside the foundation wall shall extend downward from the top of the slab a minimum of the distance specified or to the top of the footing, whichever is less. Perimeter insulation installed outside the foundation wall shall extend from the top of the slab, or downward to at least the bottom of the slab and then horizontally to a minimum of the distance specified. In all climates, the horizontal insulation extending outside of the foundation shall be covered by pavement or by soil a minimum of 10 in. thick.

Exception: For a monolithic slab-on-grade floor, the insulation shall extend from the top of the slab-on-grade to the bottom of the footing.


Foundation Type

Minimum Insulation R-value


Slab on grade

R-0 (no insulation required)


Raised wood

R-19


Raised concrete

R-7

405.1.D Prescriptive Requirements Specific to Method D.  Floors in renovated buildings that are to be retrofitted or replaced shall have insulation values that comply with the following:


Foundation Type

Minimum Insulation R-value


Slab on grade

R-0 (no insulation required)


Raised wood

R-19


Raised concrete

R-7

405.2 Performance Calculation Procedures.

405.2.AB Performance Calculation Procedures for Methods A and B.  Calculation procedures for determining floor compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone by perimeter or area (width, length), floor type, and insulation level.  Choosing a floor type from the FLA/COM menu assumes ASHRAE-determined thermal transmittance for that floor type.  

405.2.AB.1 Thermal Resistance. The thermal resistance of floors shall be calculated in accordance with the criteria of section 1 2.1.9 of Appendix 13-B.

405.2.AB.2 Gross Floor Area. The gross area of floor assemblies over outside or unconditioned spaces consists of the total surface of the floor assembly exposed to outside air or unconditioned space.  The floor assembly shall include all floor components through which heat may flow between indoor and outdoor or unconditioned space environments.

406 AIR INFILTRATION

406.1 Prescriptive Requirements.  

406.1.ABCD Basic Prescriptive Requirements for Methods A, B,and C, and D. The requirements of this section shall apply only to those locations that separate interior building conditioned space from the outdoors or from unconditioned space or crawl spaces.  Compliance with the criteria for air leakage through building components shall be determined by tests conducted in accordance with ASTM E283-91.

406.1.ABCD.1 Minimum Infiltration Levels Allowed.  

406.1.ABCD.1.1 Exterior Doors and Windows. 

[5.5.3.2 Fenestration and Doors] Air leakage for fenestration and doors shall be determined in accordance with NFRC 400 or other code-approved certification program requiring testing in accordance with ASTM E 283-91. Air leakage shall be determined by a laboratory accredited by a nationally recognized accreditation organization, such as the National Fenestration Rating Council, and shall be labeled and certified by the manufacturer. Air leakage shall not exceed 1.0 cfm/ft2 for glazed swinging entrance doors and for revolving doors and 0.4 cfm/ft2 for all other products.

Exceptions:

(a) Field-fabricated fenestration and doors.

(b) For garage doors, air leakage determined by test at standard test conditions in accordance with ANSI/DASMA 105 shall be an acceptable alternate for compliance with air leakage requirements.

All exterior doors and windows shall be designed to limit air leakage into or from the building envelope.  Manufactured doors and windows shall have air infiltration rates not exceeding those shown in Table 4-2.  These rates shall be determined from tests conducted at a pressure differential of 1.567 lb/ft2, which is equivalent to the impact pressure of a 25 mph wind.   Compliance with the criteria of air leakage shall be determined by testing to AAMA/NWWDA 101/I.S. 2-97 or ASTM E283-91,  as appropriate. Site constructed doors and windows shall be sealed in accordance with the requirements of this section.

406.1.ABCD.1.2 Exterior Joints in the Envelope. All exterior joints, cracks and holes in the building envelope shall be caulked, gasketed, weatherstripped or otherwise sealed.  
[5.5.3.1 Building Envelope Sealing.] The following areas of the building envelope shall be sealed, caulked, gasketed, or weather-stripped to minimize air leakage

a. joints around fenestration and door frames

b. junctions between walls and foundations, between walls at building corners, between walls and structural floors or roofs, and between walls and roof or wall panels

c. openings at penetrations of utility services through roofs, walls, and floors

d. site-built fenestration and doors

e. building assemblies used as ducts or plenums

f. joints, seams, and penetrations of vapor retarders

g. all other openings in the building envelope. Outside air intakes, exhaust outlets, relief outlets, stair shaft, elevator shaft smoke relief openings, and other similar elements shall also comply with 407.1.ABC.2.4.3 [6.2.3.2.4] and 409.1.ABC.3.3 [6.2.3.3].
Such joints shall include, but not be limited to, the following:

1. Around window or door frames;

2. Between walls and foundations;

3. Between walls and roof/ceilings;

4. Through wall panels and top and bottom plates in exterior walls;

5. At penetrations of utility services or other service entry through walls, floors and roofs;

6. Between wall panels, particularly at corners and changes in orientation;

7. Between wall and floor where the floor penetrates the wall;

8. Around penetrations of chimneys, flue vents, or attic hatches; and

9. Walls bounding building cavities between floor/ceilings and ceilings/roof decks.

406.1.ABCD.1.3 Apertures in The Building Envelope. Any intentional apertures or openings in walls, ceilings or floor between conditioned and unconditioned space (such as 

hydrostatic openings in stairwells for coastal buildings) shall have dampers which limit air flow between the spaces.

406.1.ABCD.1.4. Building Cavities. 

406.1.ABCD.1.4.1   Where vented dropped ceiling cavities occur over conditioned spaces, the ceiling shall be considered to be both the upper thermal envelope and pressure envelope of the building and shall contain a continuous air barrier between the conditioned space and the vented unconditioned space that is also sealed to the air barrier of the walls.

IMPORTANT NOTE:  See the definition of air barrier in section 202.  

Where unvented dropped ceiling cavities occur over conditioned spaces that do not have an air barrier between the conditioned and unconditioned space (such as T-bar ceilings), they shall be completely sealed from the exterior environment (at the roof plane) and adjacent spaces by a continuous air barrier that is also sealed to the air barrier of the walls.  In that case, the roof assembly shall constitute both the upper thermal envelope and pressure envelope of the building.  

Unconditioned spaces above separate tenancies shall contain dividing partitions between the tenancies to form a continuous air barrier that is sealed at the ceiling and roof to prevent air flow between them.     

406.1.ABCD.1.4.2  Building cavities designed to be air distribution system components shall be sealed according to the criteria for air ducts, plenums, etc. in section 410.1.ABCD.3.6.

406.1.A  Prescriptive Requirements Specific to Method A.  Blank for numbering consistency.

TABLE 4-2

AIR LEAKAGE FOR FENESTRATIONS AND DOORS

MAXIMUM ALLOWABLE INFILTRATION RATE
	COMPONENT
	CFM/FT2 OF AREA
Finished window opening in the plane of the wall.

	Fenestration
	

	     Operable



	0.3 cfm/lin ft

	     Jalousie
	1.2 cfm/ft2

	Sliding glass Doors
	0.3 cfm/ft2

	Doors
	

	     Wood
	0.3 cfm/ft2

	     Commercial entrance doors
	1.2 cfm/ft2

	     Residential swinging doors
	0.5 cfm/ft2

	Wall sections
	

	Aluminum
	0.1 cfm/ft2


406.1.B  Prescriptive Requirements Specific to Method B.  Blank for numbering consistency.

406.1.C  Prescriptive Requirements Specific to Method C.  Blank for numbering consistency.

406.1.D  Prescriptive Requirements Specific to Method D.  Blank for numbering consistency.

406.2.AB Performance Calculation Procedures for Methods A and B.  Blank for numbering consistency.

407 SPACE COOLING SYSTEMS

407.0 Applicability. This section covers the determination of minimum cooling system design requirements and efficiencies.  The requirements of this section apply to equipment and mechanical component performance of all air conditioning systems installed in new and renovated buildings including, but not limited to:  unitary (central) cooling equipment (air-cooled, water-cooled and evaporatively cooled); the cooling mode of unitary (central) and packaged terminal heat pumps (air source and water source); packaged terminal air conditioners; roof air conditioners; room air conditioners; and heat-operated cooling equipment such as absorption equipment, engine-driven equipment and turbine-driven equipment.

EXCEPTIONS:  Special applications, including, but not limited to, hospitals, laboratories, thermally sensitive equipment rooms, and computer rooms may be exempted from the requirements of section 407 when approved by the Building Official.[see 6.2.3.6]

407.1 Prescriptive Requirements.  

407.1.ABCD Basic Prescriptive Requirements for Methods A, B,and C, and D
407.1.ABCD.1 Sizing.  A cooling load calculation shall be performed for newly installed units as per criteria of section 3.1 5.1 of Appendix 13-B.  This calculation shall be attached to the Code compliance form submitted to the building department when the building is permitted or, in the event the mechanical permit is obtained at a later time, the sizing calculation shall be submitted with the application for the mechanical permit.

EXCEPTIONS:

1.  Where mechanical systems are designed by an engineer registered in the State of Florida, the engineer has the option of submitting a signed and sealed summary sheet in lieu of the complete sizing calculation(s).  Such summary sheet shall include the following (by zone):       

Project name/owner
Outdoor dry bulb used
Total heating required with outside air


Project address

Outdoor wet bulb used
Total sensible gain


Sizing method used

Relative humidity

Total latent gain


Area in sq.ft.


Indoor dry bulb




Total cooling required with outside air


Grains water (difference)

2.  Systems installed in existing buildings not meeting the definition of renovation in section 202.

407.1.ABCD.1.1  HVAC systems and equipment shall be sized to provide no more than the space and system loads calculated in accordance with section 407.1.ABCD.1.  A single piece of equipment providing both cooling and heating shall satisfy this provision when the cooling function meets the provisions of section 407.1.ABCD.1, and the heating function is sized as small as possible to meet the load within available equipment options.

EXCEPTIONS:

1. When the equipment selected is the smallest size needed to meet the load within available options of the desired equipment line.

2.Stand-by equipment provided with controls and devices that allow such equipment to operate automatically only when the primary equipment is not operating.

3. Multiple units of the same equipment type with combined capacities exceeding the design load and are provided with controls that sequence or otherwise optimally control the operation of each unit based on load.

407.1.ABCD.1.2  Buildings which contain assembly occupancies shall have equipment sized or controlled to prevent continuous space cooling or heating of such spaces with peak capacity equipment by the following options:

1. Equipment is staged to include cooling or heating to the space and stages are controlled by an electronically controlled energy management system.

2. A separate cooling or heating system is utilized to provide cooling or heating to the assembly occupancy.

3. A variable speed compressor is utilized to provide incremental cooling or heating to the assembly occupancy.

407.1.ABCD.2 Controls

407.1.ABCD.2.1 Simultaneous Heating and Cooling

407.1.ABC.2.1.1 [6.3.2.1] Zone Controls. Zone thermostatic controls shall be capable of operating in sequence the supply of heating and cooling energy to the zone. Such controls shall prevent (1) reheating, (2) recooling, (3) mixing or simultaneously supplying air that has been previously mechanically heated and air that has been previously cooled, either by mechanical cooling or by economizer systems, and (4) other simultaneous operation of heating and cooling systems to the same zone.

Exceptions:

(a) Zones for which the volume of air that is reheated, recooled, or mixed is no greater than the larger of the following:

(1) The volume of outside air required to meet the ventilation requirements of 6.1.3 of ASHRAE Standard 62 for the zone.

(2) 0.4 cfm/ft2 of the zone conditioned floor area.

(3) 30% of the zone design peak supply rate.

(4) 300 cfm. This exception is for zones whose peak flow rate totals no more than 10% of the total fan system flow rate.

(5) Any higher rate that can be demonstrated, to the satisfaction of the authority having jurisdiction, to reduce overall system annual energy usage by offsetting reheat/recool energy losses through a reduction in outdoor air intake in accordance with Method A of this sub-chapter.

(b) Zones where special pressurization relationships, cross-contamination requirements, or code-required minimum circulation rates are such that variable air volume systems are impractical.

(c) Zones where at least 75% of the energy for reheating or for providing warm air in mixing systems is provided from a site-recovered (including condenser heat) or site-solar energy source.

(d) Systems that are designed and dedicated to condition only the outdoor ventilation air stream to meet the requirements of ASHRAE Standard 62.  Such systems shall be controlled so that they do not allow overcooling of the building.  Any building utilizing this exception that has a system that requires reheat, other than reclaimed waste heat, shall comply by Method A of this Code.
Zone thermostatic and humidistatic controls shall be capable of operating in sequence the supply of heating and cooling energy to the zone.  Such controls shall prevent:

1. Reheating of spaces and cooling supply air volumes;

2. Recooling of spaces and heating supply air volumes;

3. Mixing or simultaneous supply of air that has been previously mechanically heated and air that has been previously cooled by mechanical refrigeration and

4. Other simultaneous operation of heating and cooling systems to the same zone.

EXCEPTIONS:

a. Variable-air-volume systems that, during periods of occupancy, are designed to reduce the air supply volume to each zone to a minimum before heating, recooling, or mixing takes place.  This minimum volume shall be no greater than the larger of:  30% of the peak supply volume; the minimum required to meet minimum ventilation requirements of ASHRAE Standard 62-1989; 0.4 cfm/ft2 of zone conditioned floor area; or 300 cfm.

b. Zones where special pressurization relationships or cross-contamination requirements are such that variable air volume systems are impractical, such as isolation and operating rooms of hospitals, and laboratories.

c. At least 75% of the energy for reheating or for providing warm air in mixing systems is provided from a site-recovered (including heat recovery on water-source heat pumps) or site-solar energy source.

d. Zones where specified humidity levels are required to satisfy process needs, such as computer rooms and museums.

e. Zones with a peak supply air quantity of 300 cfm or less.
f.  Systems that are designed and dedicated to condition only the outdoor ventilation air stream to meet the requirements of ASHRAE Standard 62.  Such systems shall be controlled so that they do not allow overcooling of the building.  Any building utilizing this exception that has a system that requires reheat, other than reclaimed waste heat, shall comply by Method A of this Code.

g.  Systems where the added heat to the air stream is the result of the use of a desiccant system.

407.1.ABC.2.2 [6.3.9] Hot Gas Bypass Limitation. Cooling systems shall not use hot gas bypass or other evaporator pressure control systems unless the system is designed with multiple steps of unloading or continuous capacity modulation. The capacity of the hot gas bypass shall be limited to the following:.

Rated Capacity
Max. Hot Gas Bypass Capacity (% Total Capacity)

< 240,000 Btu/h


50%

> 240,000 Btu/h


25%
Exception: Unitary packaged systems with cooling capacities not greater than 90,000 Btu/h.

407.1.ABCD.2.2 Temperature Controls.

407.1.ABC.2.2.1 [6.2.3.1.1] General. The supply of heating and cooling energy to each zone shall be individually controlled by thermostatic controls responding to temperature within the zone.  All zone and loop controllers shall use control methodology that incorporates the application of control error reduction.  For the purposes of this section, a dwelling unit shall be permitted to be considered a single zone.

Exceptions:  Independent perimeter systems that are designed to offset only building envelope loads shall be permitted to serve one or more zones

also served by an interior system provided:

1. the perimeter system includes at least one thermostatic control zone for each building exposure having exterior walls facing only one orientation for 50 contiguous ft or more, and

2. the perimeter system heating and cooling supply is controlled by a thermostatic control(s) located within the zones(s) served by the system. Exterior walls are considered to have different orientations if the directions they face differ by more than 45 degrees.

407.1.A.2.2.2 [6.2.3.1.2] Dead Band. Where used to control both heating and cooling, zone thermostatic controls shall be capable of providing a temperature range or dead band of at least 5°F within which the supply of heating and cooling energy to the zone is shut off or reduced to a minimum.

Exceptions:

1. Thermostats that require manual changeover between heating and cooling modes.

2. Special occupancy or special applications where wide temperature ranges are not acceptable (such as retirement homes, process applications, data processing, museums, some areas of hospitals) and are approved by the authority having jurisdiction.

407.1.A.2.2.3 [6.2.3.1.3] Set Point Overlap Restriction. Where heating and cooling to a zone are controlled by separate zone thermostatic controls located within the zone, means (such as limit switches, mechanical stops, or, for DDC systems, software programming) shall be provided to prevent the heating set point from exceeding the cooling set point minus any applicable proportional band.
407.1.ABCD.2.2.1 Systems. Each HVAC system shall include at least one temperature control device.

407.1.ABCD.2.2.1.1 Temperature Reset for Air Systems.  Air systems supplying heated or cooled air to multiple zones shall include controls which automatically reset supply air temperatures by representative building loads or by outside air temperature.  Temperature shall be reset by at least 25% of the design supply-air-to-room-air temperature difference.  Zones which are expected to experience relatively constant loads, such as interior zones, shall be designed for the fully reset supply temperature.

EXCEPTION:  Systems which comply with section 407.1.ABCD.2.1 without using reheat or mixing of previously conditioned air.

407.1.ABCD.2.2.4 1.2 Hydronic Systems, Reset Controls.  See section 411.1.ABC.1.3 [6.3.4.3] Chilled and Hot Water Temperature Reset Controls.  Systems supplying heated and or chilled water to comfort conditioning systems shall include controls which automatically reset supply water temperatures by representative building loads (including return water temperature) or by outside air temperature.  Temperature shall be reset by at least 25% of the design supply-to-return water temperature difference.  

EXCEPTIONS:

1. Systems for which supply temperature reset controls cannot be implemented without causing improper operation of heating, cooling, humidification or dehumidification systems. 2. Systems with less than 600,000 Btu/h design capacity.

407.1.ABCD.2.2.2 Zones. The supply of heating and cooling energy to each zone shall be controlled by individual thermostatic controls responding to temperature within the zone.  For the purposes of this section, a dwelling unit is considered a zone.

EXCEPTION:  Independent perimeter systems that are designed to offset only envelope heat losses or gains or both may serve one or more zones also served by an interior system when the perimeter system includes at least one thermostatic control zone for each building exposure having exterior walls facing only one orientation for at least 50 contiguous feet and the perimeter system heating and cooling supply is controlled by thermostat(s) located within the zone(s) served by the system.

407.1.ABCD.2.2.2.1 Where used to control comfort cooling, zone thermostatic controls shall be capable of being set locally or remotely by adjustment or selection of sensors up to 85oF or higher.

407.1.ABCD.2.2.2.2 Where used to control both comfort heating and cooling, zone thermostatic controls shall be capable of providing a temperature range or deadband of at least 5oF within which the supply of heating and cooling energy to the zone is shut off or reduced to a minimum.

EXCEPTIONS:

1. Special occupancy or special usage conditioning approved by the building official.

2. Thermostat controls that require manual changeover between heating & cooling modes.
407.1.ABCD.2.3 Humidity Control. 

407.1.ABC.2.3.1 [6.3.2.3] Dehumidification. Where humidistatic controls are provided, such controls shall prevent reheating, mixing of hot and cold airstreams, or other means of sitmultaneous heating and cooling of the same airstream. 

Exceptions:
(a) The system is capable of reducing supply air volume to 50% or less of the design airflow rate or the minimum rate specified in 6.1.3 of ASHRAE Standard 62,

whichever is larger, before simultaneous heating and cooling takes place.

(b) The individual fan cooling unit has a design cooling capacity of 80,000 Btu/h or less and is capable of unloading to 50% capacity before simultaneous heating and cooling takes place.

(c) The individual mechanical cooling unit has a design cooling capacity of 40,000 Btu/h or less. An individual mechanical cooling unit is a single system composed

of a fan or fans and a cooling coil capable of providing mechanical cooling.

(d) Systems serving spaces where specific humidity levels are required to satisfy process needs, such as computer rooms, museums, surgical suites, and buildings with refrigerating systems, such as supermarkets, refrigerated warehouses, and ice arenas. This exception also applies to other applications for which fan volume controls in accordance with Exception (a) are proven to be impractical to the enforcement agency.

(e) At least 75% of the energy for reheating or for providing warm air in mixing systems is provided from a site-recovered (including condenser heat) or site solar energy source.

(f) Systems where the heat added to the airstream is the return air enthalpy result of the use of a desiccant system and 75% of the heat added by the desiccant system is removed by a heat exchanger, either before or after the desiccant system with energy recovery.

407.1.ABC.2.3.2 [6.2.3.5] Humidifier Preheat. Humidifiers with preheating jackets mounted in the airstream shall be provided with an automatic valve to shut off preheat when humidification is not required.

407.1.ABC.2.3.3 [6.2.3.6] Humidification and Dehumidification.  Where a zone is served by a system or systems with both humidification and dehumidification capability, means (such as limit switches, mechanical stops, or, for DDC systems, software programming) shall be provided capable of preventing simultaneous operation of humidification and dehumidification equipment.  

Exceptions:

(a) Zones served by desiccant systems, used with direct evaporative the authority having jurisdiction.

(b) Systems seving zones where specific humidity levels are required, such as computer rooms, museums, and hospitals, and approved by the Building Official.
Systems equipped with a means for adding moisture to maintain specific humidity levels in a zone or zones shall have a humidistat provided capable of being set to prevent the use of fossil fuel or electricity to provide relative humidities in excess of 30% for comfort purposes.  

Where purchased energy reheat is utilized for comfort dehumidification, the system shall be equipped with a humidistat  capable of being set to prevent the use of fossil fuel or electricity to reduce relative humidities below 60%.

407.1.ABCD.2.4 Off-Hour Controls   [6.2.3.2]. HVAC systems having a design heating or cooling capacity greater than 65,000 Btu/h and fan system power greater than 3/4 hp shall have all of the following off-hour controls: Automatic Shutdown (407.1.ABC.2.4.1), Setback Controls (408.1.ABC.2.1), Optimum Start Controls (407.1.ABC.2.4.2), Shutoff Damper Controls (409.1.ABC.3.3), and Zone Isolation (407.1.ABC.2.4.3).

Exceptions:

1. HVAC systems serving hotel/motel guest rooms.

2. HVAC systems intended to operate continuously.

407.1.ABC.2.4.1 [6.2.3.2.1] Automatic Shutdown. HVAC systems shall be equipped with at least one of the following:

1. Controls that can start and stop the system under different time schedules for seven different day-types per week, are capable of retaining programming and time setting during loss of power for a period of at least 10 hours, and include an accessible manual override, or equivalent function, that allows temporary operation of the system for up to two hours.

2. An occupant sensor that is capable of shutting the system off when no occupant is sensed for a period of up to 30 minutes.
3. A manually operated timer capable of being adjusted to operate the system for up to two hours.

4. An interlock to a security system that shuts the system off when the security system is activated.  

Exception: Residential occupancies may use controls that can start and stop the system under two different time schedules per week.

407.1.ABC.2.4.2 [6.2.3.2.3] Optimum Start Controls. Individual heating and cooling air distribution systems with a total design supply air capacity exceeding 10,000 cfm, served by one or more supply fans, shall have optimum start controls. The control algorithm shall, as a minimum, be a function of the difference between space temperature and occupied setpoint and the amount of time prior to scheduled occupancy.

407.1.ABC.2.4.3  [6.2.3.2.4] Zone Isolation. HVAC systems serving zones that are intended to operate or be occupied non-simultaneously shall be divided into isolation areas. Zones may be grouped into a single isolation area provided it does not exceed 25,000 ft2 of conditioned floor area nor include more than one floor. Each isolation area shall be equipped with isolation devices capable of automatically shutting off the supply of conditioned air and outside air to and exhaust air from the area. Each isolation area shall be controlled independently by a device meeting the requirements of 407.1.ABC.2.4.1(Automatic Shutdown). For central systems and plants, controls and devices shall be provided to allow stable system and equipment operation for any length of time while serving only the smallest isolation area served by the system or plant.

Exceptions: Isolation devices and controls are not required for the following:

1. Exhaust air and outside air connections to isolation zones when the fan system to which they connect is 5000 cfm and smaller.

2. Exhaust airflow from a single isolation zone of less than 10% of the design airflow of the exhaust system to which it connects.

3. Zones intended to operate continuously or intended to be inoperative only when all other zones are inoperative.

407.1.ABCD.2.4.1 Automatic Setback or Shutdown Controls. HVAC systems shall be equipped with automatic controls capable of accomplishing a reduction of energy use through control setback or equipment shutdown.

EXCEPTIONS:

1. Systems serving areas expected to operate continuously.

2. Equipment with full-load demands not exceeding 2 kW controlled by readily accessible manual off-hour controls.

407.1.ABCD.2.4.2 Shutoff Dampers.  Outdoor air supply and exhaust systems shall be provided with motorized or gravity dampers or other means of automatic volume shutoff or reduction.

EXCEPTIONS:

1. Systems serving areas expected to operate continuously.

2. Individual systems which have a design air flow rate of 3000 cfm or less.

3. Gravity and other non-electrical ventilation systems may be controlled by readily accessible manual damper controls.

4. Where restricted by health and life safety codes.

407.1.ABCD.2.4.3 Zone Isolation.  Systems that serve zones which can be expected to operate non-simultaneously for more than 750 hours per year shall include isolation devices and controls to shut off or set back the supply of heating and cooling to each zone independently.  Isolation is not required for zones expected to operate continuously or expected to be inoperative only when all other zones are inoperative.

For buildings where occupancy patterns are not known at the time of system design, such as shell buildings, isolation areas may be predesignated.

The grouping of zones on one floor into a single isolation area shall be permitted when the total conditioned floor area does not exceed 25,000 square feet per group.

407.1.ABCD.2.5 Controls Testing. HVAC control systems shall be tested to assure that control elements are calibrated, adjusted, and in proper working condition.

407.1.ABCD.3 Equipment Performance Standards

407.1.ABCD.3.1 Equipment Ratings.  Cooling system efficiencies shall be rated as follows:

1. Central air conditioning equipment under 65,000 Btu/h capacity, both split-system and single-package equipment, single- or three-phase, shall be rated with a Seasonal Energy Efficiency Ratio (SEER).  Three phase units may also be rated with an Integrated Part Load Value (IPLV).

2. Packaged terminal air conditioners and heat pumps shall be rated with an Energy Efficiency Ratio (EER). 

3. Room air conditioners shall be rated by an Energy Efficiency Ratio (EER).  

4. Central air conditioning equipment over 65,000 Btu/h shall be rated with an Energy Efficiency Ratio (EER).  

5. Water-cooled and evaporatively cooled central systems under 135,000 Btu/h shall be rated with an Energy Efficiency Ratio (EER). 

6. Air-cooled, evaporatively-cooled and water source unitary air conditioning systems over 65,000 Btu/h may also be rated with an Integrated Part-Load Value (IPLV).  

7. Heat-operated cooling equipment such as gas driven heat pumps shall be rated with a Coefficient of Performance (COP)-cooling.

407.1.ABCD.3.1.1 Equipment Efficiency Verification Matched Equipment. [6.2.1]   If a certification program exists for a product covered in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D, and it includes provisions for verification and challenge of equipment efficiency ratings, then the product shall be either listed in the certification program or, alternatively, the ratings shall be verified by an independent laboratory test report. If no certification program exists for a product covered in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D, the equipment efficiency ratings shall be supported by data furnished by the manufacturer. Where equipment is not rated, a Florida-registered engineer shall specify component efficiencies whose combined efficiency meets the minimum equipment efficiency requirements in 407.1.ABC.3.2. 

 Equipment efficiency ratings shall be obtained from a nationally recognized certification program directory or from a manufacturer's rating certified with an approved Department of Energy (DOE) or Air-conditioning and Refrigeration Institute (ARI) rating procedure.  Equipment efficiencies shall be based on the Standard Rating Conditions contained in the test standard referenced in Chapter 3 that is appropriate for that equipment.  The procedure for determining the Integrated Part-Load Value (IPLV) for a piece of equipment shall be the one provided in the appropriate ARI test standard for the type of equipment referenced.  Ratings for products covered under the National Appliance Energy Conservation Act of 1987 shall be those determined for the Federal Trade Commission's required appliance labeling.

407.1.ABCD.3.1.2 Mix-Matched Equipment. Ratings for unitary central air conditioning and heat pump systems less than 65,000 Btu/h, using evaporator/(condenser) coils manufactured by independent companies, shall meet all requirements of either section 407.1.ABCD.3.1.2.1 or 407.1.ABCD.3.1.2.2.  Equipment components manufactured by the same company that are not designed and tested for operation together shall also meet these requirements.

407.1.ABCD.3.1.2.1 Companies whose equipment is certified under a nationally recognized certification program or rating procedure where sample units are tested on a regular basis and efficiencies are published in a directory may rate their equipment in accord with the requirements of that program.

407.1.ABCD.3.1.2.2 Companies whose equipment is not certified under a nationally recognized testing and certification program shall publish equipment efficiencies not greater than the efficiency rating of the condensing unit (cooling mode) or outdoor unit (heating mode) manufacturer's most commonly sold condensing unit-evaporator coil or outdoor unit-indoor coil combination. 

The evaporator/ (condenser) coil manufacturer shall submit computer simulated equipment efficiency ratings to demonstrate predicted equipment efficiencies.  Where simulated efficiencies are less than the condensing unit or outdoor unit manufacturer's most commonly sold combination efficiency, a rating not to exceed the simulated rating shall be used.  Published simulated equipment efficiency rating submittals shall identify any enhancement features included to attain claimed ratings.  

Computer simulated equipment efficiency ratings submitted shall be based on the condensing unit manufacturer's tested combination (as listed in the current ARI Directory and identified by the model numbers of both the condensing unit and coil or outdoor unit and indoor coil as listed by ARI) and the independent coil manufacturer's evaporator/(condenser) coil performance data.  Such simulated ratings shall be certified, signed and dated by a Florida-registered professional engineer, or, for the cases of a secondary original equipment manufacturer (OEM) and a company manufacturing component parts specifically for mix-matched cooling or heating equipment, the president or chairman of the board of the manufacturing company and a professional engineer registered in the state of manufacture, and shall show that the unit, identified by model number, meets the minimum Code requirements.  The certification shall attest to the accuracy of the input data, the validity of the calculation procedure utilized and that the results of the simulation are in accordance with the DOE approved methodology.  Simulated equipment efficiency rating certifications shall identify any enhancement features included to attain claimed ratings.  A full set of input data utilized to arrive at the rating shall be available as documentation on request.  

When challenged, computer simulated ratings shall not exceed 105 percent of the SEER, EER, HSPF or COP rating, as appropriate, of the actual tested performance for that condensing unit evaporator coil configuration.  Unsubstantiated claims for such equipment shall be dropped from publication.

407.1.ABCD.3.1.3  Field-Assembled Equipment and Components. Air conditioning and heat pump systems with capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are used from more than one manufacturer, shall be rated by a calculated total system Energy Efficiency Ratio (EER).  Component efficiencies shall be specified based on data provided by the component manufacturers.  Calculations docu-menting how the efficiency rating was derived shall be submitted with the appropriate Code compliance form and shall be signed and sealed by a registered professional engineer.  

Total on-site energy input to the equipment shall be determined by combining inputs to all components, elements and accessories, such as compressor(s) internal circulating pump(s), condenser-air fan(s), evaporative-internal circulating pump(s), purge devices, viscosity control heaters, and controls.  

407.1.ABCD.3.2 Minimum Efficiencies for Cooling Equipment

407.1.ABC.3.2 [6.2.1] Mandatory Provisions  Equipment shown in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D shall have a minimum performance at the specified rating conditions when tested in accordance with the specified test procedure. Omission of minimum performance requirements for equipment not listed in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D does not preclude use of such equipment. Equipment not listed in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D has no minimum performance requirements. Where multiple rating conditions or performance requirements are provided, the equipment shall satisfy all stated requirements, unless otherwise exempted by footnotes in the table. However, equipment covered under the Federal Energy Policy Act of 1992 (EPACT) shall have no minimum efficiency requirements for operation at minimum capacity or other than standard rating conditions. Equipment used to provide water heating functions as part of a combination system shall satisfy all stated requirements for the appropriate space heating or cooling category.  

Tables 407.1.ABC.3.2A, C andD contain the minimum efficiency requirements for equipment covered by this section of the standard. The tables are organized to cover the following types of equipment:

Table 407.1.ABC.3.2A Air Conditioners and Condensing Units

Table 407.1.ABC.3.2B Heat Pumps

Table 407.1.ABC.3.2C Water Chilling Packages

Table 407.1.ABC.3.2D Packaged Terminal and Room Air Conditioners and Heat Pumps

Exception: Water-cooled centrifugal water-chilling packages that are not designed for operation at ARI Standard 550/590 test conditions (and thus cannot be tested to meet the requirements of Table 407.1.ABC.3.2C) of 44F leaving chilled water temperature and 85F entering condenser water temperature shall have a minimum full-load COP as shown in Tables 407.1.ABC.3.2H, I, and J and a minimum NPLV rating as shown in Tables 407.1.ABC.3.2K, L, and M. The table values are only applicable over the following full-load design ranges:

     Leaving Chiller Water Temperature: 40F to 48F

     Condenser Water Temperature: 75F to 85F

     Condensing Water Temperature Rise: 5F to 15F

     Chillers designed to operate outside of these ranges are not covered by this  standard.

Non-standard part-load value (NPLV) is defined as a  single-number part-load efficiency figure of merit for chillers referenced to conditions other than IPLV conditions.
TABLE 407.1.ABC.3.2A

Electrically Operated Unitary Air Conditioners and Condensing Units

	Equipment Type
	Size Category
	Heating Section Type


	Sub-Category or Rating Condition
	Minimum Efficiency2


	Test Procedure1



	Air Conditioners, Air Cooled
	<65,000 Btu/h3
	All


	Split System
	10.0 SEER
	ARI 210/240

 

	
	
	
	Single Package
	9.7 SEER
	

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	10.3 EER
	

	
	
	All other
	Split System and Single Package
	10.1 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.7 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	9.5 EER
	

	
	>240,000 Btu/h and <760,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	9.5 EER ,9.7 IPLV
	

	
	
	All other
	Split System and Single Package
	9.3 EER,9.5 IPLV
	

	
	>760,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.2 EER, 9.4 IPLV
	

	
	
	All other
	Split System and Single Package
	9.0 EER, 9.2 IPLV
	

	Air Conditioners, Water and Evaporatively Cooled
	<65,000 Btu/h
	All
	Split System and Single Package
	12.1 EER
	ARI 210/240

 

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	11.5 EER
	

	
	
	All other
	Split System and Single Package
	11.3 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	11.0 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	10.8 EER
	

	
	>240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	11.0 EER, 10.3 IPLV
	

	
	
	All other
	Split System and Single Package
	10.8 EER, 10.1 IPLV
	

	Condensing Units, Air Cooled
	>135,000 Btu/h
	
	
	10.1 EER, 11.2 IPLV
	ARI 365



	Condensing Units, Water or Evaporatively Cooled
	>135,000 Btu/h
	
	
	13.1 EER,13.1 IPLV
	


1 Sub-chapter 3 contains a complete specification of the reference test procedure, including the referenced year version of the test procedure.

2 IPLVs are only applicable to equipment with capacity modulation.

3 Single-phase, air-cooled air-conditioners <65,000 Btu/h are regulated by NAECA.  SEER values are those set by NAECA.

TABLE 407.1.ABC.3.2B: Electrically Operated Unitary and Applied Heat Pumps –

Minimum Efficiency Requirements

	Equipment Type
	Size Category
	Heating Section Type
	Sub-Category or Rating Condition
	Minimum Efficiency2
	Test Procedure1

	Air Cooled (Cooling Mode)
	<65,000 Btu/h3
	All


	Split System
	10.0 SEER
	ARI 210/240

 

	
	
	
	Single Package
	9.7 SEER
	

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	10.1 EER
	

	
	
	All other
	Split System and Single Package
	9.9 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.3 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	9.1 EER


	

	
	>240,000 Btu/h 
	Electric Resistance (or None) 
	Split System and Single Package
	9.0 EER 9.2 IPLV
	

	
	
	All other
	Split System and Single Package
	8.8 EER 9.0 IPLV
	

	Water Source (Cooling Mode)
	<17,000 Btu/h
	All
	86oF Entering Water
	11.2 EER
	ISO-13256-1



	
	>17,000 Btu/h and <135,000 Btu/h
	All 


	86oF Entering Water
	12.0 EER
	

	Groundwater Source

 (Cooling Mode)
	<135,000 Btu/h
	All
	59oF Entering Water
	16.2 EER
	

	Ground Source

(Cooling Mode)
	<135,000 Btu/h
	All
	77oF Entering Water
	13.4 EER
	

	Air Cooled 

(Heating Mode)
	<65,000 Btu/h3

(Cooling Capacity)
	
	Split System
	6.8 HSPF
	ARI 210/240



	
	
	
	Single Package
	6.6 HSPF
	

	
	>65,000 Btu/h and <135,000 Btu/h

(Cooling Capacity)
	
	47oF db/43oF wb

Outdoor Air

17oF db/15oF wb

Outdoor Air
	3.2 COP

2.2 COP 
	

	
	>135,000 Btu/h

(Cooling Capacity)
	
	47oF db/43oF wb

Outdoor Air

17oF db/15oF wb

Outdoor Air
	3.1 COP

2.0 COP
	ARI 340/360



	Water-Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	68oF Entering Water
	4.2 COP
	ISO-13256-1



	Groundwater Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	50oF Entering Water
	3.6 COP
	

	Ground Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	32oF Entering Water
	3.1 COP
	


1 Sub-chapter 3 contains a complete specification of the reference test procedure, including the referenced year version of the test procedure.

2 IPLVs and Part Load rating conditions are only applicable to equipment with capacity modulation.

3 Single-phase, air-cooled heat pumps <65,000 Btu/h are regulated by NAECA.  SEER and HSPF values are those set by NAECA.

TABLE 407.1.ABC.3.2C

Water Chilling Packages 

Minimum Efficiency Requirements
	Equipment Type
	Size Category (Input)
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	Air Cooled, with Condenser, Electrically Operated
	All Capacities
	95oF db Outdoor Air
	2.80 COP  (1.26 kw/ton)

3.05 IPLV (1.15 kw/ton)
	ARI 550/590

	Air Cooled, without Condenser, Electrically Operated
	All Capacities
	95oF db Outdoor Air
	3.10 COP  (1.13 kw/ton)

3.45 IPLV (1.02 kw/ton)
	

	Water Cooled, Electrically Operated, Positive Displacement (Reciprocating)
	All Capacities
	85oF Cond 44(F Evap
	4.20 COP    (.84 kw/ton)

5.05 IPLV   (.70 kw/ton)
	ARI 550/590

	Water Cooled, Electrically Operated, Positive Displacement (Rotary Screw and Scroll)
	<150 tons
	85oF Cond 44(F Evap
	4.45 COP   (.79 kw/ton)

5.20 IPLV  (.68 kw/ton)
	ARI 550/590

	
	>150 tons and <300 tons
	85oF Cond 44(F Evap
	4.90 COP   (.72 kw/ton)

5.60 IPLV  (.63 kw/ton)
	

	
	>300 tons
	85oF Cond 44(F Evap
	5.50 COP   (.64 kw/ton)

6.15 IPLV  (.57 kw/ton)
	

	Water Cooled, Electrically Operated, Centrifugal
	<150 tons
	85oF Cond 44(F Evap
	5.00 COP   (.70 kw/ton)

5.25 IPLV  (.67 kw/ton)
	ARI 550/590

	
	>150 tons and <300 tons
	85oF Cond 44(F Evap
	5.55 COP   (.63 kw/ton)

5.90 IPLV  (.60 kw/ton)
	

	
	>300 tons
	85oF Cond 44(F Evap
	6.10 COP    (.58  kw/ton)

6.40 IPLV   (.55 kw/ton)
	

	Air-Cooled Absorption Single Effect
	All Capacities
	
	0.60 COP
	ARI 560

	Water-Cooled Absorption Single Effect
	All Capacities
	
	0.70 COP
	

	Absorption Double Effect, Indirect-Fired
	All Capacities
	
	1.0 COP

1.05 IPLV
	

	Absorption Double Effect, Direct-Fired
	All Capacities
	
	1.0 COP

1.00 IPLV
	


1 The chiller equipment requirements do not apply for chillers used in low-temperature applications where the design leaving fluid temperature is <40oF.

2Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.
TABLE 407.1.ABC.3.2D

Electrically Operated Packaged Terminal Air Conditioners, Packaged Terminal Heat Pumps, Room Air Conditioners, and Room Air Conditioner Heat Pumps – 

Minimum Efficiency Requirements
	Equipment Type
	Size Category
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	PTAC (Cooling Mode), New Construction
	7,000 (Btu/h <8,000 
	95oF db Outdoor Air

[Based on capacity at lower range using EER= 12.5 – (0.213 x Cap/1000) ] 3
	11.0 EER
	ARI 310/380

	
	8,000 (Btu/h < 9,000 
	
	10.8 EER
	

	
	9,000 (Btu/h < 10,000 
	
	10.6 EER
	

	
	10,000 (Btu/h < 11,000 
	
	10.4 EER
	

	
	11,000 (Btu/h < 12,000 
	
	10.2 EER
	

	
	12,000 (Btu/h < 13,000 
	
	9.9 EER
	

	
	13,000 (Btu/h < 14,000 
	
	9.7 EER
	

	
	14,000 (Btu/h < 15,000
	
	9.5 EER
	

	
	>15,000 Btu/h
	
	9.3 EER
	

	PTAC (Cooling Mode), Replacements2
	7,000 (Btu/h <8,000
	95oF db Outdoor Air

[Based on capacity at lower range using EER= 10.9 – (0.213 x Cap/1000) ] 3
	9.4 EER
	

	
	8,000 (Btu/h < 9,000
	
	9.2 EER
	

	
	9,000 (Btu/h < 10,000
	
	9.0 EER
	

	
	10,000 (Btu/h < 11,000
	
	8.8 EER
	

	
	11,000 (Btu/h < 12,000
	
	8.6 EER
	

	
	12,000 (Btu/h < 13,000
	
	8.3 EER
	

	
	13,000 (Btu/h < 14,000
	
	8.1 EER
	

	
	14,000 (Btu/h < 15,000
	
	7.9 EER
	

	
	>15,000 Btu/h
	
	7.7 EER
	

	PTHP (Cooling Mode), New Construction
	7,000 (Btu/h <8,000
	95oF db Outdoor Air

[Based on capacity at lower range using EER= 12.3 – (0.213 x Cap/1000) ] 3

	10.8 EER
	

	
	8,000 (Btu/h < 9,000
	
	10.6 EER
	

	
	9,000 (Btu/h < 10,000
	
	10.4 EER
	

	
	10,000 (Btu/h < 11,000
	
	10.2 EER
	

	
	11,000 (Btu/h < 12,000
	
	10.0 EER
	

	
	12,000 (Btu/h < 13,000
	
	9.7 EER
	

	
	13,000 (Btu/h < 14,000
	
	9.5 EER
	

	
	14,000 (Btu/h < 15,000
	
	9.3 EER
	

	
	>15,000 Btu/h
	
	9.1 EER
	

	PTHP (Cooling Mode), Replacements2
	7,000 (Btu/h <8,000
	95oF db Outdoor Air

[Based on capacity at lower range using EER= 10.8 – (0.213 x Cap/1000) ] 3

	9.3 EER
	

	
	8,000 (Btu/h < 9,000
	
	9.1 EER
	

	
	9,000 (Btu/h < 10,000
	
	8.9 EER
	

	
	10,000 (Btu/h < 11,000
	
	8.7 EER
	

	
	11,000 (Btu/h < 12,000
	
	8.5 EER
	

	
	12,000 (Btu/h < 13,000
	
	8.2 EER
	

	
	13,000 (Btu/h < 14,000
	
	8.0 EER
	

	
	14,000 (Btu/h < 15,000
	
	7.8 EER
	

	
	>15,000 Btu/h
	
	7.6 EER
	

	PTHP (Heating Mode), New Construction
	7,000 (Btu/h <8,000
	47(F db Outdoor Air

[Based on capacity at lower range using COP= 3.2 – (0.026 x Cap/1000)] 3

	3.02 COP
	

	
	8,000 (Btu/h < 9,000
	
	2.99 COP
	

	
	9,000 (Btu/h < 10,000
	
	2.97 COP
	

	
	10,000 (Btu/h < 11,000
	
	2.94 COP
	

	
	11,000 (Btu/h < 12,000
	
	2.91 COP
	

	
	12,000 (Btu/h < 13,000
	
	2.89 COP
	

	
	13,000 (Btu/h < 14,000
	
	2.86 COP
	

	
	14,000 (Btu/h < 15,000
	
	2.84 COP
	

	
	>15,000 Btu/h
	
	2.81 COP
	

	PTHP (Heating Mode), Replacements2
	7,000 (Btu/h <8,000
	47(F db Outdoor Air

[Based on capacity at lower range using COP= 2.9 – (0.026 x Cap/1000) ] 3

	2.72 COP
	

	
	8,000 (Btu/h < 9,000
	
	2.69 COP
	

	
	9,000 (Btu/h < 10,000
	
	2.67 COP
	

	
	10,000 (Btu/h < 11,000
	
	2.64 COP
	

	
	11,000 (Btu/h < 12,000
	
	2.61 COP
	

	
	12,000 (Btu/h < 13,000
	
	2.59 COP
	

	
	13,000 (Btu/h < 14,000
	
	2.56 COP
	

	
	14,000 (Btu/h < 15,000
	
	2.54 COP
	

	
	>15,000 Btu/h
	
	2.51 COP
	

	Room Air Conditioners with Louvered Sides
	<8,000 Btu/h
	
	9.7 EER
	ANSI/AHAM RAC-1

	
	>8,000<14,000Btu/h
	
	9.8 EER
	

	
	>14,000<20,000Btu/h
	
	9.7 EER
	

	
	>20,000 Btu/h
	
	8.5 EER
	

	Room Air Conditioners, without Louvered Sides
	<8,000 Btu/h
	
	9.0 EER
	

	
	>8,000 Btu/h and
	
	8.5 EER
	

	Room Air Conditioner Heat Pumps with Louvered Sides
	<20,000 Btu/h

>20,000 Btu/h
	
	9.0 EER

8.5 EER
	

	Room Air Conditioner Heat Pumps without Louvered Sides
	<14,000 Btu/h

>14,000 Btu/h
	
	8.5 EER

8.0 EER
	

	Room Air Conditioner, Casement only
	All Capacities
	
	8.7 EER
	

	Room Air Conditioner, Casement-Slider
	All Capacities
	
	9.5 EER
	


1 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

2 Replacement units must be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT APPLICATIONS ONLY; NOT TO BE INSTALLED IN NEW CONSTRUCTION PROJECTS.” Replacement efficiencies apply only to units with existing sleeves less than 16 in. high and less than 42 in. wide.

3 Cap means the rated cooling capacity of the product in Btu/h. If the unit’s capacity is less than 7,000 Btu/h, use 7,000 Btu/h in the calculation. If the unit’s capacity is greater than 15,000 Btu/h, use 15,000 Btu/h in the calculation.

TABLE 407.1.ABC.3.2G

Performance Requirements for Heat Rejection Equipment

	Equipment Type
	Total System Heat Rejection Capacity at Rated Conditions
	Sub-Category or Rating Condition
	Performance Required1,2
	Test Procedure3

	Propeller or Axial Fan Cooling Towers
	All


	95oF Entering Water
	>38.2 gpm/hp


	CTI ATC-105 and CTI STD-201

 

	
	
	85oF Leaving Water
	
	

	
	
	75oF wb Outdoor Air
	
	

	Centrifugal Fan Cooling Towers
	All


	95oF Entering Water
	>20.0 gpm/hp


	CTI ATC-105 and CTI STD-201



	
	
	85oF Leaving Water
	
	

	
	
	75oF wb Outdoor Air
	
	

	Air Cooled Condensers


	All


	125oF Condensing Temperature

R-22 Test Fluid

190oF Entering Gas Temperature

15oF Subcooling

95oF Entering db
	>176,000 Btu/h hp


	ARI 460




1 For purposes of this table, cooling tower performance is defined as the maximum flow rating of the tower divided by the fan nameplate rated motor power.

2 For purposes of this table, air-cooled condenser performance is defined as the heat rejected from the refrigerant divided by the fan nameplate rated motor power.

3 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure.

TABLE 407.1.ABC.3.2H

COPs for Centrifugal Chillers <150Tons1
COPstd = 5.0

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT2

(oF)
	2gpm/

ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/

ton
	6gpm/

ton

	
	
	
	Required COP

	46
	75
	29
	5.58
	5.83
	6.03
	6.32
	6.54
	6.7

	
	
	
	
	
	
	
	
	

	45
	75
	30
	5.5
	5.74
	5.92
	6.19
	6.38
	6.53

	
	
	
	
	
	
	
	
	

	44
	75
	31
	5.42
	5.65
	5.82
	6.07
	6.24
	6.37

	
	
	
	
	
	
	
	
	

	43
	75
	32
	5.35
	5.57
	5.72
	5.95
	6.11
	6.23

	
	
	
	
	
	
	
	
	

	42
	75
	33
	5.27
	5.49
	5.64
	5.85
	6
	6.11

	
	
	
	
	
	
	
	
	

	41
	75
	34
	5.19
	5.41
	5.56
	5.75
	5.89
	5.99

	
	
	
	
	
	
	
	
	

	46
	80
	34
	5.19
	5.41
	5.56
	5.75
	5.89
	5.99

	
	
	
	
	
	
	
	
	

	40
	75
	35
	5.11
	5.33
	5.48
	5.67
	5.79
	5.88

	
	
	
	
	
	
	
	
	

	45
	80
	35
	5.11
	5.33
	5.48
	5.67
	5.79
	5.88

	
	
	
	
	
	
	
	
	

	44
	80
	36
	5.03
	5.26
	5.4
	5.58
	5.7
	5.79

	
	
	
	
	
	
	
	
	

	43
	80
	37
	4.94
	5.18
	5.32
	5.5
	5.62
	5.7

	
	
	
	
	
	
	
	
	

	42
	80
	38
	4.84
	5.1
	5.25
	5.43
	5.53
	5.61

	
	
	
	
	
	
	
	
	

	41
	80
	39
	4.73
	5.01
	5.17
	5.35
	5.46
	5.53

	
	
	
	
	
	
	
	
	

	46
	85
	39
	4.73
	5.01
	5.17
	5.35
	5.46
	5.53

	
	
	
	
	
	
	
	
	

	40
	80
	40
	4.62
	4.92
	5.09
	5.27
	5.38
	5.45

	
	
	
	
	
	
	
	
	

	45
	85
	40
	4.62
	4.92
	5.09
	5.27
	5.38
	5.45

	
	
	
	
	
	
	
	
	

	44
	85
	41
	4.49
	4.82
	5
	5.2
	5.3
	5.38

	
	
	
	
	
	
	
	
	

	43
	85
	42
	4.35
	4.71
	4.91
	5.12
	5.23
	5.3

	
	
	
	
	
	
	
	
	

	42
	85
	43
	4.19
	4.59
	4.81
	5.03
	5.15
	5.22

	
	
	
	
	
	
	
	
	

	41
	85
	44
	4.02
	4.46
	4.7
	4.94
	5.06
	5.14

	
	
	
	
	
	
	
	
	

	40
	85
	45
	3.84
	4.32
	4.58
	4.84
	4.98
	5.06

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 The table values are only applicable over the following full load design ranges: Leaving Chilled Water Temp 40-48oF, Entering Condenser Water Temp. 75-85oF, Condensing Water Temp. Rise 5-15oF. Chillers designed to operate outside these ranges are not covered by this standard.

2 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

3 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd

TABLE 407.1.ABC.3.2I

COPs for Centrifugal Chillers >150Tons, <300 Tons1
COPstd = 5.55

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT2

(oF)
	2gpm/ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/

ton
	6gpm/

ton

	
	
	
	Required COP

	46
	75
	29
	6.17
	6.44
	6.66
	6.99
	7.23
	7.4

	
	
	
	
	
	
	
	
	

	45
	75
	30
	6.08
	6.34
	6.54
	6.84
	7.06
	7.22

	
	
	
	
	
	
	
	
	

	44
	75
	31
	6
	6.24
	6.43
	6.71
	6.9
	7.05

	
	
	
	
	
	
	
	
	

	43
	75
	32
	5.91
	6.15
	6.33
	6.58
	6.76
	6.89

	
	
	
	
	
	
	
	
	

	42
	75
	33
	5.83
	6.07
	6.23
	6.47
	6.63
	6.75

	
	
	
	
	
	
	
	
	

	41
	75
	34
	5.74
	5.8
	6.14
	6.36
	6.51
	6.62

	
	
	
	
	
	
	
	
	

	46
	80
	34
	5.74
	5.8
	6.14
	6.36
	6.51
	6.62

	
	
	
	
	
	
	
	
	

	40
	75
	35
	5.65
	5.9
	6.05
	6.26
	6.4
	6.51

	
	
	
	
	
	
	
	
	

	45
	80
	35
	5.65
	5.9
	6.05
	6.26
	6.4
	6.51

	
	
	
	
	
	
	
	
	

	44
	80
	36
	5.56
	5.81
	5.97
	6.17
	6.3
	6.4

	
	
	
	
	
	
	
	
	

	43
	80
	37
	5.46
	5.73
	5.89
	6.08
	6.21
	6.3

	
	
	
	
	
	
	
	
	

	42
	80
	38
	5.35
	5.64
	5.8
	6
	6.12
	6.2

	
	
	
	
	
	
	
	
	

	41
	80
	39
	5.23
	5.54
	5.71
	5.91
	6.03
	6.11

	
	
	
	
	
	
	
	
	

	46
	85
	39
	5.23
	5.54
	5.71
	5.91
	6.03
	6.11

	
	
	
	
	
	
	
	
	

	40
	80
	40
	5.1
	5.44
	5.62
	5.83
	5.95
	6.03

	
	
	
	
	
	
	
	
	

	45
	85
	40
	5.1
	5.44
	5.62
	5.83
	5.95
	6.03

	
	
	
	
	
	
	
	
	

	44
	85
	41
	4.96
	5.33
	5.55
	5.74
	5.86
	5.94

	
	
	
	
	
	
	
	
	

	43
	85
	42
	4.81
	5.21
	5.42
	5.66
	5.78
	5.86

	
	
	
	
	
	
	
	
	

	42
	85
	43
	4.63
	5.08
	5.31
	5.56
	5.69
	5.77

	
	
	
	
	
	
	
	
	

	41
	85
	44
	4.45
	4.93
	5.19
	5.46
	5.6
	5.69

	
	
	
	
	
	
	
	
	

	40
	85
	45
	4.24
	4.77
	5.06
	5.35
	5.5
	5.59

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 The table values are only applicable over the following full load design ranges: Leaving Chilled Water Temp 40-48oF, Entering Condenser Water Temp. 75-85oF, Condensing Water Temp. Rise 5-15oF. Chillers designed to operate outside these ranges are not covered by this standard.

2 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

3 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd
TABLE 407.1.ABC.3.2J

COPs for Centrifugal Chillers >300 Tons1
COPstd = 6.1

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT2

(oF)
	2gpm/

ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/

ton
	6gpm/

ton

	
	
	
	Required COP

	46
	75
	29
	6.8
	7.11
	7.35
	7.71
	7.97
	8.16

	
	
	
	
	
	
	
	
	

	45
	75
	30
	6.71
	6.99
	7.21
	7.55
	7.78
	7.96

	
	
	
	
	
	
	
	
	

	44
	75
	31
	6.61
	6.89
	7.09
	7.4
	7.61
	7.77

	
	
	
	
	
	
	
	
	

	43
	75
	32
	6.52
	6.79
	6.98
	7.26
	7.45
	7.6

	
	
	
	
	
	
	
	
	

	42
	75
	33
	6.43
	6.69
	6.87
	7.13
	7.31
	7.44

	
	
	
	
	
	
	
	
	

	41
	75
	34
	6.33
	6.6
	6.77
	7.02
	7.18
	7.3

	
	
	
	
	
	
	
	
	

	46
	80
	34
	6.33
	6.6
	6.77
	7.02
	7.18
	7.3

	
	
	
	
	
	
	
	
	

	40
	75
	35
	6.23
	6.5
	6.68
	6.91
	7.06
	7.17

	
	
	
	
	
	
	
	
	

	45
	80
	35
	6.23
	6.5
	6.68
	6.91
	7.06
	7.17

	
	
	
	
	
	
	
	
	

	44
	80
	36
	6.13
	6.41
	6.58
	6.81
	6.95
	7.05

	
	
	
	
	
	
	
	
	

	43
	80
	37
	6.02
	6.31
	6.49
	6.71
	6.85
	6.94

	
	
	
	
	
	
	
	
	

	42
	80
	38
	5.9
	6.21
	6.4
	6.61
	6.75
	6.84

	
	
	
	
	
	
	
	
	

	41
	80
	39
	5.77
	6.11
	6.3
	6.52
	6.65
	6.74

	
	
	
	
	
	
	
	
	

	46
	85
	39
	5.77
	6.11
	6.3
	6.52
	6.65
	6.74

	
	
	
	
	
	
	
	
	

	40
	80
	40
	5.63
	6
	6.2
	6.43
	6.56
	6.65

	
	
	
	
	
	
	
	
	

	45
	85
	40
	5.63
	6
	6.2
	6.43
	6.56
	6.65

	
	
	
	
	
	
	
	
	

	44
	85
	41
	5.47
	5.87
	6.1
	6.33
	6.47
	6.55

	
	
	
	
	
	
	
	
	

	43
	85
	42
	5.3
	5.74
	5.98
	6.24
	6.37
	6.46

	
	
	
	
	
	
	
	
	

	42
	85
	43
	5.11
	5.6
	5.86
	6.13
	6.28
	6.37

	
	
	
	
	
	
	
	
	

	41
	85
	44
	4.9
	5.44
	5.72
	6.02
	6.17
	6.27

	
	
	
	
	
	
	
	
	

	40
	85
	45
	4.68
	5.26
	5.58
	5.9
	6.07
	6.17

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 The table values are only applicable over the following full load design ranges: Leaving Chilled Water Temp 40-48oF, Entering Condenser Water Temp. 75-85oF, Condensing Water Temp. Rise 5-15oF. Chillers designed to operate outside these ranges are not covered by this standard.

2 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

3 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd
TABLE 407.1.ABC.3.2K

IPLV/NPLV for Centrifugal Chillers <150Tons

IPLVstd = 5.25

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT1

(oF)
	2gpm/

ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/ton
	6gpm/

ton

	
	
	
	Required IPLV/NPLV

	46
	75
	29
	5.84
	6.1
	6.3
	6.61
	6.84
	7

	
	
	
	
	
	
	
	
	

	45
	75
	30
	5.75
	6
	6.19
	6.47
	6.68
	6.83

	
	
	
	
	
	
	
	
	

	44
	75
	31
	5.67
	5.91
	6.08
	6.34
	6.53
	6.67

	
	
	
	
	
	
	
	
	

	43
	75
	32
	5.59
	5.82
	5.99
	6.23
	6.39
	6.52

	
	
	
	
	
	
	
	
	

	42
	75
	33
	5.51
	5.74
	5.9
	6.12
	6.27
	6.39

	
	
	
	
	
	
	
	
	

	41
	75
	34
	5.43
	5.66
	5.81
	6.02
	6.16
	6.26

	
	
	
	
	
	
	
	
	

	46
	80
	34
	5.43
	5.66
	5.81
	6.02
	6.16
	6.26

	
	
	
	
	
	
	
	
	

	40
	75
	35
	5.35
	5.58
	5.73
	5.93
	6.06
	6.15

	
	
	
	
	
	
	
	
	

	45
	80
	35
	5.35
	5.58
	5.73
	5.93
	6.06
	6.15

	
	
	
	
	
	
	
	
	

	44
	80
	36
	5.26
	5.5
	5.65
	5.84
	5.96
	6.05

	
	
	
	
	
	
	
	
	

	43
	80
	37
	5.16
	5.42
	5.57
	5.76
	5.87
	5.96

	
	
	
	
	
	
	
	
	

	42
	80
	38
	5.06
	5.33
	5.49
	5.67
	5.79
	5.87

	
	
	
	
	
	
	
	
	

	41
	80
	39
	4.95
	5.24
	5.41
	5.6
	5.71
	5.78

	
	
	
	
	
	
	
	
	

	46
	85
	39
	4.95
	5.24
	5.41
	5.6
	5.71
	5.78

	
	
	
	
	
	
	
	
	

	40
	80
	40
	4.83
	5.14
	5.32
	5.52
	5.63
	5.7

	
	
	
	
	
	
	
	
	

	45
	85
	40
	4.83
	5.14
	5.32
	5.52
	5.63
	5.7

	
	
	
	
	
	
	
	
	

	44
	85
	41
	4.69
	5.04
	5.25b
	5.43
	5.55
	5.62

	
	
	
	
	
	
	
	
	

	43
	85
	42
	4.55
	4.93
	5.13
	5.35
	5.47
	5.54

	
	
	
	
	
	
	
	
	

	42
	85
	43
	4.38
	4.8
	5.03
	5.26
	5.38
	5.46

	
	
	
	
	
	
	
	
	

	41
	85
	44
	4.21
	4.67
	4.91
	5.17
	5.3
	5.38

	
	
	
	
	
	
	
	
	

	40
	85
	45
	4.01
	4.52
	4.79
	5.06
	5.2
	5.29

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

2 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd
TABLE 407.1.ABC.3.2L

IPLV/NPLV for Centrifugal Chillers >150 <300Tons

IPLVstd = 5.9

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT1

(oF)
	2gpm/

ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/ton
	6gpm/ton

	
	
	
	Required IPLV/NPLV

	46
	75
	29
	6.58
	6.87
	7.11
	7.46
	7.71
	7.9

	
	
	
	
	
	
	
	
	

	45
	75
	30
	6.49
	6.76
	6.98
	7.3
	7.53
	7.7

	
	
	
	
	
	
	
	
	

	44
	75
	31
	6.4
	6.66
	6.86
	7.15
	7.36
	7.52

	
	
	
	
	
	
	
	
	

	43
	75
	32
	6.31
	6.56
	6.75
	7.02
	7.21
	7.35

	
	
	
	
	
	
	
	
	

	42
	75
	33
	6.22
	6.47
	6.65
	6.9
	7.07
	7.2

	
	
	
	
	
	
	
	
	

	41
	75
	34
	6.13
	6.38
	6.55
	6.79
	6.95
	7.06

	
	
	
	
	
	
	
	
	

	46
	80
	34
	6.13
	6.38
	6.55
	6.79
	6.95
	7.06

	
	
	
	
	
	
	
	
	

	40
	75
	35
	6.03
	6.29
	6.46
	6.68
	6.83
	6.94

	
	
	
	
	
	
	
	
	

	45
	80
	35
	6.03
	6.29
	6.46
	6.68
	6.83
	6.94

	
	
	
	
	
	
	
	
	

	44
	80
	36
	5.93
	6.2
	6.37
	6.58
	6.72
	6.82

	
	
	
	
	
	
	
	
	

	43
	80
	37
	5.82
	6.11
	6.28
	6.49
	6.62
	6.72

	
	
	
	
	
	
	
	
	

	42
	80
	38
	5.71
	6.01
	6.19
	6.4
	6.53
	6.62

	
	
	
	
	
	
	
	
	

	41
	80
	39
	5.58
	5.91
	6.1
	6.31
	6.44
	6.52

	
	
	
	
	
	
	
	
	

	46
	85
	39
	5.58
	5.91
	6.1
	6.31
	6.44
	6.52

	
	
	
	
	
	
	
	
	

	40
	80
	40
	5.44
	5.8
	6
	6.22
	6.35
	6.43

	
	
	
	
	
	
	
	
	

	45
	85
	40
	5.44
	5.8
	6
	6.22
	6.35
	6.43

	
	
	
	
	
	
	
	
	

	44
	85
	41
	5.29
	5.68
	5.9
	6.13
	6.26
	6.34

	
	
	
	
	
	
	
	
	

	43
	85
	42
	5.13
	5.55
	5.79
	6.03
	6.16
	6.25

	
	
	
	
	
	
	
	
	

	42
	85
	43
	4.94
	5.41
	5.67
	5.93
	6.07
	6.16

	
	
	
	
	
	
	
	
	

	41
	85
	44
	4.74
	5.26
	5.54
	5.82
	5.97
	6.07

	
	
	
	
	
	
	
	
	

	40
	85
	45
	4.52
	5.09
	5.4
	5.71
	5.87
	5.97

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

2 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd
TABLE 407.1.ABC.3.2M

IPLV/NPLV for Centrifugal Chillers  >300Tons

IPLVstd = 6.4

	
	Condenser Flow Rate

	Leaving Chilled Water Temperature (oF)
	Entering Condenser Water Temperature (oF)
	LIFT1

(oF)
	2gpm/

ton
	2.5gpm/

ton
	3gpm/

ton
	4gpm/

ton
	5gpm/ton
	6gpm/ton

	
	
	
	Required IPLV/NPLV

	
	
	
	
	
	
	
	
	

	46
	75
	29
	7.15
	7.47
	7.72
	8.1
	8.37
	8.58

	
	
	
	
	
	
	
	
	

	45
	75
	30
	7.05
	7.35
	7.58
	7.93
	8.18
	8.36

	
	
	
	
	
	
	
	
	

	44
	75
	31
	6.95
	7.23
	7.45
	7.77
	8
	8.16

	
	
	
	
	
	
	
	
	

	43
	75
	32
	6.85
	7.13
	7.33
	7.63
	7.83
	7.98

	
	
	
	
	
	
	
	
	

	42
	75
	33
	6.75
	7.03
	7.22
	7.49
	7.68
	7.82

	
	
	
	
	
	
	
	
	

	41
	75
	34
	6.65
	6.93
	7.12
	7.37
	7.55
	7.67

	
	
	
	
	
	
	
	
	

	46
	80
	34
	6.65
	6.93
	7.12
	7.37
	7.55
	7.67

	
	
	
	
	
	
	
	
	

	40
	75
	35
	6.55
	6.83
	7.01
	7.26
	7.42
	7.54

	
	
	
	
	
	
	
	
	

	45
	80
	35
	6.55
	6.83
	7.01
	7.26
	7.42
	7.54

	
	
	
	
	
	
	
	
	

	44
	80
	36
	6.44
	6.73
	6.92
	7.15
	7.3
	7.41

	
	
	
	
	
	
	
	
	

	43
	80
	37
	6.32
	6.63
	6.82
	7.05
	7.19
	7.3

	
	
	
	
	
	
	
	
	

	42
	80
	38
	6.2
	6.53
	6.72
	6.95
	7.09
	7.19

	
	
	
	
	
	
	
	
	

	41
	80
	39
	6.06
	6.42
	6.62
	6.85
	6.99
	7.08

	
	
	
	
	
	
	
	
	

	46
	85
	39
	6.06
	6.42
	6.62
	6.85
	6.99
	7.08

	
	
	
	
	
	
	
	
	

	40
	80
	40
	5.91
	6.3
	6.52
	6.76
	6.89
	6.98

	
	
	
	
	
	
	
	
	

	45
	85
	40
	5.91
	6.3
	6.52
	6.76
	6.89
	6.98

	
	
	
	
	
	
	
	
	

	44
	85
	41
	5.75
	6.17
	6.40b
	6.66
	6.79
	6.89

	
	
	
	
	
	
	
	
	

	43
	85
	42
	5.57
	6.03
	6.28
	6.55
	6.7
	6.79

	
	
	
	
	
	
	
	
	

	42
	85
	43
	5.37
	5.88
	6.16
	6.44
	6.59
	6.69

	
	
	
	
	
	
	
	
	

	41
	85
	44
	5.15
	5.71
	6.01
	6.33
	6.49
	6.59

	
	
	
	
	
	
	
	
	

	40
	85
	45
	4.91
	5.53
	5.86
	6.20
	6.37
	6.48

	

	Cond DT3
	14.04
	11.23
	9.36
	7.02
	5.62
	4.68


1 LIFT = Entering Condenser Water Temperature – Leaving Chilled Water Temperature.

2 Cond DT = Leaving Condenser Water Temperature (F) – Entering Condenser Water Temperature (F)

Kadj = 6.1507 – 0.30244(X) + 0.0062692(X)2 – 0.000045595(X)3
Where X = Cond DT + LIFT

COPadj = Kadj x COPstd
407.1.ABCD.3.2.1 Electrically Operated, Cooling Mode. These requirements apply to air-conditioning equipment installed in buildings covered by this code including but not limited to: unitary (central) cooling equipment (air-cooled, water-cooled and evaporatively cooled); the cooling mode of unitary (central) and packaged terminal heat pumps (air source and water source); packaged terminal air conditioners; roof air conditioners; and room air conditioners.  

EXCEPTION:  Existing systems in existing buildings which must comply with this code are exempt from minimum efficiency requirements.

407.1.ABCD.3.2.1.1 HVAC system equipment of less than 65,000 Btu/h, whose energy input in the cooling mode is entirely electric, shall have a Seasonal Energy Efficiency Ratio (SEER), Energy Efficiency Ratio (EER), may have an Integrated Park-Load Value (IPLV), as applicable for that piece of equipment (see section 407.1.ABCD.3.1), of not less than the values shown in Table 4-3.  

407.1.ABCD.3.2.1.2. HVAC system equipment with capacities between 65,000 Btu/h and 135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall show an Energy Efficiency Ratio (EER) and/or Integrated Part-Load Value (IPLV), as applicable for that piece of equipment (see section 407.1.ABCD.3.1), of not less than values shown in Table 4-4.  

407.1.ABCD.3.2.1.3. HVAC system equipment with capacities equal to or greater than 135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall show an Energy Efficiency Ratio (EER), and/or Integrated Part-Load Value (IPLV), as applicable for that piece of equipment (see section 407.1.ABCD.3.1), of not less than the values shown in Table 4-5.

407.1.ABCD.3.2.2 Heat Operated, Cooling Mode.  These requirements apply to cooling equipment installed in buildings covered by this code including but not limited to: absorption equipment, engine-driven equipment and turbine-drive equipment.  

EXCEPTION:  Existing systems in existing buildings which must comply with this code are exempt from minimum efficiency requirements.

Heat-operated cooling equipment shall show a COP-cooling not less than the values shown in Table 4-6.  Electrical auxiliary inputs shall be excluded from the COP-cooling calculation.

407.1.ABCD.3.2.3. Other Air-Conditioning Systems.  Air-conditioning systems not identified in Tables 4-3 through 4-6 of this Code shall meet at least the lowest efficiency rating on the appropriate table for that size of equipment.

TABLE 4-3  ELECTRICALLY DRIVEN COOLING EQUIPMENT, CAPACITIES <65,000 BTU/H:  MINIMUM PERFORMANCE EFFICIENCIES1,2  - SEER, EER, IPLV

	TYPE EQUIPMENT, CAPACITIES,  RATING CONDITIONS (oF)
	EER
	SEER
	IPLV 2

	Central Units

Air Cooled – Seasonal Rating

    Split-system                           

    Single-package                   

  Evaporatively Cooled                   

    Standard Rating (80db/67wb indoor, 95db/75wb outdoors)    

    Int. Part Load Value (80db/67wb out.) 

  Water Cooled                             

    Water-Source Heat Pump (80db/67wb indoor)  

      Standard Rating (85 entering water)  

      Low Temp. Rating (75 entering)       

    Ground-Water Heat Pump                 

      Standard Rating (70 entering)        

      Low Temp. Rating (50 entering) 

    Ground Source Heat Pump

      77 Entering brine

      70 Entering brine

    Unitary Air Conditioners (80db/67wb indoor)   

      Standard Rating (85 entering)        

      Int. Part Load Value (75 entering)   
	9.3

 9.3

10.2

11.0

11.5

10.0

10.4  
 9.3 
	10.0

 9.7
	8.5 

8.3

	Packaged Terminal Units (PTAC & PTHP)      

  Standard Rating ( 95db outdoor)          

    <7,000                                 

    7,001 - 8,000 Btu/h               

    8,001 - 9,000 Btu/h               

    9,001 - 10,000 Btu/h             

   10,001 - 11,000 Btu/h            

   11,001 - 12,000 Btu/h            

   12,001 - 13,000 Btu/h            

   13,001 - 14,000 Btu/h            

   14,001 - 15,000 Btu/h             

   >15,000 Btu/h                           
	 8.9

 8.8

 8.6

 8.5

 8.3

 8.2

 8.0

 7.8

 7.7

 7.6
	
	

	Room Units3                              

  Without reverse cycle               

    <6,000 Btu/h                           

    6,000-7,999 Btu/h                   

    8,000-13,999 Btu/h (with louvers)   

    14,000-20,000 Btu/h (with louvers) 

    >20,000 Btu/h (with louvers)           

    8,000-20,000 BTU/H (without louvers)   

    >20,000 Btu/h (without louvers)        

   With reverse cycle (with louvers)       

   With reverse cycle (without louvers)  
	 8.0

 8.5

 9.0

 8.8

 8.2

 8.5

 8.2

 8.5

 8.0
	
	


1  Test procedures for equipment referenced shall be in accordance with the applicable standard listed in Chapter 3.

2  Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating conditions for products manufactured after 1/1/94.

3  To be consistent with National Appliance Energy Conservation Act of 1987, P.L. 100-12.

TABLE 4-4

ELECTRICALLY DRIVEN COOLING EQUIPMENT,

CAPACITIES >65,000 BTU/H <135,000 BTU/H:MINIMUM PERFORMANCE EFFICIENCIES - EER, IPLV1
	TYPE OF EQUIPMENT, CAPACITIES, STANDARD RATING CONDITIONS (F)
	EER
	IPLV 2

	Central Units                           

     Air-Cooled

          Standard Rating (95db outdoor) 

          Int. Part Load Value (80db outdoor)

     Evaporatively Cooled

         Standard Rating (80db/67wb indoor,

                                      95db/75wb outdoor)

         Int. Part Load Value (80db/67wb outdoor)

     Water-Cooled

         Water-Source Heat Pump (85 entering water)

             Standard Rating (80db/67wb indoor)

         Groundwater-Cooled Heat Pump3 

             Standard Rating (70 entering) 

             Low Temperature Rating (50 entering)

         Ground Source Heat Pumps3 

             77 Entering brine

             70 Entering brine     

         Unitary Air-Conditioners (80db/78wb)

             Standard Rating (85 entering)


	 8.9

10.5

10.5

11.0

11.5

10.0

10.4

10.5


	 8.3

 9.7



1   Reference standards for equipment testing are specified in Chapter 3.


2   Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating conditions for products manufactured after 1/1/94.


3   Rating for groundwater-cooled, ground source heat pumps applies to all units <135,000 Btu/h.

TABLE 4-5

ELECTRICALLY DRIVEN HVAC SYSTEM COMPONENTS1 >135,000 BTU/H CAPACITY

MINIMUM PERFORMANCE EFFICIENCIES - EER, COP AND IPLV

	
	EER
	COP
	IPLV

	LARGE UNITARY AIR CONDITIONERS AND HEAT PUMPS

   Air Conditioners 2
        Air-cooled <  760,000 Btu/h

        Air-cooled >  760,000 Btu/h

        Water/evap. cooled       

   Heat Pumps 2
        Air-cooled <  760,000 Btu/h

        Air-cooled >  760,000 Btu/h

   Condensing Units

        Air-cooled

        Water/evap. cooled
	 8.5

 8.2

 9.6

 8.5

 8.2

 9.9

12.9
	
	 7.5 

 7.5

 9.0

 7.5

 7.5

11.0

12.9

	WATER CHILLING PACKAGES

   Water-cooled, with screw, scroll, or centrifugal compressor

       >  300 tons

       >  150 tons, < 300 tons

       <  150 tons

   Water-cooled, with reciprocating compressor

   Air-cooled with condenser

       >  150 tons

       <  150 tons

   Air-cooled, condenserless
	
	 5.2 3      4.2

 3.8

 3.8 

 2.5

 2.7

 3.1
	 5.3 3
 4.5

 3.9

 3.9

 2.5

 2.8

 3.2


1    When tested to the Standard Rating Conditions contained in the test standard referenced in 

    Chapter 3 that is appropriate for  that equipment.

 2   Units that have an integral gas, oil or hydronic heating assembly that was not present when the 
    unit efficiency was determined  may deduct 0.2 from all required EERs and IPLVs.

3   Where R-22 or CFC refrigerants with ozone depletion factors less than or equal to those for R-
    22 are used, these requirements are reduced to 4.7 COP and 4.8 IPLV.

TABLE 4-6

HEAT-OPERATED1 COOLING EQUIPMENT

MINIMUM PERFORMANCE EFFICIENCIES - COP

	HEAT SOURCE
	MINIMUM COP 2

	Direct Fired (gas, oil)

Indirect Fired (steam, hot  water)
	   0.48

   0.68 


 

1Standard rating conditions at sea level.

 

2Minimum COP=              Net Cooling Output                             .

                           

Total Heat Input (electrical auxiliary excluded)

407.1.ABCD.3.3 Condensing Coils Installed in Cool Air Stream of Another Air-Conditioning Unit. The condensing coil of one air-conditioning unit shall not be installed in the cool air stream of another air-conditioning unit.

Exceptions:  

1. Where condenser heat reclaim is used in a properly designed system including enthalpy control devices to achieve requisite humidity control for process, special storage or equipment spaces and occupant comfort within the criteria of Standard ASHRAE Standard 55-92.   Such systems shall result in less energy use than other appropriate options.

3. For computer or clean rooms whose location precludes the use of systems which would not reject heat into conditioned spaces.

407.1.ABC.3.4 [6.3.5] Heat Rejection Equipment
407.1.ABC.3.4.1 [6.3.5.1] General. Subsection407.1.ABC.3.4 applies to heat rejection equipment used in comfort cooling systems such as aircooled condensers, open cooling towers, closed-circuit cooling towers, and evaporative condensers.

Exception: Heat rejection devices whose energy usage is included in the equipment efficiency ratings listed in Tables 407.1.ABC.3.2A through 407.1.ABC.3.2D.

407.1.ABC.3.4.2 [6.3.5.2] Fan Speed Control. Each fan powered by a motor of 7.5 hp or larger shall have the capability to operate that fan at two-thirds of full speed or less and shall have controls that automatically change the fan speed to control the leaving fluid temperature or condensing temperature/pressure of the heat rejection device.

Exceptions:

1. Condenser fans serving multiple refrigerant circuits.

2.Condenser fans serving flooded condensers. 

3. Up to one-third of the fans on a condenser or tower with multiple fans, where the lead fans comply with the speed control requirement.
407.1.ABC.3.5 [6.3.6.1] Exhaust Air Energy Recovery for Cooling Systems. Individual fan systems that have both a design supply air capacity of 5000 cfm or greater and have a minimum outside air supply of 70% or greater of the design supply air quantity shall have an energy recovery system with at least 50% recovery effectiveness. Fifty percent energy recovery effectiveness shall mean a change in the enthalpy of the outdoor air supply equal to 50% of the difference between the outdoor air and return air at design conditions.

Exceptions:

1.  Laboratory systems meeting 409.1.ABC.3.6.2.

2.  Systems serving spaces that are not cooled and that are heated to less than 60F.

3.  Systems exhausting toxic, flammable, paint or corrosive fumes or dust.

4.  Commercial kitchen hoods (grease) classified as Type 1 by NFPA 96.

5. Where the largest exhaust source is less than 75% of the design outdoor airflow.

6. Systems requiring dehumidification that employ series-style energy recovery coils wrapped around the cooling coil.

407.1.A  Prescriptive Requirements Specific to Method A.  Cooling system efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in buildings.

407.1.BC  Prescriptive Requirements Specific to Methods B and C.   Electric resistance reheat shall not be used when complying with this Code by Method B.

407.1.C  Prescriptive Requirements Specific to Method C.  Cooling system minimum efficiency requirements for buildings complying by Methods B and C shall meet or exceed the code minimum for the equipment installed per Tables 407.1.ABC.3.2A-D. that specified for the glazing/light wattage/HVAC efficiency package chosen from Table 4C of Form 400C for that occupancy type. 

EXCEPTION: Detached commercial buildings less than 200 sq ft, skyboxes, and traffic safety control towers shall meet the Code minimums in section 407.1.ABCD.3.

Electric resistance reheat shall not be used when complying with this Code by Methods B and C.

See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.

407.1.D  Prescriptive Requirements Specific to Method D.  Cooling system efficiency requirements for buildings complying by Method D shall be the Code minimums as per section 407.1.ABCD.3.

407.2 Performance Calculation Procedures

407.2.A  Performance Calculation Procedures Specific to Method A.  Calculation procedures for space cooling system efficiencies shall be in accordance with the procedures contained within Method A of the FLA/COM computer program.

Data shall be input into FLA/COM for each zone by equipment type, size and efficiency.

407.2.A.1  Thermal Energy Storage (TES) Systems.  This provision shall be available to all new buildings and to major renovations (30 percent of building assessed value) of existing buildings. The Code Compliance Procedure Method A (FlaCom) shall considers the demand and off-peak energy saving capabilities of TES-equipped buildings. by assigning to them a Final Annual Space Conditioning Energy (ASCETES-Final), including associated water heating, as determined using Equation (1), below.  The TES simulation models ERRI-TES1 (CoolAid3.1) and TSARC-Set shall be incorporated into the Code Compliance model or shall function as external simulation programs providing input into the Code Compliance model.

In Equation (1), Annual Space Conditioning Energy (ASCEFlaCom) for the TES-equipped building shall be determined by Method A of the Florida code compliance procedure, FlaCom.  With the exception of heat rate values, the remainder of the inputs for Equations (1) through (7) shall be 

developed using either TES simulation model ERRI-TES1 or the model set TSARC-Set.  In the TES model simulation, the TES system shall be sized and operated in accordance with the design intent.  The simulations shall determine energy usage on an hourly basis for all on-peak and off-peak periods as well as determine associated heat rates.  The weather data shall be that for the same or nearest city within the same Florida climate zone.  For the calculation of the On-Peak Factor (B1) of Equation (6) and the Off-Peak Factor (B2) of Equation (7), the base building shall utilize a non-TES conditioning system which allows the building to achieve minimal compliance under the Code Compliance Procedure (FlaCom), and the TES-equipped building shall be identical in all respects, with the exception that the HAC systems shall be TES-augmented.


ASCETES-Final = [ASCEFlaCom x F] 




Equation (1)

Where:


ASCEFlaCom = SUM(kWhTES),




Equation (2)

the Annual Space Conditioning Energy used by the TES Building, as determined by the Code Compliance Procedure, FlaCom99


F = (A1 + A2)/ (B1 + B2)





Equation (3)


A1 = Sum (heatratei x kWhTES,i)  where i=1,12


Equation (4)

the on-peak source energy consumed by the TES building for all months i


A2 = Sum (heatratei x kWhTES,j)  where i=1,12


Equation (5)

the off-peak source energy consumed by the TES building for all months i


B1 = Sum (heatratei x kWhbase,i)  where i=1,12


Equation (6)

the source energy consumed by the non-TES, base building for all months i


B2 = Sum (heatratej x kWhbase,j)  where i=1,12


Equation (7)

the source energy consumed by the non-TES, base building for all months i

The heat rate values use in these calculations shall be defined by item 1, below, and shall be based on data as defined in item 2.

1. Heat Rate Values.  The Heat Rate Values used in the code calculation shall be defined by utility service area, utility by utility, so that for each utility service area and each calendar month there shall be two Heat Rate Values, one for the monthly on-peak and one for the monthly off-peak.  Such Heat Rate Values for a given utility shall be the monthly average, weighted by time of operation, of all heat rates of the marginal plants, determined separately as on-peak and off-peak values for the given month.  The marginal plant is the last plant that is needed to meet the utility system load for the hour in question. 

1. Fundamental Data.  The following is the fundamental data to be used for each given utility: (a) the entire system load of the utility on an hourly basis, (b) the mix of generating capacity on a plant-by-plant basis, and (c) the order of plant dispatch, that is, the order in which plants are successively dispatched in order to meet the system load.

407.2.B  Performance Calculation Procedures Specific to Method B. Blank for numbering consistency.

408 SPACE HEATING EQUIPMENT

408.0 Applicability. This section covers the determination of minimum heating system design requirements and efficiencies.  The requirements of this section apply to equipment and mechanical component performance of all heating systems installed in new and renovated buildings including, but not limited to:  unitary central heat pumps, either air or water source in the heating mode; water source (hydronic) heat pumps as used in multiple unit hydronic HVAC systems; packaged terminal heat pumps and room air conditioner heat pumps in the heating mode; and all gas- and oil-fired warm air furnaces, boilers and direct heating equipment.

EXCEPTIONS:  Special applications, including, but not limited to, hospitals, laboratories, thermally sensitive equipment rooms, and computer rooms may be exempted from the requirements of section 407 when approved by the Building Official.

408.1 Prescriptive Requirements.

408.1.ABCD Basic Prescriptive Requirements for Methods A, B and,C, and D.

408.1.ABCD.1 Sizing.  Heating equipment and systems shall be sized to provide no more than the space and system loads calculated in accordance with section 407.1.ABCD.1, with exceptions.

408.1.ABCD.2 Controls.  Heating equipment and systems shall meet all applicable prescriptive requirements for controls in section 407.1.ABCD.2.

408.1.ABCD.2.1  [6.2.3.2.2] Setback Controls. Heating systems located in Climate Zones 1, 2 or 3 shall be equipped with controls that have the capability to automatically restart and temporarily operate the system as required to maintain zone temperatures above a heating set point adjustable down to 55°F or lower. 

Where used to control comfort heating, zone thermostatic controls shall be capable of being set locally or remotely by adjustment or selection of sensors down to 55oF or lower.

408.1.ABC.2.2 [6.2.3.4] Heat Pump Auxiliary Heat Control. Heat pumps equipped with internal electric resistance heaters shall have controls that prevent supplemental heater operation when the heating load can be met by the heat pump alone during both steady-state operation and setback recovery. Supplemental heater operation is permitted during outdoor coil defrost cycles.

Exception: Heat pumps whose minimum efficiency is regulated by NAECA and whose HSPF rating both meets the requirements shown in Table 407.1.ABC.3.2B and includes all usage of internal electric resistance heating.
408.1.ABC.2.3 [6.2.3.7] Freeze Protection. Freeze protection systems, such as heat tracing of outdoor piping and heat exchangers, including self-regulating heat tracing, shall include automatic controls capable of shutting off the systems when outside air temperatures are above 40F or when the conditions of the protected fluid will prevent freezing.
408.1.ABCD.3 Equipment Performance Standards

  Heating system efficiencies shall be rated as follows:

1. Central electric heat pumps under 65,000 Btu/h capacity, both split-system and single-package equipment, single- or three-phase, shall be rated with a Heating Seasonal Performance Factor (HSPF).

2. Packaged terminal heat pumps shall be rated with a Coefficient of Performance (COP). 

3. Air source heat pumps of 65,000 Btu/h or larger and water-source heat pumps shall be rated with a Coefficient of Performance (COP).

4. Gas- and oil-fired warm air furnaces under 225,000 Btu/h and boilers under 300,000 Btu/h shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

5. Gas - and oil-fired warm air furnaces and unit heaters of 225,000 Btu/h and over and boilers of 300,000 Btu/h or greater shall be rated with a steady-state combustion efficiency, Et/Ec.

6. Gas- and oil-fired direct heating equipment shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

7. Central gas driven heat pumps shall be rated with a Coefficient of Performance (COP).  

408.1.ABCD.3.1.1 Equipment Efficiency Verification Matched Equipment. [6.2.1]   If a certification program exists for a product covered in Tables 408.1.ABC.3.2E through 408.1.ABC.3.2G, and it includes provisions for verification and challenge of equipment efficiency ratings, then the product shall be either listed in the certification program or, alternatively, the ratings shall be verified by an independent laboratory test report. If no certification program exists for a product covered in Tables 408.1.ABC.3.2E through 408.1.ABC.3.2G, the equipment efficiency ratings shall be supported by data furnished by the manufacturer. Where equipment is not rated, a Florida-registered engineer shall specify component efficiencies whose combined efficiency meets the minimum equipment efficiency requirements in 408.1.ABC.3.2
408.1.ABCD.3.1.1. Matched Equipment.  Equipment efficiency ratings shall be obtained from a nationally recognized certification program directory, from a manufacturer's rating certified to be in compliance with an approved Department of Energy (DOE) or an Air-conditioning and Refrigeration Institute (ARI) rating procedure.  Equipment efficiencies shall be based on the Standard Rating Conditions contained in the test standard referenced in Chapter 3 that is appropriate for that equipment.  Ratings for products covered under the National Appliance Energy Conservation Act of 1987 shall be those determined for the Federal Trade Commission's required appliance labeling.    

408.1.ABCD.3.1.2 Mix-Matched Equipment. Ratings for unitary central heat pump systems less than 65,000 Btu/h, using evaporator/ (condenser) coils manufactured by independent companies, shall meet all requirements of either section 407.1.ABCD.3.1.2.1 or 407.1.ABCD.3.1.2.2.  Equipment components manufactured by the same company that are not designed and tested for operation together shall also meet these requirements.

408.1.ABCD.3.1.3 Field-Assembled Equipment and Components.  Heat pump systems with capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are used from more than one manufacturer, shall be rated by a calculated total system Coefficient of Performance (COP).  The rate of net heat output used in the COP calculation is the change in the total heat content of the air entering and leaving the equipment, not including supplementary heat.  Component efficiencies shall be specified based on data provided by the component manufacturers.  Calculations documenting how the overall system efficiency rating was derived shall be submitted with the appropriate Code compliance form and shall be signed and sealed by a registered professional engineer.

Total on-site energy input to the heat pump shall be determined by combining the energy input to all elements, except supplementary heaters, of the heat pump, including, but not limited to, compressor(s), compressor pump heater(s), pump(s), supply-air fan(s), return-air fan(s), outdoor air fan(s), cooling-tower fan(s), and the HVAC system equipment control circuit.
408.1.ABCD.3.2 Minimum Efficiencies for Heating Equipment.

408.1.ABCD.3.2.1 Equipment Ratings.  [6.2.1.G]  Tables 407.1.ABC.3.2B, 407.1.ABC.3.2D, and 408.1.ABC.3.2E through 408.1.ABC.3.2G contain the minimum efficiency requirements for equipment covered by this section of the standard. The tables are organized to cover the following types of equipment

Table 407.1.ABC.3.2B Heat Pumps
Table 407.1.ABC.3.2D Packaged Terminal Air Conditioners and Heat Pumps

Table 408.1.ABC.3.2E Furnaces, Duct Furnaces, and Unit Heaters

Table 408.1.ABC.3.2F Boilers

Table 408.1.ABC.3.2G Heat Rejection Equipment

Gas-fired and oil-fired forced air furnaces with input ratings 225,000 Btu/h shall also have an intermittent ignition or interrupted device (IID) and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for furnaces where combustion air is drawn from the conditioned space. All furnaces with input ratings 225,000 Btu/h, including electric furnaces, that are not located within the conditioned space shall have jacket losses not exceeding 0.75% of the input.

TABLE 408.1.ABC.3.2E

Warm Air Furnaces and Combination Warm Air Furnaces/Air-Conditioning Units, Warm Air Duct Furnaces and Unit Heaters. 

 Minimum Efficiency Requirements
	Equipment Type
	Size Category
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	Warm Air Furnace, Gas-Fired
	<225,000 Btu/h
	
	78% AFUE or ;80% Et4
	DOE 10 CFR, Part 430 or ANSI Z 21.47

	
	>225,000 Btu/h
	Maximum Capacity4
	80% Ec3
	ANSI Z21.47

	Warm Air Furnace, Oil-Fired
	<225,000 Btu/h
	
	78% AFUE or ;80% Et4
	DOE 10 CFR, Part 430 or UL 727

	
	>225,000 Btu/h
	Maximum Capacity5
	81% Et6
	UL 727

	Warm Air Duct Furnaces, Gas-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	ANSI Z83.9

	Warm Air Unit Heaters, Gas-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	ANSI Z83.8

	Warm Air Unit Heaters, Oil-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	UL 731


1 Et = thermal efficiency. See test procedure for detailed discussion.

2 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

3 Ec = combustion efficiency. Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

4 Combination units not covered by NAECA (3 phase power or cooling capacity greater than or equal to 65,000 Btu/h) may comply with either rating.

5 Minimum and maximum ratings as provided for and allowed by the unit’s controls..

6 Et = thermal efficiency. Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

7 Ec = combustion efficiency (100% less flue losses). See test procedure for detailed discussion.
TABLE 408.1.ABC.3.2F

Gas- and Oil-Fired Boilers 

Minimum Efficiency Requirements
	Equipment Type4
	Size Category (Input)
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	Boilers, Gas-Fired
	<300,000 Btu/h
	Hot  water
	80% AFUE
	DOE 10 CFR Part 430

	
	
	Steam
	75% AFUE
	

	
	>300,000 Btu/h and <2,500,000
	Maximum Capacity3
	75% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	80% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	80% Ec
	

	Boilers, Oil-Fired
	<300,000 Btu/h
	
	80% AFUE
	DOE 10 CFR Part 430

	
	>300,000 Btu/h and

<250,000,000 Btu/h
	Maximum Capacity3
	78% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	83% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	83% Ec
	

	Oil-Fired (Residual)
	>300,000 Btu/h and

<250,000,000 Btu/h
	Maximum Capacity3
	78% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	83% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	83% Ec
	


1 Et = thermal efficiency. See reference documents for detailed information.

2 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

3 Minimum and maximum ratings as provided for and allowed by the unit’s controls.

4 These requirements apply to boilers with rated input of 8,000,000 Btu/h or less that are not packaged boilers, and to all package boilers. Minimum efficiency requirements for boilers cover all capacities of packaged boilers.

408.1.ABC.3.2.2 [6.3.8] Radiant Heating Systems
408.1.ABC.3.2.2.1 [6.3.8.1] Heating Unenclosed Spaces. Radiant heating shall be used when heating is required for unenclosed spaces.

Exception: Loading docks equipped with air curtains.

408.1.ABC.3.2.2.2 [6.3.8.2] Heating Enclosed Spaces. Radiant heating systems that are used as primary or supplemental enclosed space heating must be in conformance with the governing provisions of the standard, including, but not limited, to the following:

a Radiant hydronic ceiling or floor panels (used for heating or cooling).

b. Combination or hybrid systems incorporating radiant heating (or cooling) panels.

c. Radiant heating (or cooling) panels used in conjunction with other systems such as variable air volume or thermal storage systems.

408.1.ABCD.3.2.1 Heat Pump - Heating Mode. These requirements apply, but are not limited to:  unitary central electric or gas driven heat pumps, either air or water source in the heating mode; water source (hydronic) heat pumps as used in multiple unit hydronic HVAC systems; and packaged terminal heat pumps and room air-conditioner heat pumps in the heating mode.

408.1.ABCD.3.2.1.1 Minimum Efficiencies.  Heat pumps whose energy input is entirely electric shall have a Heating Seasonal Performance Factor (HSPF) or Coefficient of Performance (COP), as applicable (see section 408.1.ABCD.2), in the heating mode of not less than the values shown in Table 4-7.

408.1.ABCD.3.2.1.2 Supplementary Heat.

408.1.ABCD.3.2.1.2.1 Heat pumps having supplementary heaters shall have  controls that  prevent heater operation when the heating load can be met by the heat pump.  Supplemental heater operation is permitted during outdoor coil defrost cycles not exceeding 15 minutes.

EXCEPTION:  Heat pumps that incorporate a control system that allows auxiliary electric resistance heat to operate above the balance point are permitted, providing the use of all resistance heat is included in the determination of the HSPF for that heat pump and the HSPF meets the minimum efficiency requirements as shown in Table 4-7.

408.1.ABCD.3.2.1.2.2 Tempering of indoor air during defrost cycles shall be controlled so as to minimize use of supplemental heat.


408.1.ABCD.3.2.1.2.3 Where manual controls are provided for activating the supplementary heat source on an emergency basis an indicator shall be provided to show the control status.

408.1.ABCD.3.2.1.2.4 Supplementary heat on heat pumps that is provided by electric resistance heaters shall meet the following conditions:

1. Supplementary electric resistance heat greater than 10 KW shall be divided into at least two stages and controlled by outdoor thermostats, multi-stage indoor thermostats, or combinations thereof, to operate only when the system's refrigerating capacity plus previous strip heat stages cannot meet the heating load of the building.

2. Supplementary electric resistance heat plus refrigeration cycle heating capacity shall not exceed 120 percent of the design load calculated at the 99 percent design dry bulb temperature.

408.1.ABCD.3.2.2 Central Electric Furnaces. Central electric furnaces greater than 10 kW shall be divided into at least two stages and controlled by an outdoor thermostat, multi-stage indoor thermostats or combination thereof.

408.1.ABCD.3.2.3 Combustion Heating Equipment

408.1.ABCD.3.2.3.1 All gas and oil-fired furnaces and boilers (as defined in 10 CFR Part 430) shall have an Annual Fuel Utilization Efficiency (AFUE) or steady-state combustion efficiency Et, as applicable (see section 408.1.ABCD.3.1.1), of not less than the values shown in Table 4-8.

408.1.ABCD.3.2.3.2 All gas-fired direct heating equipment shall have an Annual Fuel Utilization Efficiency (AFUE) of not less than the values shown in Table 4-9.

408.1.ABCD.3.2.4 Other Heating Systems. Heating systems not identified in Tables 4-7 through 4-9 of this Code shall meet at least the lowest efficiency rating on the appropriate table for the size of equipment.

408.1.ABCD.3.2.5 Heating Systems Having Additional Functions. Space heating equipment used to provide additional functions (e.g. service water heating) as part of a combination (integrated) system shall comply with minimum performance requirements for the appropriate space heating equipment category.  Service water heating equipment used to provide additional functions (e.g. space heating) as part of a combination (integrated) system shall, as a minimum, meet the minimum performance requirements for water heating equipment in section 412.1.ABCD.

408.1.AB.1 Calculations.  All calculations and determinations of parameters used in the demonstration of compliance with this Code by Methods A or B shall be conducted according to section 408.2.

408.1.A  Prescriptive Requirements Specific to Method A.  Heating system efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in buildings.

408.1.BC  Prescriptive Requirements Specific to Methods B and C.  

408.1.C  Prescriptive Requirements Specific to Method C.  Heating system minimum efficiency requirements for buildings complying by Methods B and C shall meet or exceed the appropriate code minimum for the equipment installed. See Tables 407.1.ABC.3.2B, 407.1.ABC.3.2D, and 408.1.ABC.3.2E through 408.1.ABC.3.2G that specified for the glazing/lighting wattage/HVAC efficiency package chosen from Table 4C of Form 400C for that occupancy type.  

EXCEPTION: Detached commercial buildings less than 200 sq ft, skyboxes, and traffic safety control towers shall meet the code minimums in Section 408.1.ABCD.3.

See Form 400C in Appendix D for a complete list of  requirements for each building type.

408.1.D  Prescriptive Requirements Specific to Method D.  Heating system efficiency requirements for buildings complying by Method D shall be the Code minimums as per section 408.1.ABCD.3.

TABLE 4-7

ELECTRIC DRIVEN HEATING EQUIPMENT, HEAT PUMPS

MINIMUM PERFORMANCE EFFICIENCIES - COP, HSPF 1,4
	CATEGORY AND RATING CONDITIONS 

Outdoor Temperatures (F)
	MINIMUM

    COP 
	MINIMUM

   HSPF

	Electric Heat Pumps

   Packaged Terminal (PTHP)

       Standard Rating (47db/43wb)

           <10,000 Btu/h 

           10,000 - 13,000 Btu/h

           > 13,000 Btu/h

   Central Systems

      Air Source

          < 65,000 Btu/h - Season Rating 2 

              Split-system

              Single-package

          > 65,000 Btu/h

              High Temp. Rating (47db/43wb)

              Low Temp. Rating (17db/15wb)

          > 135,000 Btu/h 

              High Temp. Rating (47db/43wb)

              Low Temp. Rating (17db/15wb)

      Water-Source 3            

                 Standard Rating        75F Entering water

                                                   70F Entering water
      Ground-Source 3   

              32 F Entering water

              41 F Entering water    

      Groundwater-Source 3    

              High Temp. Rating       70 F Entering water

              Low Temp. Rating        50 F Entering water                
	  2.7

  2.6

  2.5

  3.0

  2.0

  2.9

  2.0

  3.9

  3.8

  2.5

  2.7

  3.4 
  3.0
	   6.8

   6.6

  


1   Equipment testing reference standards are specified in Chapter 3.

2   To be consistent with the National Appliance Energy Conservation Act of 1987.

3   Ratings for water source, ground source, and ground water source heat pumps apply to all units under 135,000 Btu/h.

4 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating 
conditions for products manufactured after 1/1/94. 

TABLE 4-8    GAS- AND OIL-FIRED HEATING EQUIPMENT:

RATING CONDITIONS AND MINIMUM PERFORMANCE EFFICIENCIES1

E t / E c, AFUE

	TYPES OF EQUIPMENT, RATING CONDITIONS
	E t / E c (%) 2
	AFUE(%)

	Warm Air Furnaces 

    < 225,000 Btu/h 3 (Seasonal Rating)            

         Gas-fired

         Oil-fired 

    > 225,000 Btu/h (Steady-State)                         

         Gas-fired   

             Max. Rating Capacity  

             Min. Rated Capacity   

         Oil-fired    

             Max. Rated Capacity

             Min. Rated Capacity       
	  80

  78

  81

  81
	  78

  78



	Warm Air Duct Furnaces

    Gas-fired

         Max. Rated Capacity

         Min. Rated Capacity 
	  78

  75
	

	Unit Heaters

    Gas-fired

         Max. Rated Capacity

         Min. Rated Capacity

    Oil-fired

         Max. Rated Capacity

         Min. Rated Capacity|
	  78

  74

  81

  81 
	   

	Boilers

   <300,000 Btu/h (Seasonal Rating)

         Gas-fired except steam boilers 

         Gas-fired steam boilers 

         Oil-fired 

   >300,000 Btu/h (Steady-State) 

         Gas-fired 

              Max. Rated Capacity 

              Min. Rated Capacity 

         Oil-fired 

              Max. Rated Capacity 

              Min. Rated Capacity  

         Oil-fired (Residual) 

              Max. Rated Capacity  

              Min. Rated Capacity  
	   80

   80

   83

   83

   83

   83
	  80

  75

  80 



1   Reference standards for equipment testing are specified in Chapter 3.


2   Combustion efficiency Ec and thermal efficiency Et constitute 100 percent minus flue losses in percent of 
heat 
input.  See the reference standard in Chapter 3 for more information.


3   To be consistent with National Appliance Energy Conservation Act of 1987, Appendix M to Subpart B, 10 
CFR   Part 430.
TABLE 4-9

GAS-FIRED DIRECT HEATING EQUIPMENT

MINIMUM PERFORMANCE EFFICIENCIES - AFUE

	TYPES OF EQUIPMENT Btu/h Heating Capacity
	AFUE (%)

	Wall

    Fan Type

        Up to 42,000

        Over 42,000

    Gravity Type

        Up to 10,000

        Over 10,000 up to 12,000

        Over 12,000 up to 15,000

        Over 15,000 up to 19,000

        Over 19,000 up to 27,000

        Over 27,000 up to 46,000

        Over 46,000
	73

74

59

60

61

62

63

64

65

	Floor

    Up to 37,000

    Over 37,000
	56

57

	Room

    Up to 18,000

    Over 18,000 up to 20,000

    Over 20,000 up to 27,000

    Over 27,000 up to 46,000

    Over 46,000
	57

58

63

64

65


408.2 Performance Calculation Procedures

408.2.AB Calculation Procedures for Methods A and B.  Calculation procedures for determining space heating system compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM for each zone by equipment type, size and efficiency.

409 VENTILATION

409.1 Prescriptive Requirements

409.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D. 

409.1.ABCD.1 Air Quality.  Sources of pollutants within the conditioned space shall be minimized or eliminated, if possible, in order to minimize the outside air intake required for dilution.  Concentrated sources shall be controlled at the source by containment, local exhaust systems, or both.

409.1.ABCD.1.1 Ventilation systems shall be designed to be capable of reducing the supply of outdoor air to the minimum ventilation rates required by section 6.1.3 of ASHRAE Standard 62-03 89.  Systems may be designed to supply outside air quantities exceeding minimum levels, but they shall be capable of operating at no more than minimum levels through the use of return ducts, manually or automatically operated control dampers, fan volume controls , or other devices.

EXCEPTION:

Minimum outdoor air quantities may be greater if required to make up air exhausted for source control of contaminants or if required by process systems or local codes. 

409.1.ABC.2 Building Pressures.  Mechanical systems shall be designed to assure that buildings are pressurized with respect to outdoors. 

409.1.ABCD.2 Controls.  Each mechanical ventilation system (supply and exhaust) shall be equipped with a readily accessible switch or other means for shut-off or volume reduction and shut-off when ventilation is not required.  Automatic or manual dampers installed for the purpose of shutting off ventilation systems shall be designed with tight shut-off characteristics to minimize air leakage.

EXCEPTION:  Manual dampers may be used for outdoor air intakes in the following cases:

    1. For multifamily residential buildings

2. When the fan system capacity is less than 5000 cfm.

409.1.ABC.3 [6.2.3.3] Ventilation System Controls

409.1.ABC.3.1  [6.2.3.3.1] Stair and Shaft Vents. Stair and elevator shaft vents shall be equipped with motorized dampers that are capable of being automatically closed during normal building operation and are interlocked to open as required by fire and smoke detection systems.

409.1.ABC.3.2  [6.2.3.3.2] Gravity Hoods, Vents, and Ventilators.  All outdoor air supply and exhaust hoods, vents, and ventilators shall be equipped with motorized dampers that will automatically shut when the spaces served are not in use. 

EXCEPTIONS:

1.  Gravity (non-motorized) dampers are acceptable in buildings less than three stories in height above grade and for buildings of any height located in climates with less than 2700 HDD65.

2.  Ventilation systems serving unconditioned spaces.
409.1.ABC.3.3  [6.2.3.3.3] Shutoff Damper Controls. Both outdoor air supply and exhaust systems shall be equipped with motorized dampers that will automatically shut when the systems or spaces served are not in use. Ventilation outside air dampers shall be capable of automatically shutting off during preoccupancy building warmup, cooldown, and setback, except when ventilation reduces energy costs (e.g., night purge) or when ventilation must be supplied to meet code requirements.

Exceptions:

1. Gravity (nonmotorized) dampers are acceptable in building exhaust air systems.

2. Gravity (nonmotorized) dampers are acceptable in systems with a design outside air intake or exhaust capacity of 300 cfm or less.

409.1.ABC.3.4 [6.2.3.3.4] Dampers. Where outdoor air supply and exhaust air dampers are required by Section 409.1.ABC.3, they shall have a maximum leakage rate at 1 in. w.g. of 4 cfm per square foot of damper area for motorized dampers when tested in accordance with AMCA Standard 500 as indicated in Table 409.1.ABC.3.4.

Table 409.1.ABC.3.4 [6.2.3.3.4]
Maximum Damper Leakage
	Climate
	Maximum Damper Leakage at 1.0 in. w.g. cfm per ft2 of damper area

	
	Motorized
	Non-motorized

	HDD65>7200 or

CDD50>7200
	4
	Not allowed

	HDD<65 and

CDD50,4601
	20
	20a

	All others
	10
	20a


aDampers smaller than 24 in. in either dimension may have leakage of 40 cfm/ft2.

409.1.ABC.3.5  [6.2.3.8] Ventilation Controls for High-Occupancy Areas. Systems with design outside air capacities greater than 3000 cfm serving areas having an average design occupancy density exceeding 100 people per 1000 ft2 shall include means to automatically reduce outside air intake below design rates when spaces are partially occupied. Ventilation controls shall be in compliance with ASHRAE Standard 62 and local standards.

Exception: Systems with heat recovery complying with 407.1.ABC.3.5.
409.1.ABC.3.6  [6.3.7] Exhaust Hoods

409.1.ABCD.3.6.1.Non-residential Kitchen Spaces.  Non-residential kitchen space and areas in dining rooms or open malls where a kitchen exhaust hood is required by NFPA 96 shall comply with the following requirements:

1.
Be designed with an exhaust air and make up air balance such that the space is never under a positive pressure, and never under a negative pressure exceeding .02" w.g. relative to all indoor spaces surrounding the kitchen space, during all cooking hours.

2.  All exhaust and makeup air system components (fans, dampers, etc.) shall be interlocked in such a way that the balance prescribed in #1 above is maintained throughout all cooking hours, and all variations of cooking operations

409.1.ABC.3.6.2 [6.3.7.2] Fume Hoods. Buildings with fume hood systems having a total exhaust rate greater than 15,000 cfm shall include at least one of the following features:

1. Variable air volume hood exhaust and room supply systems capable of reducing exhaust and makeup air volume to 50% or less of design values.

2. Direct makeup (auxiliary) air supply equal to at least 75% of the exhaust rate, heated no warmer than 2oF below room set point, cooled to no cooler than 3oF above room set point, no humidification added, and no simultaneous heating and cooling used for dehumidification control.

3. Heat recovery systems to precondition makeup air from fume hood exhaust in accordance with 407.1.ABC.3.5 (Exhaust Air Energy Recovery) without using any exception.

409.2 Performance Calculation Procedures.  Blank for numbering consistency.

410 AIR DISTRIBUTION SYSTEMS

410.1 Prescriptive Requirements.  

410.1.ABCD  Basic Prescriptive Requirements for Methods A, B and, C, and D
410.1.ABCD.0 Zoning

410.1.ABCD.0.1  Zones with special process temperature requirements, humidity requirements, or both, shall be served by air distribution systems separate from those serving zones requiring only comfort conditioning.  The central cooling and heating systems for these special process zones shall be separate from the primary cooling and heating systems to allow off-hours control of the primary cooling and heating system specified in section 407.1.ABCD.2.4.

EXCEPTION: Zones requiring only comfort heating or comfort cooling that are served by a system primarily used for process temperature and humidity control need not be served by a separate system if the total supply air to these comfort zones is no more than 25% of the total system supply air or the total conditioned floor area of the zones is less than 1000 square feet.

410.1.ABCD.0.2. Zones having substantially different heating or cooling load characteristics, such as perimeter zones in contrast to interior zones, shall not be served by a single multiple zone air distribution system.

410.1.ABCD.0.3. Perimeter zone systems which reheat air provided by interior zone systems for ventilation or other purposes shall utilize heat pumps or other heat reclaim systems for heating at least those air quantities provided by the interior system.

EXCEPTION: Climate regions where only morning warm-up is required and controls are provided to limit operation of the resistance heat to mornings not to exceed two hours duration.

410.1.ABCD.1 Sizing and Design Criteria

410.1.ABC.1.1 [6.3.3] Air System Design and Control.  HVAC systems having a total fan system power exceeding 5 hp shall meet the provisions of Table 410.1.ABC.1.1.1 and section 410.1.ABC.1.1.2 unless otherwise noted.

410.1.ABC.1.1.1 [6.3.3.1] Fan Power Limitation.  Fan power shall be limited by the following:

1.. The ratio of the fan system power to the supply fan airflow rate (main fan) of each HVAC system at design conditions shall not exceed the allowable fan system power shown in Table 410.1.ABC.1.1.1.

2. Where air systems require air treatment or filtering systems with pressure drops over 1 in. w.c. when filters are clean, or heat recovery coils or devices, or direct evaporative humidifiers/coolers, or other devices to serve process loads in the airstream, the allowable fan system power may be adjusted using the pressure credit in the allowable fan system equation at the end of Table 410.1.ABC.1.1.1  Fan Power Limitation below.
3. If the temperature difference between design room temperature and supply air temperature at cooling design conditions that is used to calculate design zone supply airflow is larger than 20F, the allowable fan system power may be adjusted using the

temperature ratio in the Allowable Fan System Power equation below.
Table 410.1.ABC.1.1.1  Fan Power Limitation

	Supply Air Volume
	Allowable Nameplate Motor Power

	
	Constant Volume
	Variable Volume

	<20,000 cfm
	1.2 hp/1000 cfm
	1.7 hp/1000 cfm

	>20,000 cfm
	1.1 hp/1000 cfm
	1.5 hp/1000 cfm


Allowable Fan System Power =  Table 410.1.ABC.1.1.1 Fan Power Limitation (Temperature Ratio)

+ Pressure Credit + Relief Fan Credit]

where

Table 410.1.ABC.1.1.1 Fan Power Limitation = Table Value CFMn/1000

Temperature Ratio = (T t-stat – TS) / 20

Pressure Credit (hp) = Sum of [CFMn (SPn – 1.0) / 3718] + Sum of [CFMHR SPHR/3718]

Relief Fan Credit HP (kW) = FR HP (kW) x[1 – (CFMRF / CFMn)]

CFMn 
= supply air volume of the unit with the filtering system (cfm)

CFMHR 
= supply air volume of heat recovery coils or direct evaporative humidified/ cooler (cfm)

CFMRF 
= relief fan air volume at normal cooling design operation

SPn 

= air pressure drop of the filtering system when filters are clean (in. w.g.)

SPHR
 = air pressure drop of heat recovery coils or direct evaporative humidifier/cooler (in. w.g.).

Tt-stat 
= room thermostat set point

TS 

= design supply air temperature for the zone in which the thermostat is located

FR

= name plate rating of the relief fan in hp 

410.1.ABCD.1.1 Fan System Design.  All HVAC fan systems used for any combination of comfort heating, ventilating, or air conditioning shall meet the design criteria of this section.  For the purposes of this section, the energy demand of a fan system is the sum of the demand of all fans which are required to operate at design conditions to supply air from the heating or cooling source to the conditioned space(s) and return it back to the source or exhaust it to the outdoors.  Fan system energy demand shall not include the additional power required by air treatment or filtering systems with final pressure drops over 1 inch wc.

EXCEPTIONS:

1. Systems with total fan system motor horsepower of 10 hp or less.

2. Unitary equipment for which the energy used by the fan is considered in the efficiency ratings of sections 407.1.ABCD.3.1 and/or 408.1.ABCD.3.1.

410.1.ABCD.1.1.1 Constant Volume Fan Systems. For fan systems which provide a constant air volume whenever the fans are operating, the power required by the motors for the combined fan system at design conditions shall not exceed 0.8 W/cfm of supply air.

410.1.ABCD.1.1.2 Variable Air Volume (VAV) Fan Control Systems.[6.3.3.2] (Including Systems Using Series Fan Power Boxes).

410.1.ABC.1.1.2.1 [6.3.3.2.1] Part-Load Fan Power Limitation. Individual VAV fans with motors 30 hp and larger shall meet one of the following:

1. The fan shall be driven by a mechanical or electrical variable-speed drive.

2. The fan shall be a vane-axial fan with variable-pitch blades.

3. The fan shall have other controls and devices that will result in fan motor demand of no more than 30% of design wattage at 50% of design air volume when static pressure set point equals one-third of the total design static pressure, based on manufacturer’s certified fan data.
410.1.ABC.1.1.2.2 [6.3.3.2.2] Static Pressure Sensor Location. Static pressure sensors used to control variable air volume fans shall be placed in a position such that the controller set point is no greater than one-third the total design fan static pressure, except for systems with zone reset control complying with 6.3.3.2.3. If this results in the sensor being located downstream of major duct splits, multiple sensors shall be installed in each major branch to ensure that static pressure can be maintained in each.
410.1.ABC.1.1.2.3 [6.3.3.2.3] Set Point Reset. For systems with direct digital control of individual zone boxes reporting to the central control panel, static pressure set point shall be reset based on the zone requiring the most pressure; i.e., the set point is reset lower until one zone damper is nearly wide open.
410.1.ABCD.1.1.2.1 For fan systems which are able to vary system air volume automatically as a function of load, the power required by the motors for the combined fan system shall not exceed 1.25 W/cfm of supply air at design conditions.  

410.1.ABCD.1.1.2.2 Individual VAV fans with motors 75 hp and larger shall include controls and devices necessary for the fan motor to demand no more than 50% of design wattage at 50% of design air volume, based on manufacturer's test data.

410.1.ABCD.1.2 Duct Sizing and Design. Duct systems shall be sized and designed through the use of ASHRAE, ACCA or other nationally recognized design procedure.

410.1.ABCD.2 Air Distribution System Insulation.  All air distribution system components which move or contain conditioned air including, but not limited to, air filter enclosures, air ducts and plenums that are located in or on buildings shall be thermally insulated in accordance with the criteria of sections 410.1.ABCD.2.1 through 410.1.ABCD.2.5.4.

410.1.ABC.2.1  [6.2.4.1.1] General.  Insulation shall be protected from damage, including that due to sunlight, moisture, equipment maintenance, and wind, but not limited to the following:

1. Insulation exposed to weather shall be suitable for outdoor service, e.g., protected by aluminum, sheet metal, painted canvas, or plastic cover. Cellular foam insulation shall be protected as above or painted with a coating that is water retardant and provides shielding from solar radiation that can cause degradation of the material.

2. Insulation covering chilled water piping, refrigerant suction piping, or cooling ducts located outside the conditioned space shall include a vapor retardant

located outside the insulation (unless the insulation is inherently vapor retardant), all penetrations and joints of which shall be sealed.

410.1.ABCD.2.2.1 Insulation Required.  
[6.2.4.1.2] Duct and Plenum Insulation. All supply and return ducts and plenums installed as part of an HVAC air distribution system shall be thermally insulated in accordance with Tables 6.2.4.2A and 6.2.4.2B.The minimum installed thermal resistance for air distribution system components shall be as specified in Table 410.2.2 10.

Exceptions:

1. Factory-installed plenums, casings, or ductwork furnished as a part of HVAC equipment tested and rated in accordance with 407.ABC.3.2 and 408.1.ABC.3.2.1.

2.
Ducts or plenums located in heated spaces, semiheated spaces, or cooled spaces.

3. For runouts less than 10 ft in length to air terminals or air outlets, the rated R-value of insulation need not exceed R-4.2

4. Backs of air outlets and outlet plenums exposed to unconditioned or indirectly conditioned spaces with face areas exceeding 5 ft2 need not exceed R-2; those 5 ft2 or smaller need not be insulated.

1. Air distribution system components, except air handling units, that are located in enclosed unconditioned space with a Temperature Difference (TD) greater than 40oF shall be insulated to at least R-6.  TD is the temperature difference between the space within which the duct is located and the temperature of the air leaving the heating or cooling unit. 

2. Air distribution system component insulation (except where required to prevent condensation) is not required in the following cases:

a. Ducts located directly in the heated and/or cooled space.

b. Exhaust air ducts.

c. Factory-installed plenums, casings, or ductwork furnished as a part of HVAC equipment tested and rated in accordance with section 407.1.ABCD.3 or 408.1.ABCD.3.
5.
d. Return air ducts meeting all the requirements of section 410.1.ABCD.3.6 for building cavities which will be used as return air plenums.
TABLE 410.2.2-10
MINIMUM INSULATION LEVELS

AIR DISTRIBUTION SYSTEM COMPONENTS1
	Location
	Duct Insulation 

R-Value
	Duct Insulation

R-Value

	Exterior of building

Attic with ceiling insulation

Dropped ceiling cavity with roof insulation 1  
    Climate zones 1, 2, 3  

    Climate zones 4, 5, 6  

    Climate zones 7, 8, 9  

Unconditioned interior spaces2
Indirectly conditioned spaces3
Conditioned interior spaces

Buried
	                           R-8

                           R-6

Roof >R-16        R-4.2

Roof >R-14        R-4.2

Roof >R-12        R-4.2

                           R-4.2

                           None 
                           None

                           R-4.2
	Roof < R-16:    R-6

Roof < R-14:    R-6

Roof < R-12:    R-6


1 Roof R-value specified is of the insulation only.

2 Includes crawl spaces, both ventilated and non-ventilated.

3 Includes return air plenums with or without exposed roofs above.

410.1.ABCD.2.3 2  R-Value Determination.  All duct insulation and factory-made ducts shall be labeled with R-values based on flat sections of insulation only at installed thickness and excluding any air film resistance.  The thermal resistance (R) shall be determined using the relationship R=t/k where t (inches) is the installed thickness and k (Btu-in/hr.ft2oF) is the measured apparent thermal conductivity at 75oF mean temperature and at installed thickness tested in accordance with ASTM C-518 or ASTM C-177.

The installed thickness of duct insulation used to calculate R-values shall be determined as follows:  

1. Duct board, duct liner and factory-made rigid ducts not normally subjected to compression shall use the nominal insulation thickness.

2. Duct wrap shall have an assumed installed thickness of 75% of nominal thickness (25% compression).

3. Factory-made flexible air ducts shall have the installed thickness and calculated R-values determined in accordance with Paragraph 3.4, of the 1996 Edition of The Air Diffusion Council Standard, Flexible Duct Performance & Installation Standards, Third Edition.

410.1.ABCD.2.43 Condensation Control.  Additional insulation with vapor barrier shall be provided where the minimum duct insulation requirements of 410.1.ABC.2.2D.3.1 are determined to be insufficient to prevent condensation.

410.1.ABCD.2.54 Fibrous Glass Duct Liner.   Fibrous glass duct liner shall be fabricated and installed in accordance with the provisions of the NAIMA Fibrous Glass Duct Liner Standard, 1994.  

410.1.ABCD.3 Air Distribution System Construction and Installation.  Ducts shall be constructed, braced, reinforced and installed to provide structural strength and durability.  All transverse joints, longitudinal seams and fitting connections shall be securely fastened and sealed in accordance with the applicable standards of this section.  

As an alternative to compliance with specific criteria of sections 410.1.ABCD.3.0.4 through 410.1.ABCD.3.2.1, 410.1.ABCD.3.3.1 through 410.1.ABCD.3.3.2, and 410.1.ABCD.3.3.6, air ducts and duct systems complying with the applicable requirements of the following standards shall be deemed as meeting the intent of this Code.  Where these standards do not address the specific closure details of the Code, in the manner required by the subsequent sections of this Code, the requirements of the Code shall govern.

1. SMACNA HVAC Duct Construction Standards, Metal and Flexible.

2. NAIMA Fibrous Glass Duct Construction Standards.

3. ADC Flexible Duct Performance and Installation Standards.

4. ASHRAE Handbook - HVAC Systems and Equipment.

5. UL 181.

6. UL181A: Part I; Part; Part III.

7. UL 181B: Part I; Part II.

410.1.ABCD.3.0  General.  All enclosures which form the primary air containment passageways for air distribution systems shall be considered ducts or plenum chambers and shall be constructed and sealed in accordance with the applicable criteria of this section. 

410.1.ABCD.3.0.1 Mechanical Fastening.  All joints between sections of air ducts and plenums, between intermediate and terminal fittings and other components of the air distribution system, and between subsections of these components shall be mechanically fastened to secure the sections independently of the closure system(s).

410.1.ABCD.3.0.2 Sealing.  Air distribution system components shall be sealed to 100 percent closure with approved closure systems.

410.1.ABCD.3.0.3 Space Provided.  Sufficient space shall be provided adjacent to all mechanical components located in or forming a part of the air distribution system to assure adequate access for 1) construction and sealing in accordance with the requirements of section 410.1.ABCD.3 of this Code, 2) inspection and 3) cleaning and maintenance.  A minimum of 4" is considered sufficient space around air handling units.

410.1.ABCD.3.0.4 Product Application.  Closure products shall be applied to the air barriers of air distribution system components being joined in order to form a continuous barrier or they may be  applied in accordance with the manufacturer's instructions or appropriate industry installation standard where more restrictive.

410.1.ABCD.3.0.5 Surface Preparation.  The surfaces upon which closure products are to be applied shall be clean and dry in accordance with the manufacturer’s installation instructions.

410.1.ABCD.3.0.6 Approved Mechanical Attachments.  Approved mechanical attachments for air distribution system components include screws, rivets, welds, inter-locking joints crimped and rolled, staples, twist in (screw attachment), and compression systems created by bend tabs or screws tabs and flanges or by clinching straps.  Mechanical attachments shall be selected to be appropriate to the duct system type.

410.1.ABCD.3.0.7 Approved Closure Systems.  The following closure systems and materials are approved for air distribution construction and sealing for the applications and pressure classes prescribed in sections 410.1.ABCD.3.1 through 410.1.ABCD.3.8:

1. Metal Closures.

a. Welds applied continuously along metal seams or joints through which air could leak.

b. Longitudinal grooved metal seams and snaplock seams that are rolled and crimped by the manufacturer.

2. Gasketing, which achieves a 25/50 Flame Spread/Smoke Density Development rating under ASTM E84 or UL 723, provided that it is used only between mated surfaces which are mechanically fastened with sufficient force to compress the gasket and to fill all voids and cracks through which air leakage would otherwise occur.

3. Mastics Closures.  Mastics shall be placed over the entire joint between mated surfaces.  Mastics shall not be diluted.  Approved mastics include the following:

a. Mastic or mastic-plus-embedded fabric systems applied to fibrous glass ductboard that are listed and labeled in accordance with UL 181A, Part III.

b. Mastic or mastic-plus-embedded fabric systems applied to non-metal flexible duct that are listed and labeled in accordance with UL 181B, Part II.

c.  Mastic ribbons, which achieve a 25/50 Flame Spread/Smoke Density Development rating under ASTM E84 or UL 723, provided that they may be used only in flange-joints and lap-joints, such that the mastic resides between two parallel surfaces of the air barrier and that those surfaces are mechanically fastened.

4. Tapes.  Tapes shall be applied such that they extend not less than 1 inch onto each of the mated surfaces and shall totally cover the joint.  When used on rectangular ducts, tapes shall be used only on joints between parallel rigid surfaces and on right angle joints.  Approved tapes include the following:

a. Pressure-sensitive tapes.

1) Pressure-sensitive tapes applied to fibrous glass ductboard that are listed and labeled in accordance with UL 181A, Part I.

2)Pressure-sensitive tapes applied to non-metal flexible duct that are listed and labeled in accordance with UL 181B, Part I

b. Heat-activated tapes applied to fibrous glass ductboard that are listed and labeled in accordance with UL 181A, Part II.

5.  Aerosol Sealant.  Such sealants shall be installed by manufacturer-certified  
installers following manufacturer instructions and shall achieve 25/50 Flame Spread/Smoke Density Development ratings under ASTM E84 or UL 723.

410.1.ABCD.3.1 Metal Duct, Rigid and Flexible.  All transverse joints, longitudinal seams and duct wall penetration of ducts and joints with other air distribution system components shall be mechanically attached and sealed to 100 percent closure using approved closure systems for that pressure class as specified in section 410.1.ABCD.3.1.1 or section 410.1.ABCD.3.1.2.

410.1.ABCD.3.1.1 Pressures Less Than 1 Inch Water Gauge, Approved Closure Systems.  The following closure systems are approved for rigid metal duct designed to be operated at pressures less than 1" w.g. when they conform to the approved closure and mechanical attachment requirements of section 410.1.ABCD.3.0:

1. Continuous welds.

2. Snaplock seams and grooved, standing, double-corner, single-corner and Pittsburgh-lock seams, and all other rolled mechanical seams.

3. Mastic, mastic-plus-embedded fabric or mastic ribbons.

4. Gaskets.

5. Pressure-sensitive tape. 

6. Aerosol sealant.

410.1.ABCD.3.1.2 Pressures 1 Inch Water Gauge or Greater, Approved Closure Systems.  The following closure systems are approved for rigid metal duct designed to be operated at pressures 1" w.g. or greater when they conform to the approved closure and mechanical attachment requirements of section 410.1.ABCD.3.0:

1. Continuous welds.

2. Mastic, mastic-plus-embedded fabric systems, or mastic ribbons.

3. Gaskets.

410.1.ABCD.3.1.3 High Pressure Duct Systems.  High pressure duct systems designed to operate at pressures greater than 3 inches water gauge (4 inches water gauge pressure class), shall be tested in accordance with the SMACNA HVAC Air Duct Leakage Test Manual.  The tested duct leakage class, at a test pressure equal to the design duct pressure class rating, shall be equal to or less than Leakage Class 6.  Leakage testing may be limited to representative sections of the duct system but in no case shall such tested sections include less than 25 percent of the total installed duct area for the designated pressure class.

410.1.ABCD.3.2 Fibrous Glass Duct, Rigid.  All rigid fibrous glass ducts and plenums shall be constructed and erected in accordance with the provisions of the NAIMA Fibrous Glass Duct Construction Standards, 1993.

All joints, seams and duct wall penetrations including, but not limited to, the joints between sections of duct and the joints between duct and other distribution system components shall be mechanically attached and sealed to 100 percent closure using approved closure systems as specified in section 410.1.ABCD.3.2.1. 

410.1.ABCD.3.2.1  Approved Closure Systems.  The following closure systems are approved for rigid fibrous glass duct when they meet the approved closure and mechanical attachment requirements of section 410.1.ABCD.3.0:

1. Heat-activated tapes. 

2. Pressure-sensitive tapes. 

3. Mastics or mastic-plus-embedded fabric systems.

410.1.ABCD.3.3. Flexible Duct Systems, Non-Metal.  Flexible non-metal ducts shall be joined to all other air distribution system components by either terminal or intermediate fittings.  All duct collar fittings shall have a minimum 5/8 inch integral flange for sealing to other component and a minimum 3 inch shaft for insertion into the inner duct core.  

Flexible ducts having porous inner cores shall not be used.

Exception:  Ducts having a non-porous liner between the porous inner core and the outer jacket.  Fastening and sealing requirements shall be applied to such intermediate liners.

All joints of flexible ducts to fittings and fittings to other air distribution system components shall be mechanically attached and sealed as specified in sections 410.1.ABCD.3.3.1 through 410.1.ABCD.3.3.6.

410.1.ABCD.3.3.1 Duct Core to Duct Fitting, Mechanical Attachment.  The reinforced core shall be mechanically attached to the duct fitting by a drawband installed directly over the wire-reinforced core and the duct fitting.  The duct fitting shall extend a minimum of 2 inches into each section of duct core.  When the flexible duct is larger than 12 inches in diameter or the design pressure exceeds 1 inch water gauge, the drawband shall be secured by a raised bead or indented groove on the fitting.

410.1.ABCD.3.3.2 Duct Core to Duct Fitting, Approved Closure Systems.  The reinforced core shall be sealed to the duct fitting using one of the following sealing materials which conforms to the approved closure and mechanical attachment requirements of section 410.1.ABCD.3.0:

1. Gasketing. 

2. Mastic, mastic-plus-embedded fabric systems, or mastic ribbons. 

3. Pressure-sensitive tape. 

4.  Aerosol sealants, provided that their use is consistent with UL 181.

410.1.ABCD.3.3.3 Duct Outer Jacket to Duct Collar Fitting.  The outer jacket of a flexible duct section shall be secured at the juncture of the air distribution system component and intermediate or terminal fitting in such a way as to prevent excess condensation.  The outer jacket of a flexible duct section shall not be interposed between the flange of the duct collar fitting and the flexible duct, rigid fibrous glass duct board, or sheet metal to which it is mated.

410.1.ABCD.3.3.4 Duct Collar Fittings to Rigid Duct, Mechanical Attachment.  The duct collar fitting shall be mechanically attached to the rigid duct board or sheet metal by appropriate mechanical fasteners, either screws, spin-in flanges, or dovetail flanges. 

410.1.ABCD.3.3.5 Duct Collar Fitting to Rigid Duct, Approved Closure Systems.  The duct collar fitting's integral flange shall be sealed to the rigid duct board or sheet metal using one of the following closure systems/materials which conforms to the approved closure and mechanical attachment standards of 410.1.ABCD.3.0:  

1. Gasketing. 

2. Mastic or mastic-plus-embedded fabric. 

3.  Mastic ribbons when used to attach a duct collar to sheet metal.

4. Pressure-sensitive tape.

5.  Aerosol sealants, provided that their use is consistent with UL 181.  

410.1.ABCD.3.3.6 Flexible Duct Installation and Support.  Flexible ducts shall be configured and supported so as to prevent the use of excess duct material, prevent duct dislocation or damage, and prevent constriction of the duct below the rated duct diameter in accordance with the following requirements:

1. Ducts shall be installed fully extended.  The total extended length of duct material shall not exceed 5 percent of the minimum required length for that run.

2. Bends shall maintain a center line radius of not less than one duct diameter.

3. Terminal devices shall be supported independently of the flexible duct.

4. Horizontal duct shall be supported at intervals not greater than 5 feet.  Duct sag between supports shall not exceed ½ inch per foot of length.  Supports shall be provided within 1.5 feet of intermediate fittings and between intermediate fittings and bends.  Ceiling joists and rigid duct or equipment may be considered to be supports.

5. Vertical duct shall be stabilized with support straps at intervals not greater than 6 feet.

6. Hangers, saddles and other supports shall meet the duct manufacturer's recommendations and shall be of sufficient width to prevent restriction of the internal duct diameter.  In no case shall the material supporting flexible duct that is in direct contact with it be less than 1-1/2 inches. 

410.1.ABCD.3.4 Terminal and Intermediate Fittings.  All seams and joints in terminal and intermediate fittings, between fitting subsections and between fittings and other air distribution system components or building components shall be mechanically attached and sealed to 100 percent closure using approved closure systems for that joining application as specified in section 410.1.ABCD.3.4.1 or section 410.1.ABCD.3.4.2. 

410.1.ABCD.3.4.1 Fittings and Joints Between Dissimilar Duct Types, Approved Closure Systems.  Approved closure systems shall be as designated by air distribution system component material type in section 410.1.ABCD.3.

Exception:  When the components of a joint are fibrous glass duct board and metal duct, including collar fittings and metal equipment housings, the closure systems approved for fibrous glass duct shall be used.  

410.1.ABCD.3.4.2 Terminal Fittings and Air Ducts to Building Envelope Components, Approved Closure Systems.  Terminal fittings and air ducts which penetrate the building envelope shall be mechanically attached to the structure and sealed to the envelope component penetrated and shall use one of the following closure systems/materials which conform to the approved closure and mechanical application requirements of section 410.1.ABCD.3.0:

1. Mastics or mastic-plus-embedded fabrics.

2. Gaskets used in terminal fitting/grille assemblies which compress the gasket material between the fitting and the wall, ceiling or floor sheathing.

410.1.ABCD.3.5 Air Handling Units.  All air handling units shall be mechanically attached to other air distribution system components.  Air handling units located outside the conditioned space shall be sealed to 100 percent closure using approved closure systems conforming to the approved closure and mechanical application requirements of section 410.1.ABCD.3.1.  

410.1.ABCD.3.5.1 Approved Closure Systems.  Systems conforming to the product and application standards of section 410.1.ABCD.3.0 may be used when sealing air handling units.

410.1.ABCD.3.5.2 Air Handling Units.  Air handling units shall not be installed in attics (see definition of “Attic” in section 202).

410.1.ABCD.3.6 Cavities of the Building Structure.  Cavities in framed spaces, such as dropped soffits and walls, shall not be used to deliver air from or return air to the conditioning system unless they contain an air duct insert which is insulated in accordance with section 410.1.ABCD.2 and constructed and sealed in accordance with the requirements of section 410.1.ABCD.3 appropriate for the duct materials used.

Exception: Return air plenums.

Cavities designed for air transport such as mechanical closets, chases, air shafts, etc. shall be lined with an air barrier and sealed in accordance with section 410.1.ABCD.3.7 and shall be insulated in accordance with section 410.1.ABCD.2.
Building cavities which will be used as return air plenums shall be lined with a continuous air barrier made of durable non-porous materials.  All penetrations to the air barrier shall be sealed with a suitable long-life mastic material.

Exception: Surfaces between the plenum and conditioned spaces from which the return/mixed air is drawn.

Building cavities beneath a roof deck that will be used as return air plenums shall have an insulated roof with insulation having an R-value of at least R-19.

410.1.ABCD.3.7 Mechanical Closets.  The interior surfaces of mechanical closets shall be sheathed with a continuous air barrier as specified in section 410.1.ABCD.3.7.1 and shall be sealed to 100 percent closure with approved closure systems as specified in section 410.1.ABCD.3.7.2.  All joints shall be sealed between air barrier segments and between the air barriers of walls and those of the ceiling, floor and door framing.  All penetrations of the air barrier including but not limited to those by air ducts, service lines, refrigerant lines, electrical wiring, and condensate drain lines shall be sealed to the air barrier with approved closure systems.

Exception:  Air passageways into the closet from conditioned space that are specifically designed for return air flow.

Through-wall, through-floor and through-ceiling air passageways into the closet shall be framed and sealed to form an airtight passageway using approved air duct materials and approved closure systems.

Duct penetrations through any part of the ceiling, walls or floor of a mechanical closet shall have sufficient space between surrounding ceiling, walls or floor and any duct or plenum penetration to allow for sealing of the penetration and inspection of the seal.

Clothes washers, clothes dryers, combustion water heaters and atmospheric combustion furnaces shall not be located in mechanical closets used as return air plenums.

410.1.ABCD.3.7.1 Approved Air Barriers.  The following air barriers are approved for use in mechanical closets:

1. One-half inch thick or greater gypsum wallboard;

2. Other panelized materials having inward facing surfaces with an air porosity no greater than that of a duct product meeting section 22 of UL 181 which are sealed on all interior surfaces to create a continuous air barrier.

410.1.ABCD.3.7.2 Approved Closure Systems.  The following closure systems are approved for use in mechanical closets:

1. Gypsum wallboard joint compound over taped joints between gypsum wallboard panels.

2. Sealants complying with the product and application standards of section 410.1.ABCD.3.2.1 for fibrous glass ductboard;

3. A suitable long-life caulk or mastic compliant with the locally adopted mechanical code for all applications. 

410.1.ABCD.3.8 Enclosed Support Platforms.  Enclosed support platforms located between the return air inlet(s) from conditioned space and the inlet of the air handling unit or furnace, shall contain a duct section constructed entirely of rigid metal, rigid fibrous glass duct board, or flexible duct which is constructed and sealed according to the respective requirements of section 410.1.ABCD.3 and insulated according to the requirements of section 410.1.ABCD.2.  

The duct section shall be designed and constructed so that no portion of the building structure, including adjoining walls, floors and ceilings, shall be in contact with the return air stream or function as a component of this duct section. 

The duct section shall not be penetrated by a refrigerant line chase, refrigerant line, wiring, pipe or any object other than a component of the air distribution system.

Through-wall, through-floor and through-ceiling air passageways into the duct section shall contain a branch duct which is fabricated of rigid fibrous glass duct board or rigid metal and which extends to and is sealed to both the duct section and the grille side wall surface.  The branch duct shall be fabricated and attached to the duct insert in accordance with section 410.1.ABCD.3.2 or section 410.1.ABCD.3.1 for the duct type used.

410.1.ABCD.4 Testing, Adjusting, and Balancing.  

410.1.ABC.4.1Duct Leakage Tests. Air distribution systems shall be tested, adjusted, and balanced by a company or individual holding a current certification from a recognized testing and balancing agency or comparable certification approved by the authority having jurisdiction.  

Exceptions: 

1. Buildings with cooling or heating system capacities of 15 tons or less per system may be tested and balanced by a mechanical contractor licensed to design and install such system(s).

2. Buildings with cooling or heating system capacities of 65,000 Btu/h or less per system are exempt from the requirements of this section.

410.1.ABC.4.2  [6.2.5.3.1] General. Construction documents shall require that all HVAC systems be balanced in accordance with generally accepted engineering standards. Construction documents shall require that a written balance report be provided to the owner or the designated representative of the building owner for HVAC systems serving zones with a total conditioned area exceeding 5000 ft2.
410.1.ABCD.4.3 1 Air system balancing shall be accomplished in a manner to first minimize throttling losses, then fan speed shall be adjusted to meet design flow conditions.  Balancing procedures shall be in accordance with the National Environmental Balancing Bureau (NEBB) Procedural Standards (1991), the Associated Air Balance Council (AABC) National Standards (1989), or equivalent procedures.

Exception: Damper throttling may be used for air system balancing with fan motors of 1 hp or less, or if throttling results in no greater than 1/3 hp fan horsepower draw above that required if the fan speed were adjusted.

IMPORTANT NOTES:

1.  Building envelope pressurization should be either neutral or positive to prevent infiltration of excess latent load.

2.  Commercial kitchen hood exhaust cfm should be sized to prevent significant depressurization.  See Section 409.1.ABC.2 and NFPA 96.

410.1.A Prescriptive Requirements Specific to Method A.  Air distribution system efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in buildings.

410.1.BC Prescriptive Requirements Specific to Methods B and C.  Blank for numbering consistency.

410.1.C Prescriptive Requirements Specific to Method C.  Air distribution systems  for buildings covered by Methods B and C, Limited and Special Use Building Applications, shall meet the Code minimums in section 410.1.ABCD.  See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.

410.1.C.1 Skyboxes or Sports Stadiums. A programmable setback thermostat shall be installed for in-season use, and at least one humidistat control per zone shall be installed for off-season use.

EXCEPTION:  Installation of a central energy management system.

410.1.D  Prescriptive Requirements Specific to Method D.  Blank for numbering consistency.

410.2 Performance Calculation Procedures

410.2.AB Calculation Procedures for Methods A and B.  Calculation procedures for determining air distribution compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone by air handling system type.

411 PUMPS AND PIPING

411.1 Prescriptive Requirements

411.1.ABCD Basic Prescriptive Requirements for Methods A, B,and C, and  D.

411.1.ABCD.1  Pumping System Design Criteria.  [6.3.4] Hydronic System Design and Control. HVAC hydronic systems having a total pump system power exceeding 10 hp shall meet provisions of 411.1.ABC.1.1 through 411.1.ABC.1.4.

411.1.ABC.1.1 [6.3.4.1] Hydronic Variable Flow Systems. HVAC pumping systems that include control valves designed to modulate or step open and close as a function of load shall be designed for variable fluid flow and shall be capable of reducing pump flow rates to 50% or less of the design flow rate. Individual pumps serving variable flow systems having a pump head exceeding 100 ft and motor exceeding 50 hp shall have controls and/or devices (such as variable speed control) that will result in pump motor demand of no more than 30% of design wattage at 50% of design water flow. The controls or devices shall be controlled as a function of desired flow or to maintain a minimum required differential pressure. Differential pressure shall be measured at or near the most remote heat exchanger or the heat exchanger requiring the greatest differential pressure.

EXCEPTIONS:

1. Systems where the minimum flow is less than the minimum flow required by the equipment manufacturer for the proper operation of equipment served by the system, such as chillers, and where total pump system power is 75 hp or less.

2. Systems that include no more than three control valves.

411.1.ABC.1.2 [6.3.4.2] Pump Isolation. When a chilled water plant includes more than one chiller, provisions shall be made so that the flow in the chiller plant can be automatically reduced, correspondingly, when a chiller is shut down. Chillers referred to in this section, piped in series for the purpose of increased temperature differential, shall be considered as one chiller.  

When a boiler plant includes more than one boiler, provisions shall be made so that the flow in the boiler plant can be automatically reduced, correspondingly, when a boiler is shut down.

411.1.ABC.1.3 [6.3.4.3] Chilled and Hot Water Temperature Reset Controls. Chilled and hot water systems with a design capacity exceeding 300,000 Btu/h supplying chilled or heated water (or both) to comfort conditioning systems shall include controls that automatically reset supply water temperatures by representative building loads (including return water temperature) or by outside air temperature.

Exceptions:

1. Where the supply temperature reset controls cannot be implemented without causing improper operation of heating, cooling, humidifying, or dehumidifying systems.

2. Hydronic systems, such as those required by 411.1.ABC.1.1 that use variable flow to reduce pumping energy.
411.1.ABC.1.4 [6.3.4.4] Hydronic (Water Loop) Heat Pump Systems.  Each hydronic heat pump shall have a two-position automatic valve interlocked to shut off water flow when the compressor is off.
411.1.ABCD.1.1 General. The following design criteria apply to all HVAC pumping systems used for comfort heating, comfort air conditioning, or both.  For the purposes of this section, the energy demand of a pumping system is the sum of the demand of all pumps which are required to operate at design conditions to supply fluid from the heating or cooling source to the conditioned space(s) or heat transfer devices(s) and return it back to the source.

EXCEPTION: Systems with total pump system motor horsepower of 10 hp or less.

411.1.ABCD.1.2 Friction Rate.  Piping systems shall be designed at a friction pressure loss rate of not more than 4.0 feet of water per 100 equivalent feet of pipe.

NOTE: Lower friction rates may be required for proper noise or corrosion control.

411.1.ABCD.1.3 Variable Flow.  HVAC pumping systems used for comfort heating and/or comfort air conditioning that serve control valves designed to modulate or step open and closed as a function of load shall be designed for variable fluid flow and capable of reducing system flow to 50% of design flow or less. 

EXCEPTIONS:

1. Systems where a minimum flow greater than 50% of the design flow is required for the proper operation of equipment served by the system, such as chillers.

2. Systems that serve no more than one control valve.

3. Systems with a total pump system horse power < 10 h.p. 

4. Systems that include supply temperature reset controls in accordance with section 407.1.ABCD.2.2.1.1, without exception.

411.1.ABCD.2 Piping Insulation. [6.2.4.1.3] Piping shall be thermally insulated in accordance with Table 411.1.ABC.2

EXCEPTIONS:

1. Factory-installed piping within HVAC equipment tested and rated in accordance with 407.1.ABC.3.2 and 408.1.ABC.3.2.1.

2. Piping that conveys fluids having a design operating temperature range between 60F and 105F, inclusive.

3. Piping that conveys fluids that have not been heated or cooled through the use of nonrenewable energy (such as roof and condensate drains, domestic cold water supply, natural gas piping, or refrigerant liquid piping) or where heat gain or heat loss will not increase energy usage.

4. Hot water piping between the shutoff valve and the coil, not exceeding 4 ft in length, when located in conditioned spaces.

5. Pipe unions in heating systems (steam, steam condensate, and hot water).
All HVAC system piping, including the vapor line of HVAC refrigerant piping, shall be thermally insulated in accordance with Table 4-11.

EXCEPTIONS:

1. Factory-installed piping within HVAC equipment tested and rated in accordance with 407.1.ABCD.3 and 408.1.ABCD.3.

2. Piping that conveys fluids which have a design operating temperature range between 55oF and 105oF.

3. Piping that conveys fluids which have not been heated or cooled through the use of fossil fuels or electricity.

411.1.ABCD.2.1 Alternative Insulation Types. Insulation thicknesses in Table 4-11 are based on insulation with thermal conductivities within the range listed for each fluid operating temperature range, rated in accordance with ASTM C 335-89 at the mean temperature listed in the table.  For insulation that has a conductivity outside the range shown in Table 4-11 for the applicable fluid operating temperature range at the mean rating temperature shown (when rounded to the nearest 0.01 Btu.in./(h.oF.ft2), the minimum thicknesses shall be determined in accordance with Equation 4-2:





EQUATION 4-2




   T = PR [(1 + t/PR)K/k - 1]


Where:



  T  = Minimum insulation thickness for material with



         conductivity K, in.



PR = Pipe actual outside radius, in.



   t  = Insulation thickness from Table 4-11, in.



  K = Conductivity of alternate material at the mean rating



        temperature indicated in Table 4-11 for the applicable



        fluid temperature range, Btu.in./(h.ft2.oF)


             k = The lower value of the conductivity range listed



         in Table 4-11 for the applicable fluid temperature



         range, Btu.in./(h.ft2.oF)

411.1.ABCD.3 Construction and Installation.  Blank for numbering consistency.

411.1.ABCD.4 Hydronic System Testing, Adjusting, and Balancing.  Hydronic systems shall be tested, adjusted and balanced by a company holding a current certification from a nationally recognized testing and balancing organization.  

 Hydronic systems shall be balanced by adjusting pump speed or by trimming the impeller to meet design flow requirements.  Valve throttling alone may be used for final balancing in the following cases:

1. For pumps with pump motors of 10 hp or less.

2. If valve throttling results in no greater than 3 hp pump horsepower draw above that required if the impeller were trimmed.

3. To reserve additional pump pressure capability in open circuit piping systems subject to fouling.  Valve throttling pressure drop shall not exceed that expected for future fouling.

411.2 Performance Calculation Procedures.  Blank for numbering consistency.

TABLE 411.1.ABC.2-11
MINIMUM PIPE INSULATION (in.)1
	Type System
	Fluid Design Operating Temperature

Range, oF
	Insulation Conductivity
	Nominal Pipe or Tube Size (in.) Diameter

	
	
	Conductivity

Range       

Btu in/(h ft2 .oF)
	Mean Temperature Rating
	Run-outs 2 Up to 2
	<1 and Less
	1-1 ½ -1/4 to 2
	2-1/2  1 ½ to 4
	4 5 to <8 6
	>8 and

up

	Heating Systems (Steam, Steam Condensate, and Hot Water)2,3

	
	Above >350
	0.32 - 0.34
	250
	1.5
	2.5
	3.0 2.5
	3.0
	4.0 3.5
	4.0 3.5

	
	251 - 350
	0.29 - 0.321
	200
	1.5
	1.5 2.0
	2.5
	3.02.5
	3.0 3.5
	3.0 3.5

	
	201 - 250
	0.27 - 0.30
	150
	1.0
	1.5
	1.5
	2.0
	2.0
	2.0 3.5

	
	141 - 200
	0.25 - 0.29
	125
	0.5
	1.01.5
	1.01.5
	1.0 1.5
	1.5
	1.5

	
	105 - 140
	0.22-0.28 

0.24 - 0.28
	100
	0.5
	0.51.0
	0.51.0
	1.0
	1.0 1.5
	1.0 1.5

	Domestic and Service Hot Water Systems 3

	
	>105 and greater
	0.22-0.28 

0.24 - 0.28
	100
	0.5
	0.51.0
	0.51.0
	1.0 1.5
	1.0 1.5
	1.0 1.5

	Cooling Systems (Chilled Water, Brine, and Refrigerant) 4

	
	40 - 60 55
	0.22-0.28

 0.23 - 0.27
	100 75
	0.5
	0.5
	1.00.75
	1.0
	1.0
	1.0

	
	Below <40
	0.22-0.28 

0.23 - 0.27
	100 75
	1.0
	0.51.0
	1.5
	1.5
	1.0 1.5
	1.5


1For insulation outside the stated conductivity range, the minimum thickness (T) shall be determined as follows: in accordance with Equation 4-2 in section 411.1.ABCD.2.1.

T=r(1+t/r)K/k - 1

Where T= minimum insulation thickness (in.), r=actual outside radius of pipe (in.), t=insulation thickness listed in this table for applicable fluid temperature and pipe size, K=conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature (Btu.in.[h.ft2.oF]; and k=upper value of the conductivity range listed in this table for applicable fluid temperature.

2These thicknesses are based on energy efficiency considerations only.  Additional insulation is sometimes required relative to safety issues/surface temperatures. Runouts to individual terminal units not exceeding 12' in length.
3Piping insulation is not required between the control valve and coil on run-outs when the control valve is located within 4 ft. of the coil qand the pipe size is in. or less. Applies to circulating sections of service or domestic hot water systems and first 8' from storage tank for non-circulating systems.

4These thicknesses are based on energy efficiency considerations only. Issues such as water vapor permeability or surface condensation sometimes require vapor retarders or additional insulation. The required minimum thickness does not consider water vapor transmission and condensation.  Additional insulation, vapor retarders, or both, may be required to limit water vapor transmission and condensation.

412  WATER HEATING SYSTEMS

412.1 Prescriptive Requirements.  

412.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D
412.1.ABCD.1 Water Heater Sizing and Design.  [7.2.1 Load Calculations]. Service water heating system design loads for the purpose of sizing systems and equipment shall be determined in accordance with manufacturers’ published sizing guidelines or generally accepted engineering standards and handbooks acceptable to the adopting authority (e.g., ASHRAE Handbook—HVAC Applications).Service water heating system design loads for the purpose of sizing and selecting systems shall be determined in accordance with the procedures described in Chapter 45 of ASHRAE Handbook, 1995 HVAC Applications, or a similar computation procedure.

412.1.ABCD.2 [7.2.4] Service Water Heating System Controls.

412.1.ABC.2.1 [7.2.4.1] Temperature Controls. Temperature controls shall be provided that allow for storage temperature adjustment from 120oF or lower to a maximum temperature compatible with the intended use.

Exception: When the manufacturer's installation instructions specify a higher minimum thermostat setting to minimize condensation and resulting corrosion.

412.1.ABC.2.2 [7.2.4.2] Temperature Maintenance Controls. Systems designed to maintain usage temperatures in hot water pipes, such as recirculating hot water systems or heat trace, shall be equipped with automatic time switches or other controls that can be set to switch off the usage temperature maintenance system during extended periods when hot water is not required.

412.1.ABC.2.3 [7.2.4.4] Circulating Pump Controls. When used to maintain storage tank water temperature, recirculating pumps shall be equipped with controls limiting operation to a period from the start of the heating cycle to a maximum of five minutes after the end of the heating cycle.

412.1.ABCD.2.1 Storage Water Heaters

412.1.ABCD.2.1.1 Temperature Controls. Service water heating systems shall be equipped with automatic temperature controls capable of adjusting storage temperatures from at least 90o F to a temperature setting compatible with the intended use.  The temperature setting range shall be in accordance with Table 3 in Chapter 45 of the ASHRAE Handbook, 1995 HVAC Applications.

EXCEPTION:  Service water heating systems serving residential dwelling units may be equipped with controls capable of adjustment down to 110oF only.

Where temperatures higher than 120oF are required at certain outlets for a particular intended use, separate remote heaters or booster heaters shall be installed for those outlets.  

412.1.ABCD.2.1.2 Shut Down Switch/Valve.  A separate switch or a clearly marked circuit breaker shall be provided to permit the power supplied to electric service systems to be turned off.  A separate valve shall be provided to permit the energy supplied to the main burner(s) of combustion types of service water heating systems to be turned off.

412.1.ABCD.2.4.1.3 Heat Traps. [7.2.6] Vertical pipe risers serving storage water heaters and storage tanks not having integral heat traps and serving a non-recirculating system shall have heat traps on both the inlet and outlet piping as close as practical to the storage tank. A heat trap is a means to counteract the natural convection of heated water in a vertical pipe run. The means is either a device specifically designed for the purpose or an arrangement of tubing that forms a loop of 360 degrees or piping that from the point of connection to the water heater (inlet or outlet) includes a length of piping directed downward before connection to the vertical piping of the supply water or hot water distribution system, as applicable.
Storage water heaters not equipped with integral heat traps and having vertical pipe risers shall be installed with insulated heat traps on both the inlet and outlets.  The heat trap shall be installed directly or as close as possible to the outlet fittings. 

EXCEPTION.  Water heaters that are used to supply circulating systems.  These systems shall comply with section 412.1.ABCD.3.2.

412.1.ABCD.2.2 Circulating Hot Water Systems and Heated Pipes. Systems designed to maintain usage temperatures in hot water pipes, such as circulating hot water systems, shall be equipped with automatic time switches or other con-trols that can be set to turn OFF the system when use of hot water is not required

412.1.ABCD.2.5.3 Water Flow Rate Controls.

412.1.ABCD.2.5.3.1 Showers. Showers used for other than safety reasons shall be equipped with flow control devices to limit the water discharge to a maximum of 2.5 gpm per shower head at a distribution pressure of 80 psig when tested in accordance with the procedures of ANSI A112.18.1M- 19991989.  Flow restricting inserts used as a component part of a showerhead shall be mechanically retained at the point of manufacture.

412.1.ABCD.2.5 3.2 Lavatories or Restrooms of Public Facilities. Lavatories or restrooms of public facilities shall:

1. Be equipped with outlet devices which limit the flow of hot water to a maximum of 0.5 gpm or be equipped with self-closing valves that limit delivery to a per cycle maximum of 0.25 gallons of hot water for recirculating systems and to a maximum of 0.50 gallons for non-recirculating systems. 

Exception:  Separate lavatories for physically handicapped persons shall not be equipped with self-closing valves.

2. Be equipped with devices which limit the outlet temperature to a maximum of 110oF.

3. Meet the provisions of 42 CFR 6295 (k), Standards for Water Closets and Urinals. 

412.1.ABCD.2.6 4 Swimming Pool and Spa Temperature Controls

412.1.ABCD.2.6 4.1 On-Off Switch Required. [7.2.5.3] Time Switches. Time switches shall be installed on swimming pool heaters and pumps.

Exceptions:

1. Where public health standards require 24-hour pump operation.

2. Where pumps are required to operate solar and waste heat recovery pool heating systems.
All pool and spa heaters shall be equipped with an ON-OFF switch mounted for easy access to allow the heater to be shut off without adjusting the thermostat setting and to allow restarting without relighting the pilot light.

412.1.ABCD.2.6 4.2 [7.2.5.2] Pool Covers. Heated pools shall be equipped with a vapor retardant pool cover on or at the water surface.  Pools heated to more than 90F shall have a pool cover with a minimum insulation value of R-12.

Exception: Pools deriving over 60% of the energy for heating from site-recovered energy or solar energy source.

Covers Required. Spas and heated swimming pools shall be equipped with a cover designed to minimize heat loss.

EXCEPTION:  Outdoor pools deriving over 70 percent of the energy for heating (computed over an annual operating season) from site-recovered or site-solar energy.

412.1.ABC.2.6 4.3 [7.2.5.1] Pool Heaters. Pool heaters shall be equipped with a readily accessible on-off switch to allow shutting off the heater without adjusting the thermostat setting. Pool heaters fired by natural gas shall not have continuously burning pilot lights.
412.1.ABCD.2.4.3 Time Switches on Private Pools. Time switches shall be installed on all swimming pool pumps and all electric swimming pool heaters.  These switches shall allow for the shutdown of heating devices during hours of peak utility demand and for the minimum peak period operation of pumps necessary to maintain water in a clear and sanitary condition in keeping with applicable public health standards.

EXCEPTIONS: 

1. Where public health standards require 24 hour operation of pumps.

2. Pumps required to operate solar or waste heat recovery pool heating systems.

412.1.ABCD.3 Equipment Performance Standards

412.1.ABC.3.1 [7.2.2] Equipment Efficiency. All water heating equipment, hot water supply boilers used solely for heating potable water, pool heaters, and hot water storage tanks shall meet the criteria listed in Table 412.1.ABC.3. Where multiple criteria are listed, all criteria shall be met. Omission of minimum performance requirements for certain classes of equipment does not preclude use of such equipment where appropriate. Equipment not listed in Table 412.1.ABC.3 has no minimum performance requirements.

Exception: All water heaters and hot water supply boilers having more than 140 gal of storage capacity are not required to meet the standby loss (SL) requirements of Table 412.1.ABC.3 when:

1. the tank surface is thermally insulated to R-12.5, and 

2. a standing pilot light is not installed, and 

3. gas- or oil-fired storage water heaters have a flue damper or fan-assisted combustion.

412.1.ABCD.3.1 Electric Water Heater Efficiencies.

412.1.ABCD.3.1.1 Storage Capacities Of 120 Gallons Or Less. All automatic electric storage water heaters having a storage capacity of 120 gallons or less and an input rating of 12 kw or less shall, when tested in accordance with the DOE Uniform Test Method for Measuring the Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the performance minimums listed in Table 4-12.

412.1.ABCD.3.1.2 Storage Capacities Greater Than 120 Gallons. Performance minimums for electric storage water heaters with capacities greater than 120 gallons or an input rate greater than 12 KW shall have a standby loss of .30+27/VT percent/hour or less, where VT is the tested storage volume in gallons.

412.1.ABCD.3.2 Gas- and Oil-fired Water Heater Efficiencies.

412.1.ABCD.3.2.1 Tanks With Input Ratings Of 75,000 Btu/h or Less (Gas) or 105,000 Btu/h or Less (Oil). All gas- and oil-fired automatic storage water heaters with capacities of 100 gallons or less and an input rating of 75,000 Btu/h or less (gas) or 105,000 Btu/h or less (oil) shall, when tested in accordance with the DOE Uniform Test Method for Measuring the Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the performance minimums listed in Table 4-12.

412.1.ABCD.3.2.2 Tanks With Input Ratings Greater Than 75,000 Btu/h (Gas) or Greater Than 105,000 Btu/h (Oil). All gas-fired storage water heaters with input ratings greater than 75,000 Btu/h but less than or equal to 155,000 Btu/h, and all oil-fired storage water heaters with input ratings greater than 105,000 Btu/h but less than or equal to 155,000 Btu/h shall have a steady state combustion efficiency Et of .78 or more and a standby loss of 1.30+114/VT (in percent/hour) or less, where VT is the tested storage volume in gallons.  

All gas- and oil-fired storage water heaters with input ratings greater than 155,000 Btu/h shall have a steady-state combustion efficiency, Et, of .78 or more and a standby loss of no more than 1.30+95/VT, where VT is the tested storage volume in gallons.

412.1.ABCD.3.3 Unfired Storage Tanks. All unfired storage tanks shall have a standby loss of 6.5 Btu/h/ft2 or less, based on an 80o water-air temperature difference.

TABLE 4-12

MINIMUM PERFORMANCE STANDARDS, WATER HEATING EQUIPMENT:

FIRED STORAGE WATER HEATER MINIMUM ENERGY FACTORS (EF)

	TYPE / VOLUME
	TANK VOLUME (GALLONS)

 20       30      40       50       65       75      80     100   120

	ELECTRIC:  Up to 120 gal. or 12kW input
	.90
	.89
	.88
	.86
	.84
	----
	.82
	.80
	.77

	GAS: Up to 100 gal. or 75,000 Btu/h input
	.58
	.56
	.54
	.52
	.50
	.48
	----
	.43
	----

	OIL: Up to 50 gal. or 75,000 Btu/h input
	----
	.53
	.51
	.50
	----
	----
	----
	----
	----


TABLE 412.1.ABC.3 [7.2.2]

Performance Requirements for Water Heating Equipment

	Equipment Type
	Size Category (input)
	Subcategory or Rating Condition
	Performance Required1
	Test Procedure2

	Electric Water Heaters
	< 12kW
	Resistance >20 gal
	0.93-0.00132V EF
	DOE 10 CRF Part 4303

	
	>12 kW
	Resistance >20 gal
	20+35 (V SL, Btu/h
	ANSI Z21.10.3

	
	<24 Amps & <250Volts
	Heat Pump
	0.93-0.00132V EF
	DOE 10 CFR Part 4303

	Gas Storage Water Heaters
	<75,000 Btu/h
	> 20 gal
	0.62-0.0019V EF
	DOE 10 CFR Part 4303

	
	>75,000 Btu/h and
	<4,000 (Btu/h)/gal
	80% Et (Q/800+110(V) 

SL, Btu/h 
	ANSI Z21.10.3

	Gas Instantaneous Water Heaters
	>50,000 Btu/h and <200,000 Btu/h4
	>4,000 (Btu/h)/gal and < 2 gal
	0.62-0.0019V EF
	DOE 10 CFR Part 430

	
	>200,000 Btu/h
	>4,000 (Btu/h)/gal and <10 gal
	80% Et
	ANSI Z21.10.3

	
	>200,000 Btu/h
	>4,000 (Btu/h)/gal and >10 gal
	80% Et (Q/800+110(V) 

SL, Btu/h
	

	Oil Storage Water Heaters
	<105,000 Btu/h
	>20 gal
	0.59-0.0019V EF
	DOE 10 CFR Part 4303

	
	>105,000 Btu/h
	<4,000 (Btu/h)/gal
	78% Et
(Q/800+100(V)

SL, Btu/h 
	ANSI Z21.10.3

	Oil Instantaneous Water Heaters
	<210,000 Btu/h
	>4,000 (Btu/h)/gal and <2 gal
	0.59-0.0019V EF
	DOE 10 CFR Part 430

	
	>210,000 Btu/h
	>4,000 (Btu/h)/gal and <10 gal
	80% Et
	ANSI Z21.10.3

	
	>210,000 Btu/h
	>4,000 (Btu/h)/gal and >10 gal
	78% Et (Q/800+110(V) 

SL, Btu/h
	

	Hot Water Supply Boilers, Gas and Oil
	>300,000 Btu/h and <12,500,000 Btu/h
	>4,000 (Btu/h)/gal and <10 gal
	80% Et
	ANSI Z21.10.3

	Hot Water Supply Boilers, Gas
	
	>4000 (Btu/h)/gal and >10 Gal
	80% Et (Q/800+110(V) 

SL, Btu/h
	

	Hot Water Supply Boilers, Oil
	
	>4000 (Btu/h)/gal and >10 Gal
	78% Et (Q/800+110(V) 

SL, Btu/h
	

	Pool Heaters, Oil and Gas
	All
	
	78% Et
	ASHRAE 146

	Unfired Storage Tanks
	All
	
	R-12.5
	(none)


1 Energy factor (ER) and thermal efficiency (Et) are minimum requirements, while standby loss (SL) is maximum Btu/h based on a 70oF temperature difference between stored water and ambient requirements. In the EF equation, V is the rated volume in gallons. In the SL equation, V is the rated volume in gallons and Q is the nameplate input rate in Btu/h.

2 Sub-chapter 3 contains a complete specification, including year version, of the referenced test procedure.

3 Electric, gas and oil water heaters’ EF ratings in the residential size range are the same as those found in Table 6-12 of this code.

4 Instantaneous water heaters with input rates below 200,000 Btu/h must comply with these requirements if the water heater is designed to heat water to temperatures 180oF or higher.

412.1.ABCD.3.4 Combination Service Water Heating and Space Heating Equipment. 

412.1.ABC.3.4.1 [7.3.1] Space Heating and Water Heating. The use of a gas-fired or oil-fired space heating boiler system otherwise complying with 408.1.ABC.3 to provide the total space heating and water heating for a building is allowed when one of the following conditions is met.

1. The single space heating boiler, or the component of a modular or multiple boiler system that is heating the service water, has a standby loss in Btu/h not exceeding (13.3 x pmd + 400) / n where pmd is the probable maximum demand in gal/h, determined in accordance with the procedures described in generally accepted engineering standards and handbooks, and n is the fraction of the year when the outdoor daily mean temperature is greater than 64.9F. The standby loss is to be determined for a test period of 24 hours duration while maintaining a boiler water temperature of at least 90F above ambient, with an ambient temperature between 60F and 90F. For a boiler with a modulating burner, this test shall be conducted at the lowest input.

2. It is demonstrated to the satisfaction of the Building Official that the use of a single heat source will consume less energy than separate units.

3. The energy input of the combined boiler and water heater system is less than 150,000 Btu/h.

Combination space and service water heating equipment may only be used when at least one of the following conditions is met:

    1. The annual space heating energy is less than 50% of the annual service water heating energy.

    2. The energy input or storage volume of the combined boiler or water heater is less than twice the energy input or storage volume of the smaller of the separate boilers or water heaters otherwise required. 

    3. Where the input to the combined boiler is less than 150,000 Btu/h.

412.1.ABCD.3.4.21 [7.3.2] Service Water Heating Equipment. Service water heating equipment used to provide the additional functions (e.g. of space heating) as part of a combination (integrated) system shall satisfy all stated comply with minimum performance requirements for the service water heating equipment.

412.1.ABCD.3.4.3 2 Combination water and space heating systems with input ratings of less than 105,000 Btu/h shall utilize a water heater listed by the Gas Appliance Manufacturer's Association (GAMA).  Changeouts of burners to increase capacity shall not be made unless the unit has been listed at that capacity by GAMA.

412.1.ABCD.3.5  Pool and Spa Heaters.  All gas- and oil-fired pool heaters when tested in accordance with ANSI Z21.56-1989 shall have a minimum thermal efficiency of 78 percent.

412.1.ABCD.4 Service Hot Water Piping Insulation.  [7.2.3]  The following piping shall be insulated to levels shown in Table 411.1.ABC.2:

1. Recirculating system piping, including the supply and return piping of a circulating tank type water heater.

2. The first 8 ft of outlet piping for a constant temperature nonrecirculating storage system.

3. The inlet pipe between the storage tank and a heat trap in a nonrecirculating storage system.

4. Pipes that are externally heated (such as heat trace or impedance heating).
412.1.ABCD.4.1 Circulating Systems. Piping insulation shall conform to the requirements of Table 4-11 in section 411.1.ABCD.2.

412.1.ABCD.4.2 Non-circulating Systems. The first 8 feet of outlet piping from a storage system that is maintained at a constant temperature and the inlet pipe between the storage tank and a heat trap shall be insulated as provided in Table 4-11, section 411.1.ABCD.2.  Systems without a heat trap to prevent circulation due to natural convection shall be considered circulating systems and shall be insulated accordingly.

412.1.A Prescriptive Requirements Specific to Method A.  Water heater efficiencies determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the minimum performance level installed in buildings.

412.1.BC Prescriptive Requirements Specific to Methods B and C.  Blank for numbering consistency.

412.1.C Prescriptive Requirements Specific to Method C.  Blank for numbering consistency.

412.1.D Prescriptive Requirements Specific to Method D.  Blank for numbering consistency.

412.2 Performance Calculation Procedures

412.2.A Performance Calculation Procedures Specific to Method A. Calculation procedures for determining water heating compliance shall be in accordance with the procedures contained within Method A of the FLA/COM computer program.  

Data shall be input into FLA/COM by zone by water heater type, volume and efficiency.

413 ELECTRIC POWER DISTRIBUTION
413.0 Applicability.  This section applies to all building power distribution electrical systems except required emergency systems.  The provisions for electrical distribution for all sections of this Code are subject to the applicable Florida Public Service Commission rules regarding electric utilities set forth in Chapter 25‑6, Florida Administrative Code, and the design conditions in ASHRAE Standard 90.1‑-20011989.
413.1 Prescriptive Requirements

413.1.ABCD Basic Prescriptive Requirements for Methods A, B , and C and D.  

413.1ABC.1 [8.2.1] Voltage Drop

413.1.ABC.1.1[8.2.1.1] Feeders. Feeder conductors shall be sized for a maximum voltage drop of 2% at design load.

413.1.ABC.1.2 [8.2.1.2] Branch Circuits. Branch circuit conductors shall be sized for a maximum voltage drop of 3% at design load.
413.1.ABC.2 [8.2.2] Completion Requirements

413.1.ABC.2.1 [8.2.2.1] Drawings. Construction documents shall require that within 30 days after the date of system acceptance, record drawings of the actual installation shall be provided to the building owner, including

1. a single-line diagram of the building electrical distribution system and

2. floor plans indicating location and area served for all distribution.

413.1.ABC.2.2 [8.2.2.2] Manuals. Construction documents shall require that an operating manual and maintenance manual be provided to the building owner. The manuals shall include, at a minimum, the following:

1. Submittal data stating equipment rating and selected options for each piece of equipment requiring maintenance.

2. Operation manuals and maintenance manuals for each piece of equipment requiring maintenance. Required routine maintenance actions shall be clearly identified.

3. Names and addresses of at least one qualified service agency.

4. A complete narrative of how each system is intended to operate.

Note:  Enforcement agencies should only check to be sure that the construction documents require this information to be transmitted to the owner and should not expect copies of any of the materials.

413.1.ABCD.1 Metering.  Single-tenant buildings with a service over 250 kva and tenant spaces with a connected load over 100 kva in multiple tenant buildings shall have provisions for check metering of electrical consumption.

413.1.ABCD.1.1 The electrical power feeders for which provision for check-metering is required shall be divided as follows:

1. Lighting and receptacle outlets;

2. HVAC systems and equipment;

3. Service water heating, elevators, and special-occupant equipment or systems of more than 20 KW.

EXCEPTION: 10% or less of the loads on a feeder may be from another usage category.

413.1.ABCD.1.2 Tenant-shared HVAC and service hot water systems in multiple tenant buildings shall have provision to be separately check metered.

413.1.ABCD.1.3 Subdivided feeders shall contain provisions for portable or permanent check metering.

413.1.ABCD.1.4 The minimum acceptable arrangement for compliance with section 413.1.ABCD.1 shall provide a safe method for access by qualified persons to the enclosures through which feeder conductors pass and provide sufficient space to attach clamp-on or split-core current transformers.  These enclosures may be separate compartments or combined spaces with electrical cabinets serving another function.  Dedicated enclosures so furnished shall be identified as to measuring function available.  

NOTE:  A preferred arrangement would include kWh meters and demand registers or a means to transmit such information to a building energy management control system.

413.2  Performance Calculation Procedures.  Blank for numbering consistency.

414 MOTORS

414.0 Applicability.  [10.1]  All permanently wired electric motors shall meet the requirements of 414.1.ABC.1. All permanently wired polyphase motors of 1 hp or more serving the building shall meet the requirements of this section.

414.1 Prescriptive Requirements

414.1.ABCD Basic Prescriptive Requirements for Methods A, B, and C, and D.

414.1.ABC.1 [10.2] Electric Motors. Electric motors shall comply with the requirements of the Energy Policy Act of 1992 where applicable, as shown in Table 414.1.ABC.1. Motors that are not included in the scope of the Energy Policy Act have no performance requirements in this section.

414.1.ABCD.1 Motor Sizing.  Motor horsepower rating shall not exceed 125% of the calculated maximum load being served.  If a standard rated motor is not available within the range, the next larger standard motor size may be used.

414.1.ABCD.2 Motor Nameplates.  Motor nameplates shall list the minimum nominal full-load motor efficiency.  Full-load power factor for three-phase motors can be approximated from nameplate data by the equation:

EQUATION 4-3

              %PF = (hp x 746 x 104)/(nominal efficiency x Amps x Voltage x 30.5)

Where:


PF  = power factor (whole number)     Amps    = full load amps


hp  = horse power (whole number)      Voltage = rated voltage

414.1.ABCD.3 Full Load Motor Efficiencies.  Design A and B squirrel-cage, foot mounted, T-frame induction motors having synchronous speeds of 3600, 1800, 1200 and 900 rpm that are expected to operate more than 1000 hours per year shall have a nominal full-load motor efficiency no less than that shown in Table 4-13 or shall be classified under the National Electric Manufacturers Association's Standard as "energy efficient".

EXCEPTIONS:

1. Motors used in systems designed to use more than one speed of a multi-speed motor.

2. Motors used as a component of the equipment meeting the minimum equipment efficiency requirements of sections 407 and 408 provided that the motor input is included when determining the equipment efficiency.

414.1.ABCD.4 Electrical Schematic.  The person responsible for installing the electrical distribution system shall provide the building owner a single-line diagram of the record drawing for the electrical distribution system, which includes the location of check-metering access, schematic diagrams of non-HVAC electrical control systems, and electrical equipment manufacturers' operating and maintenance literature as part of the operating and maintenance manual required by section 102.1.

414.2 Performance Calculation Procedures.  Blank for numbering consistency.

TABLE 414.1.ABC.1 4-13a
MINIMUM ACCEPTABLE NOMINAL FULL-LOAD MOTOR EFFICIENCY FOR

GENERAL PURPOSE Design A and Design B SINGLE-SPEED POLYPHASE SQUIRREL-CAGE INDUCTION MOTORS
HAVING SYNCHRONOUS SPEEDS OF 3600, 1800, 1200 AND 900 rpm

OPEN MOTORS

[half of Table 10.2]

	
	Minimal Nominal Full-Load Efficiency (%)
	

	
	Open Motors
	

	Number of Poles
	2 Pole   
	4 Pole   
	6 Pole   
	8 Pole   

	Synchronous Speed (RPM)
	Nom. Eff.    
	Min. Eff.    
	Nom. Eff.    
	Min. Eff.   
	 Nom. Eff.    
	Min. Eff.   
	Nom. Eff.       
	Min. Eff.   

	Motor Horsepower

	    1.0

    1.5

    2.0

    3.0

    5.0

    7.5

  10.0

  15.0

  20.0

  25.0

  30.0

  40.0

  50.0

  60.0

  75.0

100.0

125.0

150.0

200.0
	 ---- 

82.5

84.0

84.0

85.5

87.5

88.5

89.5

90.2

91.0

91.0

91.7

92.4

93.0

93.0

93.0

93.6

93.6

94.5
	  ----   

81.5

82.5

82.5

84.0

86.5

87.5

88.5

89.5

90.2

90.2

91.0

91.7

92.4

92.4

92.4

93.0

93.0

94.1
	82.5

84.0

84.0

86.5

87.5

88.5

89.5

91.0

91.0

91.7

92.4

93.0

93.0

93.6

94.1

94.1

94.5

95.0

95.0
	81.5

82.5

82.5

85.5

86.5

87.5

88.5

90.2

90.2

91.0

91.7

92.4

92.4

93.0

93.6

93.6

94.1

94.5

94.5
	80.0

84.0

85.5

86.5

87.5

88.5

90.2

90.2

91.0

91.7

92.4

93.0

93.0

93.6

93.6

94.1

94.1

94.5

94.5
	78.5

82.5

84.0

85.5

86.5

87.5

89.5

89.5

90.2

91.0

91.7

92.4

92.4

93.0

93.0

93.6

93.6

94.1

94.1
	74.0

75.5

85.5

86.5

87.5

88.5

89.5

89.5

90.2

90.2

91.0

91.0

91.7

92.4

93.6

93.6

93.6

93.6

93.6
	72.0

74.0

84.0

85.5

86.0

87.5

88.5

88.5

89.5

89.5

90.2

90.2

91.0

91.7

93.0

93.0

93.0

93.0

93.0


TABLE 4-13b

MINIMUM ACCEPTABLE NOMINAL FULL-LOAD MOTOR EFFICIENCY FOR

SINGLE-SPEED POLYPHASE SQUIRREL-CAGE INDUCTION MOTORS
HAVING SYNCHRONOUS SPEEDS OF 3600, 1800, 1200 AND 900 rpm

ENCLOSED MOTORS

[2nd half of Table 10.2]

	
	Minimum Nominal Full-Load Efficiency (%)
	

	
	Enclosed Motors
	

	Number of Poles
	2 Pole   

 Nom. Eff.    Min. Eff.    
	4 Pole   

 Nom. Eff.    Min. Eff.   
	6 Pole   

 Nom. Eff.    Min. Eff.    
	8 Pole   

 Nom. Eff.    Min. Eff.    

	Synchronous speed (RPM)
	3600
	1800
	1200
	

	Motor Horsepower

	    1.0

    1.5

    2.0

    3.0

    5.0

    7.5

  10.0

  15.0

  20.0

  25.0

  30.0

  40.0

  50.0

  60.0

  75.0

100.0

125.0

150.0

200.0
	75.5 

82.5

84.0

85.5

87.5

88.5

89.5

90.2

90.2

91.0

91.0

91.7

92.4

93.0

93.0

93.6

94.5

94.5

95.0
	74.0

81.5

82.5

84.0

86.5

87.5

88.5

89.5

89.5

90.2

90.2

91.0

91.7

92.4

92.4

93.0

94.1

94.1

94.5
	82.5

84.0

84.0

87.5

87.5

89.5

89.5

91.0

91.0

92.4

92.4

93.0

93.0

93.6

94.1

94.5

94.5

95.0

95.0
	81.5

82.5

82.5

86.5

86.5

88.5

88.5

90.2

90.2

91.7

91.7

92.4

92.4

93.0

93.6

94.1

94.1

94.5

95.5
	80.0

85.5

86.5

87.5

87.5

89.5

89.5

90.2

90.2

91.7

91.7

93.0

93.0

93.6

93.6

94.1

94.1

95.0

95.0
	78.5

84.0

85.5

86.5

86.5

88.5

88.5

89.5

89.5

91.0

91.0

92.4

92.4

93.0

93.0

93.6

93.6

94.5

94.5
	74.0

77.0

82.5

84.0

85.5

85.5

88.5

88.5

89.5

89.5

91.0

91.0

91.7

91.7

93.0

93.0

93.6

93.6

94.1
	72.0

75.5

81.5

82.5

84.0

84.0

87.5

87.5

88.5

88.5

90.2

90.2

91.0

91.0

92.4

92.4

93.0

93.0

93.60


415 LIGHTING

415.0  Applicability. [9.1]. Lighting systems and equipment shall comply with the requirements of 415.1.ABC and applicable requirements of 415.2. This section shall apply to the following:

1. interior spaces of buildings;

2. exterior building features, including facades, illuminated roofs, architectural features, entrances, exits, loading docks, and illuminated canopies; and

3. exterior building grounds lighting provided through the building's electrical service.

Exceptions:

1. emergency lighting that is automatically off during normal building operation,

2. lighting within living units,

3. lighting that is specifically designated as required by a health or life safety statute, ordinance, or regulation,

4. decorative gas lighting systems.

The rooms, spaces and areas covered by the criteria in this section include 1) interior spaces of buildings, 2) building exteriors and exterior areas such as entrances, exits, loading docks, etc., and 3) roads, grounds, parking, automobile display lots and other exterior areas where lighting is required and is constructed in conjunction with any building which is required to comply with this Code.

EXCEPTIONS:

1. Outdoor activities such as manufacturing, commercial greenhouses, and processing facilities.

2. Lighting power for theatrical productions, television broadcasting, audio-visual presentations, and those portions of entertainment facilities such as stage areas in hotel ballrooms, night clubs, discos and casinos where lighting is an essential technical element for the function performed.

3. Specialized luminaires for medical and dental purposes;

4. Outdoor athletic facilities.

5. Display lighting required for art exhibits or displays in galleries, museums and monuments.

6. Exterior lighting for public monuments.

7. Special lighting needs for research.

8. Lighting to be used solely for indoor plant growth during the hours of 10:00 PM to 6:00 AM.

9. Emergency lighting that is automatically OFF during normal building operation.

10. High risk security areas or any area identified by local ordinances or regulations or by security or safety officials as requiring additional lighting.

11. Spaces specifically designed for primary use by the visually impaired or hard-of-hearing (lipreading) and by senior citizens;

12. Lighting for signs.

13. Store-front, exterior-enclosed display windows in retail facilities.

14. Lighting for dwelling units.

Criteria in this section establish a maximum total lighting power allowance.  When over 20% of the building's tasks or interior areas are undefined, the most appropriate value for that building from Table 4-16 shall be used for the undefined spaces.  The performance compliance procedures of the Code shall not constitute an illumination design procedure.

415.1 Prescriptive Requirements

415.1.ABCD Basic Prescriptive Requirements for Methods A, B,and C and D
415.1.ABC.1 Controls

415.1.ABC.1.1 [9.2.1.1] Automatic Lighting Shutoff. Interior lighting in buildings larger than 5000 ft2 shall be controlled with an automatic control device to shut off building lighting in all spaces. This automatic control device shall function on either

1.. a scheduled basis using a time-of-day operated control device that turns lighting off at specific programmed times—an independent program schedule shall be provided for areas of no more than 25,000 ft2 but not more than one floor—or

2. an occupant sensor that shall turn lighting off within 30 minutes of an occupant leaving a space—or

3. a signal from another control or alarm system that indicates the area is unoccupied.

Exception: Lighting intended for 24-hour operation shall not require an automatic control device.

415.1.ABC.1.2 [9.2.1.2] Space Control. Each space enclosed by ceiling-height partitions shall have at least one control device to independently control the general lighting within the space. Each control device shall be activated either manually by an occupant or automatically by sensing an occupant. Each control device shall:

1. control a maximum of 2500 ft2 area for a space 10,000 ft2 or less and a maximum of 10,000 ft2 area for a space greater than 10,000 ft2,

2. be capable of overriding the shutoff control required in 415.1.ABC.1.1 for no more than four hours, and

3. be readily accessible and located so the occupant can see the controlled lighting.

Exception: Remote location shall be permitted for reasons of safety or security when the remote control device has an indicator pilot light as part of or next to the control device and it shall be clearly labeled to identify the controlled lighting.

415.1.ABCD.1 Lighting Controls. All covered lighting systems, except those required for emergency or exit lighting, shall be provided with manual, automatic or programmable controls that, together or singly, are capable of turning off all the lights within that space.

415.1.ABCD.1.1 Minimum Number of Lighting Control Points.  Spaces enclosed by walls or ceiling-high partitions shall have a minimum of one control point for the space and in addition one control point for each task location.

The minimum number of control points required shall be determined from FLA/COM based on the type of lighting controls and the number of control points calculated (see Table 4-14).  The number of control points required shall be at least one for every 1500 W of Connected Lighting Power (CLP).

EXCEPTIONS:

1.  Continuous lighting for security purposes.

2.  Spaces with only one lighting fixture or a single ballast.

3.  Spaces which must be used as a whole.

4.  Lighting for dwelling units.

TABLE 4-14

CONTROL TYPES AND EQUIVALENT CONTROL POINTS

	Type of Control
	Equivalent Number of Control Points

	Manually operated On-Off switch
	1

	Occupancy sensor
	2

	Timer, Programmable from the space controller 
	2

	Three level, including Off, step control, or pre-set dimming
	2

	Four level, including off, step control, or pre-set dimming
	3

	Automatic or continuous dimming
	3


415.1.ABC.1.3 [9.2.1.4] Additional Controls.  Controls are required in the following cases:

1..Display or Accent Lighting. Display or accent lighting shall have a separate control. 

2. Case Lighting. Lighting in cases used for display purposes shall have a separate control device.

3. Hotel and Motel Guest Room Lighting.  Hotel and motel guest rooms and guest suites shall have a master control device at the main room entry that controls all permanently installed luminaires and switched receptacles.

4. Task Lighting. Supplemental task lighting, including permanently installed undershelf or undercabinet lighting, shall have a control device integral to the luminaires or be controlled by a wall-mounted control device provided the control device is readily accessible and located so that the occupant can see the controlled lighting.

5. Non-visual Lighting. Lighting for nonvisual applications, such as plant growth and food warming, shall have a separate control device.

6. Demonstration Lighting. Lighting equipment that is for sale or for demonstrations in lighting education shall have a separate control device.
415.1.ABCD.1.1.1  Task Areas.  Controls provided for task areas, if readily accessible, may be mounted as part of the task lighting luminaire.

415.1.ABCD.1.1.2  Multiple Controls on the Same Load.  Controls for controlling the same load from more than one location shall not be credited as increasing the number of controls to meet the requirements of section 415.1.ABCD.1.1.

415.1.ABCD.1.1.3  Control Accessibility. All lighting controls shall be located so as to be readily accessible from within the space controlled.

EXCEPTIONS:  The following lighting controls may be centralized in remote locations.

1. Lighting controls for spaces which must be used as a whole.

2. Automatic control.

3. Programmable controls.

4. Controls requiring trained operators.

5. Controls for safety hazards and security.

415.1.ABCD.1.1.4  Hotel and Motel Guest Room Controls.  Hotel and motel guest rooms and suites shall have at least one master switch at the main entry door that controls all permanently wired lighting fixtures and switched receptacles, excluding bathrooms.

EXCEPTION:  When switches are provided at the entry to each room of a multiple-room suite.

415.1.ABC.1.4  [9.2.1.3] Exterior Lighting Control. Lighting for all exterior applications not exempted 415.0 and 415.2.ABC.1.3 shall be controlled by a photosensor or astronomical time switch that is capable of automatically turning off the exterior lighting when sufficient daylight is available or the lighting is not required.

Exception: Lighting for covered vehicle entrances or exits from buildings or parking structures where required for safety, security, or eye adaptation.

415.1.ABC.2 [9.2.6] Exterior Building Grounds Lighting. All exterior building grounds luminaires that operate at greater than 100 watts shall contain lamps having a minimum efficacy of 60 lm/W unless the luminaire is controlled by a motion sensor or qualifies for one of the exceptions under 415.0 and 415.2.ABC.1.3.
415.1.ABCD.1.1.5  Switching of Exterior Lighting.  Exterior lighting not intended for 24 hour use shall be automatically switched by either timer or photocell, or a combination of timer and photocell.  When used, timers shall be capable of 7 day and seasonal daylight adjustment and have power backup for at least four hours.

415.1.ABCD.2 Ballasts

415.1.ABCD.2.1.4  Power Factor.  All ballasts shall have a power factor of at least 90%.

EXCEPTIONS:

1. Ballasts for circline and compact fluorescent lamps and low wattage high intensity discharge lamps of not over 100 W.

2. Dimming ballasts.

415.1.ABC.3 [9.2.2] Tandem Wiring. Luminaires designed for use with one or three linear fluorescent lamps >30W each shall use two-lamp tandem-wired ballasts in place of single lamp ballasts when two or more luminaires are in the same space and on the same control device.

Exceptions:

1. Recessed luminaires more than 10 ft apart measured center to center.

2. Surface-mounted or pendant luminaires that are not continuous.

3. Luminaires using single-lamp high-frequency electronic ballasts.

4. Luminaires using three-lamp high-frequency electronic or three-lamp electromagnetic ballasts.

5. Luminaires on emergency circuits.

6. Luminaires with no available pair.
415.1.ABCD.2.2  Tandem Wiring. One-lamp or three-lamp fluorescent luminaires that are recess-mounted within 10 ft center-to-center of each other or pendant mounted or surface mounted within 1 ft of each other, and within the same room, shall be tandem wired unless three-lamp ballasts are used.

415.1.ABCD.3 Exterior Lighting Power Allowance (ELPA). The exterior lighting power to be installed with a building shall not exceed the total ELPA for the building as determined by FLA/COM based on budgets provided in Table 4-15.  Tradeoffs of exterior lighting budgets among exterior areas are permitted as long as the total Connected Lighting Power (CLP) of exterior lighting does not exceed the ELPA.  Tradeoffs between interior lighting power allowances and exterior lighting power allowances shall not be made.

EXCEPTION: Lighting for outdoor manufacturing or process facilities, commercial greenhouses, outdoor athletic facilities, public monuments, designated high-risk security areas, signs, retail storefronts, exterior enclosed display windows, and lighting specifically required by local ordinances and regulations.
415.1.ABCD.4 Exit Signs. Exit sign luminaries operating at greater than 20 watts shall have a minimum source efficacy of 35 lm/W. Exit signs shall not use more than 7 watts of total input power per face in normal operation

TABLE 4-15

EXTERIOR LIGHTING UNIT POWER ALLOWANCE

	Area Description
	Allowances

	Exit (with or without canopy)
	25 W / lin. ft. door opening

	Entrance (without canopy)
	30 W / lin. ft.. door opening

	Entrance (with canopy)

     High traffic (retail, hotel, airport, theater, etc.)

     Light traffic (hospital, office, school, etc.)
	10 W / sq. ft. of canopied area

  4 W / sq. ft. of canopied area

	Loading  area
	0.4 W / sq, ft.

	Loading door
	20 W / lin. ft. door opening

	Building exterior surfaces / facades
	0.25 W / sq. ft. of surface area

to be illuminated

	Storage and non-manufacturing work areas
	0.20 W / sq. ft.

	Other activity areas for casual use such as picnic grounds, gardens, parks, and other landscaped areas
	0.10 W / sq. ft.

	Private driveways / walkways
	0.10 W / sq. ft.

	Public driveways / walkways
	0.15 W / sq. ft.

	Private parking lots
	0.12 W / sq. ft.

	Public parking lots
	0.18 W / sq. ft.


415.1.AB.1 Calculations. All calculations and determinations of parameters used in the demonstration of compliance with this code by Methods A or B shall be conducted according to section 415.2.

415.1.A Prescriptive Requirements Specific to Method A.  Lighting levels and types determined by the FLA/COM Method A performance calculation to demonstrate compliance with this Code shall be the maximum performance levels installed for lighting.

415.1.B Prescriptive Requirements Specific to Method B.  Lighting levels and types determined by the FLA/COM Method B performance calculation to demonstrate compliance with this Code shall be the maximum performance levels installed for lighting. See section 415.2.B.

415.1.C Prescriptive Requirements Specific to Method C. See section 415.2.C.

415.1.C.1 Lighting Levels.  Total connected wattage for all lighting, including, but not limited to, general, accent and display lighting, and ballast losses for lighting in conditioned spaces shall be no higher than the following:

	Detached commercial buildings less than 200 sq. ft.
	2.0 watts / sq. ft.

	Skyboxes or Sports Stadiums
	1.8 watts / sq. ft.

	Traffic safety control towers
	2.1 watts / sq. ft.

	Convenience stores < 5,000 sq. ft.
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-5

	Restaurants < 5,000 sq. ft.
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-6

	Retail stores < 5,000 sq. ft.
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-7

	Office buildings < 5,000 sq. ft.
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-8

	School buildings < 5,000 sq. ft.
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-9

	Storage buildings < 5,000 sq. ft. 
	Watts / sq. ft. allowed by tradeoff chosen on Table 4C-10


See Form 400C in Appendix D for a complete list of prescriptive requirements for each building type.
415.1.C.2 Lighting Controls.  Lighting controls shall be installed for each space in a building as required by Table 4C-4 on Form 400C and described as follows:

1.  Each space shall have the lights divided into at least two "banks", each one with a manual On/Off switch; or

 
2.  Each space shall have one occupancy sensor (or other automatic control) to turn the lights on and off.

415.1.D Prescriptive Requirements Specific to Method D.  

415.1.D.1 Lighting Levels.  Total connected wattage for all lighting, including, but not limited to, general, accent and display lighting, and ballast losses for lighting in conditioned spaces, shall be no higher than the total wattage for all spaces covered by the scope of this Code as determined from the unit power densities for each space type from Table 4-16.

415.1.D.2 Lighting Controls.  Lighting controls shall be installed for each space in a building covered by the scope of this Code as follows:

1.  Each space shall have the lights divided into at least two “banks”, each one with a manual On/Off switch; or

2.  Each space shall have one occupancy sensor (or other automatic control) to turn the lights on and off.

415.2 Performance Calculation Procedures.

415.2.ABC.1 Performance Calculation Procedures, General for Methods A and B.  Calculation procedures for determining lighting compliance shall be in accordance with the procedures contained within Method A or Method B of the FLA/COM computer program.

 [9.3.1] The interior lighting power allowance for a building or a separately metered or permitted portion of a building shall be determined by either the building area method described in 415.2.C.1 or the space-by-space method described in 415.2.B.1. Trade-offs of interior lighting power allowance among portions of the building for which a different method of calculation has been used are not permitted. The installed interior lighting power identified in accordance with 415.2.ABC.1.1 shall not exceed the interior lighting power allowance developed in accordance with 415.2.C.1 or 415.2.B.1

Exceptions: The following lighting equipment and applications shall not be considered when determining the interior lighting power allowance developed in accordance with 415.2.C.1 or 415.2.B.1, nor shall the wattage for such lighting be included in the installed interior lighting power identified in accordance with 415.2.ABC.1.1. However, any such lighting shall not be exempt unless it is an addition to general lighting and is controlled by an independent control device.

1. Display or accent lighting that is an essential element for the function performed in galleries, museums, and monuments.

2. Lighting that is integral to equipment or instrumentation and is installed by its manufacturer.

3. Lighting specifically designed for use only during medical or dental procedures and lighting integral to medical equipment.

4. Lighting integral to both open and glass enclosed refrigerator and freezer cases.

5. Lighting integral to food warming and food preparation equipment.

6. Lighting for plant growth or maintenance.

7. Lighting in spaces specifically designed for use by the visually impaired.

8. Lighting in retail display windows, provided the display area is enclosed by ceiling-height partitions.

9. Lighting in interior spaces that have been specifically designated as a registered interior historic landmark.

10. Lighting that is an integral part of advertising or directional signage.

11. Exit signs.

12. Lighting that is for sale or lighting educational demonstration systems.

13. Lighting for theatrical purposes, including performance, stage, and film and video production.

14. Athletic playing areas with permanent facilities for television broadcasting.

15. Casino gaming areas.

Data shall be input into the internal loads menu of FLA/COM for each zone space type (space width, depth), space height, space area (number of spaces), lighting type (single space wattage), total wattage, and control type.  Equipment wattage is also included on this screen.  Choosing a lighting type from the FLA/COM menu assumes ASHRAE-determined efficiencies.

415.2.ABC.1.1 [9.2.4] Installed Interior Lighting Power. The installed interior lighting power shall include all power used by the luminaires, including lamps, ballasts, current regulators, and control devices except as specifically exempted in 415.2.ABC.1.

Exception: If two or more independently operating lighting systems in a space are capable of being controlled to prevent simultaneous user operation, the installed interior lighting power shall be based solely on the lighting system with the highest wattage
415.2.ABC.1.2 [9.2.5] Luminaire Wattage. Luminaire wattage incorporated into the installed interior lighting power shall be determined in accordance with the following criteria:

1. The wattage of incandescent or tungsten-halogen luminaires with medium screw base sockets and not containing permanently installed ballasts shall be the maximum labeled wattage of the luminaire.

2. The wattage of luminaires with permanently installed or remote ballasts or transformers shall be the operating input wattage of the maximum lamp/auxiliary combination based on values from the auxiliary manufacturer’s literature or recognized testing laboratories.

3. The wattage of line-voltage lighting track and plug-in busway that allow the addition and/or relocation of luminaires without altering the wiring of the system shall be the specified wattage of the luminaries included in the system with a minimum of 30 W/lin ft.

4. The wattage of low-voltage lighting track, cable conductor, rail conductor, and other flexible lighting systems that allow the addition and/or relocation of luminaires without altering the wiring of the system shall be the specified wattage of the transformer supplying the system.

5. The wattage of all other miscellaneous lighting equipment shall be the specified wattage of the lighting equipment.
415.2.ABC.1.3 [9.3.2] Exterior Building Lighting Power. The exterior building facade lighting power shall not exceed 0.25 W/ft2 of the illuminated area. The exterior lighting power allowance for all other exterior building applications is the sum of the lighting power limits permitted and specified in Table 415.2.ABC.1.3 for these applications. Exterior lighting for all applications (except those included in the exceptions to 415.0 and 415.2.ABC.1.3) shall comply with the requirements of 415.1.ABC.2.

Exceptions: Lighting used for the following exterior applications is exempt when equipped with an independent control device:

(a) specialized signal, directional, and marker lighting associated with transportation;

(b) lighting used to highlight features of public monuments and registered historic landmark structures or buildings; and

(c) lighting that is integral to advertising signage.

Table 415.2.ABC.1.3 [9.3.2]
Lighting Power Limits for Building Exteriors

	Applications
	Power Limits

	Building entrance with canopy or free standing canopy
	3 W/ft2 of canopied area

	Building entrance without canopy
	33 W/lin.ft. of door width

	Building exit
	20 W/lin.ft of door width


415.2.A Performance Calculation Procedures Specific to Method A.  Calculation procedures for Method A shall be those incorporated in the FLA/COM program for Method A compliance.

415.2.B Performance Calculation Procedures Specific to Method B.   Calculation procedures for Method B shall be those incorporated in the FLA/COM program for Method B compliance. 

415.2.B.1 [9.3.1.2] Space-by-Space Method of Calculating Interior Lighting Power Allowance. Fla/Com uses the following steps to determine the interior lighting power allowance by the space-by-space method.  

1.. Determine the appropriate building type from Table 415.2.B. For building types not listed, selection of a reasonably equivalent type shall be permitted.

2. For each space enclosed by partitions 80% or greater than ceiling height, determine the gross interior floor area by measuring to the center of the partition wall. Include the floor area of balconies or other projections. Retail spaces do not have to comply with the 80% partition height requirements.

3. Determine the interior lighting power allowance by using the columns designated space-by-space method in Table 415.2.B. Multiply the floor area(s) of the space(s) times the allowed lighting power density for the space type that most closely represents the proposed use of the space(s). The product is the lighting power allowance for the space(s). For space types not listed, selection of a reasonable equivalent category shall be permitted.

4. The interior lighting power allowance is the sum of lighting power allowances of all spaces. Trade-offs among spaces are permitted provided that the total installed interior lighting power does not exceed the interior lighting power allowance
415.2.B.2 [9.3.1.2.1] Additional Interior Lighting Power. When using the space-by-space method, an increase in the interior lighting power allowance is allowed for specific lighting functions. Additional power shall be allowed only if the specified lighting is installed, shall be used only for the specified luminaires, and shall not be used for any other purpose or in any other space. An increase in the interior lighting power allowance is permitted in the following cases:

1. For spaces in which lighting is specified to be installed in addition to the general lighting for the purpose of decorative appearance, such as chandelier-type luminaries or sconces or for highlighting art or exhibits, provided that the additional lighting power shall not exceed 1.0 W/ft2 of such spaces.

2. For spaces in which lighting is specified to be installed to meet the requirements of visual display terminals as the primary viewing task, provided that the additional lighting power shall not exceed 0.35 W/ft2 of such spaces and that the specified luminaire meets requirements for use in such spaces. Maximum average luminance measured from the vertical in candelas per square foot of not more than 80 cd/ft2 at 65 degrees, 33 cd/ft2 at 75 degrees, and 17 cd/ft2 at 85 to 90 degrees.

3. For lighting equipment installed in retail spaces that is specifically designed and directed to highlight merchandise, provided that the additional lighting power shall not exceed

(1) 1.6 W/ft2 times the area of specific display or 

(2)  3.9 W/ft2 times the area of specific display for valuable merchandise, such as jewelry, fine apparel and accessories, china and silver, art, and similar items, where detailed display and examination of merchandise are important.

415.2.C  Performance Calculation Procedures Specific to Method C

415.2.C.1 [9.3.1.1] Building Area Method of Calculating Interior Lighting Power Allowance. Use the following steps to determine the interior lighting power allowance by the building area method:

1. Determine the appropriate building area type from Table 415.2.C.1 and the allowed lighting power density (watts per unit area) from the building area method column. For building area types not listed, selection of a reasonably equivalent type shall be permitted.

2. Determine the gross lighted floor area (square feet) of the building area type.

3. Multiply the gross lighted floor areas of the building area type(s) times the lighting power density.

4. The interior lighting power allowance for the building is the sum of the lighting power allowances of all building area types. Trade-offs among building area types are permitted provided that the total installed interior lighting power does not exceed the interior lighting power allowance.
TABLE 415.2.C.1 [9.3.1.1]
Lighting Power Densities Using

The Building Area Method

	Building Area Typea
	Lighting Power Density (W/ft2)

	Automotive Facility
	1.5

	Convention Center
	1.4

	Court House
	1.4

	Dining: Bar Lounge/Leisure
	1.5

	Dining: Cafeteria/Fast Food
	1.8

	Dining: Family
	1.9

	Dormitory
	1.5

	Exercise Center
	1.4

	Gymnasium
	1.7

	Hospital/Health Care 
	1.6

	Hotel
	1.7

	Library
	1.5

	Manufacturing Facility
	2.2

	Motel
	2.0

	Motion Picture Theater
	1.6

	Multi-Family
	1.0

	Museum
	1.6

	Office
	1.3

	Parking Garage
	0.3

	Penitentiary
	1.2

	Performing Arts Theater
	1.5

	Police/Fire Station
	1.3

	Post Office
	1.6

	Religious Building
	2.2

	Retail
	1.9

	School/University
	1.5

	Sports Arena
	1.5

	Town Hall
	1.2

	Transportation
	1.2

	Warehouse
	1.2

	Workshop
	1.7


aIn cases where both general building area type and a specific building area type are listed, the specific building area type shall apply.

TABLE 415.2.B

Lighting Power Densities Using the Space-By-Space Method
	
	Building Types

Space-by-Space Method LPDs

Common Space Types and LPDs (W/ft2)   [See below for an explanation of codes to be added in landscape format later]

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Q

Building Specific Space Types

 & LPDs (W/ft2)

Athletic Facility Buildings

Gymnasium

1.5

1.3

1.5

0.5

1.8

1.3

0.2

1.4

1.4

2.2

1.0

0.7

0.9

1.1

0.3

1.3

Playing area                       1.9

Dressing/Locker/Fitting     0.8

Exercise Area                    1.1

Exercise Center

1.5

1.3

1.5

0.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Exercise Area                    1.1

Dressing/Locker/Fitting     0.8

Civil Service Buildings

Courthouse

1.5

1.3

1.5

1.6

1.6

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Courtroom                         2.1

Confinement Cells             1.1

Judges Chambers               1.1

Police Stations

1.5

1.3

1.5

1.6

1.6

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Police Station Laboratory  1.8

Fire Stations

1.5

1.3

1.5

1.6

1.8

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Fire Station Engine Room 0.9 Sleeping Quarters              1.1

Post Office

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Sorting Area                      1.7

Town Hall

1.5

1.3

1.5

1.6

1.6

1.8

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Convention Center Buildings

Convention Center

1.5

1.3

1.5

1.6

0.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Exhibit Space                     3.3

Educational Buildings

School/University

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Library

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Card File & Cataloging     1.4

Stacks                                 1.9

Reading Area                     1.8

Food Service Buildings

Dining: Bar Lounge/ Leisure

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.2

2.2

1

0.7

0.9

1.1

0.3

1.3

Dining: Family

1.5

1.3

1.5

1.8

1.3

0.2

1.4

2.2

2.2

1

0.7

0.9

1.1

0.3

1.3

Dining: Cafeteria

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Hospital/Healthcare Buildings

Hospital/Healthcare 

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

1.6

0.9

2.9

0.3

1.3

Emergency                         2.8

Recovery                            2.6

Nurse Station                     1.8

Exam/Treatment                1.6

Pharmacy                           2.3

Patient Room                     1.2

Operating Room                7.6

Nursery                              1.0

Medical Supply                  3.0

Physical Therapy               1.9

Radiology                          0.4

Laundry-Washing              0.7

Industrial Buildings

Workshop

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Workshop                          2.5

Garage Service/Repair      1.4

General Low Bay (<25 ft         

     floor-to-ceiling ht)        2.1

General High Bay (>25 ft 

    floor-to-Ceiling ht)        3.0

Detailed                             6.2

Equipment Room               0.8

Control Room                    0.5

Automotive Facility

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Manufacturing

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.5

0.9

1.1

0.3

1.3

Lodging Buildings

Hotel 

1.5

1.3

1.5

1.6

1.7

1.3

0.2

1.4

1

2.2

1

0.7

0.9

1.1

0.3

1.3

Guest Rooms                     2.5

Motel 

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1.4

1.2

2.2

1

0.7

0.9

1.1

0.3

1.3

Guest Rooms                     2.5

Multi-Family 

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Private living space

Dormitory

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Living Quarters                  1.9

Museum Buildings

Museum

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1

0.7

0.9

1.4

1.4

1.3

General Exhibition            1.6

Restoration                         2.5

Office Buildings

Office 

1.5

1.3

1.5

1.6

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Banking Activity Area       2.4

Laboratory                         1.8

Penitentiary Buildings

Penitentiary

1.5

1.3

1.4

1.9

1.8

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Confinement Cells             1.1

Religious Buildings

Religious Buildings

1.5

1.3

1.5

1.6

3.2

1.8

1.3

0.2

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Worship-Pulpit, Choir       5.2

Fellowship Hall                 2.3

Retail Buildings

Retail

1.5

1.3

1.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

General Sales Area            2.1

    For accent lighting, see 415.______

Mall Concourse                 1.8

Sports Arena Buildings

Sports Arena

1.5

1.3

1.5

0.5

1.8

1.3

0.2

1.4

1.4

2.2

1

0.7

0.9

1.1

0.3

1.3

Ring Sports Arena             3.8

Court Sports Arena            4.3

Indoor Playing Field Area 1.9

Storage Buildings

Warehouse

1.5

1.3

1.5

1.8

1.3

0.2

1

0.7

0.9

1.1

0.3

1.3

Fine Material Storage        1.6

Medium/Bulky Material St 1.1

Parking Garage

1.5

1.8

1

0.7

0.9

1.1

0.3

1.3

Parking Area, Pedestrian      0.2

Parking Area, Attendant only0.1 

Theater Buildings

Performing Arts

1.5

1.8

1.2

1.3

0.2

1.4

1

0.7

0.9

1.1

0.3

1.3

Transportation Buildings

Transportation

1.5

1.3

1.5

1.0

1.8

1.3

0.2

1.4

1.4

2.2

1.0

0.7

0.9

1.1

0.3

1.3

Airport, Concourse                0.7

Air/Train/Bus Baggage Area 1.3

Terminal, Ticket Counter       1.8




A = Office – Enclosed



J = Dining Area

B = Office – Open Plan



K = Food Preparation

C = Conference Meeting/Multipurpose


L = Restrooms

D = Classroom/Lecture/Training


M = Corridor/Transition

E = Audience/Seating Area



N = Stairs - Active

F = Lobby





O = Active Storage

G = Atrium – First 3 Floors



P = Inactive Storage

H = Atrium – Each Additional Floor


Q = Electrical/Mechanical

I = Lounge/Recreation

415.2.B.1 Interior Lighting Power Allowance (ILPA). The total Connected Lighting Power (CLP) to be installed in a building shall not exceed the Interior Lighting Power Allowance (ILPA) for the building.  The equation for determining ILPA, Equation 4-9 is provided in section 6.1 of Appendix B.

The Connected Lighting Power (CLP) shall include all permanently installed lighting plus supplemental or task-related lighting provided by movable or plug-in luminaires.

Tradeoffs of the interior Lighting Power Budgets (LPB) among interior spaces are allowed but the total Connected Lighting Power (CLP) within the building shall not exceed the ILPA.  Tradeoffs between the ILPA and the Exterior Lighting Power Allowance (ELPA) are not allowed.

415.2.B.1.1 Lighting Power Budget (LPB).  A lighting Power Budget (LPB) shall be determined for each space in a building by use of FLA/COM.  The equation for determining the lighting power budget, Equation 4-10, can be found in section 6.1 of Appendix B.

415.2.B.1.1.1 Lighted Area.  For lighting power determination purposes, the area of a room or space (Ar) used in FLA/COM shall be determined from the inside face of the walls or partitions measured at work plane height.

415.2.B.1.1.2 Unit Power Density.  The Unit Power Density (UPD) shall be selected from the lighting power allowance menu provided in FLA/COM and shown in Table 4-16 for the type of activity area.  For areas or activities other than those given, select values for similar areas or activities.  See section 6.1 of Appendix B for descriptions of lighting activity areas for retail occupancies.

415.2.B.1.1.3 Area Factor.  The Area Factor (AF) is determined by FLA/COM based on the room area and ceiling height.  The equation for determining AF, Equation 4-11, can be found in section 6.1 of Appendix B.

415.2.B.1.1.4 Special Spaces and Activities. 

415.2.B.1.1.4.1 Multi-Function Rooms. For hotel banquet or meeting rooms and other conference or presentation rooms serving multiple functions, the alternate Unit Power Density allowances indicated by footnote "c" on Table 4-16 (and the FLA/COM Space Type Description popup screen) may be used when a supplementary system is installed that meets the following conditions:

1. The installed power for the supplementary system shall not be greater than 33% of the adjusted LPB calculated for that space; and

2. Independent controls shall be installed for the supplementary system.

415.2.B.1.1.4.2 Simultaneous Activities. In rooms containing multiple simultaneous activities, such as a large general office having separate accounting and drafting areas within the same room, the space type chosen for the rooms shall be the type with the highest Unit Power Density.

415.2.B.2 Lighting Power Control Credit (LPCC). When determining compliance of the actual design with the Interior Lighting Power Allowance (ILPA), the CLP for lights automatically controlled by occupancy sensing, daylight sensing control, lumen maintenance control, or programmable timing control are reduced in the FLA/COM program by subtracting control credits on a specific area-by-area basis.  This credit is termed the LPCC and is determined in accordance with Equation 4-4.  The adjusted lighting power (ALP) is then equal to CLP - LPCC.

EQUATION 4-4



LPCC = CLP x PAF


Where:



LPCC
= lighting power control credit, W



CLP
= connected lighting power for the luminaires controlled by the




   automatic control device, W



PAF
= Power Adjustment Factor
415.2.B.2.1 Power Adjustment Factor (PAF).  When used, the PAF is applied in FLA/COM as specified in Table 4-17 and shall meet the following criteria:

1. The PAF shall be limited to the specific area controlled by the auotmatic control device.

2. Only one PAF may be used for each building space or luminaire, and 50% or more of the controlled luminaires shall be within the applicable space to qualify for the PAF.

3. Controls shall be installed in series with the lights and in series with all manual switching devices in order to qualify for PAF.

4. When sufficient daylight is available, daylight sensing controls shall be capable of reducing electrical power consumption for lighting (continuously or in steps) to 50% or less of maximum power consumption.

5. Daylight sensing controls shall control all luminaires to which the PAF is applied and that direct a minimum of 50% of their light output into the daylight zone.

6. Occupancy sensors located in daylighted spaces shall be installed in conjunction with a manual ON switch, or photocell override for ON.

7. Programmable timing controls used for credit in conjunction with Table 4-17 shall be capable of:

a. Programming different schedules for occupied and unoccupied days;

b. Ready accessibility for temporary override by occupants of individual zones, spaces, or tasks with automatic return to the original schedules;

c. Keeping time during power outages for a minimum of four hours.

415.2.B.3 Indoor Sports. The activity of indoor sports areas shall be considered as an area 10 ft beyond the playing boundaries of the sport, not to exceed the total floor area of the indoor sports space less the spectator seating area.

TABLE 4-16  INTERIOR LIGHTING UNIT POWER DENSITY

	

	Code #
	Space Typea
	Unit Power Density (UPD)   (W / sq.ft.)

	1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34
	Auditorium

     Auditorium

Corridor

     Corridor

Classroom/Lecture Hall

     Classroom/Lecture Hall

Electrical/Mechanical Equipment Room

     General

     Control Room

Food Service

     Fast Food/Cafeteria

     Leisure Dining a   
     Bar/Lounge a  

     Kitchen

Recreation/Lounge

     Recreation/Lounge

Stair

     Active Traffic

     Emergency Exit

Toilet and Washroom

     Toilet and Washroom

Garage

     Auto and Pedestrian Circulation

     Parking Area

Laboratory

     Laboratory

Library

     Audio Visual

     Stack Area

     Card Filing and Calaloging

     Reading Area

Lobby (General)

     Reception and Waiting

     Elevator Lobbies

Atrium (Multi-Story)

     First three floors

     Each additional floor

Locker Room and Shower

     Locker Room and Shower

Office (Partition > 4.5 ft. below ceiling) Enclosed Offices

     Reading, Typing, Filing

     Drafting

     Accounting

Office (Partition b 3.5 - 4.5 ft. below ceiling) Open

  Plan Offices > 900 sq. ft.

     Reading, Typing, Filing

     Drafting

     Accounting

Office (Partition b < 3.5 ft. below ceiling) Open 

   Plan Offices > 900 sq. ft.

     Reading, Typing, Filing

     Drafting

     Accounting
	1.6

0.8

2.0

0.7

1.5

1.3

2.5

2.5

1.4

0.7

0.6

0.4

0.8

0.3

0.2

2.3

1.1

1.5

1.6

1.9

1.0

0.8

0.7

0.2

0.8

1.8

2.6

2.1

1.9

2.9

2.4

2.2

3.4

2.7

	Code #
	Space Type
	Unit Power Density (UPD)   (W / sq.ft.)

	35

35 Alternate

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77
	Common Activity Areas

     Conference/Meeting Room

     Conference/Meeting c (Multiple Functions)

     Computer/Office Equipment

      Inactive Filing

     Mail Room

Shop (Non-Industrial)

     Machinery

     Electrical/Electronics

     Painting

     Carpentry

     Welding

Storage/Warehouse

     Inactive Storage

     Bulky Active Storage

     Fine Active Storage

     Material Handling

Unlisted Space

     Unlisted Space

Airport, Bus, and Rail Station

     Baggage Area

     Concourse/Main Thruway

     Ticket Counter

     Waiting and Lounge Area

Bank

     Customer Area

     Banking Activity Area

Barber and Beauty Parlor

     Barber and Beauty Parlor

Church, Synagogue, Chapel

     Worship/Congregational

     Preaching and Sermon/Choir

Dormitory

     Bedroom

     Bedroom and Study

     Study Hall

Fire and Police Department

     Fire Engine Room

     Jail Cell

Hospital/Nursing Home

     Corridor

     Dental Suite/Exam/Treatment

     Emergency

     Laboratory

     Lounge/Waiting Room

     Medical Supplies

     Nursery

     Nurse Station

     Occupational/Physical Therapy

     Patient Room

     Pharmacy

     Radiology

Surgery and O.B. Suites

     General Area

     Operating Room

     Recovery
	1.8

2.7

2,1

1.0

1.8

2.5

2.5

1.6

2.3

1.2

0.3

0.3

1.0

1.0

0.2

1.0

0.9

2.5

1.2

1.1

2.8

2.0

2.5

2.7

1.1

1.4

1.8

0.7

0.8

1.3

1.6

2.3

1.9

0.9

2.4

2.0

2.1

1.6

1.4

1.7

2.1

2.1

7.0

2.3


	78

78 Alternate

79

80

81

82

83

83 Alternate

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117
	  Hotel/Conference Center

     Banquet/Multipurpose Room

     Banquet/Multipurposec (multiple functions) 

     Bathroom/Powder Room

     Guest Room

     Public Area

     Exhibition Hall

     Conference/Meeting

     Conference/Meeting c (multiple functions) 

     Lobby

     Reception Desk

Laundry

     Washing

     Ironing/Sorting

Museum/Gallery

     General Exhibition

     Inspection/Storage

     Inactive Artifacts Storage

     Active Artifacts Storage

Post Office

     Lobby

     Sorting and Mailing

Service Station/Auto Repair

     Service Station

Theater

     Performance Arts

     Motion Picture

     Lobby

Retail Establishments (as per Code, p. B-7)

     Type A (Jewelry Merchandising)

     Type B (Fine Merchandising)

     Type C (Mass Merchandising)

     Type D (General Merchandising)

     Type E (Food and Miscellaneous)

     Type F (Service Establishment)

     Mall Concourse

Retail Support

     Tailoring 

     Dressing/Fitting Rooms

     Seating Area

Badminton

     Club

     Tournament

Basketball/Volleyball

     Intramural

     College

     Professional

Bowling

     Approach Area

     Lanes

Boxing/Wrestling (Platfrom)

     Amateur

     Professional

Gymnasium

     General Exercise and Recreation
	2.4

3.6

1.2

1.4

1.2

2.6

1.8

2.7

1.9

2.4

0.9

1.3

1.9

3.9

0.6

0.7

1.1

2.1

1.0

1.5

1.0

1.5

5.6

3.2

3.3

3.1

2.8

2.7

1.4

2.1

1.4

0.4

0.5

0.8

0.8

1.3

1.9

0.5

1.1

2.4

4.8

1.0


	Code #


	Space Type
	Unit Power Density 

(UPD)   (W / sq.ft.) 

	118

119

120

121

122

123

124

125

126

127

128

129

130

131
	Handball/Racquetball/Squash

     Club

     Tournament

Ice Hockey

     Amateur

     College/Professional

Skating Park

     Recreational

     Exhibitional/Professional

Swimming

     Recreational

     Exhibition

     Underwater

Tennis

     Recreational (Class III)

     Club/College (Class II)

     Professional (Class I)

Table Tennis

     Club

     Tournament 
	1.3

2.6

1.3

2.6

0.6

2.6

0.9

1.5

1.0

1.3

1.9

2.6

1.0

1.6



a   UPD includes lighting power for cleanup purposes.

b   Not less than 90% of all work stations shall be individually enclosed with partitions of at least the eight described.

c   Where a conference or meeting room serves multiple functions and a supplementary system compliant with section 415.2.B.1.1.4.1 has been installed, the ALT UPD space type may be used.
TABLE 4-17

POWER ADJUSTMENT FACTOR (PAF)

	Automatic Control Device(s)
	PAF

	Daylight Sensing Controls (DS), continuous dimming

DS, multiple step dimming

DS, ON/OFF

DS continuous dimming and programmable timing

DS multiple step dimming and programmable timing

DS ON/OFF and programmable timing

DS continuous dimming, programmable timing and lumen       maintenance

DS multiple step dimming, programmable timing and lumen       maintenance

DS ON/OFF, programmable timing and lumen maintenance Lumen maintenance

Lumen maintenance and programmable timing control Programmable timing control

Occupancy sensor

Occupancy sensor and DS, continuous dimming

Occupancy sensor and DS, multiple step dimming

Occupancy sensor and DS, ON/OFF

Occupancy sensor, DS continuous dimming and lumen         maintenance

Occupancy sensor, DS multiple step dimming and lumen

     maintenance

Occupancy sensor, DS ON/OFF and lumen maintenance Occupancy sensor and lumen maintenance
Occupancy sensor and programmable timing control
	0.30

0.20

0.10

0.35

0.25

0.15

0.40

0.30

0.20

0.10

0.15

0.15

0.30

0.40

0.35

0.35

0.45

0.40

0.35

0.35

0.35


APPENDIX 13-B:  SUPPLEMENTAL INFORMATION FOR SUB-CHAPTER 4

1.0 General Requirements

1.1  [A9.3] Testing Procedures.

1.1.1 [A9.3.1] Building Material Thermal Properties. If building material R-values or thermal conductivities are determined by testing, one of the following test procedures shall be used:

a. ASTM C177,

b. ASTM C236,

c. ASTM C518, or

d. ASTM C976.

For concrete, the oven-dried conductivity shall be multiplied by 1.2 to reflect the moisture content as typically installed.

1.1.2 [A9.3.2] Assembly U-Factors. If assembly U-factors are determined by testing, one of the following test procedures shall be used: 

a. ASTM C236 or

b. ASTM C976.

Product samples tested shall be production line material or representative of material as purchased by the consumer or contractor. If the assembly is too large to be tested at one time in its entirety, then either a representative portion shall be tested or different portions shall be tested separately and a weighted average determined. To be representative, the portion tested shall include edges of panels, joints with other panels, typical framing percentages, and thermal bridges.

1.1.3 [5.5.2] Fenestrations and Doors. Product samples used for determining fenestration performance shall be production line units or representative of units as purchased by the consumer or contractor. 

1.2 [A9.4] Calculation Procedures and Assumptions. The following procedures and assumptions shall be used for all calculations. R-values for air films, insulation, and building materials shall be taken from B1.2.1 through B1.2.3, respectively. In addition, the appropriate assumptions listed in B2.1 through B2.5, including framing factors, shall be used.

1.2.1 [A9.4.1] Air Films: Prescribed R-values for air films shall be as follows:

R-Value 
Condition

0.17

All exterior surfaces

0.46 

All semi-exterior surfaces

0.61

Interior horizontal surfaces, heat flow up

0.92

Interior horizontal surfaces, heat flow down

0.68

Interior vertical surfaces

Exterior surfaces are areas exposed to the wind. Semi-exterior surfaces are protected surfaces that face attics, crawl spaces, and parking garages with natural or mechanical ventilation. Interior surfaces are surfaces within enclosed spaces.  

The R-value for cavity airspaces shall be taken from Table B-1 based on the emissivity of the cavity from Table B-2. No credit shall be given for airspaces in cavities that contain any insulation or less than 0.5 in. The values for 3.5 in. cavities shall be used for cavities of that width and greater.

1.2.2 [A9.4.2] Insulation R-values: Insulation R-values shall be determined as follows:

a. For insulation that is not compressed, the rated R-value of insulation shall be used.

b. For calculation purposes, the effective R-value for insulation that is uniformly compressed in confined cavities shall be taken from Table B-3.

c. For calculation purposes, the effective R-value for insulation installed in cavities in attic roofs with steel joists shall be taken from Table B-18.
d. For calculation purposes, the effective R-value for insulation installed in cavities in steel-framed walls shall be taken from Table B-17.

1.2.3 [A9.4.3] Building Material Thermal Properties: R-values for building materials shall be taken from Table B-4. Concrete block R-values shall be calculated using the isothermal planes method or a two-dimensional calculation program, thermal conductivities from Table B-5, and dimensions from ASTM C90. The parallel path calculation method is not acceptable.

Exception: R-values for building materials or thermal conductivities determined from testing in accordance with B1.1

1.2.4 [A9.4.4] Building Material Heat Capacities: The heat capacity of assemblies shall be calculated using published values for the unit weight and specific heat of all building material components that make up the assembly.
1.3 [5.5.1.1] Insulation Installation. Insulation materials shall be installed in accordance with the insulation installation standards listed in table 6C-2 of Appendix C and in such a manner as to achieve rated R-value of insulation. Open-blown or poured loose-fill insulation shall not be used in attic roof spaces when the slope of the ceiling is more than three in twelve. When eave vents are installed, baffling of the vent openings shall be provided to deflect the incoming air above the surface of the insulation.

Exception: Where metal building roof and metal building wall insulation is compressed between the roof or wall skin and the structure.

1.3.1 [5.5.1.2] Substantial Contact. Insulation shall be installed in a permanent manner in substantial contact with the inside surface in accordance with manufacturer’s recommendations for the framing system used. Flexible batt insulation installed in floor cavities shall be supported in a permanent manner by supports no greater than 24 in. on center.

Exception: Insulation materials that rely on airspaces adjacent to reflective surfaces for their rated performance.

1.3.2 [5.5.1.3] Recessed Equipment. Lighting fixtures; heating, ventilating, and air-conditioning equipment, including wall heaters, ducts, and plenums; and other equipment shall not be recessed in such a manner as to affect the insulation thickness unless:

1.. the total combined area affected (including necessary clearances) is less than one percent of the opaque area of the assembly, or

2. the entire roof, wall, or floor is covered with insulation to the full depth required, or

3. the effects of reduced insulation are included in calculations using an area-weighted average method and compressed insulation values obtained from Table B-3.
In all cases, air leakage through or around the recessed equipment to the conditioned space shall be limited in accordance with section 406.1.ABC.1.2.
1.3.3 [5.5.1.4] Location of Roof Insulation. The roof insulation shall not be installed on a suspended ceiling with removable ceiling panels.

1.3.4 [5.5.1.5] Insulation Protection. Exterior insulation shall be covered with a protective material to prevent damage from sunlight, moisture, landscaping operations, equipment maintenance, and wind. In attics and mechanical rooms, a way to access equipment that prevents damaging or compressing the insulation shall be provided. Foundation vents shall not interfere with the insulation. Insulation materials in ground contact shall have a water absorption rate no greater than 0.3% when tested in accordance with ASTM C272.

1.4  Assembly U-Factor, C-Factor and F-Factor Determination, General [A1]
1.4.1 [A1.1] Pre-Calculated Assembly U-Factors, C-Factors, F-Factors, or Heat Capacities. The U-factors, C-factors, F-factors, and heat capacities for typical construction assemblies are included in B2.1 through B2.5. These values shall be used for all calculations unless otherwise allowed by B1.4.2 . Interpolation between values in a particular table in Appendix B is allowed for rated R-values of insulation, including insulated sheathing. Extrapolation beyond values in a table in Appendix B is not allowed.

1.4.2 [A1.2] Applicant-Determined Assembly U-Factors, CFactors, F-Factors, or Heat Capacities. If the building official determines that the proposed construction assembly is not adequately represented in B2.1 through B2.5, the applicant shall determine appropriate values for the assembly using the assumptions in B1.5. An assembly is deemed to be adequately represented if 

a. the interior structure, hereafter referred to as the base assembly, for the class of construction is the same as described in B2.1 through B2.5 and

b. changes in exterior or interior surface building materials added to the base assembly do not increase or decrease the R-value by more than 2 from that indicated in the descriptions in B2.1 through B2.5. Insulation, including insulated sheathing, is not considered a building material.

1.5 [A9] Determination of Alternate Assembly U-Factors, CFactors, F-Factors, or Heat Capacities.  Where the designer chooses to utilize alternate assembly configurations or uses values other than those found in Appendix B2.0 below, the procedures of this section shall be followed.

1.5.1 [A9.1] General. U-factors for fenestration shall be determined in accordance with B1.1.3 or B2.1 only. U-factors for opaque doors shall be determined in accordance with B1.1.3 or B2.3 only. Component U-factors for other opaque assemblies shall be determined in accordance with B1.5 only if approved by the building official in accordance with B1.4.2 . The procedures required for each class of construction are specified in B1.5.2. Testing shall be performed in accordance with B1.1. Calculations shall be performed in accordance with B1.2.
1.5.2 [A9.2] Required Procedures. Two- or three-dimensional finite difference and finite volume computer models shall be an acceptable alternative method to calculating the thermal performance values for all assemblies and constructions listed below. The procedures in this section shall also be permitted to determine all alternative U-factors, F-factors, and C-factors:

1.5.2.1 [b]. Above-Grade Walls.

(1) Mass walls: testing or the isothermal planes calculation method or two-dimensional calculation method. The parallel path calculation method is not acceptable.

(2) Metal building walls: testing.

(3) Steel-framed walls: testing or parallel path calculation method using the insulation/framing layer adjustment factors in Table B-17 or the modified zone method.

(4) Wood-framed walls: testing or parallel path calculation method.

(5) Other walls: testing or two-dimensional calculation method.

1.5.2.2 [c]. Below-Grade Walls.

(1) Mass walls: testing or the isothermal planes calculation method or two-dimensional calculation method. The parallel path calculation method is not acceptable.

(2) Other walls: testing or two-dimensional calculation method.

1.5.2.3 [a]. Roofs.

(1) Roofs with insulation entirely above deck: testing or series calculation method.

(2) Metal building roofs: testing.

(3) Attic roofs, wood joists: testing or parallel path calculation method.

(4) Attic roofs, steel joists: testing or parallel path calculation method using the insulation/framing layer adjustment factors in Table B-18 or modified zone calculation method.

(5) Attic roofs, concrete joists: testing or parallel path calculation method if concrete is solid and uniform or isothermal planes calculation method if concrete has hollow sections.

(6) Other attic roofs and other roofs: testing or two dimensional calculation method.

1.5.2.4 [d]. Floors.

(1) Mass floors: testing or parallel path calculation method if concrete is solid and uniform or isothermal planes calculation method if concrete has hollow sections.

(2) Steel joist floors: testing or modified zone calculation method.

(3) Wood joist floors: testing or parallel path calculation method or isothermal planes calculation method.

(4) Other floors: testing or two-dimensional calculation method.

(5) [e]. Slab-on-Grade Floors: no testing or calculations allowed.

TABLE B-1[A-22] (Section A9.4.1)





Emittance Values of Various Surfaces and Effective Emittances of Air Spaces

	Surface
	Average Emittance e
	Effective Emittance e eff of Air Space

	
	
	One Surface e; Other, 0.9
	Both Surfaces Emittance e

	Aluminum foil,bright
	0.05
	0.05
	0.03

	
	
	
	

	Aluminum foil,with condensate just visible(>0.7gr/ft2)
	0.3
	0.29
	-

	
	
	
	

	Aluminum foil,with condensate clearly visible(>2.9gr/ft2)
	0.7
	0.65
	-

	
	
	
	

	Aluminum sheet
	0.12
	0.12
	0.06

	
	
	
	

	Aluminum coated paper,polished
	0.2
	0.2
	0.11

	
	
	
	

	Steel,galv.,bright
	0.25
	0.24
	0.15

	
	
	
	

	Aluminum paint
	0.5
	0.47
	0.35

	
	
	
	

	Bldg materials: wood, paper, masonry, nonmetallic paints
	0.9
	0.82
	0.82

	
	
	
	

	Regular glass
	0.84
	0.77
	0.72


TABLE B-2[A-23 (Section A9.4.1)]
R-Values for Cavity Air Spaces

	Component
	Airspace Thickness (in.)
	R-Value

	
	
	Effective Emissivity

	
	
	0.03
	0.05
	0.20
	0.50
	0.82

	
	0.5
	2.13
	2.04
	1.54
	1.04
	0.77

	
	
	
	
	
	
	

	
	0.75
	2.33
	2.22
	1.64
	1.09
	0.8

	
	
	
	
	
	
	

	
	1.5
	2.53
	2.41
	1.75
	1.13
	0.82

	
	
	
	
	
	
	

	
	3.5
	2.83
	2.66
	1.88
	1.19
	0.85

	
	
	
	
	
	
	

	Wall
	0.5
	2.54
	2.43
	1.75
	1.13
	0.82

	
	
	
	
	
	
	

	
	0.75
	3.58
	3.32
	2.18
	1.3
	0.9

	
	
	
	
	
	
	

	
	1.5
	3.92
	3.62
	2.3
	1.34
	0.93

	
	
	
	
	
	
	

	
	3.5
	3.67
	3.4
	2.21
	1.31
	0.91

	
	
	
	
	
	
	

	Floor
	0.5
	2.55
	1.28
	1
	0.69
	0.53

	
	
	
	
	
	
	

	
	0.75
	1.44
	1.38
	1.06
	0.73
	0.54

	
	
	
	
	
	
	

	
	1.5
	2.49
	2.38
	1.76
	1.15
	0.85

	
	
	
	
	
	
	

	
	3.5
	3.08
	2.9
	2.01
	1.26
	0.9


TABLE B-3 [A-24 (Section A9.4.2)]

Effective R-Values for Fiberglass

	Insulation R-Value at Standard Thickness

	Rated R-

Standard

Nominal Lumber Size (in.)
	Value

Thickness (in.)
	38
	30
	22
	21
	19
	15
	13
	11

	
	
	12
	9.5
	6.5
	5.5
	6
	3.5
	3.5
	3.5

	
	Actual Depth of Cavity (in.)
	Effective Insulation R-Values when Installed in a Confined cavity

	2x12
	11.25
	37
	-
	-
	-
	-
	-
	-
	-

	2x10
	9.25
	32
	30
	-
	-
	-
	-
	-
	-

	2x8
	7.25
	27
	26
	22
	21
	19
	-
	-
	-

	2x6
	5.5
	
	21
	20
	21
	18
	
	-
	-

	2x4
	3.5
	
	-
	14
	-
	13
	15
	13
	11

	
	2.5
	
	-
	-
	-
	-
	-
	9.8
	

	
	1.5
	
	-
	-
	-
	-
	-
	6.3
	6


TABLE B-4 [A-25 (Section A9.4.3)]  R-Values for Building Materials

	Material
	Nominal Size (in.)
	Actual Size (in.)
	R-Value

	
	-
	-
	1.23

	Concrete at R-0.0625/in.
	-
	2
	0.13

	
	-
	4
	0.25

	
	-
	6
	0.38

	
	-
	8
	0.5

	
	-
	10
	0.63

	
	-
	12
	0.75

	Flooring, wood subfloor
	-
	0.75
	0.94

	Gypsum board
	-
	0.5
	0.45

	
	-
	0.625
	0.56

	Metal deck
	-
	-
	0

	Roofing, built-up
	-
	0.375
	0.33

	Sheathing, vegetable fiber board, 0.78 in.
	-
	0.78
	2.06

	Soil at R-0.104/in.
	-
	12
	1.25

	Steel, mild
	
	1
	0.0031807

	Stucco
	-
	0.75
	0.08

	Wood, 2 x 4 at R-1.25/in.
	4
	3.5
	4.38

	Wood, 2 x 6 at R-1.25/in.
	6
	5.5
	6.88

	Wood, 2 x 8 at R-1.25/in.
	8
	7.25
	9.06

	Wood, 2 x 10 at R-1.25/in.
	10
	9.25
	11.56

	Wood, 2 x 12 at R-1.25/in.
	12
	11.25
	14.06

	Wood, 2 x 14 at R-1.25/in.
	14
	13.25
	16.56


TABLE B-5 [A-26 (Section A9.4.3)]

Thermal Conductivity of Concrete Block Material

	Concrete Block

Density in lb/ft3
	Thermal Conductivity in Btu·in./h·ft2·°F

	80
	3.7

	
	

	85
	4.2

	
	

	90
	4.7

	
	

	95
	5.1

	
	

	100
	5.5

	
	

	105
	6.1

	
	

	110
	6.7

	
	

	115
	7.2

	
	

	120
	7.8

	
	

	125
	8.9

	
	

	130
	10

	
	

	135
	11.8

	
	

	140
	13.5


2.0 Building Envelope Characteristics

2.1 [A8] Fenestration. All fenestration with U-factors, SHGC, or visible light transmittance determined, certified, and labeled in accordance with NFRC 100, 200, and 300, respectively, as specified in B1.1.3 [5.2.2] shall be assigned those values.

2.1.1 [A8.1] Unlabeled Skylights. Unlabeled skylights shall be assigned the U-factors in Table B-6 [A-17] and are allowed to use the SHGCs and visible light transmittances in Table B-7 [A-18]. The metal with thermal break frame category shall not be used unless all frame members have a thermal break equal to or greater than 1/4 in.

2.1.2 [A8.2] Unlabeled Vertical Fenestration. Unlabeled vertical fenestration, both operable and fixed, shall be assigned the Ufactors, SHGCs, and visible light transmittances in Table B-8 [A-19]. No credit shall be given for any other features, including metal frames with thermal breaks, low-emissivity coatings, gas fillings, or insulating spacers, other than as determined in accordance with B1.1.3 [5.2.2].
TABLE B-6 [A-17 (Section A8.1)]
Assembly U-Factors for Unlabeled Skylights

	Product Type
	Sloped Installation

	
	Unlabeled Skylight with Curb

(Includes blass/plastic, flat/domed, fixed/operable)
	Unlabeled Skylight without Curb

(Includes glass/plastic, flat/domed, fixed/operable)

	Frame Type
	Aluminum without Thermal Break
	Aluminum with Thermal Break
	Reinforced Vinyl/ Aluminum Clad Wood
	Wood/ Vinyl
	Aluminum without Thermal Break
	Aluminum with Thermal Break
	Structural Glazing

	ID
	Glazing Type
	
	
	
	
	
	
	

	
	Single Glazing
	
	
	
	
	
	
	

	1
	1/8" glass
	1.98
	1.89
	1.75
	1.47
	1.36
	1.25
	1.25

	2
	1/4" acrylic/polycarb
	1.82
	1.73
	1.6
	1.31
	1.21
	1.1
	1.1

	3
	1/8" acrylic/polycarb
	1.9
	1.81
	1.68
	1.39
	1.29
	1.18
	1.18

	
	Double Glazing
	
	
	
	
	
	
	

	4
	1/4" airspace
	1.31
	1.11
	1.05
	0.84
	0.82
	0.7
	0.66

	5
	1/2" airspace
	1.3
	1.1
	1.04
	0.84
	0.81
	0.69
	0.65

	6
	1/4" argon space
	1.27
	1.07
	1
	0.8
	0.77
	0.66
	0.62

	7
	1/2" argon space
	1.27
	1.07
	1
	0.8
	0.77
	0.66
	0.62

	
	Double Glazing, e=0.60 on
	surface 2 or 3
	
	
	
	
	
	

	8
	1/4" airspace
	1.27
	1.08
	1.01
	0.81
	0.78
	0.67
	0.63

	9
	1/2" airspace
	1.27
	1.07
	1
	0.8
	0.77
	0.66
	0.62

	10
	1/4" argon space
	1.23
	1.03
	0.97
	0.76
	0.74
	0.63
	0.58

	11
	1/2" argon space
	1.23
	1.03
	0.97
	0.76
	0.74
	0.63
	0.58

	
	Double Glazing, e=0.40 on
	surface 2 or 3
	
	
	
	
	
	

	12
	1/4" airspace
	1.25
	1.05
	0.99
	0.78
	0.76
	0.64
	0.6

	13
	1/2" airspace
	1.24
	1.04
	0.98
	0.77
	0.75
	0.64
	0.59

	14
	1/4" argon space
	1.18
	0.99
	0.92
	0.72
	0.7
	0.58
	0.54

	15
	1/2" argon space
	1.2
	1
	0.94
	0.74
	0.71
	0.6
	0.56

	
	Double Glazing, e=0.20 on
	surface 2 or 3
	
	
	
	
	
	

	16
	1/4" airspace
	1.2
	1
	0.94
	0.74
	0.71
	0.6
	0.56

	17
	1/2" airspace
	1.2
	1
	0.94
	0.74
	0.71
	0.6
	0.56

	18
	1/4" argon space
	1.14
	0.94
	0.88
	0.68
	0.65
	0.54
	0.5

	19
	1/2" argon space
	1.15
	0.95
	0.89
	0.68
	0.66
	0.55
	0.51

	
	Double Glazing, e=0.10 on
	surface 2 or 3
	
	
	
	
	
	

	20
	1/4" airspace
	1.18
	0.99
	0.92
	0.72
	0.7
	0.58
	0.54

	21
	1/2" airspace
	1.18
	0.99
	0.92
	0.72
	0.7
	0.58
	0.54

	22
	1/4" argon space
	1.11
	0.91
	0.85
	0.65
	0.63
	0.52
	0.47

	23
	1/2" argon space
	1.13
	0.93
	0.87
	0.67
	0.65
	0.53
	0.49

	
	Double Glazing, e=0.05 on
	surface 2 or 3
	
	
	
	
	
	

	24
	1/4" airspace
	1.17
	0.97
	0.91
	0.7
	0.68
	0.57
	0.52

	25
	1/2" airspace
	1.17
	0.98
	0.91
	0.71
	0.69
	0.58
	0.53

	26
	1/4" argon space
	1.09
	0.89
	0.83
	0.63
	0.61
	0.5
	0.45

	27
	1/2" argon space
	1.11
	0.91
	0.85
	0.65
	0.63
	0.52
	0.47

	
	Triple Glazing
	
	
	
	
	
	
	

	28
	1/4" airspaces
	1.12
	0.89
	0.84
	0.64
	0.64
	0.53
	0.48

	29
	1/2" airspaces
	1.1
	0.87
	0.81
	0.61
	0.62
	0.51
	0.45

	30
	1/4" argon spaces
	1.09
	0.86
	0.8
	0.6
	0.61
	0.5
	0.44

	31
	1/2" argon spaces
	1.07
	0.84
	0.79
	0.59
	0.59
	0.48
	0.42

	
	Triple Glazing, e=0.20 on surface
	2,3,4, or 5
	
	
	
	
	
	

	32
	1/4" airspaces
	1.08
	0.85
	0.79
	0.59
	0.6
	0.49
	0.43

	33
	1/2" airspaces
	1.05
	0.82
	0.77
	0.57
	0.57
	0.46
	0.41

	34
	1/4" argon spaces
	1.02
	0.79
	0.74
	0.54
	0.55
	0.44
	0.38

	35
	1/2" argon spaces
	1.01
	0.78
	0.73
	0.53
	0.54
	0.43
	0.37

	
	Triple Glazing, e=0.20 on
	surfaces 2 or
	3 and 4 or 5
	
	
	
	
	

	36
	1/4" airspaces
	1.03
	0.8
	0.75
	0.55
	0.56
	0.45
	0.39

	37
	1/2" airspaces
	1.01
	0.78
	0.73
	0.53
	0.54
	0.43
	0.37

	38
	1/4" argon spaces
	0.99
	0.75
	0.7
	0.5
	0.51
	0.4
	0.35

	39
	1/2" argon spaces
	0.97
	0.74
	0.69
	0.49
	0.5
	0.39
	0.33

	
	Triple Glazing, e=0.10 on
	surfaces 2 or
	3 and 4 or 5
	
	
	
	
	

	40
	1/4" airspaces
	1.01
	0.78
	0.73
	0.53
	0.54
	0.43
	0.37

	41
	1/2" airspaces
	0.99
	0.76
	0.71
	0.51
	0.52
	0.41
	0.36

	42
	1/4" argon spaces
	0.96
	0.73
	0.68
	0.48
	0.49
	0.38
	0.32

	43
	1/2" argon spaces
	0.95
	0.72
	0.67
	0.47
	0.48
	0.37
	0.31

	
	Quadruple Glazing, e=0.10 on
	surfaces 2 or
	3 and 4 or 5
	
	
	
	
	

	44
	1/4" airspaces
	0.97
	0.74
	0.69
	0.49
	0.5
	0.39
	0.33

	45
	1/2" airspaces
	0.94
	0.71
	0.66
	0.46
	0.47
	0.36
	0.3

	46
	1/4" argon spaces
	0.93
	0.7
	0.65
	0.45
	0.46
	0.35
	0.3

	47
	1/2" argon spaces
	0.91
	0.68
	0.63
	0.43
	0.44
	0.33
	0.28

	48
	1/4" krypton spaces
	0.88
	0.65
	0.6
	0.4
	0.42
	0.31
	0.25


TABLE B-7 [A-18 (Section A8.1)]

Assembly Solar Heat Gain Coefficients (SHGC) and

Assembly Visible Light Transmittances (VT) for Unlabeled Skylights

	Glass  Type 
	Glazing Type:  

Number of glazing layers Number & emissivity of coatings (glazing is glass except where noted

                                                                Frame:

                                                               Characteristic:
	Unlabeled Skylights (includes glass/plastic, flat/domed, fixed/operable)

	
	
	Metal without thermal break
	Metal with thermal break
	Wood/vinyl/ fiberglass

	
	
	SHGC
	VT
	SHGC
	VT
	SHGC
	VT

	Clear
	Single glazing, 1/8 in. glass
	0.82
	0.76
	0.78
	0.76
	0.73
	0.73

	
	
	
	
	
	
	
	

	
	Single glazing, 1/4 in. glass
	0.78
	0.75
	0.74
	0.75
	0.69
	0.72

	
	
	
	
	
	
	
	

	
	Single glazing, acrylic/polycarbonate
	0.83
	0.92
	0.83
	0.92
	0.83
	0.92

	
	
	
	
	
	
	
	

	
	Double glazing
	0.68
	0.66
	0.64
	0.66
	0.59
	0.64

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.40 on surface 2 or 3
	0.71
	0.65
	0.67
	0.65
	0.62
	0.63

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.20 on surface 2 or 3
	0.66
	0.61
	0.62
	0.61
	0.57
	0.59

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.10 on surface 2 or 3
	0.59
	0.63
	0.55
	0.63
	0.51
	0.61

	
	
	
	
	
	
	
	

	
	Double glazing, acrylic/polycarbonate
	0.77
	0.89
	0.77
	0.89
	0.77
	0.89

	
	
	
	
	
	
	
	

	
	Triple glazing
	0.6
	0.59
	0.56
	0.59
	0.52
	0.57

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.40 on surface 2, 3, 4, or 5
	0.64
	0.6
	0.6
	0.6
	0.56
	0.57

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.20 on surface 2, 3, 4, or 5
	0.59
	0.55
	0.55
	0.55
	0.51
	0.53

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.10 on surface 2, 3, 4, or 5
	0.54
	0.56
	0.5
	0.56
	0.46
	0.54

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.40 on surfaces 3 and 5
	0.62
	0.57
	0.58
	0.57
	0.53
	0.55

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.20 on surfaces 3 and 5
	0.56
	0.51
	0.52
	0.51
	0.48
	0.49

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.10 on surfaces 3 and 5
	0.47
	0.54
	0.43
	0.54
	0.4
	0.52

	
	
	
	
	
	
	
	

	
	Triple glazing, acrylic/polycarbonate
	0.71
	0.85
	0.71
	0.85
	0.71
	0.85

	
	
	
	
	
	
	
	

	
	Quadruple glazing, E=0.10 on surfaces 3 and 5
	0.41
	0.48
	0.37
	0.48
	0.33
	0.46

	
	
	
	
	
	
	
	

	
	Quadruple glazing, acrylic/polycarbonate
	0.65
	0.81
	0.65
	0.81
	0.65
	0.81

	
	
	
	
	
	
	
	

	Tinted
	Single glazing, 1/8 in. glass
	0.7
	0.58
	0.66
	0.58
	0.62
	0.56

	
	
	
	
	
	
	
	

	
	Single glazing, 1/4 in. glass
	0.61
	0.45
	0.56
	0.45
	0.52
	0.44

	
	
	
	
	
	
	
	

	
	Single glazing, acrylic/polycarbonate
	0.46
	0.27
	0.46
	0.27
	0.46
	0.27

	
	
	
	
	
	
	
	

	
	Double glazing
	0.5
	0.4
	0.46
	0.4
	0.42
	0.39

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.40 on surface 2 or 3
	0.59
	0.5
	0.55
	0.5
	0.5
	0.48

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.20 on surface 2 or 3
	0.47
	0.37
	0.43
	0.37
	0.39
	0.36

	
	
	
	
	
	
	
	

	
	Double glazing, E=0.10 on surface 2 or 3
	0.43
	0.38
	0.39
	0.38
	0.35
	0.37

	
	
	
	
	
	
	
	

	
	Double glazing, acrylic/polycarbonate
	0.37
	0.25
	0.37
	0.25
	0.37
	0.25

	
	
	
	
	
	
	
	

	
	Triple glazing
	0.42
	0.22
	0.37
	0.22
	0.34
	0.21

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.40 on surface 2, 3, 4, or 5
	0.53
	0.45
	0.49
	0.45
	0.45
	0.44

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.20 on surface 2, 3, 4, or 5
	0.42
	0.33
	0.38
	0.33
	0.35
	0.32

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.10 on surface 2, 3, 4, or 5
	0.39
	0.34
	0.35
	0.34
	0.31
	0.33

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.40 on surfaces 3 and 5
	0.51
	0.43
	0.47
	0.43
	0.43
	0.42

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.20 on surfaces 3 and 5
	0.4
	0.31
	0.36
	0.31
	0.32
	0.29

	
	
	
	
	
	
	
	

	
	Triple glazing, E=0.10 on surfaces 3 and 5
	0.34
	0.32
	0.3
	0.32
	0.27
	0.31

	
	
	
	
	
	
	
	

	
	Triple glazing, acrylic/polycarbonate
	0.3
	0.23
	0.3
	0.23
	0.3
	0.23

	
	
	
	
	
	
	
	

	
	Quadruple glazing, E=0.10 on surfaces 3 and 5
	0.3
	0.29
	0.26
	0.29
	0.23
	0.28

	
	
	
	
	
	
	
	

	
	Quadruple glazing, acrylic/polycarbonate
	0.27
	0.25
	0.27
	0.25
	0.27
	0.25


TABLE B-8 [A-19 (Section A8.2)]
Assembly U-Factors, Assembly Solar Heat Gain Coefficients (SHGC), and Assembly Visible Light

Transmittances (VLT) for Unlabeled Vertical Fenestration

	
	Unlabeled Vertical Fenestration

	All frame types

                                                  Singleglazing

                                                  Glassblock
	Clear Glass
	Tinted Glass

	
	U-Factor
	SHGC
	VLT
	U-Factor
	SHGC
	VLT

	
	1.25
	0.82
	0.76
	1.25
	0.7
	0.58

	
	
	
	
	
	
	

	
	0.6
	0.56
	0.56
	n.a.
	n.a.
	n.a.

	Wood, vinyl, or fiberglass frame

                                                  Doubleglazing

                                                  Tripleglazing
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	0.6
	0.59
	0.64
	0.6
	0.42
	0.39

	
	
	
	
	
	
	

	
	0.45
	0.52
	0.57
	0.45
	0.34
	0.21

	Metal and other frame types

                                                  Doubleglazing

                                                  Tripleglazing
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	0.9
	0.68
	0.66
	0.9
	0.5
	0.4

	
	
	
	
	
	
	

	
	0.7
	0.6
	0.59
	0.7
	0.42
	0.22


2.2  Walls

2.2.1 [A3] Above-Grade Walls

2.2.1.1 [A3.1] Mass Wall. U-factors for mass walls shall be taken from Table B-9 [A-5] or determined by the procedure in this subsection. It is acceptable to use the U-factors in Table B-9 [A-5] for all mass walls, provided that the grouting is equal to or less than that specified. Heat capacity for mass walls shall be taken from Table B-10 [A-6] or B-11 [A-7].
Exception: U-factors for mass walls determined in accordance with section 402.1.C.1 [5.3.1.2].
For the purpose of B1.4.2 [A1.2], the base assembly is a masonry or concrete wall. Continuous insulation is installed on the interior, exterior, or within the masonry units, or it is installed on the interior or exterior of the concrete. The U-factor includes R-0.17 for exterior air film and R-0.68 for interior air film, vertical surfaces. For insulated walls, the U-factor also includes R-0.45 for 0.5 in. gypsum board. U-factors are provided for the following configurations:

a. Concrete wall: 8 in. normal weight concrete wall with a density of 145 lb/ft3.

b. Solid grouted concrete block wall: 8 in. medium weight ASTM C90 concrete block with a density of 115 lb/ft3 and solid grouted cores.

c. Partially grouted concrete block wall: 8 in. medium weight ASTM C90 concrete block with a density of 115 lb/ft3 having reinforcing steel every 32 in. vertically and every 48 in. horizontally, with cores grouted in those areas only. Other cores are filled with insulating material only if there is no other insulation. If not taken from Table B-9 [A-5], mass wall U-factors shall be determined from Tables B-10 [A-6], B-10 [A-7], and B-12 [A-8] using the following procedure.

d. If the mass wall is uninsulated or only the cells are insulated:

1. For concrete walls, determine the U-factor from Table B-10 [A-6] based on the concrete density and wall thickness.

2. For concrete block walls, determine the U-factor from Table B-11 [A-7] based on the block size, concrete density, degree of grouting in the cells, and whether the cells are insulated.

e. If the mass wall has additional insulation:

1. For concrete walls, determine the Ru from Table B-10 [A-6] based on the concrete density and wall thickness. Next, determine the effective R-value for the insulation/ framing layer from Table B-12 [A-8] based on the rated R-value of insulation installed, the thickness of the insulation, and whether it is installed between wood or metal framing or with no framing. Then, determine the U-factor by adding the Ru and the effective R-value together and taking the inverse of the total.

2. For concrete block walls, determine the Ru from Table B-11 [A-7] based on the block size, concrete density, degree of grouting in the cells, and whether the cells are insulated. Next, determine the effective R-value for the insulation/framing layer from Table B-12 [A-8] based on the rated R-value of insulation installed, the thickness of the insulation, and whether it is installed between wood or metal framing or with no framing. Then, determine the U-factor by adding the Ru and the effective R-value together and taking the inverse of the total.

2.2.1.2 [A3.2] Metal Building Walls. U-factors for metal building walls shall be taken from Table B-13 [A-9]. It is not acceptable to use these U-factors if additional insulation is not continuous. For the purpose of B1.4.2 [A1.2], the base assembly is a wall where the insulation is compressed between metal wall panels and the metal structure. Additional assemblies include continuous insulation, uncompressed and uninterrupted by framing.

2.2.1.3 [A3.3] Steel-Framed Walls. U-factors for steel-framed walls shall be taken from Table B-14 [A-10]. For steel-framed walls with framing at less than 24 in. on center, use the standard framing values as described in (a) below. For steel-framed walls with framing from 24 in. to 32 in. on center, use the advanced framing values as described in (b) below. For steel-framed walls with framing greater than 32 in. on center, use the metal building wall values in Table B-13 [A9]. For the purpose of B1.4.2 [A1.2], the base assembly is a wall where the insulation is installed within the cavity of the steel stud framing but where there is not a metal exterior surface spanning member. The steel stud framing is a minimum uncoated thickness of 0.043 in. for 18 gauge or 0.054 in. for 16 gauge. The U-factor includes R-0.17 for exterior air film, R-0.08 for stucco, R-0.56 for 0.625 in.16 mm gypsum board on the exterior, R-0.56 for 0.625 in.16 mm gypsum board on the interior, and R-0.68 for interior vertical surfaces air film. The performance of the insulation/framing layer is calculated using the values in Table B-17 [A-21]. Additional assemblies include continuous insulation, uncompressed and uninterrupted by framing. U-factors are provided for the following configurations:

a. Standard framing: steel stud framing at 16 in. on center with cavities filled with 16 in. wide insulation for both 3.5 in. deep and 6.0 in. deep wall cavities.

b. Advanced framing: steel stud framing at 24 in. on center with cavities filled with 24 in. wide insulation for both 3.5 in. deep and 6.0 in. deep wall cavities.

2.2.1.4 [A3.4] Wood-Framed Walls. U-factors for wood-framed walls shall be taken from Table B-15 [A-11]. For wood-framed walls with framing at less than 24 in. on center, use the standard framing values as described in (a) below. For wood-framed walls with framing from 24 in. to 32 in. on center, use the advanced framing values as described in (b) below if the headers are uninsulated or the advanced framing with insulated headers values as described in (c) below if the headers are insulated. For wood-framed walls with framing greater than 32 in. on center, U-factors shall be determined in accordance with B1.5 [A9]. For the purpose of B1.4.2 [A1.2], the base assembly is a wall where the insulation is installed between 2 in. nominal wood framing. Cavity insulation is full depth, but values are taken from Table B-3 [A-24] for R-19 insulation, which is compressed when installed in a 5.5 in. cavity. Headers are double 2 in. nominal wood framing. The U-factor includes R-0.17 for exterior air film, R-0.08 for stucco, R-0.56 for 0.625 in. gypsum board on the exterior, R-0.56 for 0.625 in. gypsum board on the interior, and R-0.68 for interior air film, vertical surfaces. Additional assemblies include continuous insulation, uncompressed and uninterrupted by framing. U-factors are provided for the following configurations: 

a. Standard framing: wood framing at 16 in. on center with cavities filled with 14.5 in. wide insulation for both 3.5 in. deep and 5.5 in. deep wall cavities. Double headers leave no cavity. Weighting factors are 75% insulated cavity, 21% studs, plates, and sills, and 4% headers.

b. Advanced framing: wood framing at 24 in. on center with cavities filled with 22.5 in. wide insulation for both 3.5 in. deep and 5.5 in. deep wall cavities. Double headers leave uninsulated cavities. Weighting factors are 78% insulated cavity, 18% studs, plates, and sills, and 4% headers.

c. Advanced framing with insulated headers: wood framing at 24 in. on center with cavities filled with 22.5 in. wide insulation for both 3.5 in. deep and 5.5 in. deep wall cavities. Double header cavities are insulated. Weighting factors are 78% insulated cavity, 18% studs, plates, and sills, and 4% headers.

2.2.2 [A4] Below-Grade Walls. C-factors for below-grade walls shall be taken from Table B-16 [A-12] or determined by the procedure described in this subsection. It is acceptable to use the C-factors in Table B-16 [A-12] for all below-grade walls. The base assembly is 8 in. medium-weight concrete block with a density of 115 lb/ft3 and solid grouted cores. Continuous insulation is installed on the interior or exterior. In contrast to the U-factor for above-grade walls, the C-factor for below grade walls does not include R-values for exterior or interior air films or for soil. For insulated walls, the C-factor does include R-0.45 for 0.5 in. gypsum board. If not taken from Table B-16 [A-12], below-grade wall C-factors shall be determined from Tables B-10 [A-6], B-11 [A-7], and B-12 [A-8] using the following procedure:

a. If the below-grade wall is uninsulated or only the cells are insulated:

(1) For concrete walls, determine the C-factor from Table B-10 [A-6] based on the concrete density and wall thickness.

(2) For concrete block walls, determine the C-factor from Table B-11 [A-7] based on the block size, concrete density, degree of grouting in the cells, and whether the cells are insulated.

b. If the mass wall has additional insulation:  

(1) For concrete walls, determine the Rc from Table B-10 [A-6] based on the concrete density and wall thickness. Next, determine the effective R-value for the insulation/framing layer from Table B-12 [A-8] based on the rated R-value of insulation installed, the thickness of the insulation, and whether it is installed between wood or metal framing or with no framing. Then, determine the C-factor by adding the Rc and the effective R-value together and taking the inverse of the total. 

(2) For concrete block walls, determine the Rc from Table B-10 [A-7] based on the block size, concrete density, degree of grouting in the cells, and whether the cells are insulated. Next, determine the effective R-value for the insulation/ framing layer from Table B-11 [A-8] based on the rated R-value of insulation installed, the thickness of the insulation, and whether it is installed between wood or metal framing or with no framing. Then, determine the C-factor by adding the Rc and the effective R-value together and taking the inverse of the total.

TABLE B-9 [A-5 (Section A3.1)]

Assembly U-Factors for Above-Grade Concrete Walls and Masonry Walls

	Framing Type

and Depth
	Rated R-Value of

Insulation Alone
	Assembly U-Factors

for 8” Normal Weight 

145 lb/ft3

Solid Concrete Walls
	Assembly U-Factors for 8” Medium Weight 115 lb/ft3
Concrete Block Walls:

Solid Grouted
	Assembly U-Factors for 8 in.

Medium Weight 115 lb/ft3

Concrete Block Walls:

Partially Grouted (cores uninsulated

except where specified)

	No Framing
	R-0
	U-0.740
	U-0.580
	U-0.480

	
	Ungrouted Cores

Filled with

Loose-fill insulation
	N.A.
	N.A.
	U-0.350

	Continuous metal framing at 24 in. on center horizontally

	3.5 in.

3.5 in.

3.5 in.
	R-11.0

R-13.0

R-15.0
	U-0.168

U-0.161

U-0.155
	U-0.158

U-0.152

U-0.147
	U-0.149

U-0.144

U-0.140

	4.5 in.

4.5 in.

4.5 in.
	R-17.1

R-22.5

R-25.2
	U-0.133

U-0.124

U-0.122
	U-0.126

U-0.119

U-0.116
	U-0.121

U-0.114

U-0.112

	5.0 in.

5.0 in.

5.0 in.

5.5 in.

5.5 in.

5.5 in.

5.5 in.

5.5 in.
	R-19.0

R-25.0

R-28.0

R-19.0

R-20.9

R-21.0

R-27.5

R-30.8
	U-0.122

U-0.115

U-0.112

U-0.118

U-0.114

U-0.113

U-0.106

U-0.104
	U-0.117

U-0.110

U-0.107

U-0.113

U-0.109

U-0.109

U-0.102

U-0.100
	U-0.112

U-0.106

U-0.103

U-0.109

U-0.105

U-0.105

U-0.099

U-0.096

	6.0 in.

6.0 in.

6.0 in.
	R-22.8

R-30.0

R-33.6
	U-0.106

U-0.099

U-0.096
	U-0.102

U-0.095

U-0.093
	U-0.098

U-0.092

U-0.090

	6.5 in.
	R-24.7
	U-0.099
	U-0.096
	U-0.092

	7.0 in.
	R-26.6
	U-0.093
	U-0.090
	U-0.087

	7.5 in.
	R-28.5
	U-0.088
	U-0.085
	U-0.083

	8.0 in.
	R-30.4
	U-0.083
	U-0.081
	U-0.079

	1 in. metal clips at 24 in. on center horizontally and 16 in. vertically

	1.0 in.

1.0 in.

1.0 in.
	R-3.8

R-5.0

R-5.6
	U-0.210

U-0.184

U-0.174
	U-0.195

U-0.172

U-0.163
	U-0.182

U-0.162

U-0.154

	1.5 in.

1.5 in.

1.5 in.
	R-5.7

R-7.5

R-8.4
	U-0.160

U-0.138

U-0.129
	U-0.151

U-0.131

U-0.123
	U-0.143

U-0.125

U-0.118

	2.0 in.

2.0 in.

2.0 in.
	R-7.0

R-10.0

R-11.2
	U-0.129

U-0.110

U-0.103
	U-0.123

U-0.106

U-0.099
	U-0.118

U-0.102

U-0.096

	2.5 in.

2.5 in.

2.5 in.
	R-9.0

R-12.0

R-14.0
	U-0.109

U-0.092

U-0.086
	U-0.104

U-0.089

U-0.083
	U-0.101

U-0.086

U-0.080

	3.0 in.

3.0 in.

3.0 in.
	R-11.4

R-15.0

R-16.8
	U-0.094

U-0.078

U-0.073
	U-0.090

U-0.076

U-0.071
	U-0.088

U-0.074

U-0.069

	3.5 in.

3.5 in

3.5 in.
	R-13.3

R-17.5

R-19.6
	U-0.082

U-0.069

U-0.064
	U-0.080

U-0.067

U-0.062
	U-0.077

U-0.065

U-0.061


TABLE B-9 [A-5 (Section A3.1)], Continued
Assembly U-Factors for Above-Grade Concrete Walls and Masonry Walls, 

	Framing Type

and Depth
	Rated R-Value of

Insulation Alone
	Assembly U-Factors for

8 in. Normal

Weight 145 lb/ft3

Solid Concrete Walls
	Assembly U-Factors for 8 in.,Medium Weight 115 lb/ft3 Concrete Block Walls:

Solid Grouted
	Assembly U-Factors for 8 in.

Medium Weight 115 lb/ft3

Concrete Block Walls: Partially Grouted (cores uninsulated except where specified)

	No Framing
	R-0
	U-0.740
	U-0.580
	U-0.480

	
	Ungrouted Cores Filled with Loose-fill insulation
	N.A.
	N.A.
	U-0.350

	1 in. metal clips at 24 in. on center horizontally and 16 in. vertically

	4.0 in

4.0 in.

4.0 in.
	R-15.2

R-20.0

R-22.4
	U-0.073

U-0.061

U-0.057
	U-0.071

U-0.060

U-0.056
	U-0.070

U-0.058

U-0.054

	5.0 in
6.0 in.
7.0 in.
8.0 in.
9.0 in.
10.0 in.
11.0 in.
	R-28.0
R-33.6
R-39.2
R-44.8
R-50.4
R-56.0
R-61.6
	U-0.046
U-0.039
U-0.034
U-0.030
U-0.027
U-0.024
U-0.022
	U-0.046
U-0.039
U-0.034
U-0.030
U-0.027
U-0.024
U-0.022
	U-0.045
U-0.038
U-0.033
U-0.029
U-0.026
U-0.024
U-0.022

	Continuous insulation uninterrupted by framing

	No Framing
No Framing
No Framing
No Framing
No Framing
	R-1.0
R-2.0
R-3.0
R-4.0
R-5.0
	U-0.425
U-0.298
U-0.230
U-0.187
U-0.157
	U

U

U

U

U
	U-0.324
U-0.245
U-0.197
U-0.164
U-0.141

	No Framing

No Framing

No Framing

No Framing

No Framing
	R-6.0

R-7.0

R-8.0

R-9.0

R-10.0
	U-0.

U-0.120

U-0.107

U-0.097

U-0.088
	U-0.129

U-0.115

U-0.103

U-0.093

U-0.085
	U-0.124

U-0.110

U-0.099

U-0.090

U-0.083

	No Framing

No Framing

No Framing

No Framing

No Framing
	R-11.0

R-12.0

R-13.0

R-14.0

R-15.0
	U-0.081

U-0.075

U-0.070

U-0.065

U-0.061
	U-0.079

U-0.073

U-0.068

U-0.064

U-0.060
	U-0.076

U-0.071

U-0.066

U-0.062

U-0.059

	No Framing

No Framing

No Framing

No Framing

No Framing
	R-16.0

R-17.0

R-18.0

R-19.0

R-20.0
	U-0.

U-0.054

U-0.052

U-0.049

U-0.047
	U-0.056

U-0.053

U-0.051

U-0.048

U-0.046
	U-0.055

U-0.052

U-0.050

U-0.047

U-0.045

	No Framing

No Framing

No Framing

No Framing

No Framing
	R-21.0

R-22.0

R-23.0

R-24.0

R-25.0
	U-0.045

U-0.043

U-0.041

U-0.039

U-0.038
	U-0.044

U-0.042

U-0.040

U-0.039

U-0.037
	U-0.043

U-0.042

U-0.040

U-0.038

U-0.037

	No Framing

No Framing

No Framing

No Framing

No Framing

No Framing

No Framing
	R-30.0

R-35.0

R-40.0

R-45.0

R-50.0

R-55.0

R-60.0
	U-0.032

U-0.028

U-0.024

U-0.022

U-0.019

U-0.018

U-0.016
	U-0.032

U-0.027

U-0.024

U-0.021

U-0.019

U-0.018

U-0.016
	U-0.031

U-0.027

U-0.024

U-0.021

U-0.019

U-0.018

U-0.016


TABLE B-10 [A-6 (Sections 5.3.1.2, A3.1, and A4.1)]
Assembly U-Factors, C-Factors, Ru, Rc, and Heat Capacity for Concrete

	Density in lb/ft3
	Properties
	Thickness in Inches

   3        4          5          6          7          8           9         10          11         12

	20
	U-factor
	0.22
	0.17
	0.14
	0.12
	0.10
	0.09
	0.08 
	0.07
	0.07
	0.06

	
	C-factor
	0.27
	0.20
	0.16
	0.13
	0.11
	0.10
	0.09
	0.08
	0.07
	0.07

	
	Ru
	4.60
	5.85
	7.10
	8.35
	9.60
	10.85
	12.10
	13.35
	14.60
	15.85

	
	Rc
	3.75
	5.00
	6.25
	7.50
	8.75
	10.00
	11.25
	12.50
	13.75
	15.00

	
	HC
	1.0
	1.3
	1.7
	2.0
	2.3
	2.7
	3.0
	3.3
	3.7
	4.0

	30
	U-factor
	0.28
	0.22
	0.19
	0.16
	0.14
	0.12
	0.11
	0.10
	0.09
	0.09

	
	C-factor
	0.37
	0.28
	0.22
	0.18
	0.16
	0.14
	0.12
	0.11
	0.10
	0.09

	
	Ru
	3.58
	4.49
	5.40
	6.30
	7.21
	8.12
	9.03
	9.94
	10.85
	11.76

	
	Rc
	2.73
	3.64
	4.55
	5.45
	6.36
	7.27
	8.18
	9.09
	10.00
	10.91

	
	HC
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5
	5.0
	5.5
	6.0

	40
	U-factor
	0.33
	0.27
	0.23
	0.19
	0.17
	0.15
	0.14
	0.13
	0.11
	0.11

	
	C-factor
	0.47
	0.35
	0.28
	0.23
	0.20
	0.18
	0.16
	0.14
	0.13
	0.12

	
	Ru
	2.99
	3.71
	4.42
	5.14
	5.85
	6.56
	7.28
	7.99
	8.71
	9.42

	
	Rc
	2.14
	2.86
	3.57
	4.29
	5.00
	5.71
	6.43
	7.14
	7.86
	8.57

	
	HC
	2.0
	2.7
	3.3
	4.0
	4.7
	5.3
	6.0
	6.7
	7.3
	8.0

	50
	U-factor
	0.38
	0.31
	0.26
	0.23
	0.20
	0.18
	0.16
	0.15
	0.14
	0.13

	
	C-factor
	0.57
	0.43
	0.34
	0.28
	0.24
	0.21
	0.19
	0.17
	0.15
	0.14

	
	Ru
	2.61
	3.2
	3.79
	4.38
	4.97
	5.56
	6.14
	6.73
	7.32
	7.91

	
	Rc
	1.76
	2.35
	2.94
	3.53
	4.12
	4.71
	5.29
	5.88
	6.47
	7.06

	
	HC
	2.5
	3.3
	4.2
	5.0
	5.8
	6.7
	7.5
	8.3
	9.2
	10.0

	85
	U-factor
	0.65
	0.56
	0.50
	0.44
	0.40
	0.37
	0.34
	0.31
	0.29
	0.27

	
	C-factor
	1.43
	1.08
	0.86
	0.71
	0.61
	0.54
	0.48
	0.43
	0.39
	0.36

	
	Ru
	1.55
	1.78
	2.01
	2.25
	2.48
	2.71
	2.94
	3.18
	3.41
	3.64

	
	Rc
	0.70
	0.93
	1.16
	1.40
	1.63
	1.86
	2.09
	2.33
	2.56
	2.79

	
	HC
	4.3
	5.7
	7.1
	8.5
	9.9
	11.3
	12.8
	14.2
	15.6
	17.0

	95
	U-factor
	0.72
	0.64
	0.57
	0.52
	0.48
	0.44
	0.41
	0.38
	0.36
	0.33

	
	C-factor
	1.85
	1.41
	1.12
	0.93
	0.80
	0.70
	0.62
	0.56
	0.51
	0.47

	
	Ru
	1.39
	1.56
	1.74
	1.92
	2.10
	2.28
	2.46
	2.64
	2.81
	2.99

	
	Rc
	0.54
	0.71
	0.89
	1.07
	1.25
	1.43
	1.61
	1.79
	1.96
	2.14

	
	HC
	4.8
	6.3
	7.9
	9.5
	11.1
	12.7
	14.3
	15.8
	17.4
	19.0

	105
	U-factor
	0.79
	0.71
	0.65
	0.59
	0.54
	0.51
	0.47
	0.44
	0.42
	0.39

	
	C-factor
	2.38
	1.79
	1.43
	1.18
	1.01
	0.88
	0.79
	0.71
	0.65
	0.59

	
	Ru
	1.27
	1.41
	1.557
	1.70
	1.84
	1.98
	2.12
	2.26
	2.40
	2.54

	
	Rc
	0.42
	0.56
	0.70
	0.85
	0.99
	1.13
	1.27
	1.41
	1.55
	1.69

	
	HC
	5.3
	7.0
	8.8
	10.5
	12.3
	14.0
	15.8
	17.5
	19.3
	21.0

	115
	U-factor
	0.84
	0.77
	0.70
	0.65
	0.61
	0.57
	0.53
	0.50
	0.48
	0.45

	
	C-factor
	2.94
	2.22
	1.75
	1.47
	1.25
	1.10
	0.98
	0.88
	0.80
	0.74

	
	Ru
	1.19
	1.30
	1.42
	1.53
	1.65
	1.76
	1.87
	1.99
	2.10
	2.21

	
	Rc
	0.34
	0.45
	0.57
	0.68
	0.80
	0.91
	1.02
	1.14
	1.25
	1.36

	
	HC
	5.8
	7.7
	9.6
	11.5
	13.4
	15.3
	17.3
	19.2
	21.1
	23.0

	125
	U-factor
	0.88
	0.82
	0.76
	0.71
	0.67
	0.63
	0.60
	0.56
	0.53
	0.51

	
	C-factor
	3.57
	2.70
	2.17
	1.79
	1.54
	1.35
	1.20
	1.08
	0.98
	0.90

	
	Ru
	1.13
	1.22
	1.31
	1.41
	1.50
	1.59
	1.68
	1.78
	1.87
	1.96

	
	Rc
	0.28
	0.37
	0.46
	0.56
	0.65
	0.74
	0.83
	0.93
	1.02
	1.11

	
	HC
	6.3
	8.3
	10.4
	12.5
	14.6
	16.7
	18.8
	20.8
	22.9
	25.0

	135
	U-factor
	0.93
	0.87
	0.82
	0.77
	0.73
	0.69
	0.66
	0.63
	0.60
	0.57

	
	C-factor
	4.55
	3.33
	2.70
	2.22
	1.92
	1.67
	1.49
	1.33
	1.22
	1.11

	
	Ru
	1.07
	1.15
	1.22
	1.30
	1.37
	1.45
	.52
	1.60
	1.67
	1.75

	
	Rc
	0.22
	0.30
	0.37
	0.45
	0.52
	0.60
	0.67
	0.75
	0.82
	0.90

	
	HC
	6.8
	9.0
	11.3
	13.5
	15.8
	18.0
	20.3
	22.5
	24.8
	27.0

	144
	U-factor
	0.96
	0.91
	0.86
	0.81
	0.78
	0.74
	0.71
	0.68
	0.65
	0.63

	
	C-factor
	5.26
	4.00
	3.23
	2.63
	2.27
	2.00
	1.79
	1.59
	1.45
	1.33

	
	Ru
	1.04
	1.10
	1.16
	1.23
	1.29
	1.35
	1.41
	1.48
	1.54
	1.60

	
	Rc
	0.19
	0.25
	0.31
	0.38
	0.44
	0.50
	0.56
	0.63
	0.69
	0.75

	
	HC
	7.2
	9.6
	12.0
	14.4
	16.8
	19.2
	21.6
	24.0
	26.4
	28.8


The U-factors and Ru include standard air film resistances.

The C-factors and Rc are for the same assembly without air film resistances.

Note that the following assemblies do not qualify as a mass wall or mass floor: 

3 in. thick concrete with densities of 85, 95, 125 and 135 lbs/ft3  
TABLE B-11 [A-7 (Sections 5.3.1.2, A3.1, and A4.1)]

Assembly U-Factors, C-Factors, Ru, Rc, and Heat Capacity for Concrete Block Walls

	Density
	Properties
	Concrete Block Grouting and Cell Treatment

	
	
	Solid grouted
	Partly Grouted, Cells Empty
	Partly Grouted, Cells Insulated
	Unreinforced, Cells Empty
	Unreinforced, Cells Insulated

	6 in. block

	85
	U-factor
	0.57
	0.46
	0.34
	0.4
	0.2

	
	C-factor
	1.11
	0.75
	0.47
	0.6
	0.23

	
	Ru
	1.75
	2.18
	2.97
	2.52
	5.13

	
	Rc
	0.9
	1.33
	2.12
	1.67
	4.28

	
	HC
	10.9
	6.7
	7
	4.2
	4.6

	95
	U-factor
	0.61
	0.49
	0.36
	0.42
	0.22

	
	C-factor
	1.25
	0.83
	0.53
	0.65
	0.27

	
	Ru
	1.65
	2.06
	2.75
	2.38
	4.61

	
	Rc
	0.8
	1.21
	1.9
	1.53
	3.76

	
	HC
	11.4
	7.2
	7.5
	4.7
	5.1

	105
	U-factor
	0.64
	0.51
	0.39
	0.44
	0.24

	
	C-factor
	1.38
	0.91
	0.58
	0.71
	0.3

	
	Ru
	1.57
	1.95
	2.56
	2.26
	4.17

	
	Rc
	0.72
	1.1
	1.71
	1.41
	3.32

	
	HC
	11.9
	7.7
	7.9
	5.1
	5.6

	115
	U-factor
	0.66
	0.54
	0.41
	0.46
	0.26

	
	C-factor
	1.52
	0.98
	0.64
	0.76
	0.34

	
	Ru
	1.51
	1.87
	2.41
	2.16
	3.79

	
	Rc
	0.66
	1.02
	1.56
	1.31
	2.94

	
	HC
	12.3
	8.1
	8.4
	5.6
	6

	125
	U-factor
	0.7
	0.56
	0.45
	0.49
	0.3

	
	C-factor
	1.7
	1.08
	0.73
	0.84
	0.4

	
	Ru
	1.44
	1.78
	2.23
	2.04
	3.38

	
	Rc
	0.59
	0.93
	1.38
	1.19
	2.53

	
	HC
	12.8
	8.6
	8.8
	6
	6.5

	135
	U-factor
	0.73
	0.6
	0.49
	0.53
	0.35

	
	C-factor
	1.94
	1.23
	0.85
	0.95
	0.49

	
	Ru
	1.36
	1.67
	2.02
	1.9
	2.89

	
	Rc
	0.51
	0.82
	1.17
	1.05
	2.04

	
	HC
	13.2
	9
	9.3
	6.5
	6.9

	8 in. block

	85
	U-factor
	0.49
	0.41
	0.28
	0.37
	0.15

	
	C-factor
	0.85
	0.63
	0.37
	0.53
	0.17

	
	Ru
	2.03
	2.43
	3.55
	2.72
	6.62

	
	Rc
	1.18
	1.58
	2.7
	1.87
	5.77

	
	HC
	15
	9
	9.4
	5.4
	6

	95
	U-factor
	0.53
	0.44
	0.31
	0.39
	0.17

	
	C-factor
	0.95
	0.7
	0.41
	0.58
	0.2

	
	Ru
	1.9
	2.29
	3.27
	2.57
	5.92

	
	Rc
	1.05
	1.44
	2.42
	1.72
	5.07

	
	HC
	15.5
	9.6
	10
	6
	6.6

	105
	U-factor
	0.55
	0.46
	0.33
	0.41
	0.19

	
	C-factor
	1.05
	0.76
	0.46
	0.63
	0.22

	
	Ru
	1.81
	2.17
	3.04
	2.44
	5.32

	
	Rc
	0.96
	1.32
	2.19
	1.59
	4.47

	
	HC
	16.1
	10.2
	10.6
	6.6
	7.2

	115
	U-factor
	0.58
	0.48
	0.35
	0.43
	0.21

	
	C-factor
	1.14
	0.82
	0.5
	0.68
	0.25

	
	Ru
	1.72
	2.07
	2.84
	2.33
	4.78

	
	Rc
	0.87
	1.22
	1.99
	1.48
	3.93

	
	HC
	16.7
	10.8
	11.2
	7.2
	7.8

	125
	U-factor
	0.61
	0.51
	0.38
	0.45
	0.24

	
	C-factor
	1.27
	0.9
	0.57
	0.74
	0.3

	
	Ru
	1.64
	1.96
	2.62
	2.2
	4.2

	
	Rc
	0.79
	1.11
	1.77
	1.35
	3.35

	
	HC
	17.3
	11.4
	11.8
	7.8
	8.4

	135
	U-factor
	0.65
	0.55
	0.42
	0.49
	0.28

	
	C-factor
	1.44
	1.02
	0.67
	0.83
	0.37

	
	Ru
	1.54
	1.83
	2.35
	2.05
	3.55

	
	Rc
	0.69
	0.98
	1.5
	1.2
	2.7

	
	HC
	17.9
	12
	12.4
	8.4
	9


TABLE B-12 [A-8 (Sections A3.1.2 and A4.1.3)]
Effective R-Values for Insulation/Framing Layers Added to Above-Grade Mass Walls and Below-Grade Walls
	Depth (in.)
	Framing Type
	Rated R-Value of Insulation

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Effective R-value if continuous insulation uninterrupted by framing (includes gypsun board)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	None
	0.5
	1.5
	2.5
	3.5
	4.5
	5.5
	6.5
	7.5
	8.5
	9.5
	10.5
	11.5
	12.5
	13.5
	14.5
	15.5
	16.5
	17.5
	18.5
	19.5
	20.5
	21.5
	22.5
	23.5
	24.5
	25.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Effective R-value if insulation is installed in cavity between framing (includes gypsum board)
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.5
	Wood
	1.3
	1.3
	1.9
	2.4
	2.7
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	0.9
	0.9
	1.1
	1.1
	1.2
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0.75
	Wood
	1.4
	1.4
	2.1
	2.7
	3.1
	3.5
	3.8
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1
	1
	1.3
	1.4
	1.5
	1.5
	1.6
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Wood
	1.3
	1.5
	2.2
	2.9
	3.4
	3.9
	4.3
	4.6
	4.9
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1
	1.1
	1.4
	1.6
	1.7
	1.8
	1.8
	1.9
	1.9
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1.5
	Wood
	1.3
	1.5
	2.4
	3.1
	3.8
	4.4
	4.9
	5.4
	5.8
	6.2
	6.5
	6.8
	7.1
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.1
	1.2
	1.6
	1.9
	2.1
	2.2
	2.3
	2.4
	2.5
	2.5
	2.6
	2.6
	2.7
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	Wood
	1.4
	1.5
	2.5
	3.3
	4
	4.7
	5.3
	5.9
	6.4
	6.9
	7.3
	7.7
	8.1
	8.4
	8.7
	9
	9.3
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.1
	1.2
	1.7
	2.1
	2.3
	2.5
	2.7
	2.8
	2.9
	3
	3.1
	3.2
	3.2
	3.3
	3.3
	3.4
	3.4
	na
	na
	na
	na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.5
	Wood
	1.4
	1.5
	2.5
	3.4
	4.2
	4.9
	5.6
	6.3
	6.8
	7.4
	7.9
	8.4
	8.8
	9.2
	9.6
	10
	10.3
	10.6
	10.9
	11.2
	11.5
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.3
	1.8
	2.3
	2.6
	2.8
	3
	3.2
	3.3
	3.5
	3.6
	3.6
	3.7
	3.8
	3.9
	3.9
	4
	4
	4.1
	4.1
	4.1
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	Wood
	1.4
	1.5
	2.5
	3.5
	4.3
	5.1
	5.8
	6.5
	7.2
	7.8
	8.3
	8.9
	9.4
	9.9
	10.3
	10.7
	11.1
	11.5
	11.9
	12.2
	12.5
	12.9
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.3
	1.9
	2.4
	2.8
	3.1
	3.3
	3.5
	3.7
	3.8
	4
	4.1
	4.2
	4.3
	4.4
	4.4
	4.5
	4.6
	4.6
	4.7
	4.7
	4.8
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.5
	Wood
	1.4
	1.5
	2.6
	3.5
	4.4
	5.2
	6
	6.7
	7.4
	8.1
	8.7
	9.3
	9.8
	10.4
	10.9
	11.3
	11.8
	12.2
	12.6
	13
	13.4
	13.8
	14.1
	14.5
	14.8
	15.1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.3
	2
	2.5
	2.9
	3.2
	3.5
	3.8
	4
	4.2
	4.3
	4.5
	4.6
	4.7
	4.8
	4.9
	5
	5.1
	5.1
	5.2
	5.2
	5.3
	5.4
	5.4
	5.4
	5.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	Wood
	1.4
	1.6
	2.6
	3.6
	4.5
	5.3
	6.1
	6.9
	7.6
	8.3
	9
	9.6
	10.2
	10.8
	11.3
	11.9
	12.4
	12.8
	13.3
	13.7
	14.2
	14.6
	14.9
	15.3
	15.7
	16

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.3
	2
	2.6
	3
	3.4
	3.7
	4
	4.2
	4.5
	4.6
	4.8
	5
	5.1
	5.2
	5.3
	5.4
	5.5
	5.6
	5.7
	5.8
	5.8
	5.9
	5.9
	6
	6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4.5
	Wood
	1.4
	1.6
	2.6
	3.6
	4.5
	5.4
	6.2
	7.1
	7.8
	8.5
	9.2
	9.9
	10.5
	11.2
	11.7
	12.3
	12.8
	13.3
	13.8
	14.3
	14.8
	15.2
	15.7
	16.1
	16.5
	16.9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.3
	2.1
	2.6
	3.1
	3.5
	3.9
	4.2
	4.5
	4.7
	4.9
	5.1
	5.3
	5.4
	5.6
	5.7
	5.8
	5.9
	6
	6.1
	6.2
	6.3
	6.4
	6.4
	6.5
	6.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	Wood
	1.4
	1.6
	2.6
	3.6
	4.6
	5.5
	6.3
	7.2
	8
	8.7
	9.4
	10.1
	10.8
	11.5
	12.1
	12.7
	13.2
	13.8
	14.3
	14.8
	15.3
	15.8
	16.3
	16.7
	17.2
	17.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.2
	1.4
	2.1
	2.7
	3.2
	3.7
	4.1
	4.4
	4.7
	5
	5.2
	5.4
	5.6
	5.8
	5.9
	6.1
	6.2
	6.3
	6.5
	6.6
	6.7
	6.8
	6.8
	6.9
	7
	7.1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5.5
	Wood
	1.4
	1.6
	2.6
	3.6
	4.6
	5.5
	6.4
	7.3
	8.1
	8.9
	9.6
	10.3
	11
	11.7
	12.4
	13
	13.6
	14.2
	14.7
	15.3
	15.8
	16.3
	16.8
	17.3
	17.8
	18.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Metal
	1.3
	1.4
	2.1
	2.8
	3.3
	3.8
	4.2
	4.6
	4.9
	5.2
	5.4
	5.7
	5.9
	6.1
	6.3
	6.4
	6.6
	6.7
	6.8
	7
	7.1
	7.2
	7.3
	7.4
	7.5
	7.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


TABLE B-13 [A-9 (Section A3.2)]

Assembly U-Factors for Metal Building Walls

	Insulation System
	Rated R-Value of Insulation
	Total Rated R-Value of Insulation
	Overall U-Factor for Entire Base Wall Assembly
	Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation (uninterrupted by framing)

Rated R-Value of Continuous Insulation

	
	
	
	
	R-5.6
	R-11.2
	R-16.8
	R-22.4
	R-28.0
	R-33.6

	Single Layer of  Mineral Fiber

	
	
	
	
	
	
	
	
	
	

	
	None
	0
	1.18
	0.161
	0.086
	0.059
	0.045
	0.036
	0.03

	
	
	
	
	
	
	
	
	
	

	
	R-6
	6
	0.184
	0.091
	0.06
	0.045
	0.036
	0.03
	0.026

	
	
	
	
	
	
	
	
	
	

	
	R-10
	10
	0.134
	0.077
	0.054
	0.041
	0.033
	0.028
	0.024

	
	
	
	
	
	
	
	
	
	

	
	R-11
	11
	0.123
	0.073
	0.052
	0.04
	0.033
	0.028
	0.024

	
	
	
	
	
	
	
	
	
	

	
	R-13
	13
	0.113
	0.069
	0.05
	0.039
	0.032
	0.027
	0.024

	
	
	
	
	
	
	
	
	
	

	Double Layer of Mineral Fiber

(Second layer inside of girts)

(Multiple layers are listed in order from inside to outside)

	
	R-6+R-13
	19
	0.07
	Na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	

	
	R-10+R-13
	23
	0.061
	Na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	

	
	R-13+R-13
	26
	0.057
	Na
	na
	na
	na
	na
	na

	
	
	
	
	
	
	
	
	
	

	
	R-19+R-13
	32
	0.048
	Na
	na
	na
	na
	na
	na


TABLE B-14 [A-10 (Section A3.3)]
Assembly U-Factors for Steel Frame Walls

	Framing Type and Spacing Width (actual depth)
	Cavity Insulation R-Value: Rated/ (effective installed [see Table A-21])
	Overall U-Factor for Entire Base Wall Assembly
	Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation (uninterrupted by framing), Rated R-Value of Continuous Insulation

	
	
	
	R-1.0
	R-2.0
	R-3.0
	R-4.0
	R-5.0
	R-6.0
	R-7.0
	R-8.0
	R-9.0
	R-10.0
	R-11.0
	R-12.0
	R-13.0
	R-15.0
	R-15.0
	R-20.0
	R-25.0
	R-30.0
	R-35.0
	R-40.0

	Steel Framing at 16 in. OC

	(3.5 in. depth)
	None(0.0)
	0.352
	0.26
	0.207
	0.171
	0.146
	0.128
	0.113
	0.102
	0.092
	0.084
	0.078
	0.072
	0.067
	0.063
	0.059
	0.056
	0.044
	0.036
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-11(5.5)
	0.132
	0.117
	0.105
	0.095
	0.087
	0.08
	0.074
	0.069
	0.064
	0.06
	0.057
	0.054
	0.051
	0.049
	0.046
	0.044
	0.036
	0.031
	0.027
	0.024
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-13(6.0)
	0.124
	0.111
	0.1
	0.091
	0.083
	0.077
	0.071
	0.066
	0.062
	0.059
	0.055
	0.052
	0.05
	0.048
	0.045
	0.043
	0.036
	0.03
	0.026
	0.023
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-15(6.4)
	0.118
	0.106
	0.096
	0.087
	0.08
	0.074
	0.069
	0.065
	0.061
	0.057
	0.054
	0.051
	0.049
	0.047
	0.045
	0.043
	0.035
	0.03
	0.026
	0.023
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(6.0 in. depth)
	R-19(7.1)
	0.109
	0.099
	0.09
	0.082
	0.076
	0.071
	0.066
	0.062
	0.058
	0.055
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.034
	0.029
	0.026
	0.023
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-21(7.4)
	0.106
	0.096
	0.087
	0.08
	0.074
	0.069
	0.065
	0.061
	0.057
	0.054
	0.051
	0.049
	0.047
	0.045
	0.043
	0.041
	0.034
	0.029
	0.025
	0.022
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Steel Framing at 24 in. OC

	(3.5 in. depth)
	None(0.0)
	0.338
	0.253
	0.202
	0.168
	0.144
	0.126
	0.112
	0.1
	0.091
	0.084
	0.077
	0.072
	0.067
	0.063
	0.059
	0.056
	0.044
	0.036
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-11(6.6)
	0.116
	0.104
	0.094
	0.086
	0.079
	0.073
	0.068
	0.064
	0.06
	0.057
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.035
	0.03
	0.026
	0.023
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-13(7.2)
	0.108
	0.098
	0.089
	0.082
	0.075
	0.07
	0.066
	0.062
	0.058
	0.055
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.034
	0.029
	0.025
	0.023
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-15(7.8)
	0.102
	0.092
	0.084
	0.078
	0.072
	0.067
	0.063
	0.059
	0.056
	0.053
	0.05
	0.048
	0.046
	0.044
	0.042
	0.04
	0.034
	0.029
	0.025
	0.022
	0.02

	(6.0 in. depth)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-19(8.6)
	0.094
	0.086
	0.079
	0.073
	0.068
	0.064
	0.06
	0.057
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.041
	0.039
	0.033
	0.028
	0.025
	0.022
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-21(9.0)
	0.09
	0.083
	0.077
	0.071
	0.066
	0.062
	0.059
	0.055
	0.052
	0.05
	0.048
	0.045
	0.043
	0.042
	0.04
	0.038
	0.032
	0.028
	0.024
	0.022
	0.02


Table B-15 [A-11 (Section A3.4)]
Assembly U-Factors for Wood Frame Walls

	
	Framing Type and Spacing Width (actual Depth)
	Cavity Insulation R-Value: Rated/(effective stalled [see Table A-24])
	Overall U-Factor for Entire Bas Wall
	Overall U-Factor for Assembly of Base Wall Plus Continuous Insulation (uninterrupted by framing)

Rated R-Value of Continuous Insulation

	
	
	
	
	R-1.0
	E-2.0
	R-3.0
	R-4.0
	R-5.0
	R-6.0
	R-7.0
	R-8.0
	R-9.0
	R-10.0
	R-11.0
	R-12.0
	R-13.0
	R-14.0
	R-15.0
	R-20.0
	R-25.0
	R-30.0
	R-35.0
	R-40.0

	
	Wood Studs at 16 in. OC

	
	(3.5 in. depth)
	None(0.0)
	0.292
	0.223
	0.181
	0.152
	0.132
	0.116
	0.104
	0.094
	0.086
	0.079
	0.073
	0.068
	0.064
	0.06
	0.056
	0.053
	0.042
	0.035
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-11(11.0)
	0.096
	0.087
	0.079
	0.073
	0.068
	0.063
	0.059
	0.056
	0.053
	0.05
	0.048
	0.046
	0.044
	0.042
	0.04
	0.038
	0.032
	0.028
	0.024
	0.022
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-13(13.0)
	0.089
	0.08
	0.074
	0.068
	0.063
	0.059
	0.056
	0.053
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.037
	0.031
	0.027
	0.024
	0.021
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-15(15.0)
	0.083
	0.075
	0.069
	0.064
	0.06
	0.056
	0.053
	0.05
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.03
	0.026
	0.023
	0.02
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	(5.5 in. depth)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-19(18.0)
	0.067
	0.062
	0.058
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.027
	0.024
	0.021
	0.019
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-21(21.0)
	0.063
	0.058
	0.054
	0.051
	0.048
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.032
	0.031
	0.03
	0.026
	0.023
	0.021
	0.019
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	+R-10 headers)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-19(18.0)
	0.063
	0.059
	0.055
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.031
	0.027
	0.024
	0.021
	0.019
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-21(21.0)
	0.059
	0.055
	0.051
	0.049
	0.046
	0.044
	0.042
	0.04
	0.038
	0.037
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.026
	0.023
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Wood Studs at 24 in.OC

	
	(3.5 in. depth)
	None(0.0)
	0.298
	0.227
	0.183
	0.154
	0.133
	0.117
	0.105
	0.095
	0.086
	0.079
	0.074
	0.068
	0.064
	0.06
	0.057
	0.054
	0.042
	0.035
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-11(11.0)
	0.094
	0.085
	0.078
	0.072
	0.067
	0.062
	0.059
	0.055
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.032
	0.027
	0.024
	0.022
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-13(13.0)
	0.086
	0.078
	0.072
	0.067
	0.062
	0.058
	0.055
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.031
	0.026
	0.023
	0.021
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-15(15.0)
	0.08
	0.073
	0.067
	0.062
	0.058
	0.055
	0.052
	0.049
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.029
	0.026
	0.023
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	(5.5 in. depth)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-19(18.0)
	0.065
	0.06
	0.056
	0.053
	0.05
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.032
	0.027
	0.024
	0.021
	0.019
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-21(21.0)
	0.06
	0.056
	0.052
	0.049
	0.046
	0.044
	0.042
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.026
	0.023
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	(+ R-10 headers)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-19(18.0)
	0.062
	0.058
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.027
	0.024
	0.021
	0.019
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	R-21(21.0)
	0.057
	0.053
	0.05
	0.047
	0.045
	0.043
	0.041
	0.039
	0.037
	0.036
	0.035
	0.033
	0.032
	0.031
	0.03
	0.029
	0.025
	0.023
	0.02
	0.018
	0.017


TABLE B-16 [A-12 Section A4)]

Assembly C-Factors for Below-Grade Walls

	Framing Type & Depth


	Rated R-Value of Insulation Alone
	Specified C-Factors (wall only, without soil & air films)

	No Framing
	0
	1.140

	Exterior Insulation continuous and uninterrupted by framing

	No Framing
	5.0
	0.170

	No Framing
	7.5
	0.119

	No Framing
	10.0
	0.092

	No Framing
	12.5
	0.075

	No Framing
	15.0
	0.063

	No Framing
	17.5
	0.054

	No Framing
	20.0
	0.048

	No Framing
	25.0
	0.039

	No Framing
	30.0
	0.032

	No Framing
	35.0
	0.028

	No Framing
	40.0
	0.025

	No Framing
	45.0
	0.022

	No Framing
	50.0
	0.020

	Continuous Framing at 24 in. OC horizontally

	3.5 in
	11.0
	0.182

	3.5 in
	13.0
	0.174

	3.5 in
	15.0
	0.168

	5.5 in
	19.0
	0.125

	5.5 in
	21.0
	0.120

	1 in metal clips at 24 in. OC horizontally & 16 in. vertically

	1 in
	3.8
	0.233

	1 in
	5.0
	0.201

	1 in
	5.6
	0.189

	1.5 in
	5.7
	0.173

	1.5 in
	7.5
	0.147

	1.5 in
	8.4
	0.138

	2 in
	7.6
	0.138

	2 in
	10.0
	0.116

	2 in
	11.2
	0.108

	2.5 in
	9.5
	0.114

	2.5 in
	12.5
	0.096

	2.5 in
	14.0
	0.089

	3 in
	11.4
	0.098

	3 in
	15.0
	0.082

	3 in
	16.8
	0.076

	3.5 in
	13.3
	0.085

	3.5 in
	17.5
	0.071

	3.5 in
	19.6
	0.066

	4 in
	15.2
	0.076

	4 in
	20.0
	0.063

	4 in
	22.4
	0.058


TABLE B-17 [A-21 (Sections A9.2 and A9.4.2)]
Effective Insulation/Framing Layer R-Values for Wall Insulation Installed Between Steel Framing

	Nominal Depth of Cavity (in.)
	Actual Depth of Cavity (in.)
	Rated R-Value of Airspace or Insulation
	Effective Framing/ Cavity R-Value at 16 in. on center
	Effective Framing/Cavity at 24 in. on center

	Empty cavity, no insulation

	4
	3.5
	R-0.91
	0.79
	0.91

	
	
	
	
	

	Insulated Cavity

	4
	3.5
	R-11
	5.5
	6.6

	4
	3.5
	R-13
	6
	7.2

	4
	3.5
	R-15
	6.4
	7.8

	6
	6
	R-19
	7.1
	8.6

	6
	6
	R-21
	7.4
	9

	8
	8
	R-25
	7.8
	9.6


2.3 [A7] Opaque Doors. All opaque doors with U-factors determined, certified, and labeled in accordance with NFRC 100 as specified in B1.1.3 [5.2.2] shall be assigned those U-factors. Unlabeled opaque doors shall be assigned the following Ufactors:

a. Uninsulated single-layer metal swinging doors or nonswinging doors, including single-layer uninsulated access hatches and uninsulated smoke vents: 1.45

b. Uninsulated double-layer metal swinging doors or nonswinging doors, including double-layer uninsulated access hatches and uninsulated smoke vents: 0.70

c. Insulated metal swinging doors, including fire-rated doors, insulated access hatches, and insulated smoke vents: 0.50

d. Wood doors, minimum nominal thickness of 1 3/4 in., including panel doors with minimum panel thickness of 1 1/8 in., solid core flush doors, and hollow core flush doors: 0.50.

e. Any other wood door: 0.60 No credit shall be given for any other features, including thermal breaks in metal door slabs (the operable part of the door) or frames, other than as determined in accordance with B1.1.3 [5.2.2].
2.4 [A2] Roofs

2.4.1 [A2.1] General. The buffering effect of suspended ceilings or attic spaces shall not be included in U-factor calculations.

2.4.2 [A2.2] Roofs with Insulation Entirely Above Deck. U-factors for roofs with insulation entirely above deck shall be taken from Table B-19 [A-1]. It is not acceptable to use these U-factors if the insulation is not entirely above deck or not continuous. For the purpose of B1.4.2 [A1.2], the base assembly is continuous insulation over a structural deck. The U-factor includes R-0.17 for exterior air film, R-0 for metal deck, and R-0.61 for interior air film heat flow up. Added insulation is continuous and uninterrupted by framing. The framing factor is zero.

2.4.3 [A2.3] Metal Building Roofs. U-factors for metal building roofs shall be taken from Table B-20 [A-2]. It is not acceptable to use these U-factors if additional insulated sheathing is not continuous. For the purpose of B1.4.2 [A1.2], the base assembly is a roof where the insulation is draped over the steel structure (purlins) and then compressed when the metal spanning members are attached to the steel structure (purlins). Additional assemblies include continuous insulation, uncompressed and uninterrupted by framing.

2.4.4 [A2.4] Attic Roofs with Wood Joists. U-factors for attic roofs with wood joists shall be taken from Table B-21 [A-3]. It is not acceptable to use these U-factors if the framing is not wood. For attic roofs with steel joists, see B2.4.5 [A2.5]. For the purpose of B1.4.2 [A1.2], the base attic roof assembly is a roof with a nominal 4 in. deep wood as the lower chord of a roof truss or ceiling joist. The ceiling is attached directly to the lower chord of the truss and the attic space above is ventilated. Insulation is located directly on top of the ceiling, first filling the cavities between the wood and then later covering both the wood and cavity areas. No credit is given for roofing materials. The single-rafter roof is similar to the base attic roof, with the key difference being that there is a single, deep rafter to which both the roof and the ceiling are attached. The heat flow path through the rafter is calculated to be the same depth as the insulation. The U-factor includes R-0.46 for semi-exterior air film, R-0.56 for 0.625 in. gypsum board, and R-0.61 for interior air film heat flow up. U-factors are provided for the following configurations:

a. Attic roof, standard framing: insulation is tapered around the perimeter with resultant decrease in thermal resistance. Weighting factors are 85% full-depth insulation, 5% half-depth insulation, and 10% joists.

b. Attic roof, advanced framing: full and even depth of insulation extending to the outside edge of exterior walls. Weighting factors are 90% full-depth insulation and 10% joists.

c. Single-rafter roof: an attic roof where the roof sheathing and ceiling are attached to the same rafter. Weighting factors are 90% full-depth insulation and 10% joists.

2.4.5 [A2.5] Attic Roofs with Steel Joists. U-factors for attic roofs with steel joists shall be taken from Table B-22 [A-4]. It is acceptable to use these U-factors for any attic roof with steel joists. For the purpose of B1.4.2 [A1.2], the base assembly is a roof supported by steel joists with insulation between the joists. The assembly represents a roof in many ways similar to a roof with insulation entirely above deck and a metal building roof. It is distinguished from the metal building roof category in that there is no metal exposed to the exterior. It is distinguished from the roof with insulation entirely above deck in that the insulation is located below the deck and is interrupted by metal trusses that provide thermal bypasses to the insulation. The U-factor includes R-0.17 for exterior air film, R-0 for metal deck, and R-0.61 for interior air film heat flow up. The performance of the insulation/framing layer is calculated using the values in Table B-18 [A-20].
TABLE B-18 [A-20 (Section A9.2 and A9.4.2)]
Effective Insulation/Framing Layer R-Values for Roof and

Floor Insulation Installed Between Metal Framing (4 ft on center)

	Rated R-Value of Insulation
	Correction Factor
	Framing/Cavity R-Value

	0
	1
	0

	
	
	

	4
	0.97
	3.88

	
	
	

	5
	0.96
	4.8

	
	
	

	8
	0.94
	7.52

	
	
	

	10
	0.92
	9.2

	
	
	

	11
	0.91
	10.01

	
	
	

	12
	0.9
	10.8

	
	
	

	13
	0.9
	11.7

	
	
	

	15
	0.88
	13.2

	
	
	

	16
	0.87
	13.92

	
	
	

	19
	0.86
	16.34

	
	
	

	20
	0.85
	17

	
	
	

	21
	0.84
	17.64

	
	
	

	24
	0.82
	19.68

	
	
	

	25
	0.81
	20.25

	
	
	

	30
	0.79
	23.7

	
	
	

	35
	0.76
	26.6

	
	
	

	38
	0.74
	28.12

	
	
	

	40
	0.73
	29.2

	
	
	

	45
	0.71
	31.95

	
	
	

	50
	0.69
	34.5

	
	
	

	55
	0.67
	36.85


TABLE B-19 [A-1 (Section A2.2)]

Assembly U-Factors for Roofs with Insulation

Entirely Above Deck

	Rated R-Value of 

Insulation Alone
	Overall U-Factor for

Entire Assembly

	R-0

R-1

R-2

R-3

R-4

R-5
	U-1.282

U-0.562

U-0.360

U-0.265

U-0.209

U-0.173

	R-6

R-7

R-8

R-9

R-10
	U-0.147

U-0.129

U-0.114

U-0.102

U-0.093

	R-11

R-12

R-13

R-14

R-15
	U-0.085

U-0.078

U-0.073

U-0.068

U-0.063

	R-16

R-17

R-18

R-19

R-20
	U-0.060

U-0.056

U-0.053

U-0.051

U-0.048

	R-21

R-22

R-23

R-24

R-25
	U-0.046

U-0.044

U-0.042

U-0.040

U-0.039

	R-26

R-27

R-28

R-29

R-30
	U-0.037

U-0.036

U-0.035

U-0.034

U-0.032

	R-35
	U- 0.028

	R-40
	U-0.025

	R-45
	U-0.020

	R-50
	U-0.020

	R-55
	U-0.018

	R-60
	U-0.016


TABLE B-20 [A-2 (Section A2.3)]
Assembly U-Factors for Metal Building Roofs

	Insulation

System
	Rated R-Valueof

Insulation
	Total rated

R-value of

Insulation
	Overall U-Factor for Entire Base Roof Assembly
	Overall U-Factor for Assembly of Base Roof Plus Continuous Insulation

(uninterrupted by framing

Rated R-Value of Continuous Insulation

	
	
	
	
	R-5.6
	R-11.2
	R-16.8
	R-22.4
	R-28.0
	R-33.6

	Standing Seam Roofs with Thermal Blocks

Single                None                0                     1.280                 0.162         0.087      0.059        0.045        0.036       0.030

Layer                  R-6                  6                     0.167                 0.086         0.058      0.044        0.035        0.029       0.025

                          R-10               10                     0.097                 0.063         0.046      0.037         0.031       0.026       0.023

                          R-11               11                     0.092                 0.061         0.045      0.036         0.030       0.026       0.022

                          R-13               13                     0.083                 0.057         0.043      0.035         0.029       0.025       0.022

                          R-16               16                     0.072                 0.051         0.040      0.033         0.028       0.024       0.021

                          R-19               19                     0.065                 0.048         0.038      0.031         0.026       0.023       0.020

	Double              R-10 + R-10   20                     0.063                 0.047          0.037     0.031         0.026       0.023       0.020

Layer                R-10 + R-11    21                     0.061                 0.045          0.036    0.030         0.026        0.023       0.020

                         R-11 + R-11    22                     0.060                 0.045          0.036    0.030         0.026        0.022       0.020

                         R-10 + R-13    23                     0.058                 0.044          0.035    0.029         0.025        0.022       0.020

                         R-11 + R-13    24                     0.057                 0.043          0.035    0.029         0.025        0.022       0.020

                         R-13 + R-13    26                     0.055                 0.042          0.034    0.029          0.025       0.022       0.019

                         R-10 + R-19    29                     0.052                 0.040          0.033    0.028          0.024       0.021       0.019

                         R-11 + R-19     30                    0.051                 0.040          0.032    0.027          0.024       0.021       0.019

                         R-13 + R-19     32                    0.049                 0.038          0.032    0.027          0.023       0.021       0.019

                         R-16 + R-19     35                    0.047                 0.037          0.031    0.026          0.023       0.020       0.018

                         R-19 + R-19     38                    0.046                 0.037          0.030    0.026          0.023       0.020       0.018

(Multiple R-values are listed in order from inside to outside)



	Screw Down Roofs

                         R-10                10                    0.153                  0.082          0.056    0.043         0.035        0.029       0.025

                         R-11                11                    0.139                  0.078          0.054    0.042         0.034        0.028       0.025

                         R-13                13                    0.130                  0.075          0.053    0.041         0.033        0.028       0.024

	Filled Cavity with Thermal Blocks

                         R19 + R-10     29                    0.041                  0.033          0.028     0.024        0.021        0.0198     0.017

(Multiple R-values are listed in order from inside to outside)


TABLE B-21 [A-3 (Section A2.4)]
Assembly U-Factors for Attic Roofs

with Wood Joists

	Rated R-Value of

Insulation Alone


	Overall U-Factor for

Entire Assembly

	Wood-framed attic, 

standard framing

None

R-11

R-13

R-19

R-30

R-38

R-49

R-60

R-71

R-82

R-93

R-104

R-115

R-126
	0.613

0.091

0.081

0.053

0.034

0.027

0.021

0.017

0.015

0.013

0.011

0.010

0.009

0.008

	Wood-framed attic, advanced framing

None

R-11

R-13

R-19

R-30

R-38

R-49

R-60

R-71

R-82

R-93

R-104

R-115

R-126
	0.613

0.088

0.078

0.051

0.032

0.026

0.020

0.016

0.014

0.012

0.011

0.010

0.009

0.008

	Wood joists, single rafter roof

None

R-11

R-13

R-15

R-19

R-21

R-25

R-30

R-38
	0.417

0.088

0.078

0.071

0.055

0.052

0.043

0.036

0.028


TABLE B-22 [A-4 (Section A2.5)]

Assembly U-Factors for Attic Roofs

with Steel Joists (4.0 ft on center)

	Rated R-Value of

Insulation Area
	Overall U-Factor for

Entire Assembly

	R-0

R-4

R-5

R-8

R-10
	U-1.282

U-0.215

U-0.179

U-0.120

U-0.100

	R-11

R-12

R-13

R-15

R-16

R-19
	U-0.093

U-0.086

U-0.080

U-0.072

U-0.068

U-0.058

	R-20

R-21

R-24

R-25

R-30
	U-0.056

U-0.054

U-0.049

U-0.048

U-0.041

	R-35

R-38

R-40

R-45

R-50

R-55
	U-0.037

U-0.035

U-0.033

U-0.031

U-0.028

U-0.027


2.5 [A5] Floors

2.5.1 [A5.1] General. The buffering effect of crawl spaces or parking garages shall not be included in U-factor calculations. See B2.5.5 [A6] for slab-on-grade floors.

2.5.2 [A5.2] Mass Floors. U-factors for mass floors shall be taken from Table B-23 [A-13]. It is not acceptable to use these U-factors if the insulation is not continuous. For the purpose of B1.4.2 [A1.2], the base assembly is continuous insulation over or under a solid concrete floor. The U-factor includes R-0.92 for interior air film—heat flow down, R-1.23 for carpet and rubber pad, R-0.50 for 8 in. concrete, and R-0.46 for semi-exterior air film. Added insulation is continuous and uninterrupted by framing. Framing factor is zero.

2.5.3 [A5.3] Steel Joist Floors. U-factors for steel joist floors shall be taken from Table B-24 [A-14]. It is acceptable to use these U-factors for any steel joist floor. For the purpose of B1.4.2 [A1.2], the base assembly is a floor where the insulation is either placed between the steel joists or is sprayed on the underside of the floor and the joists. In both cases, the steel provides a thermal bypass to the insulation. The U-factor includes R-0.92 for interior air film—heat flow down, R-1.23 for carpet and pad, R-0.25 for 4 in. concrete, R-0 for metal deck, and R-0.46 for semi-exterior air film. The performance of the insulation/framing layer is calculated using the values in Table B-18 [A-20].
2.5.4 [A5.4] Wood-Framed Floors. U-factors for wood-framed floors shall be taken from Table B-25 [A-15]. It is not acceptable to use these U-factors if the framing is not wood. For the purpose of B1.4.2 [A1.2], the base assembly is a floor attached directly to the top of the wood joist and with insulation located directly below the floor, with a ventilated airspace below the insulation. The heat flow path through the joist is calculated to be the same depth as the insulation. The U-factor includes R-0.92 for interior air film—heat flow down, R-1.23 for carpet and pad, R-0.94 for 0.75 in. wood subfloor, and R-0.46 for semi-exterior air film. The weighting factors are 91% insulated cavity and 9% framing.

2.5.5 [A6] Slab-on-Grade Floors. F-factors for slab-on-grade floors shall be taken from Table B-26 [A-16]. These F-factors are acceptable for all slab-on-grade floors. For the purpose of B1.4.2 [A1.2], the base assembly is a slab floor of 6 in. concrete poured directly on to the earth, the bottom of the slab is at grade line, and soil conductivity is 0.75 Btu/h·ft2·oF. In contrast to the U-factor for floors, the F-factor for slab-on-grade floors is expressed per lineal foot of building perimeter. F-factors are provided for unheated slabs and for heated slabs. Unheated slab-on-grade floors do not have heating elements, and heated slab-on-grade floors do have heating elements within or beneath the slab. F-factors are provided for three insulation configurations:

a. Horizontal insulation: continuous insulation is applied directly to the underside of the slab and extends inward horizontally from the perimeter for the distance specified or continuous insulation is applied downward from the top of the slab and then extends horizontally to the interior or the exterior from the perimeter for the distance specified.

b. Vertical insulation: continuous insulation is applied directly to the slab exterior, extending downward from the top of the slab for the distance specified.

c. Fully insulated slab: continuous insulation extends downward from the top of the slab and along the entire perimeter and completely covers the entire area under the slab.

TABLE B-23 [A-13 (Section A5.2)]
Assembly U-Factors for Mass Floors
	Framing Type & Spacing Width (actual depth)
	Cavity Insulation R-Value:Rated/ (effective installed)
	Overall U-Factor for Entire Base Wall Assembly
	Overall U-Factor for Assembly of Base Floor Plus Continuous Insulation (uninterrupted by framing)

Rated R-Value of Continuous Insulation

	
	
	
	R-1.0
	R-2.0
	R-3.0
	R-4.0
	R-5.0
	R-6.0
	R-7.0
	R-8.0
	R-9.0
	R-10.0
	R-11.0
	R-12.0
	R-13.0
	R-14.0
	R-15.0
	R-20.0
	R-25.0
	R-30.0
	R-35.0
	R-40.0

	Concrete Floor with Rigid Foam

	
	None(0.0)
	0.322
	0.243
	0.196
	0.164
	0.141
	0.123
	0.11
	0.099
	0.09
	0.083
	0.076
	0.071
	0.066
	0.062
	0.058
	0.055
	0.043
	0.036
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concrete Floor with Pinned Boards

	
	R-4.2(4.2)
	0.137
	0.121
	0.108
	0.097
	0.089
	0.081
	0.075
	0.07
	0.065
	0.061
	0.058
	0.055
	0.052
	0.049
	0.047
	0.045
	0.037
	0.031
	0.027
	0.024
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-6.3(6.3)
	0.107
	0.096
	0.088
	0.081
	0.075
	0.07
	0.065
	0.061
	0.058
	0.054
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.034
	0.029
	0.025
	0.023
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-8.3(8.3)
	0.087
	0.08
	0.074
	0.069
	0.065
	0.061
	0.057
	0.054
	0.051
	0.049
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.032
	0.027
	0.024
	0.022
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-10.4(10.4)
	0.074
	0.069
	0.064
	0.06
	0.057
	0.054
	0.051
	0.049
	0.046
	0.044
	0.042
	0.041
	0.039
	0.038
	0.036
	0.035
	0.03
	0.026
	0.023
	0.021
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-12.5(12.5)
	0.064
	0.06
	0.057
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.028
	0.025
	0.022
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-14.6(14.6)
	0.056
	0.053
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.034
	0.033
	0.032
	0.031
	0.027
	0.023
	0.021
	0.019
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-16.7(16.7)
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.034
	0.032
	0.031
	0.03
	0.03
	0.029
	0.025
	0.022
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Concrete Floor with Spray-on Insulation

	(1in.)
	R-4(4.0)
	0.141
	0.123
	0.11
	0.099
	0.09
	0.083
	0.076
	0.071
	0.066
	0.062
	0.058
	0.055
	0.052
	0.05
	0.047
	0.045
	0.037
	0.031
	0.027
	0.024
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2in.)
	R-8(8.0)
	0.09
	0.083
	0.076
	0.071
	0.066
	0.062
	0.058
	0.055
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.032
	0.028
	0.024
	0.022
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(3in.)
	R-12(12.0)
	0.066
	0.062
	0.058
	0.055
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.028
	0.025
	0.022
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(4in.)
	R-16(16.0)
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.026
	0.023
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(5in.)
	R-20(20.0)
	0.043
	0.041
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.028
	0.027
	0.026
	0.023
	0.021
	0.019
	0.017
	0.016

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(6in.)
	R-24(24.0)
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.028
	0.027
	0.026
	0.026
	0.025
	0.024
	0.024
	0.021
	0.019
	0.018
	0.016
	0.015


TABLE B-24 [A-14 (Section A5.3)]
Assembly U-Factors for Steel Joist Floors

	Framing Type and Spacing Width (actual depth)
	Cavity Insulation R-Value: Rated/ (effective installed [see Table A-20])
	Overall U-Factor for Entire Base Wall Assembly


	Overall U-Factor for Assembly of Base Floor Plus Continuous Insulation (uninterrupted by framing)

Rated R-Value of Continuous Insulation

	
	
	
	R-1.0
	R-2.0
	R-3.0
	R-4.0
	R-5.0
	R-6.0
	R-7.0
	R-8.0
	R-9.0
	R-10.0
	R-11.0
	R-12.0
	R-13.0
	R-14.0
	R-15.0
	R-20.0
	R-25.0
	R-30.0
	R-35.0
	R-40.0

	Steel Joist Floor with Rigid Foam

	
	None(0.0)
	0.35
	0.259
	0.206
	0.171
	0.146
	0.127
	0.113
	0.101
	0.092
	0.084
	0.078
	0.072
	0.067
	0.063
	0.059
	0.056
	0.044
	0.036
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Steel Joist Floor with Spray-on Insulation

	(1in.)
	R-4(3.88)
	0.148
	0.129
	0.114
	0.103
	0.093
	0.085
	0.078
	0.073
	0.068
	0.064
	0.06
	0.056
	0.053
	0.051
	0.048
	0.046
	0.037
	0.032
	0.027
	0.024
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2in.)
	R-8(7.52)
	0.096
	0.088
	0.081
	0.075
	0.07
	0.065
	0.061
	0.058
	0.054
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.039
	0.033
	0.028
	0.025
	0.022
	0.02

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(3in.)
	R-12(10.8)
	0.073
	0.068
	0.064
	0.06
	0.057
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.041
	0.039
	0.038
	0.036
	0.035
	0.03
	0.026
	0.023
	0.021
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(4in.)
	R-16(13.92)
	0.06
	0.056
	0.053
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.034
	0.032
	0.031
	0.027
	0.024
	0.021
	0.019
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(5in.)
	R-20(17.0)
	0.05
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.033
	0.032
	0.031
	0.03
	0.03
	0.029
	0.025
	0.022
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(6in.)
	R-24(19.68)
	0.044
	0.042
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.027
	0.024
	0.021
	0.019
	0.017
	0.016

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Steel Joist Floor with Batt Insulation

	
	None(0.0)
	0.35
	0.259
	0.206
	0.171
	0.146
	0.127
	0.113
	0.101
	0.092
	0.084
	0.078
	0.072
	0.067
	0.063
	0.059
	0.056
	0.044
	0.036
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-11(10.01)
	0.078
	0.072
	0.067
	0.063
	0.059
	0.056
	0.053
	0.05
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.03
	0.026
	0.023
	0.021
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-13(11.7)
	0.069
	0.064
	0.06
	0.057
	0.054
	0.051
	0.049
	0.046
	0.044
	0.042
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.029
	0.025
	0.022
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-15(13.2)
	0.062
	0.059
	0.055
	0.052
	0.05
	0.047
	0.045
	0.043
	0.042
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.028
	0.024
	0.022
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-19(16.34)
	0.052
	0.05
	0.047
	0.045
	0.043
	0.041
	0.04
	0.038
	0.037
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.026
	0.023
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-21(17.64)
	0.049
	0.047
	0.044
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.025
	0.022
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-25(20.25)
	0.043
	0.041
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.028
	0.027
	0.026
	0.023
	0.021
	0.019
	0.017
	0.016

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-30C(23.70)
	0.038
	0.036
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.027
	0.026
	0.025
	0.025
	0.024
	0.021
	0.019
	0.018
	0.016
	0.015

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-30(23.7)
	0.038
	0.036
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.027
	0.026
	0.025
	0.025
	0.024
	0.021
	0.019
	0.018
	0.016
	0.015

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-38C(28.12)
	0.032
	0.031
	0.03
	0.029
	0.029
	0.028
	0.027
	0.026
	0.026
	0.025
	0.024
	0.024
	0.023
	0.023
	0.022
	0.022
	0.02
	0.018
	0.016
	0.015
	0.014

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-38(28.12)
	0.032
	0.031
	0.03
	0.029
	0.029
	0.028
	0.027
	0.026
	0.026
	0.025
	0.024
	0.024
	0.023
	0.023
	0.022
	0.022
	0.02
	0.018
	0.016
	0.015
	0.014

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


TABLE B-25 [A-15 (Section A5.4)]
Assembly U-Factors for Wood Joist Floors

	Framing Type & Spacing Width (actual Depth)
	Cavity Insulation R-Value: Rated/ (effective installed)
	Overall U-Factor for Entire Base Wall Assembly
	Overall U-Factor for Assembly of Base Floor Plus Continuous Insulation (uninterrupted by framing)

Rated R-Value of Continuous Insulation

	
	
	
	R-1.0
	R-2.0
	R-3.0
	R-4.0
	R-5.0
	R-6.0
	R-7.0
	R-8.0
	R-9.0
	R-10.0
	R-11.0
	R-12.0
	R-13.0
	R-14.0
	R-15.0
	R-20.0
	R-25.0
	R-30.0
	R-35.0
	R-40.0

	Wood Joists

	(5.5in.)
	None(0.0)
	0.282
	0.22
	0.18
	0.153
	0.132
	0.117
	0.105
	0.095
	0.087
	0.08
	0.074
	0.069
	0.064
	0.06
	0.057
	0.054
	0.042
	0.035
	0.03
	0.026
	0.023

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-11(11.0)
	0.074
	0.069
	0.064
	0.06
	0.057
	0.054
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.039
	0.037
	0.036
	0.035
	0.03
	0.026
	0.023
	0.02
	0.019

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-13(13.0)
	0.066
	0.062
	0.058
	0.055
	0.052
	0.049
	0.047
	0.045
	0.043
	0.041
	0.039
	0.038
	0.036
	0.035
	0.034
	0.033
	0.028
	0.025
	0.022
	0.02
	0.018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-15(15.0)
	0.06
	0.057
	0.053
	0.05
	0.048
	0.046
	0.044
	0.042
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.027
	0.024
	0.021
	0.019
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-19(18.0)
	0.051
	0.048
	0.046
	0.044
	0.042
	0.04
	0.038
	0.037
	0.036
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.025
	0.022
	0.02
	0.018
	0.017

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-21(21.0)
	0.046
	0.043
	0.042
	0.04
	0.038
	0.037
	0.035
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.027
	0.023
	0.021
	0.019
	0.017
	0.016

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(7.25in.)
	R-25(25.0)
	0.039
	0.037
	0.036
	0.035
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.028
	0.027
	0.026
	0.025
	0.025
	0.024
	0.022
	0.019
	0.018
	0.016
	0.015

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	R-30C(30.0)
	0.034
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.026
	0.026
	0.025
	0.024
	0.024
	0.023
	0.023
	0.022
	0.02
	0.018
	0.016
	0.015
	0.014

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(9.25in.)
	R-30(30.0)
	0.033
	0.032
	0.031
	0.03
	0.029
	0.028
	0.027
	0.027
	0.026
	0.025
	0.024
	0.024
	0.023
	0.023
	0.022
	0.022
	0.02
	0.018
	0.016
	0.015
	0.014

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(11.25in.)
	R-38C(38.0)
	0.027
	0.026
	0.025
	0.025
	0.024
	0.024
	0.023
	0.022
	0.022
	0.021
	0.021
	0.02
	0.02
	0.02
	0.019
	0.019
	0.017
	0.016
	0.015
	0.014
	0.013

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(13.25in.)
	R-38938.0)
	0.026
	0.026
	0.025
	0.024
	0.024
	0.023
	0.023
	0.022
	0.022
	0.021
	0.021
	0.02
	0.02
	0.019
	0.019
	0.019
	0.017
	0.016
	0.015
	0.014
	0.013

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


TABLE B-26 [A-16 (Section A6)]
Assembly F-Factors for Slab-on-Grade Floors

	Insulation Description
	Rated R-Value of Insulation

	
	R-0
	R-5
	R-7.5
	R-10
	R-15
	R-20
	R-25
	R-30
	R-35
	R-40
	R-45
	R-50
	R-55

	Unheated Slabs

	None
	0.73
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12 in. horizontal
	0.72
	0.71
	0.71
	0.71
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24 in. horizontal
	0.7
	0.7
	0.7
	0.69
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	36in. Horizontal
	0.68
	0.67
	0.66
	0.66
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	48 in. horizontal
	0.67
	0.65
	0.64
	0.63
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12 in. vertical
	0.61
	0.6
	0.58
	0.57
	0.567
	0.565
	0.564
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24 in. vertical
	0.58
	0.56
	0.54
	0.52
	0.51
	0.505
	0.502
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	36 in. vertical
	0.56
	0.53
	0.51
	0.48
	0.472
	0.464
	0.46
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	48 in. vertical
	0.54
	0.51
	0.48
	0.45
	0.434
	0.424
	0.419
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fully insulated slab
	0.46
	0.41
	0.36
	0.3
	0.261
	0.233
	0.213
	0.198
	0.186
	0.176
	0.168
	0.161

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Heated Slabs

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	None
	1.35
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12 in. horizontal
	1.31
	1.31
	1.3
	1.3
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24 in. horizontal
	1.28
	1.27
	1.26
	1.25
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	36 in. horizontal
	1.24
	1.21
	1.2
	1.18
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	48 in. horizontal
	1.2
	1.17
	1.13
	1.11
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12 in. vertical
	1.06
	1.02
	1
	0.98
	0.968
	0.964
	0.961
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24 in vertical
	0.99
	0.95
	0.9
	0.86
	0.843
	0.832
	0.827
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	36 in. vertical
	0.95
	0.89
	0.84
	0.79
	0.762
	0.747
	0.74
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	48in. Vertical
	0.91
	0.85
	0.78
	0.72
	0.688
	0.671
	0.659
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fully insulated slab
	0.74
	0.64
	0.55
	0.44
	0.373
	0.326
	0.296
	0.273
	0.255
	0.239
	0.227
	0.217

	
	
	
	
	
	
	
	
	
	
	
	
	
	


1.1 General.  

Information on thermal properties, performance of building envelope sections, and components and heat transfer shall be obtained from the 2001 ASHRAE Handbook of Fundamentals.  When the information is not available from this source, the data may be obtained from manufacturer=s information based on laboratory or field test measurements.  

If laboratory or field test measurements are used for envelope heat transmission, they shall be obtained using one of the following test methods:

1.  Guarded Hot Plate:
ASTM C-177-97

2.  Heat Flow Meter:

ASTM C-518-91

3.  Guarded Hot Box:
ASTM C-236-89

4.  Calibrated Hot Box:
ASTM C-976-90

1.1.1 Climate data for determining criteria or compliance values for various cities shall be as provided in the FLA/COM computer program.

1.1.2 The requirements of this Chapter are to be used for determining compliance with this Code.  They are not intended to replace the building loads calculation procedures in the 2001 ASHRAE Handbook of Fundamentals.  Relative to mean radiant temperature, the requirements are based on the assumption that mean radiant temperature is equal to dry-bulb air temperature.  For consideration of mean radiant temperature effects under other conditions, reference should be made to ASHRAE Standard 55-92.  
2.1  Thermal Transmittance

2.1.21  Overall Thermal Transmittance (Uo).  The overall thermal transmittance of the building envelope assembly shall be calculated in accordance with Eq. 4-5:

EQUATION 4-5

      



      Uo =   UiAi/Ao

= (U1A1 + U2A2 + ... + UnAn)/Ao
Where:

Uo =
The area-weighted average thermal transmittance of 

the gross area of an envelope assembly; i.e., the 

exterior wall assembly including fenestration and

doors, the roof and ceiling assembly, and the floor

assembly, Btu/(h.ft2.oF).

Ao =
The gross area of the envelope assembly, ft2.

Ui =
The thermal transmittance of each individual path of

the envelope assembly, i.e., the opaque portion of

the fenestration, Btu/(h.ft2.oF).

Ui =
1/Ri (where Ri is the total resistance to heat flow

of an individual path through an envelope assembly).

Ai =
The area of each individual element of the envelope

2.1.2  Fenestration Assemblies.  U-factors (thermal transmittances) of fenestration products (windows, doors and skylights) shall be determined in accordance with the National Fenestration Rating Council 100, Procedure for Determining Fenestration Product U-factors Thermal Properties by an accredited, independent laboratory and labeled and certified by the manufacturer.  Such certified and labeled U-factors shall be accepted for the purposes of determining compliance with the building envelope requirements of this code.

When a manufacturer has not determined product U-factor in accordance with NFRC 100 for a particular product line, compliance with the building envelope requirements of this code shall be determined by assigning such products a default U-factor  in accordance with Tables 4B-1 and 4B-2.  Product features must be verifiable for the product to qualify for the default value associated with those features.  Where the existence of a particular feature cannot be determined with reasonable certainty, the product shall not receive credit for that feature.  Where a composite of materials from two different product types are used, the product shall be assigned the higher U-factor  
[Table 4B-1

U-Factor Default Table for Windows, Glazed Doors and Skylights

(Source:  1995 Model Energy Code, Table 102.3a .)
	ADVANCE \d6Product Description
	ADVANCE \d6Single Glazed
	ADVANCE \d6Double Glazed

	ADVANCE \d3Metal without Thermal Break
	
	

	Operable
	1.30
	0.87

	Fixed
	1.17
	0.69

	Door
	1.26
	0.80

	Skylight
	1.92
	1.30

	ADVANCE \d3Metal with Thermal Break
	ADVANCE \d3
	ADVANCE \d3

	Operable
	1.07
	.67

	Fixed
	1.11
	.63

	Door
	1.10
	.66

	Skylight
	1.93
	1.13

	ADVANCE \d3Metal-Clad Wood
	
	

	Operable
	0.98
	0.60

	Fixed
	1.05
	0.58

	Door
	0.99
	0.57

	Skylight
	1.50
	0.88

	ADVANCE \d3Wood or Vinyl
	
	

	Operable
	0.94
	0.56

	Fixed
	1.04
	0.57

	Door
	0.98
	0.56

	Skylight
	1.47
	0.85


ADVANCE \d12Glass block assemblies shall have a U-factor value of 0.60.
Table 4B-2

U-Value Default Table for Non-glazed Doors

(Source:  1995 Model Energy Code, Table 102.3b.)
	ADVANCE \d6Product Description
	ADVANCE \d6With Foam Core
	ADVANCE \d6Without Foam Core

	ADVANCE \d3Steel Doors (1 3/4 inches thick)
	0.35
	0.60

	ADVANCE \d3Wood Doors  (1 3/4 inches thick)
	ADVANCE \d3Without Storm Door
	ADVANCE \d3With Storm Door

	Panel with 7/16-inch panels
	0.54
	0.36

	Hollow core flush
	0.46
	0.32

	Panel with 1 1/8-inch panels
	0.39
	0.28

	Solid core flush
	0.40
	0.26


2.1.3 Walls.  The thermal transmittance of each envelope assembly shall be determined with due consideration of all major series and parallel heat flow paths through the elements of the assembly and film coefficients.  Compression of insulation shall be considered in determining the thermal resistance.

2.1.4  Parallel Path Procedure.  The thermal transmittance of opaque elements of assemblies shall be determined using a series path procedure with correction for the presence of parallel paths within an element of the envelope assembly (such as wall cavities with parallel paths through insulation and studs).

2.1.5  Metal Framing.  For envelope assemblies containing metal framing, the thermal transmittance of the series elements (Ui) shall be determined by using one of the following methods:

1. Results from laboratory or field test measurements.  One of the procedures specified in section 1.1 of Appendix B shall be used.

2. The zone method described in Chapter 24 of the 1997 ASHRAE Handbook of Fundamentals and the formulas on pages 24.10 through 24.11 shall be used for calculation.

3. The total thermal resistance of the series path shall be calculated in accordance with the following equations: 

Ui = 1/Rt

Equation 6

Rt = Ri + Re

Equation 7

Where:
Rt
= The total resistance of the envelope assembly.

Ri
= The resistance of the series elements (for I = 1 to n)

    excluding the parallel path element(s).

Re
= The equivalent resistance of the element containing

    the parallel path

= (R-value of insulation X Fc).  Values for Fc and

    equivalent resistances shall be taken from Tables 4B-3    or 4B-4 below.)

TABLE 4B-3

PARALLEL PATH CORRECTION FACTORS--METAL ROOF TRUSSES

SPACED 4 FT. O.C. OR GREATER THAT PENETRATE THE INSULATION

	Effective Framing/ Cavity R-Values
	Correction Factor  Fc
	Equivalent Resistance Re1

	R-0

	1.00
	R-0

	R-5
	0.96
	R-4.8

	R-10

	0.92

	R-9.2

	R-15

	0.88
	R-13.2

	R-20
	0.85
	R-17.0

	R-25
	0.81
	R-20.3

	R-30
	0.79
	R-23.7

	R-35

	0.76
	R-26.6

	R-40

	0.73

	R-29.2

	R-45
	0.71
	R-32.0

	R-50

	0.69

	R-34.5

	R-55

	0.67

	R-36.0


                1Based on 0.66 inch diameter cross members every one foot.
TABLE 4B-4

PARALLEL PATH CORRECTION FACTORS

METAL FRAMED WALLS WITH STUDS 16 GA. OR LIGHTER

	Size of Members
	Spacing of Framing, in.
	Cavity Insulation,R-Value
	Correction Factor, Fc
	Equivalent Resistance,  Re

	2 x 4
	16" o.c.
	R-11
	0.50
	R-5.0

	
	
	R-13
	0.46
	R-6.0

	
	
	R-15
	0.43
	R-6.4

	2 x 4
	24" o.c.
	R-11
	0.60
	R-6.6

	
	
	R-13
	0.55
	R-7.2

	
	
	R-15
	0.52
	R-7.8

	2 x 6
	16" o.c.
	R-19
	0.37
	R-7.1

	
	
	R-21
	0.35
	R-7.4

	2 x 6
	24" o.c.
	R-19
	0.45
	R-8.6

	
	
	R-21
	0.43
	R-9.0

	2 x 8
	16" o.c.
	R-25
	0.31
	R-7.8

	2 x 8
	24" o.c.
	R-25
	0.38
	R-9.6


2.1.6  Non-Metal Framing.  For envelope assemblies containing non-metal framing, the Ui shall be determined from one of the laboratory or field test measurements specified in section 1.1 of Appendix B or from the ASHRAE series-parallel method.  Formulas in Chapter 22, page 22.8 of the 1997 ASHRAE Handbook of Fundamentals shall be used for these calculations.

2.1.7  Below-Grade Components. In all below-grade applications, the thermal performance of the adjacent ground shall be excluded in determining the thermal resistance of the below-grade components.  The R-value required for below-grade walls refers to the overall R-value of the wall assembly excluding air film coefficients and the adjacent ground. 

2.1.8 (A) Roofs/Ceiling.  Method B of FLA/COM uses the following equation and exceptions to determine overall thermal transmittance.

EQUATION 4-8

Overall Thermal Transmittance-Roofs

Uor = 1/(5.3 + 1.8 X 10-3   X HDD65 + 1.3 X 10-3   X CDD65 + 2.6 X 10-4 X CDH80)

EXCEPTIONS:

1. Any building that is heated only shall have an overall thermal transmittance value (Uor) for the gross area of the roof assembly less than or equal to the value determined by Equation 4-8 with CDD65 and CDH80 set equal to zero.

2. Any building that is mechanically cooled only shall have an overall thermal transmittance value (Uor) for the gross area of the roof assembly less than or equal to the value determined by Equation 4-8 with HDD65 set equal to zero.

3. Spaces that are neither heated nor cooled shall have an overall thermal transmittance value (Uor) for the gross area of roof assembly less than or equal to 0.19 Btu/(h.ft2.oF).

2.1.8 (B) Roofs/Ceilings.  For thermal transmittance purposes, when return air ceiling plenums are employed, the roof or ceiling assembly shall not include the resistance of the ceiling or the plenum space as part of the total resistance of the assembly.

2.1.9  Floors.  The thermal resistance of floors shall be in accordance with the criteria of section 2.1.1 of Appendix B.

2.1.10  Slabs.  The R-value and dimensions required for slabs refers only to the insulation materials.  Insulative continuity shall be maintained in the design of slab edge insulation systems.  Continuity shall be maintained from the wall insulation through the slab/wall/footing intersection to the body of the slab edge insulation. 

3.1  Solar Heat Gain Coefficients

The Solar Heat Gain Coefficient (SHGC) for glazed fenestration products (windows, glazed doors and skylights) shall be determined in accordance with National Fenestration Rating Council  200:  Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal Incidence by an accredited, independent laboratory and labeled and certified by the manufacturer.  

When a manufacturer has not determined SHGC in accordance with NFRC 200 for a particular product line, compliance with the building envelope requirements of this code shall be determined by assigning such products a default SHGC in accordance with Table 4B-5  Product features must be verifiable for the product to qualify for the default value associated with those features.  Where the existence of a particular feature cannot be determined with reasonable certainty, the product shall not receive credit for that feature. Where a composite of materials from two different product types are used, the product shall be assigned the higher SHGC.

TABLE 4B-5

SHGC DEFAULT TABLE FOR FENESTRATION

	PRODUCT DESCRIPTION
	Single Glazed


	Double Glazed 

	
	Clear
	Bronze
	Green
	Gray
	Clear + 

Clear 
	Bronze +

Clear
	Green +

Clear
	Gray +

Clear

	Metal Frames

   Operable

   Fixed
	0.75

0.78
	0.64

0.67
	0.62

0.65
	0.61

0.64
	0.66

0.68
	0.55

0.57
	0.53

0.55
	0.52

0.54

	Nonmetal Frames

   Operable

   Fixed
	0.63

0.75
	0.54

0.64
	0.53

0.62
	0.52

0.61
	0.55

0.66
	0.46

0.54
	0.45

0.53
	0.44

0.52


4.1 Default Values.

4.1.1 Equipment Power Density

TABLE 4B-6:   AVERAGE RECEPTACLE POWER DENSITIES
	Building Type
	W/ft.2

	Assembly
	0.25

	Office
	0.75

	Retail
	0.25

	Warehouse
	0.10

	School
	0.50

	Hotel or Motel
	0.25

	Restaurant
	0.10

	Health
	1.00

	Multifamily
	0.75


4.1.2 Loads From Occupants.  Heat Generation:  Btu/person-hour:  230 sensible and 190 latent.


TABLE 4B-7.  OCCUPANCY LOADS

	Building Type
	Conditioned Floor Area  (ft.2/person)

	Assembly
	       50

	Office
	     275

	Retail
	     300

	Warehouse
	15,000

	School
	       75

	Hotel/Motel
	     250

	Restaurant
	     100

	Health/Institutional
	     200

	Multifamily
	       2 per unit


3.1 5.1  Calculation Procedures

35.1.1  Cooling System Design Loads.  Cooling system design loads, for the purpose of sizing HVAC systems and equipment, shall be determined in accordance with one of the procedures described in Chapter 286 of the 2001 ASHRAE Handbook of Fundamentals or ACCA Manual N, Commercial Load Calculation, 4th Edition, 1988. 

35.1.2  Interior Design Conditions.  Indoor design temperature and humidity conditions for general comfort applications shall be in accordance with the comfort criteria established in ANSI/ASHRAE Standard 55-92, Thermal Environmental Conditions for Human Occupancy, or Chapter 8 of the 2001 ASHRAE Handbook of Fundamentals, except that winter humidification and summer dehumidification are not required.  

35.1.3  Exterior Design Conditions.  Outdoor design conditions shall be selected from the 2001 ASHRAE Handbook of Fundamentals, or from data obtained from the National Climatic Center or a similar recognized weather data source.  Cooling design temperatures shall be no greater than the temperature listed in the 2.0% column or statistically similar 0.5% annualized value.  Heating design temperatures shall be no lower than the temperature listed in the 99% column or statistically similar 0.2% annualized value. 

EXCEPTION: Where necessary to assure the prevention of damage to the building or to material and equipment within the building, the 1% column for cooling may be used.

5.1.4  Ventilation.  Outdoor air ventilation loads shall be based on ventilation rates specified in ASHRAE Standard 62-1989.

5.1.5  Envelope.  Envelope cool loads shall be based on envelope characteristics such as thermal conductance, solar heat gain coefficient, and air leakage consistent with the values used to demonstrate compliance with FLA/COM of this Code.

5.1.6  Lighting.  Lighting loads shall be based on actual design lighting levels or power budgets consistent with the prescriptive requirements of section 415.1.  Lighting loads may be ignored for the purpose of calculating design heating loads.

5.1.7  Other Loads.  Other HVAC system loads such as those due to people and equipment shall be based on design data compiled from one or more of the following sources:  

1.  Actual information based on the intended use of the building.

2. Published data from manufacturers' technical publications.

3. Technical society publications such as the 1995 ASHRAE Handbook of HVAC                     Applications.

4. Allereza, "Estimates of recommended heat gains due to commercial appliances                    and equipment."

5. Other data based on designer's experience of loads and occupancy patterns.

Internal heat gains may be ignored for the purpose of calculating design heating loads.

5.1.8  Safety Factor.  Design loads may at the designer's option be increased by as much as 10% to account for unexpected loads or changes in space usage.

5.1.9  Pick-up Load.  Transient loads such as warm-up or cool-down loads which occur after off-hour setback or shutoff may be calculated from principles based on the heat capacity of the building and its contents, the degree of setback, and desired recovery time; or may be assumed to be up to 10% for cooling and 30% for heating of the steady-state design loads.  The steady-state load may include a safety factor in accordance with section 5.1.8 of Appendix B.

6.1  Lighting

6.1.1  Retail Establishments.  Building classifications for retail establishments have been set for the purpose of determining a lighting power allowance for buildings based upon the following primary design functions:

TYPE A--jewelry merchandising, where minute examination of displayed merchandise is critical.

TYPE B--fine merchandising: fine apparel and accessories, china, crystal and silver, art galleries, etc., where the detailed display and examination of merchandise is important.

TYPE C--mass merchandising:  general apparel, variety, stationery, books, sporting goods, hobby, cameras, gifts, luggage, etc., displayed in a warehouse type of building, where focused display and detailed examination of merchandise is important.

TYPE D--general merchandising:  general apparel, variety, stationery, books, sporting goods, hobby, cameras, gifts, luggage, etc., displayed in a department store type of building, where general display and examination of merchandise is adequate.

TYPE E--food and miscellaneous:  bakeries, hardware and housewares, grocery, appliances and furniture, etc., where appetizing appearance is important.

TYPE F--service establishments:  establishments where functional performance is important.

6.1.2   Maximum Percent Skylight Area

TABLE 4B-8 

Maximum Percent Skylight Area

For Given Conditions of Lighting Power Density and Light Level (fc), VLT = 0.75

	Climate Zone
	Light Level (fc) 
	Range of Lighting Power Density (W/ft2)

	
	
	<1.00
	1.01-1.50
	1.51-2.00
	2.01-2.00
	>2.50

	1,2,3

	30
	2.3
	3.1

	3.9
	4.7
	4.7

	4,5,6

	50
	3.1
	4.3
	5.5
	6.7
	6.7

	
	70

	4.3
	5.5
	6.7
	7.9
	7.9

	7,8,9

	30
	2.2
	2.8
	3.4

	4.0
	4.0

	
	50

	2.3
	3.1
	3.9
	4.7
	4.7

	
	70
	2.9
	4.1
	5.3

	6.5
	6.5


TABLE 4B-9

Maximum Percent Skylight Area

For Given Conditions of Lighting Power Density and Light Level (fc)

VLT = 0.50

	Climate Zone
	Light Level (fc) 
	Range of Lighting Power Density (W/ft2)

	
	
	<1.00
	1.01-1.50
	1.51-2.00
	2.01-2.00
	>2.50

	1,2,3

	30
	3.6
	4.8

	6.0
	7.2
	7.2

	4,5,6

	50
	4.8
	6.6
	8.4
	10.2
	10.2

	
	70

	6.6
	8.4
	10.2
	12.0
	12.0

	7,8,9

	30
	3.3
	4.2
	5.1

	6.0
	6.0

	
	50

	3.6
	4.8
	6.0
	7.2
	7.2

	
	70
	4.2
	6.0
	7.8

	9.6
	9.6


6.1.3 Unit Lighting Power Allowances

6.1.3.1  Equations

EQUATION 4-9:   INTERIOR LIGHTING POWER ALLOWANCE

ILPA = (LPB1 + LPB2 + ... + LPBn) + (0.20 W/ft2 x USA)

Where:   ILPA = interior lighting power allowance, W

  LPB = lighting power budget for each activity area, W

 USA = unlisted space area = (GLA - Sum(LS), ft2)

 GLA = gross lighted area, ft2
    LS = listed space

EQUATION 4-10:  LIGHTING POWER BUDGET

LPB 
= A x UPD x AF

Where:   LPB 
=  lighting power budget of the space, W

   A
=  area of the space, ft2
UPD 
=  unit power density, W/ft2 

 AF 
=  area factor of the room (from Equation 4-11)

EQUATION 4-11:  AREA FACTOR

AF = 0.2 + 0.8 (1/0.9n)

Where:    n = 10.21(CH - 2.5) - 1

       Ar
    
AF = area factor 

    
CH = ceiling height, ft

    
Ar = room area, ft2
EXCEPTIONS:

1. If AF < 1.0, then AF = 1.0

2. If AF > 1.8, then AF = 1.8

	SUBCHAPTER 6


RESIDENTIAL BUILDING COMPLIANCE METHODS

SECTION 600

ADMINISTRATION

600.0  Methods of Compliance. This chapter provides three Methods by which residential buildings may be brought into compliance with this code.

Method A, the Whole Building Performance Method.  This is a performance based code compliance method which considers energy use for the whole building, both for the envelope and its major energy-consuming systems.  Under this method, points are calculated for the energy-consuming elements of an As-Built house and simultaneously for a Baseline house of the same configuration and orientation.  The As-Built points shall be less than the Baseline points to comply  with this code.  Applicable prescriptive requirements described in Sections 601 through 612 shall also be met.

Method A may be applied to demonstrate Code compliance for new residential construction, both single-family detached and multifamily attached structures, and to additions to existing residential buildings.  Existing buildings not exempt from this code may be brought into compliance by this Method in accordance with the provisions of Section 101.4.2.

Method B, the Component Prescriptive Method.  This is a prescriptive code compliance Method for residences of three stories or less and additions.  Using this Method, a residence would meet or exceed all requirements for one of several prepackaged lists of minimum construction requirements.

Exceptions:  Method B shall not be applied in the following cases:

1. New construction, excluding additions, which is only heated or cooled but not both.

2. New construction, including additions, which incorporates steel stud walls, single assembly roof/ceiling construction or skylights.  

3. Residences with raised floors other than continuous stem wall structures except for Package C in north Florida, Package D in central Florida, and Package B in south Florida.

Method C, Limited Applications Prescriptive Method.  This is a prescriptive code compliance method for residential additions of 600 square feet or less, renovations to existing residential buildings; heating, cooling, and water heating systems of existing buildings;  and site-added components of manufactured homes and manufactured buildings.  To comply by this Method, all energy-related components or systems being installed or changed in the addition or renovation shall meet the minimum prescriptive levels listed for that component.  

600.0.ABC Compliance Criteria. Residential buildings demonstrating compliance with this code by Method A shall meet all of the criteria given in the text as specific to Method A for 1, 2, 3 and 4 below. Residential buildings utilizing Methods B or C for code compliance shall meet all criteria specific to that Method for 1, 3 and 4 below.

1. Prescriptive Requirements
2. Performance Calculation Procedures
3. Certification of Compliance.
4. Reporting.
600.1.ABC Prescriptive Requirements. Basic Prescriptive Requirements shall be met for all buildings.  The Section number followed by the combined number and letters ".1.ABC" indicates these Basic Prescriptive Requirements (i.e., prescriptive requirements that shall be met by buildings complying by either Method A, B or C) in Sections 601 through 612.  Prescriptive Requirements specific to Method A, B or C (i.e., ".1.B" is specific to Method B) shall be met when complying with the code by that method.  Prescriptive Requirements for Methods B or C may be more stringent than the Basic Prescriptive Requirements and shall supersede them.

600.1.A Prescriptive Requirements Specific to Method A. Prescriptive Requirements specific to Method A are included in the text under the applicable building component section.  Primary compliance is by Form 600A which is a performance-based method.

600.1.B Prescriptive Requirements Specific to Method B. All of the Prescriptive Requirements listed for one of the five or six alternate Compliance Packages of building components listed on Table 6B-1 Form 600B shall be met or exceeded.  No substitutions or variations less energy efficient than the established levels and standards listed for each component type shall be permitted for the Compliance Package chosen.  

Any practice, system, or rating for which the multiplier in Method A is lower than the multiplier of the prescribed practice or system in the same climate zone may be used to comply with the Compliance Package prescriptives.  No components or systems shall be installed with efficiencies less than the Basic Prescriptive Requirements for that component or system.

600.1.C Prescriptive Requirements Specific to Method C. Method C is a prescriptive code compliance method.  It requires meeting or exceeding the Prescriptive Requirements specific to this method described in sections 601 through 612 and listed on Tables 6C-1, 6C-2 and 6C-3 of Form 600C, where applicable.
600.1.C.1 Additions. Prescriptive Requirements shall apply only to building components and equipment being added to an addition or replaced in an existing building to service an addition.  Existing components or systems in a residence need not meet the Prescriptive Requirements.  Substitutions or variations that are less energy efficient than the prescribed efficiency levels and standards listed shall not be permitted.

600.1.C.2 Renovations.  Prescriptive Requirements shall apply only to those components or systems being repaired or replaced.

600.1.C.3 Manufactured Homes and Manufactured Buildings. Prescriptive requirements specified for manufactured homes and manufactured buildings shall be met for all site-installed components and features of such buildings at the time of first set-up.  Complete code compliance shall be demonstrated for manufactured buildings.  

600.2 Performance Calculation Procedures

600.2.A Performance Calculation Procedures for Method A. The calculation procedures contained in Form 600A shall be used to demonstrate code compliance of the building design for residential buildings complying by Method A of this chapter.  The building components' efficiency levels specified in this performance compliance calculation are the minimum efficiencies allowed to be installed in the building unless a recalculation is submitted to the building department.  

The Method A calculation shall result in either a PASS or FAIL status for a building.  To PASS, the total points calculated for the As-Built house shall be less than or equal to the total points calculated for the Baseline house.

Energy points shall be calculated for an As-Built house and a Baseline house using actual house configuration and component net areas.  Cooling Points, Heating Points and Water Heating Points shall be calculated separately and then summed.  For a complete description of how to complete Form 600A, see the Residential Instruction Manual.

600.2.A.1 General

600.2.A.1.1 Multipliers. Multipliers are provided on Form 600A for commonly installed technologies for each building component.  Multipliers for some less commonly installed technologies are provided in Appendix C to this chapter and are referenced by the appropriate code section.  

Interpolations of multipliers are allowed by the procedure described in Section 1.3 of Appendix C of this chapter where rated efficiencies of installed components fall within a range.  Extrapolations of multipliers above the highest value given or below the lowest values given shall not be permitted.  Multipliers are interpolated automatically in the FLA/RES computer program. 

600.2.A.1.2 Insulation R-Values. R-values used to determine the appropriate multiplier for the insulation level installed shall be the R-value of the added insulation only.  Appendix C, Section 1.2 contains general rules for insulation which shall be followed.

600.2.A.1.3 Areas. Areas used in the calculation shall be the actual net areas for each component determined from the plans and specifications of the building to be constructed.

600.2.A.1.4 Use of Fenestration U-factors and SHGCs in FLA/RES.  The FLA/RES computer program shall permit the user to input specific U-factors and SHGCs for fenestration products (windows, doors and skylights), and shall allow credit for actual values input by users.  In the absence of such actual values, the computer program shall incorporate the appropriate default values for the standard default window types (single, double, clear and tinted).

600.2.A.2 Residences Not Heated or Not Cooled. Residences which are heated or cooled, but not both, shall complete both summer and winter calculations.  The Baseline system multiplier divided by the multiplier for an R-6 duct from Form 600A shall be used for the heating or cooling system not installed.  The duct multiplier for the duct system to be installed shall be used for both calculations.  

If an addition or part of an addition is claimed to be exempt from the Code because it will be neither heated nor cooled, the exempt area shall be fully separated from the conditioned area by walls or doors.

600.2.A.3 Additions 

600.2.A.3.1 Additions Complying Alone. Additions to existing buildings shall follow the same Method A calculation procedure as new construction with the following qualifications.

1. Calculations shall be conducted using only the components of the addition itself, including those pre-existing components which separate the addition from unconditioned spaces.

2. Heating and Cooling System Multipliers shall be equal to the Baseline System Multiplier unless new equipment is installed to replace existing equipment or to service the addition specifically.  Addition of new equipment may qualify for multizone credit (see section 607.2.A.3.2) if all other criteria are met.  The multiplier for the new ductwork to supply the addition shall be used in the calculation.

3. Water heating is not included in the calculation unless a supplemental water heater is installed, an existing water heater is replaced, or an alternative water heater (gas, solar, HRU, dedicated heat pump) is installed to gain credit.

600.2.A.3.2 Additions Unable To Comply Alone. Section 101.2.2 allows additions to either comply with the code requirements for the addition alone or by demonstrating that the entire building including the addition complies with the code requirements for new buildings.  Section 101.4.2.1 contains restrictions which shall apply if the entire building is used to demonstrate compliance. 

600.2.A.4 Multifamily Occupancies. 

600.2.A.4.1 Common Conditioned Spaces.  Common conditioned spaces occurring in multifamily buildings that are not part of specific tenancy units, such as corridors, lobbies, recreation rooms, offices, etc., shall be calculated using one of the following procedures.

1. No energy use calculation is required for common areas if less than five percent (5%) of the building area is used for such common areas.

2. Corridors, lobbies and similar areas shall be calculated using Sub-chapter 4.

3. Non-residential occupancies within a multifamily structure such as cafeterias, offices, and gyms shall be calculated in accordance with Sub-chapter 4.

600.2.A.5 Worst Case Calculations.  Residential occupancies which are identical in configuration, square footage, and building materials may comply with the code by performing a worst case calculation.  When submitting worst case calculations, copies of the Form 600A shall be submitted or referenced with each set of plans, dependent on the requirements of the building department.

600.2.B Performance Calculation Procedures for Method B.  No performance requirements exist for Method B.

600.2.C Performance Calculation Procedures for Method C. No performance requirements exist for Method C.

600.3 Certification of Compliance

600.3.ABC.1 Code Compliance Preparation.

600.3.ABC.1.1 Single-Family Residential, Duplexes, Townhouses. No license or registration is required to prepare the code compliance form for single-family residential, duplexes and townhouses.  The person preparing the compliance form shall certify that the plans and specifications covered by the form, or amendments thereto, are in compliance with Chapter 13 of the Florida Building Code, Building.

600.3.ABC.1.2 Multifamily Residential. Form preparation for multifamily dwellings, with the exception of duplexes and townhouses as exempted by Section 481.229, Florida Statutes, shall be made a part of the plans and specifications for the building and require signing and sealing by an architect or engineer registered in the State of Florida with the exception of buildings excluded by Section 481.229, Florida Statutes, or Section 471.003, Florida Statutes.  Calculations for buildings falling within the exception of Section 471.003, Florida Statutes, may be performed by air conditioning or mechanical contractors licensed in accordance with Chapter 489, Florida Statutes, or by State of Florida certified commercial building energy raters. 

600.3.ABC.2 Code Compliance Certification. The building's owner, the owner's architect, or other authorized agent legally designated by the owner shall certify to the building official that the building is in compliance with Chapter 13 of the Florida Building Code, Building prior to receiving the permit to begin construction or renovation.  

All Sub-cChapter 6 compliance calculations and certifications shall be made using the 600 series forms or the FLA/RES computer program printout for the climate zone in which the building will be constructed.

If, during the building construction or renovation, alterations are made in the design, materials, or equipment which would diminish the energy performance of the building, an amended copy of the compliance certification shall be submitted to the building department agency by the building owner or his legally authorized agent on or before the date of final inspection.
The certified compliance form shall be made a part of the plans and specifications submitted for permitting the building.

600.3.ABC.3 Forms. Code compliance by this sub-chapter shall be demonstrated by completing and submitting to the building official the appropriate forms described below and referenced in Table 6-1.  An original form or FLA/RES-04 01 computerized printout, accompanied by a copy of the front page of the form as provided in Section 600.4, shall be submitted to the building department to demonstrate compliance with this code before a building permit is issued.

The code compliance form used shall be specific to the climate zone in which the building will be located.  (See Appendix A of the chapter for climate zone locations.)

Forms are available from the local jurisdiction permitting offices or may be obtained from the Department of Community Affairs, Codes and Standards Section, 2555 Shumard Oak Blvd., Tallahassee, Florida 32399-2100.  Copies of Sub-chapter 6 forms may be found in Appendix D of this chapter or online at www.floridabuilding.org..
600.3.ABC.3.1 EPL Display Card. The building official shall require that an Energy Performance Level (EPL) Display Card be completed and certified by the builder to be accurate and correct before final approval of a residential building for occupancy.  The EPL Display Card contains information indicating the energy performance level and efficiencies of components installed in a dwelling unit.  The EPL Display Card shall be included as an addendum to the sales contract for both presold and non-presold residential buildings in accordance with Section 553.9085, Florida Statutes.  

600.3.ABC.3.2 Form 600D-04 01  (Desuperheater, Heat Recovery Unit Water Heater Efficiency Certification). This form shall be submitted when credit is being taken for water heating with a Heat Recovery Unit.  The form is used to demonstrate that the Net Superheat Recovery is equal to or greater than the 50 percent minimum required to obtain credit.  The form shall be affixed to the Heat Recovery Unit by the manufacturer.

Exception: If the Heat Recovery Unit is listed in the current ARDM Directory of Certified Refrigerant Desuperheater Heat Recovery Unit Water Heaters as meeting the net heat recovery minimum and the unit bears the ARDM label signifying compliance with this Code, the label shall serve as a certification in place of Form 600D-04 01.  
600.3.A Forms Used for Method A Compliance.  Form 600A-0401 or a printout of the FLA/RES-04 01 computer program shall be used to demonstrate code compliance by Method A, the Whole Building Performance Method.  Form 600A-01 is color coded by climate zone (see Table 6-1).  The correct form for the location where the residence will be built or a printout of the FLA/RES-04 01 computer program for the appropriate climate zone shall be submitted to the building department to demonstrate compliance by Sub-chapter 6 before a building permit is issued.  Signatures on this form by persons authorized under the provisions of section 600.3.ABC.2 shall constitute certification of code compliance by Method A of this subchapter.  

Form 600A-04 01 shall remain on file at the building department.

TABLE 6-1

INDEX TO RESIDENTIAL FORMS BY CLIMATE ZONE
	REGION
	CLIMATE ZONES
	FORM 600A-01* 

Compliance Method A

Color
	FORM 600B-01

Compliance Method B

 Color
	FORM 600C-01

Compliance Method C

 Color

	North
	   1, 2, 3
	Green
	Beige
	Blue

	Central
	    4, 5, 6
	Yellow
	Peach
	Tan

	South
	    7, 8, 9
	White
	Gray
	Pink


 *The FLA/RES-01 computer program printout is equivalent to, and may be submitted in lieu of, Form 600A-01.

600.3.B Forms Used for Method B Compliance.  Form 600B-04 01 shall be completed and submitted to the building department to demonstrate that all Prescriptive Requirements have been met.  Form 600B-04 01 contains the compliance packages used to demonstrate code compliance by Method B of Sub-cChapter 6, the Component Prescriptive Method.  This form is color coded by climate zone (see Table 6-1).  A completed and signed form specific to the location where the residence will be built shall be submitted to the building department to obtain a building permit.  Signatures on this form by persons authorized under the provisions of section 600.3.ABC.2 shall constitute certification of code compliance by Method B of this Sub-chapter.
Form 600B-04 01 shall remain on file at the building department.

600.3.C Forms Used for Method C Compliance.  Form 600C-04 01 shall be completed and submitted to the building department to demonstrate that all Prescriptive Requirements have been met for buildings complying with the code by Method C, the Limited Applications Prescriptive Method.  Form 600C-04 01 contains the requirements for code compliance for additions of 600 sq.ft. or less, for renovations, for building systems, and for site-added components of manufactured buildings and manufactured homes.  This form is color coded by climate zone (see Table 6-1).  A completed and signed form specific to the location where the residence will be built shall be submitted to the building department to obtain a building permit.  Signatures on this form by persons authorized under the provisions of section 600.3.ABC.2 shall constitute certification of code compliance by Method C of this Sub-chapter.  

Form 600C-04 01 shall remain on file at the building department.

600.4 Reporting.  a copy of the front page of the 600 series form submitted to demonstrate code compliance shall be sent by the Building Department to the Department of Community Affairs on a quarterly basis for reporting purposes.

SECTION 601 

FENESTRATIONS (GLAZING)

601.1 Prescriptive Requirements

601.1.ABC Basic Prescriptive Requirements for Methods A, B and C

601.1.ABC.1 Glazing Types. Windows shall contain at least the minimum efficiency glazing type certified to be in compliance with the code.  

U-factors (thermal transmittances) or Solar Heat Gain Coefficient (SHGC) for glazed fenestration products shall be determined in accordance with National Fenestration Rating Council 100, Procedure for Determining Fenestration Product U-factors or National Fenestration Rating Council 200: Procedures for Determining Fenestration Product Solar Heat Gain Coefficients at Normal Incidence by an accredited, independent laboratory and labeled and certified by the manufacturer.

When a manufacturer has not determined U-factor or SHGC in accordance with NFRC 100 or 200 for a particular product line, compliance with the building envelope requirements of this code shall be determined by assigning such products default U-factor or SHGC in accordance with Table 601.1.ABC.1.  Product features must be verifiable for the product to qualify for the default value associated with those features.  Where the existence of a particular feature cannot be determined with reasonable certainty, the product shall not receive credit for that feature.  Where a composite of materials from two different product types are used, the product shall be assigned the higher U-factor or SHGC.

Glazing in doors shall be considered fenestrations.

Table 601.1.ABC.1 

DEFAULT WINDOW ENERGY VALUES FOR RESIDENTIAL APPLICATIONS

	Type
	U-factor
	Solar Heat Gain Coefficient (SHGC)

	Single pane clear
	1.30
	0.75

	Single pane tint
	1.30
	0.64

	Double pane clear
	0.87
	0.66

	Double pane tint
	0.87
	0.55


601.1.ABC.2 Window Infiltration. Windows shall meet the minimum air infiltration requirements of Section 606.1.

601.1.ABC.3 Overhangs. Non-permanent shading devices such as canvas awnings shall not be considered overhangs.  Permanently attached wood and metal awnings may be considered overhangs.

601.1.A Prescriptive Requirements Specific to Method A. Windows shall meet the air infiltration requirements in Section 606.1.

601.1.B  Prescriptive Requirements Specific to Method B. All glass, including sliding glass doors and glass in exterior doors which has an area one-third or more of the total door area, shall meet the criteria in Sections 601.1.B.1 through 601.1.B.3 for the Compliance Package chosen on Table 6B-1 of Form 600B and the air infiltration requirements in Section 606.1.2.

601.1.B.1  Percentage of Glass. The percentage of glass area to conditioned floor area shall not exceed the maximum acceptable percentage specified for the compliance package chosen.  Three values are designated:  15%, 20% and 25%.  Buildings containing greater than 25% glass area to conditioned floor area shall use Method A to demonstrate compliance with the code.  

When glass in existing exterior walls is being removed or enclosed by an addition, an amount equal to the total area of this glass may be subtracted from the total glass area prior to determining the installed glass percentage.

601.1.B.2 Glass Type. All glass shall have an energy efficiency equal to or greater than that of the prescribed type for the Compliance Package chosen.  Four glass types are considered.  In order of increasing energy efficiency, the designations are as follows:  single pane, clear (SC); single pane, tinted (ST); double pane, clear (DC); and double pane, tinted (DT).  The designation tinted glass shall mean manufactured tinted glass, reflective films, and solar screens.  

601.1.B.3 Overhang. All glass areas shall be under at least the length of overhang specified on Table 6B-1 of Form 600B for the Compliance Package chosen.  The overhang length (OH) prescribed in the package shall represent the distance the roof or soffit projects out horizontally from the face of the glass.

Exceptions:

1. Glass on the gabled ends of a house.

2. Glass in the lower stories of a multi-story house.

Louvers and other exterior shading devices which are adjustable shall be treated as overhangs.  Slats shall be arranged so no solar radiation penetrates the overhang during the cooling season.

601.1.C Prescriptive Requirements Specific to Method C.
601.1.C.1 Additions. All glazing shall meet the minimum criteria given on Table 6C-2 of Form 600C for new glazing installed in an addition complying by this section.  The maximum percentage of glass to floor area allowed for additions of 600 square feet or less shall be 50 percent.  All new glazing shall meet the overhang length (OH) and the solar heat gain coefficient (SHGC) criteria of one of the alternative requirement sets in Table 6C-2 on Form 600C for the type of glass and the percentage of glass to floor area categories on the form for glass installed in the addition.  Glass windows and doors that were previously located in an existing exterior wall that is being removed or enclosed by an addition do not have to comply with the overhang and solar heat gain coefficient requirements listed on Table 6C-2 of Form 600C when reinstalled as part of the addition.

The total glazing area calculated shall include the areas of windows, sliding glass doors, all areas which exceed one-third the area of the door in which they are located, and double the area of all skylights or other non-vertical roof glass.  When glass in existing exterior walls is being removed or enclosed by an addition, an amount equal to the total area of this glass may be subtracted from the total glass area prior to determining the installed glass percentage.

601.1.C.1.1 In cases where an overhang length or solar heat gain coefficient falls between two glass percentage ranges and the glass type is the same throughout the addition, the specific glass percentage allowed may be determined by using the following equations:

Overhang (OH):



                       High%     Low%


Glass % =  Low%  +   Glass   -   Glass
 x    [OHInstalled - OHLow%]


Allowed     Glass       OHHigh% - OHLow%
Solar heat Gain Coefficient (SHGC):



                       High%     Low%  


Glass % =  Low%  +    Glass   -  Glass________   x [SHGCInstalled - SHGCLow%]


Allowed     Glass     SHGCHigh% - SHGCLow%
601.1.C.2 Renovations. New windows installed in renovations may be of any glass type and solar heat gain coefficients where glass areas are under an overhang of at least two feet whose lower edge does not extend further than 8 feet from the overhang.  Glass areas that do not meet this criteria shall be either single-pane tinted, double-pane clear, or double-pane tinted.   All skylights or non-vertical glass shall be double paned or single paned with a diffuser.

Exception:  These requirements apply only to glass that is being replaced.

601.2 Performance Calculation Procedures.

601.2.A Performance Calculation Procedures for Method A.  

601.2.A.1 Glass Orientation and Multipliers. Multipliers are provided on Form 600A by the glass orientation:  N, NE, E, SE, S, SW, W, NW or H (horizontal).  Any non-vertical glass shall be calculated as horizontal glass.

Glass which is demonstrated to be shaded during all times of the year may be treated as north-facing glass.

601.2.A.2 Glass Types and Multipliers. Multipliers are provided on Form 600A by glazing type, either single- or double-paned glass with either clear or tinted shading.  

Glazing types with U-values and solar heat gain coefficients no higher than those for glass may be treated as glass for the Method A calculation.  Glass blocks may use the double-pane multiplier for the solar heat gain coefficient specified for the product.

Where a Solar Heat Gain Coefficient (SHGC) for glazed fenestration products (windows, glazed doors and skylights) has been determined in accordance with National Fenestration Rating Council 200: Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal Incidence by an accredited, independent laboratory and labeled and certified by the manufacturer to be 0.57 or lower, a more favorable multiplier may be obtained from Section 2.1 of Appendix C of this chapter based on the climate zone in which it will be installed.

601.2.A.3 Glass Overhangs and Multipliers. Overhang Factors shall be determined from Tables 6A-1 and 6A-10 on Form 600A by matching either the overhang ratio or the overhang length (in feet) with the orientation of the glass it shades.  The overhang ratio shall be calculated by the following equation:  


 Figure 6-1
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Where:

OH Length  =
The horizontal measure of how far a window overhang projects out 





from the glass surface.


OH Height   =
The vertical measure of the distance from the bottom of a window to 




the bottom of the overhang.      

601.2.A.3.1 To select the overhang factor by the overhang length, no part of the glass shall be more than 8 feet below the overhang.

601.2.A.3.2 The overhang ratio for adjustable exterior shading devices shall be determined for the overhang at its most extended position.

601.2.A.3.3  All glazing areas of a residence, including windows, sliding glass doors, glass in doors, skylights, etc. shall include the manufacturer’s frame area in the total window area.  Window measurements shall be as specified on the plans and specifications for the residence.

When a window in existing exterior walls is enclosed by an addition, an amount equal to the area of this window may be subtracted from the glazing area for the addition for that overhang and orientation.
SECTION 602 

WALLS
602.1 Prescriptive Requirements
602.1.ABC Basic Prescriptive Requirements for Methods A, B and C
602.1.ABC.1 Wall Insulation. Walls shall be insulated to at least the level certified to be in compliance with this code.

Insulation R-values claimed shall be in accordance with the criteria described in Section C-1.2 of Appendix C of this chapter.

602.1.ABC.1.1 Common Walls. Walls common to two separate conditioned tenancies shall be insulated to a minimum of R-11 for frame walls, and to R-3 on both sides of common masonry walls.

602.1.ABC.1.2  Walls Considered Ceiling Area. Wall areas that separate conditioned living space from unconditioned attic space (such as attic knee walls, walls on cathedral ceilings, skylight chimney shafts, gambrel roofs, etc.) shall be considered ceiling area and have a minimum insulation value of R-19.

602.1.ABC.2  Wall Infiltration. Walls shall meet the minimum air infiltration requirements of Section 606.1.

602.1.A  Prescriptive Requirements Specific to Method A.

602.1.A.1 Walls considered lightweight concrete block in Method A shall have an aggregate density of no greater than 105 pounds per cubic foot.

602.1.A.2 Walls considered polystyrene bead aggregate block in Method A shall be composed of at least 60 percent polystyrene beads by volume, and shall achieve at least an R-8 insulation value when tested to ASTM C236.

602.1.A.3 Walls shall meet the air infiltration requirements in Section 606.1 for the Infiltration Practice certified to be in compliance with the code on Form 600A.

602.1.B  Prescriptive Requirements Specific to Method B. Walls shall be either wood frame or masonry construction, including face brick, to comply with this Method.  All exterior and adjacent walls shall be insulated to the minimum R-value given on Table 6B-1 of Form 600B for the Compliance Package chosen in accordance with the criteria in Section 1.2 of Appendix C of this chapter.

602.1.C Prescriptive Requirements Specific to Method C.
602.1.C.1 Additions. All walls shall be insulated to the minimum R-value given on Table 6C-1 of Form 600C for the type of construction used in the addition.

602.1.C.1.1 Frame Walls. The minimum insulation level installed in wood or metal frame walls shall be R-11 for 2' X 4' walls and R-19 for 2' X 6' walls. 

602.1.C.1.2 Concrete or Masonry Walls. The minimum R-value of insulation added to exterior and adjacent masonry walls shall be R-7 in north Florida (zones 1 through 3) and R-5 in central and south Florida (zones 4 through 9).

602.1.C.2 Renovations. Minimum insulation levels installed in renovated walls shall be not less than those specified in Sections 602.1.C.1.1 through 602.1.C.1.2.  These requirements apply only to those walls being renovated.

602.1.C.3 Manufactured Homes and Manufactured Buildings. Marriage walls between sections of double wide or multiple units shall be sealed with long-life caulk or gasketing and shall be mechanically fastened in accordance with the manufacturer's instructions.  See also the Section 610.1.C.3 requirements for ducts located in marriage walls of multiple unit manufactured homes and buildings.

602.2 Performance Calculation Procedures

602.2.A Performance Calculation Procedures for Method A 

602.2.A.1 Wall Types and Multipliers. Walls shall be identified as either exterior, adjacent or common and as wood frame, concrete block, steel stud or log walls.  Multipliers for the type of wall to be installed shall be determined from Tables 6A-2 and 6A-11 on Form 600A.  Multipliers for lightweight concrete block and polystyrene bead aggregate block shall be taken from Section 2.2 of Appendix C of this chapter. 

Interpolation of multipliers for efficiencies falling within ranges may be made in accordance with Section 1.3 of Appendix C of this chapter.

602.2.A.1.1 Exterior or adjacent walls consisting of more than one construction type or R-value shall be treated as separate walls.

602.2.A.1.2 Walls separating an addition from the pre-existing conditioned spaces shall not be included in the calculation.

602.2.A.1.3 Common walls separating conditioned tenancies shall not be included in the As-Built house envelope calculation.

602.2.A.1.4 Walls that separate conditioned living space from unconditioned attic space, such as walls supporting cathedral ceilings and gambrel roofs, and skylight shafts, etc. shall be considered ceiling area for this calculation procedure.

602.2.A.2 Wall Area Determination. Net wall area (gross wall area of the building less all doors and windows) taken from the plans and specifications shall be used in the compliance calculation.  

SECTION 603 

DOORS
603.1  Prescriptive Requirements
603.1.ABC  Basic Prescriptive Requirements For Methods A, B and C
603.1.ABC.1  Door Types Allowed. All exterior and adjacent doors other than glass doors shall be solid core wood, wood panel,  or insulated doors.  Hollow core doors shall not be used in either exterior or adjacent walls.  Doors may have glass sections.

603.1.ABC.2  Door Infiltration. Doors shall meet the minimum air infiltration requirements for doors contained in Section 606.1.ABC.1.1.

603.1.A  Prescriptive Requirements Specific to Method A. Blank for numbering consistency.

603.1.B  Prescriptive Requirements Specific to Method B. Blank for numbering consistency.

603.1.C Prescriptive Requirements Specific to Method C. Blank for numbering consistency.

603.2 Performance Calculation Procedures

603.2.A Performance Calculation Procedures for Method A

603.2.A.1 Door Types and Multipliers. Doors shall be identified as either exterior or adjacent, based on the type of wall in which they are located, and as wood or insulated.  Multipliers for the type of door to be installed shall be determined from Tables 6A-3 and 6A-12 on Form 600A.

603.2.A.2 Door Area Determination. Door areas shall be determined from the measurements specified on the plans for each exterior and adjacent door.  

All sliding glass doors and glass areas in doors shall be included in the glazing calculation and meet the requirements of Section 601 unless the glass is less than one-third of the area of the door.

SECTION 604 

CEILINGS
604.1 Prescriptive Requirements.
604.1.ABC Basic Prescriptive Requirements for Methods A, B and C
604.1.ABC.1 Ceiling Insulation. Ceilings shall have an insulation level of at least R-19, space permitting.  For the purposes of this code, types of ceiling construction that are considered to have inadequate space to install R-19 include single assembly ceilings of the exposed deck and beam type and concrete deck roofs.  Such ceiling assemblies shall be insulated to at least a level of R-10.

Ceiling insulation R-values claimed shall be in accordance with the criteria described in Section 1.2 of Appendix C of this chapter.

604.1.ABC.1.1 Ceilings With Blown-In Insulation. Ceilings with a rise greater than 5 and a run of 12 (5 over 12 pitch) shall not be insulated with blown-in insulation.  Blown-in (loose fill) insulation shall not be used in sections of attics where the distance from the top of the bottom chord of the trusses, ceiling joists or obstructions (such as air conditioning ducts) to the underside of the top chord of the trusses at the ridge is less than 30" or where the distance from any point of 30" minimum clearance out to the ceiling surface in the roof eave area that is to be insulated is greater than 10 feet.

In every installation of blown-in (loose fill) insulation, insulation dams (for installations up to R-19 only); or insulation chutes, insulation baffles, or similar devices (for installations over R-19) shall be installed in such a manner so as to restrict insulation from blocking natural ventilation at the roof eave area to the attic space.  Such devices shall be installed in spaces between all rafters of the roof structure and shall extend from the eave plate line to the attic area.  In all cases, including the use of batt insulation, the insulation shall not be installed so as to block natural ventilation flow.

In that portion of the attic floor to receive blown insulation, reference marks or rules shall be placed within every 6' to 10' throughout the attic space.  The reference marks shall show the height to which the insulation must be placed in order to meet the planned insulation level.  Such marks shall be used by the code Official to verify the claimed insulation level.  The reference marks or rules may be placed on truss webs or other appropriate roof framing members.  Each reference mark or rule shall be visible from at least one attic access point.

604.1.ABC.1.2 Common Ceilings/Floors. Wood, steel and concrete ceilings/floors common to separate conditioned tenancies shall be insulated to a minimum R-11, space permitting.

604.1.ABC.1.3 Roof Decks Over Dropped Ceiling Plenum.  Roof decks shall be insulated to R-19 if the space beneath it will be used as a plenum of the air distribution system.  Plenums shall meet all criteria of Section 610.1.ABC.3.6.

604.1.ABC.2 Ceiling Infiltration. Ceilings shall meet the minimum air infiltration requirements of Section 606.1.

604.1.A Prescriptive Requirements Specific to Method A.
604.1.A.1 Walls Considered Ceiling Area. Wall areas that separate conditioned living space from unconditioned attic space (such as attic knee walls, walls on cathedral ceilings, skylight chimney shafts, gambrel roofs, etc.) shall be considered ceiling area.  Such areas shall be included in calculations of ceiling area and shall have a minimum insulation value of R-19.

604.1.A.2  Ceiling Air Infiltration. Ceilings shall meet the air infiltration requirements of Section 606.1.ABC.

604.1.B  Prescriptive Requirements Specific to Method B. All ceilings separating conditioned and unconditioned spaces shall be insulated to at least the minimum R-value given in Table 6B-1 of Form 600B for the Compliance Package chosen.
Buildings with single assembly roof/ceilings shall not comply by this method.  

604.1.C  Prescriptive Requirements Specific to Method C.
604.1.C.1  Additions. All roof/ceilings shall be insulated to the minimum R-value given on Table 6C-1 of Form 600C for the type of construction used in the addition.  The minimum R-value for insulation added to ceilings shall be:

1. Under attic ceilings:  





R-30

2. Enclosed single assembly ceilings:



Frame






R-19



Metal pans





R-13

3.  Open single assembly attic ceilings, exposed decking:  
R-10

4.  Common frame ceilings:




R-11

604.1.C.2 Renovations. Minimum insulation levels installed in renovated roofs/ceilings shall be not less than those specified in Section 604.1.C.1.  These requirements apply only to roofs/ceilings that are being renovated.

604.2 Performance Calculation Procedures

604.2.A Performance Calculation Procedures for Method A.

604.2.A.1 Ceiling Types and Multipliers. Ceilings shall be identified as either under attic, single assembly, or concrete deck roof.  Multipliers for the type of ceiling to be installed shall be determined from Tables 6A-4 and 6A-13 on Form 600A or from Section 2.4 of Appendix C of this chapter.  

Interpolation of multipliers for efficiencies falling within ranges may be made in accordance with Section 1.3 of Appendix C of this chapter.

604.2.A.1.1 If different ceiling types or R-values are used in a house, each type or R-value shall be treated separately.

604.2.A.1.2 Common ceilings shall not be included in the house envelope calculation.

604.2.A.1.3 Ceilings separating an addition from the pre-existing conditioned spaces shall not be included in the calculation.

604.2.A.2 Ceiling Area Determination. As-Built ceiling area shall be the actual ceiling area exposed to attic or single assembly roof conditions, including walls that separate conditioned living space from unconditioned attic space.  Baseline ceiling area shall be the total floor area within the conditioned space located directly below the roof.

SECTION 605 

FLOORS
605.1  Prescriptive Requirements

605.1.ABC Basic Prescriptive Requirements For Methods A, B and C

605.1.ABC.1  Floor Insulation. Insulation R-values claimed shall be in accordance with the criteria described in Section 1.2 of Appendix C of this chapter.

605.1.ABC.1.1 Wood, steel and concrete floors/ceilings common to two separate conditioned tenancies in multifamily applications shall be insulated to a minimum of R-11, space permitting.

605.1.ABC.1.2 For insulated slab-on-grade floors, the exposed vertical edge of the slab shall be covered with exterior slab insulation extending from the top of the slab down to at least the finished grade level.  Extending the insulation to the bottom of the footing or foundation wall is recommended.

605.1.ABC.2  Floor Infiltration.  Floors shall meet the minimum air infiltration requirements of Section 606.1.

605.1.A  Prescriptive Requirements Specific to Method A

605.1.A.1  Floor Vent Area. In raised floors supported by stem walls with under floor insulation, the vent area for the subfloor space shall not exceed 1 square foot per 150 square feet of floor area when utilizing the stem wall with under floor insulation multipliers.

In raised floors supported by stem walls with stem wall insulation, the vent area for the subfloor space shall not exceed 1/10 square foot of open vent area per 150 square feet of floor area when utilizing the stem wall with stem wall insulation multipliers.  A continuous vapor barrier shall be applied over the ground under the floor.

605.1.A.2  Floor Infiltration. Floors shall meet the air infiltration requirements in Section 606.1.ABC.
605.1.B  Prescriptive Requirements Specific to Method B. Floors under conditioned space shall be either slab-on-grade, raised wood with continuous stem walls, or raised concrete floors with continuous stem walls.  All raised wood and raised concrete floors having stem walls that separate conditioned from unconditioned spaces shall be insulated to the minimum R-value given on Table 6B-1 of Form 600B for the Compliance Package chosen.  Slab-on-grade floors need not be insulated to comply with this section.

Raised wood and concrete floors of post and pier construction may only comply with this section by the following compliance packages:



Location                      
      
Package



North Florida (zones 1 - 3)

C




Central Florida (zones 4 - 6) 
 
D




South Florida (zones 7 - 9)

B

605.1.C Prescriptive Requirements Specific to Method C

605.1.C.1 Additions. All floors shall be insulated to the minimum R-value given on Table 6C-1 of Form 600C for the type of construction used.  Minimum R-values for insulation added to floors shall be:

1. Raised wood, north Florida (zones 1 - 3)

R-19

2. Raised wood, central & south Florida (zones 4 - 9)
R-11

3. Raised concrete, north Florida  



R-7

4. Raised concrete, central & south Florida 

R-5

5. Slab-on-grade  





None 

605.1.C.2  Renovations. Minimum insulation levels installed in renovated floors shall be not less than those specified in sections 605.1.C.1.  Requirements apply only to floors which are being renovated.

605.2  Performance Calculation Procedures

605.2.A  Performance Calculation Procedures for Method A

605.2.A.1  Floor Types and Multipliers. Floors shall be identified as either slab-on-grade, raised floors (wood or concrete), adjacent or common.  Wood floors shall be further subdivided into post or pier construction, stem walls with under floor insulation, and stem wall with stem wall insulation.  See section 202 for definitions of these types of floors.  Multipliers for the type of floor to be installed shall be determined from Tables 6A-5 and 6A-14 on Form 600A, or from Table 6C-10 in section 2.5 of Appendix C of this chapter for stem walls with stem wall insulation.

Interpolation of multipliers for efficiencies falling within ranges may be made in accordance with Section 1.3 of Appendix C of this chapter.

605.2.A.1.1 If the floor area consists of more than one type of construction or R-value, each floor system shall be treated separately.

605.2.A.1.2 Common floors shall not be included in the calculation.

605.2.A.1.3 Floors separating an addition from the pre-existing conditioned spaces shall not be included in the calculation.

605.2.A.2  Floor Perimeter/Area Determination. Slab-on-grade floor points shall be determined based on the perimeter of the slab which encloses the conditioned space, including both exterior and adjacent wall linear footage for single-family residential applications.  In multifamily applications, the slab perimeter between two conditioned tenancies shall be ignored.  Raised floor points shall be determined based on the conditioned floor area of floors above unconditioned space.

SECTION 606 

AIR INFILTRATION
606.1 Prescriptive Requirements.

606.1.ABC Basic Prescriptive Requirements for Methods A, B and C. Buildings shall be constructed and sealed in such a way as to prevent excess air infiltration. 

CAUTION: Caution should be taken to limit the use of materials and systems which produce unusual or excessive levels of indoor air contaminants.
606.1.ABC.1 Infiltration Levels Allowed.

606.1.ABC.1.1 Exterior Doors and Windows.  Exterior doors and windows shall be designed to limit air leakage into or from the building envelope.  Manufactured doors and windows shall have air infiltration rates not exceeding those shown in Table 606.1.ABC.1.1-6-2.  These rates shall be determined from tests conducted at a pressure differential of 1.567 lb/ft2, which is equivalent to the impact pressure of a 25 mph wind.  Compliance with the criteria of air leakage shall be determined by testing to AAMA/NWWDA 101/I.S. 2-97 or ASTM E283-91, as appropriate.  Site-constructed doors and windows shall be sealed in accordance with Section 606.1.ABC.1.2.

TABLE 606.1.ABC.1.1-2
ALLOWABLE AIR INFILTRATION RATES
	Frame Type
	Windows (cfm per square foot of window area)
	Doors   (cfm per square foot of door area)

	
	
	Sliding
	Swinging

	Wood
	0.3
	0.3
	0.5

	Aluminum
	0.3
	0.3
	0.5

	PVC
	0.3
	0.3
	0.5


606.1.ABC.1.2  Exterior Joints or Openings in the Envelope. Exterior joints, cracks, or openings in the building envelope that are sources of air leakage shall be caulked gasketed, weatherstripped or otherwise sealed in accordance with the criteria in Sections 606.1.ABC.1.2.1 through 606.1.ABC.1.2.5.

606.1.ABC.1.2.1   Exterior and Adjacent Walls.  Exterior and adjacent walls shall be sealed at the following locations:


1. Between windows and doors and their frames;


2. Between windows and door frames and the surrounding wall;


3. Between the foundation and wall assembly sill-plates;


4. Joints between exterior wall panels at changes in plane, such as with exterior sheathing at corners and changes in orientation;


5. Openings and cracks around all penetrations through the wall envelope such as utility services and plumbing;


6. Between the wall panels and top and bottom plates in exterior and adjacent walls.  In frame construction, the crack between exterior and adjacent wall bottom plates and floors shall be sealed with caulking or gasket material.  Gypsum board or other wall paneling on the interior surface of exterior and adjacent walls shall be sealed to the floor; and


7. Between walls and floor where the floor penetrates the wall.


8. Log walls shall meet the criteria contained in section 4.2 of Appendix C of this chapter.

Exception:  As an alternative to 1 through 7 above for frame buildings, an infiltration barrier may be installed in the exterior and adjacent walls.  The infiltration barrier shall provide a continuous air barrier from the foundation to the top plate of the ceiling of the house, and shall be sealed at the foundation, the top plate, at openings in the wall plane (windows, doors, etc.), and at the seams between sections of infiltration barrier material.  When installed on the interior side of the walls, such as with insulated face panels with an infiltration barrier, the infiltration barrier shall be sealed at the foundation or subfloor.

606.1.ABC.1.2.2  Floors.  Penetrations and openings in raised floors, greater than or equal to 1/8 inch in the narrowest dimension, shall be sealed unless backed by truss or joist members against which there is a tight fit or a continuous air barrier.

Exception:  Where an infiltration barrier is installed in the floor plane of a house with raised floors.  The infiltration barrier shall create a continuous air barrier across the entire floor area, and shall be sealed at the perimeter, at openings in the floor plane (grills, registers, crawl space accesses, plumbing penetrations, etc.), and at seams between sections of infiltration barrier material.

606.1.ABC.1.2.3  Ceilings. Ceilings shall be sealed at the following locations:


1.  Between walls and ceilings.


2.  At penetrations of the ceiling plane of the top floor of the building (such as chimneys, vent pipes, ceiling fixtures, registers, open shafts, or chases) so that air flow between the attic or unconditioned space and conditioned space is stopped.


3.  Large openings, such as shafts, chases soffits, opening around chimneys, and dropped ceiling spaces (such as above kitchen cabinets, bathroom vanities, shower stalls, and closets), shall be sealed with an airtight panel or sheeting material and sealed to adjacent top plates (or other framing members) so that a continuous air barrier separates the spaces below and above the ceiling plane.


4.  Gaps between ceiling gypsum board and the top plate shall be sealed with a sealant to stop air flow between the attic and the interior of wall cavities.


5.  The attic access hatch, if located in the conditioned space shall have an airtight seal.

Exception:  Where an infiltration barrier is installed in the ceiling plane of the top floor of the house.  The infiltration barrier shall:  create a continuous air barrier across the entire ceiling plane, be continuous across the tops of interior and exterior walls, and be sealed at the perimeter, at openings in the ceiling plane (grills, registers, attic accesses, plumbing penetrations, vent pipes, chimneys, etc.), and at seams between sections of infiltration barrier material.

606.1.ABC.1.2.4  Recessed Lighting Fixtures.  Recessed lighting fixtures installed in ceilings that abut an attic space shall meet one of the following requirements:


1. Type IC rated, manufactured with no penetrations between the inside of the recessed fixture and ceiling cavity and sealed or gasketed to prevent air leakage into the unconditioned space.


2. Type IC or non-IC rated, installed inside a sealed box (minimum of ½" thick gypsum wall board, preformed polymeric vapor barrier, or other air tight assembly manufactured for this purpose) and maintaining required clearances of not less than ½" from combustible material and not less than 3" from insulation material.


3. Type IC rated, with no more than 2.0 cfm air movement from the conditioned space to the ceiling cavity when measured in accordance with ASTM E283-91.  The fixture shall be tested at 75 Pa and shall be labeled.

606.1.ABC.1.2.5  Multi-story Houses. In multi-story houses, the perimeter of the floor cavity (created by joists or trusses between floors) shall have an air barrier to prevent air flow between this floor cavity and outdoors or buffer zones of the house (such as a space over the garage).


1. Airtight panels, sheathing, or sheeting shall be installed at the perimeter of the floor cavity.  The panels, sheathing, or sheeting material shall be sealed to the top plate of the lower wall and the bottom plate of the upper wall by mastic or other adhesive caulk, or otherwise bridge from the air barrier of the upper floor to the air barrier of the lower floor.


2. Joints between sections of panels, sheathing, or sheeting shall be sealed.


3. All fireplaces and wood stoves shall have flue dampers.

606.1.ABC.1.3  Additional Infiltration Requirements.  The following additional requirements shall be met:

1. All exhaust fans vented to the outdoors shall have dampers.  This does not apply to combustion devices with integral exhaust ductwork, which shall comply with NFPA 54 or the locally adopted code.

2. All combustion space heaters, furnaces, and water heaters shall be provided with adequate combustion air.  Such devices shall comply with NFPA or the locally adopted code.

CAUTION:  Caution should be taken to limit the use of materials and systems which produce unusual or excessive levels of indoor air contaminants.

606.1.ABC.1.4  Apertures or Openings. Any apertures or openings in walls, ceilings or floors between conditioned and unconditioned space (such as exits in the case of hydrostatic openings in stairwells for coastal buildings) shall have dampers which limit air flow between the spaces.  

606.2  Performance Calculation Procedures.

606.2.A  Performance Calculation Procedures for Method A

606.2.A.1 Infiltration Multipliers. Infiltration multipliers shall be determined from Tables 6A-6 and 6A-15 on Form 600A.

606.2.A.2 Infiltration Area Determination. The area to be considered in the Infiltration calculation of Method A shall be the total conditioned floor area of the building.

SECTION 607 

SPACE COOLING SYSTEMS

607.1 Prescriptive Requirements

607.1.ABC Basic Prescriptive Requirements For Methods A, B and C

607.1.ABC.1 Equipment Sizing.  An HVAC sizing calculation shall be performed on the building and shall be attached to the Form 600 submitted when application is made for a building permit, or in the event the mechanical permit is obtained at a later time, the sizing calculation shall be submitted with the application for the mechanical permit.  Cooling and heating design loads, for the purpose of sizing HVAC systems, shall be determined for each zone within a dwelling in accordance with ACCA Manual J, ACCA Manual N, or the ASHRAE Cooling and Heating Load Calculation Manual, Second Edition.  This Code does not allow designer safety factors, provisions for future expansion or other factors which affect equipment sizing in excess of the capacity limitations in Section 607.1.ABC.1.1.  

Exceptions: 

1.  Where mechanical systems are designed by an engineer registered in the State of Florida, the engineer has the option of submitting a signed and sealed summary sheet in lieu of the complete sizing calculation(s).  Such summary sheet shall include the following (by zone):

Project name/owner
Outdoor dry bulb used 
Total heating required with outside air

Project address
Outdoor wet bulb used 
Total sensible gain

Sizing method used
Relative humidity

Total latent gain

Area in sq.ft.

Indoor dry bulb

Total cooling required with outside air




Grains water (difference)




2.  Systems installed in existing buildings not meeting the definition of renovation in Section 202.

607.1.ABC.1.1 Cooling Equipment Capacity. Cooling only equipment shall be selected so that its sensible capacity is not less than the calculated total sensible load but not more than 120% of the design sensible load calculated according to the procedure selected in Section 607.1.ABC.1., or the closest available size provided by the manufacturer's product lines.  The corresponding latent capacity of the equipment shall not be less than the calculated latent load.

Exceptions:

 1: Attached single family and multifamily residential equipment sizing may be selected so that its cooling capacity is less than the calculated total sensible load but not less than 80% of that load. 

 2: When signed and sealed by a Florida-registered engineer, in attached single family and multifamily units, the capacity of equipment may be sized in accordance with good design practice. 

607.1.ABC.1.2 Extra Capacity Required For Special Occasions. Residences requiring excess cooling or heating equipment capacity on an intermittent basis, such as anticipated additional loads caused by major entertainment events, shall have equipment sized or controlled to prevent continuous space cooling or heating within that space by one or more of the following options:

1. A separate cooling or heating system is utilized to provide cooling or heating to the major entertainment areas.

2. A variable capacity system sized for optimum performance during base load periods is utilized.

607.1.ABC.2 Controls. Each mechanical supply and exhaust ventilation system shall be equipped with a readily accessible switch or other means for shut-off or volume reduction and shut-off when ventilation is not required.  Automatic or manual dampers installed for the purpose of shutting off ventilation systems shall be designed with tight shut-off characteristics to minimize air leakage.

Exception:  Manual dampers for outdoor air intakes may be used for single-family and multifamily residential buildings or for fan system capacities of less than 5000 cfm.

607.1.ABC.2.1 Zoning for Temperature Control. In one- and two-family dwellings, at least one thermostat for regulation of space temperature shall be provided for each separate HVAC system or zone.

607.1.ABC.2.2 Control Setback and Shut-off. The thermostat required in Section 607.1.ABC.2.1, or an alternate means including, but not limited to, a switch or clock, shall provide a readily accessible manual or automatic means for reducing the energy required for heating and cooling during periods of non-use or reduced need including, but not limited to, unoccupied periods or sleeping hours.  

607.1.ABC.2.3 Humidity Control. Where a humidistat is used for comfort dehumidification, it shall be capable of being set to prevent the use of fossil fuel or electricity to reduce humidities below 60 percent. 
607.1.ABC.3 Equipment Performance Standards

607.1.ABC.3.1 Equipment Ratings. Equipment efficiency ratings shall be obtained from a nationally recognized certification program directory, or from a manufacturer's rating certified to be in compliance with an approved Department of Energy (DOE) or Air-conditioning and Refrigeration Institute (ARI) rating procedure.  Equipment efficiencies shall be based on the Standard Rating Conditions contained in the test standard referenced in Sub-chapter 3 that is appropriate for that equipment.  The procedure for determining the Integrated Part-Load Value (IPLV) for a piece of equipment shall be the one provided in the appropriate ARI test standard for the type of equipment referenced.  Minimum ratings for products covered under the National Appliance Energy Conservation Act of 1987 shall be those determined for Region IV and used for the Federal Trade Commission's required appliance labeling.    

Cooling system efficiencies shall be rated as follows:

1. Central air conditioning equipment under 65,000 Btu/h capacity, both split-system and single-package equipment, single- or three-phase, shall be rated with a Seasonal Energy Efficiency Ratio (SEER).

2. Packaged terminal air conditioners and heat pumps shall be rated with an Energy Efficiency Ratio (EER). 

3. Room air conditioners shall be rated by an Energy Efficiency Ratio (EER).  

4. Central air conditioning equipment over 65,000 Btu/h shall be rated with an Energy Efficiency Ratio (EER).  

5. Water-cooled and evaporatively cooled central systems under 135,000 Btu/h shall be rated with an Energy Efficiency Ratio (EER). 

6. Large capacity air-cooled, evaporatively-cooled and water source unitary air conditioning systems may also be rated with an Integrated Part-Load Value (IPLV).  

7. Heat-operated cooling equipment and gas-driven heat pumps shall be rated with a Coefficient of Performance (COP)-cooling.

607.1.ABC.3.1.1 Equipment Efficiency Verification   If a certification program exists for a product covered in Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D, and it includes provisions for verification and challenge of equipment efficiency ratings, then the product shall be either listed in the certification program or, alternatively, the ratings shall be verified by an independent laboratory test report. If no certification program exists for a product covered in Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D, the equipment efficiency ratings shall be supported by data furnished by the manufacturer. Where equipment is not rated, a Florida-registered engineer shall specify component efficiencies whose combined efficiency meets the minimum equipment efficiency requirements in 607.1.ABC.3.2. 

 Mix-Matched Equipment. Ratings for unitary central air conditioning and heat pump systems less than 65,000 Btu/h, using evaporator/(condenser) coils manufactured by independent companies, shall meet all requirements of either section 607.1.ABC.3.1.1.1 or 607.1.ABC.3.1.1.2.  Where such equipment is sold as a system, the separate assemblies shall be designed to be used together.  Equipment components manufactured by the same company that are not designed and tested for operation together shall also meet these requirements.

607.1.ABC.3.1.1.1 Companies whose equipment is certified under a nationally recognized certification program or rating procedure where sample units are tested on a regular basis and efficiencies are published in a directory may rate their equipment in accord with the requirements of that program.

607.1.ABC.3.1.1.2 Companies whose equipment is not certified under a nationally recognized testing and certification program shall publish equipment efficiencies not greater than the efficiency rating of the condensing unit (cooling mode) or outdoor unit (heating mode) manufacturer's most commonly sold condensing unit-evaporator coil or outdoor unit-indoor coil combination. 

The evaporator/(condenser) coil manufacturer shall submit computer simulated equipment efficiency ratings to demonstrate predicted equipment efficiencies.  Where simulated efficiencies are less than the condensing unit or outdoor unit manufacturer's most commonly sold combination efficiency, a rating not to exceed the simulated rating shall be used.  Published simulated equipment efficiency rating submittals shall identify any enhancement features included to attain claimed ratings.  

Computer simulated equipment efficiency ratings submitted shall be based on the condensing unit manufacturer's tested combination (as listed in the current ARI Directory and identified by the model numbers of both the condensing unit and coil or outdoor unit and indoor coil as listed by ARI) and the independent coil manufacturer's evaporator/(condenser) coil performance data.  Such simulated ratings shall be certified, signed and dated by a Florida registered professional engineer, or, for the cases of a secondary original equipment manufacturer (OEM) and a company manufacturing component parts specifically for mix-matched cooling or heating equipment, the president or chairman of the board of the manufacturing company and a professional engineer registered in the state of manufacture, and shall show that the unit, identified by model number, meets the minimum Code requirements.  The certification shall attest to the accuracy of the input data, the validity of the calculation procedure utilized and that the results of the simulation are in accordance with the DOE approved methodology.  Simulated equipment efficiency rating certifications shall identify any enhancement features included to attain claimed ratings.  a full set of input data utilized to arrive at the rating shall be available as documentation on request.  

When challenged, computer simulated ratings shall not exceed 105 percent of the SEER, EER, HSPF or COP rating, as appropriate, of the actual tested performance for that condensing unit evaporator coil configuration.  Unsubstantiated claims for such equipment shall be dropped from publication.

607.1.ABC.3.1.2   Field-Assembled Equipment and Components. Air conditioning and heat pump systems with capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are used from more than one manufacturer, shall be rated by a calculated total system Energy Efficiency Ratio (EER).  Component efficiencies shall be specified based on data provided by the component manufacturers.  Calculations documenting how the efficiency rating was derived shall be submitted with the appropriate Code compliance form and shall be signed and sealed by a registered professional engineer.  

Total on-site energy input to the equipment shall be determined by combining inputs to all components, elements and accessories, such as compressor(s) internal circulating pump(s), condenser-air fan(s), evaporative-internal circulating pump(s), purge devices, viscosity control heaters, and controls.  

607.1.ABC.3.2 Minimum Efficiencies for Cooling Equipment

607.1.ABC.3.2 Mandatory Provisions  Equipment shown in Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D shall meet the minimum performance for that equipment at the specified rating conditions when tested in accordance with the specified test procedure. Omission of minimum performance requirements for equipment not listed in Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D does not preclude use of such equipment. Equipment not listed in Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D has no minimum performance requirements. Where multiple rating conditions or performance requirements are provided, the equipment shall satisfy all stated requirements, unless otherwise exempted by footnotes in the table. However, equipment covered under the Federal Energy Policy Act of 1992 (EPACT) shall have no minimum efficiency requirements for operation at minimum capacity or other than standard rating conditions. Equipment used to provide water heating functions as part of a combination system shall satisfy all stated requirements for the appropriate space heating or cooling category.  

Tables 607.1.ABC.3.2A through 607.1.ABC.3.2D contain the minimum efficiency requirements for equipment covered by this section of the code. The tables are organized to cover the following types of equipment:

Table 607.1.ABC.3.2A Air Conditioners and Condensing Units

Table 607.1.ABC.3.2B Heat Pumps

Table 607.1.ABC.3.2D Packaged Terminal and Room Air Conditioners and Heat Pumps

TABLE 607.1.ABC.3.2A

Electrically Operated Unitary Air Conditioners and Condensing Units

	Equipment Type
	Size Category
	Heating Section Type


	Sub-Category or Rating Condition
	Minimum Efficiency2


	Test Procedure1



	Air Conditioners, Air Cooled
	<65,000 Btu/h3
	All


	Split System
	10.0 SEER
	ARI 210/240

 

	
	
	
	Single Package
	9.7 SEER
	

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	10.3 EER
	

	
	
	All other
	Split System and Single Package
	10.1 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.7 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	9.5 EER
	

	
	>240,000 Btu/h and <760,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	9.5 EER ,9.7 IPLV
	

	
	
	All other
	Split System and Single Package
	9.3 EER,9.5 IPLV
	

	
	>760,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.2 EER, 9.4 IPLV
	

	
	
	All other
	Split System and Single Package
	9.0 EER, 9.2 IPLV
	

	Air Conditioners, Water and Evaporatively Cooled
	<65,000 Btu/h
	All
	Split System and Single Package
	12.1 EER
	ARI 210/240

 

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	11.5 EER
	

	
	
	All other
	Split System and Single Package
	11.3 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	11.0 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	10.8 EER
	

	
	>240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	11.0 EER, 10.3 IPLV
	

	
	
	All other
	Split System and Single Package
	10.8 EER, 10.1 IPLV
	

	Condensing Units, Air Cooled
	>135,000 Btu/h
	
	
	10.1 EER, 11.2 IPLV
	ARI 365



	Condensing Units, Water or Evaporatively Cooled
	>135,000 Btu/h
	
	
	13.1 EER,13.1 IPLV
	


1 Sub-chapter 3 contains a complete specification of the reference test procedure, including the referenced year version of the test procedure.

2 IPLVs are only applicable to equipment with capacity modulation.

3 Single-phase, air-cooled air-conditioners <65,000 Btu/h are regulated by NAECA.  SEER values are those set by NAECA.

TABLE 607.1.ABC.3.2B

Electrically Operated Unitary and Applied Heat Pumps –

Minimum Efficiency Requirements

	Equipment Type
	Size Category
	Heating Section Type
	Sub-Category or Rating Condition
	Minimum Efficiency2
	Test Procedure1

	Air Cooled (Cooling Mode)
	<65,000 Btu/h3
	All


	Split System
	10.0 SEER
	ARI 210/240

 

	
	
	
	Single Package
	9.7 SEER
	

	
	>65,000 Btu/h and <135,000 Btu/h
	Electric Resistance (or None) 
	Split System and Single Package
	10.1 EER
	

	
	
	All other
	Split System and Single Package
	9.9 EER
	

	
	>135,000 Btu/h and <240,000 Btu/h
	Electric Resistance (or None)
	Split System and Single Package
	9.3 EER
	ARI 340/360 



	
	
	All other
	Split System and Single Package
	9.1 EER


	

	
	>240,000 Btu/h 
	Electric Resistance (or None) 
	Split System and Single Package
	9.0 EER 9.2 IPLV
	

	
	
	All other
	Split System and Single Package
	8.8 EER 9.0 IPLV
	

	Water Source (Cooling Mode)
	<17,000 Btu/h
	All
	86oF Entering Water
	11.2 EER
	ISO-13256-1



	
	>17,000 Btu/h and <135,000 Btu/h
	All 


	86oF Entering Water
	12.0 EER
	

	Groundwater Source

 (Cooling Mode)
	<135,000 Btu/h
	All
	59oF Entering Water
	16.2 EER
	

	Ground Source

(Cooling Mode)
	<135,000 Btu/h
	All
	77oF Entering Water
	13.4 EER
	

	Air Cooled 

(Heating Mode)
	<65,000 Btu/h3

(Cooling Capacity)
	
	Split System
	6.8 HSPF
	ARI 210/240



	
	
	
	Single Package
	6.6 HSPF
	

	
	>65,000 Btu/h and <135,000 Btu/h

(Cooling Capacity)
	
	47oF db/43oF wb

Outdoor Air

17oF db/15oF wb

Outdoor Air
	3.2 COP

2.2 COP 
	

	
	>135,000 Btu/h

(Cooling Capacity)
	
	47oF db/43oF wb

Outdoor Air

17oF db/15oF wb

Outdoor Air
	3.1 COP

2.0 COP
	ARI 340/360



	Water-Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	68oF Entering Water
	4.2 COP
	ISO-13256-1



	Groundwater Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	50oF Entering Water
	3.6 COP
	

	Ground Source

(Heating Mode)
	<135,000 Btu/h (Cooling Capacity)
	
	32oF Entering Water
	3.1 COP
	


1 Sub-chapter 3 contains a complete specification of the reference test procedure, including the referenced year version of the test procedure.

2 IPLVs and Part Load rating conditions are only applicable to equipment with capacity modulation.

3 Single-phase, air-cooled heat pumps <65,000 Btu/h are regulated by NAECA.  SEER and HSPF values are those set by NAECA.

607.1.ABC.3.2.1  Electrically Operated, Cooling Mode. These requirements apply to unitary (central) cooling equipment (air-cooled, water-cooled and evaporatively cooled); the cooling mode of unitary (central) and packaged terminal heat pumps (air source and water source); packaged terminal air conditioners; roof air conditioners; and room air conditioners.

607.1.ABC.3.2.1.1 HVAC system equipment of less than 65,000 Btu/h, whose energy input in the cooling mode is entirely electric, shall have a Seasonal Energy Efficiency Ratio (SEER) or Energy Efficiency Ratio (EER), as specified for that piece of equipment in section 607.1.ABC.3.1, of not less than the values shown in Table 6-3.  

607.1.ABC.3.2.1.2 HVAC system equipment with capacities between 65,000 Btu/h and 135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall show an Energy Efficiency Ratio (EER) and/or Integrated Part-Load Value (IPLV), as specified for that piece of equipment in section 607.1.ABC.3.1, of not less than values shown in Table 6-4.  

TABLE 6-3 

ELECTRICALLY DRIVEN COOLING EQUIPMENT,  

CAPACITIES <65,000 BTU/H:

MINIMUM PERFORMANCE EFFICIENCIES1 - SEER, EER, IPLV2
	TYPE OF EQUIPMENT, CAPACITIES,  RATING CONDITIONS (oF)
	EER
	SEER
	IPLV  2

	Central Units                      

  Air Cooled - Seasonal Rating 3     

    Split-system                           

    Single-package                   

  Evaporatively Cooled                   

    Standard Rating (80db/67wb indoor,    

                    95db/75wb outdoors)    

    Int. Part Load Value (80db/67wb out.) 

  Water Cooled                             

    Water-Source Heat Pump (80db/67wb indoor)  

      Standard Rating (85 entering water)  

      Low Temp. Rating (75 entering)       

    Ground-Water Heat Pump                 

      Standard Rating (70 entering)        

      Low Temp. Rating (50 entering) 

    Ground Source Heat Pump

      77 Entering brine

      70 Entering brine

    Unitary Air Conditioners (80db/67wb indoor)   

      Standard Rating (85 entering)        

      Int. Part Load Value (75 entering)   
	9.3

 9.3

10.2

11.0

11.5

10.0

10.4  
 9.3

 
	10.0

 9.7
	8.5 

 8.3

	Packaged Terminal Units (PTAC & PTHP)      

  Standard Rating ( 95db outdoor)          

    <7,000                                 

    7,001 - 8,000 Btu/h               

    8,001 - 9,000 Btu/h               

    9,001 - 10,000 Btu/h             

   10,001 - 11,000 Btu/h            

   11,001 - 12,000 Btu/h            

   12,001 - 13,000 Btu/h            

   13,001 - 14,000 Btu/h            

   14,001 - 15,000 Btu/h             

   >15,000 Btu/h
	 8.9

 8.8

 8.6

 8.5

 8.3

 8.2

 8.0

 7.8

 7.7

 7.6
	
	

	Room Units 3                               

  Without reverse cycle               

    <6,000 Btu/h                           

    6,000-7,999 Btu/h                   

    8,000-13,999 Btu/h (with louvers)   

    14,000-20,000 Btu/h (with louvers) 

    >20,000 Btu/h (with louvers)           

    8,000-20,000 BTU/H (without louvers)   

    >20,000 Btu/h (without louvers)        

   With reverse cycle (with louvers)       

   With reverse cycle (without louvers)  
	 8.0

 8.5

 9.0

 8.8

 8.2

 8.5

 8.2

 8.5

 8.0
	
	


1  Test procedures for equipment referenced shall be in accordance with the applicable standard listed in Chapter 3.

2   Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating conditions for products manufactured after 1/1/94.

3 To be consistent with National Appliance Energy Conservation Act of 1987, P.L. 100-12.

TABLE 6-4 

ELECTRICALLY DRIVEN COOLING EQUIPMENT, 

CAPACITIES >65,000 BTU/H <135,000 BTU/H

MINIMUM PERFORMANCE EFFICIENCIES - EER, IPLV1
	TYPE OF EQUIPMENT, CAPACITIES, STANDARD RATING CONDITIONS (F)
	EER
	IPLV 2

	Central Units                           

     Air-Cooled

          Standard Rating (95db outdoor) 

          Int. Part Load Value (80db outdoor)

     Evaporatively Cooled

         Standard Rating (80db/67wb indoor,

                                      95db/75wb outdoor)

         Int. Part Load Value (80db/67wb outdoor)

     Water-Cooled

         Water-Source Heat Pump (85 entering water)

             Standard Rating (80db/67wb indoor)

         Groundwater-Cooled Heat Pump 3 

             Standard Rating (70 entering) 

             Low Temperature Rating (50 entering)

         Ground Source Heat Pumps 3 

             77 Entering brine

             70 Entering brine     

         Unitary Air-Conditioners (80db/78wb)

             Standard Rating (85 entering)
	 8.9

10.5

10.5

11.0

11.5

10.0

10.4

10.5
	 8.3

 9.7


1   Reference standards for equipment testing are specified in Chapter 3.

2   Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than

standard rating conditions for products manufactured after 1/1/94.

3   Rating for groundwater-cooled and ground source heat pumps applies to all units under 135,000 Btu/h.

607.1.ABC.3.2.1.3 HVAC system equipment with capacities equal to or greater than 135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall meet the efficiency requirements of section 407.1.ABCD.3.2.1.3 and Table 4-5 in Chapter 4.

607.1.ABC.3.2.2 Heat Operated, Cooling Mode. These requirements apply to, but are not limited to, absorption equipment, engine-driven equipment and turbine-drive equipment.

Heat-operated cooling equipment shall show a COP-cooling not less than the values shown in Table 6-5.  Electrical auxiliary inputs shall be excluded from the COP-cooling calculation.

607.1.ABC.3.2.3 Air-conditioning Systems Not Specified in This Code.   Air-conditioning systems not identified in Tables 6-3 through 6-5 of this Code shall meet at least the lowest efficiency rating on the appropriate table for that size equipment.

TABLE 6-5 

HEAT-OPERATED1 COOLING EQUIPMENT

MINIMUM PERFORMANCE EFFICIENCIES - COP
	HEAT SOURCE
	MINIMUM COP 2

	Direct Fired (gas, oil)

Indirect Fired (steam, hot  water)
	   0.48

   0.68  


 1Standard rating conditions at sea level.

 2Minimum COP=              Net Cooling Output                             .
                           Total Heat Input (electrical auxiliary excluded)
607.1.A  Prescriptive Requirements Specific to Method A.
607.1.A.1 Ceiling Fan Credit. Houses for which Ceiling Fan Credit is claimed in accordance with the criteria of Section 607.2.1.A.3.1 shall have ceiling fans installed with minimum fan blade diameters of no less than those listed in Table 607.1.A.1-6 for the size and shape of the room.  Multiple smaller fans may be installed in lieu of single large fans based on the equivalence of the room dimensions being served.

Where a primary living area is an "L shaped" room and the smaller portion of this area is 8' X 10' or larger, a fan shall be installed in both the larger and smaller portions of the primary living area.  This shall not include spaces designed to be dining rooms or dining areas.  Areas separated by permanently fixed archways, walls, or dividers shall be considered separate rooms.

TABLE 607.1.A.1-6
FAN SIZING TABLE
	Longest Wall Length (feet)
	Minimum Fan Size (inches)

	< 12

> 12 - 16

> 16 - 17.5 

> 17.5 - 25 

> 25
	36

48

52

56

2 fans (minimum of 48 inches each)


607.1.A.2 Multizone Practice Credit. Houses for which Multizone Practice Credit is claimed in accordance with the criteria of section 607.2.A.3.2 shall meet the following criteria:

1. A separate thermostatic control shall be provided for each zone which provides independent conditioning. 

2. Zones shall be completely separated from one another by walls, ceilings, floor and totally closing doors and shall be configured such that air exchange between them does not exist in a free flow manner.  Doors between zones shall not exceed a total of 40 square feet.  

Exceptions:

a. Where one zone consists of multiple rooms which may be isolated with closeable doors and are served by one air conditioning system, separation criteria may be met by providing separate return air ducts to each room.  The common space connecting the rooms shall be part of another zone.

b. Between lower and upper floors in a multiple story home.

3. No zone shall constitute more than 75% of the total conditioned floor area.

607.1.A.3 Ventilation Credit. 

607.1.A.3.1 Cross Ventilation Credit. Houses for which credit is claimed for cross ventilation in accordance with the criteria in section 607.2.A.3.3 shall have provided operable aperture areas totaling a minimum of 12 percent of the floor area of the room for all primary living areas and main bedrooms.

Insect screens shall be provided for all windows and doors to be considered operable aperture area. All screened entry doors and interior doors in the ventilated areas shall be provided with either 1) mechanically attached door stops (or similar devices) to hold the door in an open position or 2) operable louvers.

The total aperture area shall be provided by a minimum of two distinct windows.  Each window shall provide not more than 70 (seventy) percent of the total aperture area.  The windows (or sliding glass doors) shall be placed in adjacent or opposite walls.  The windows may be placed on a single outside wall if wing walls are used.

Where wing walls are included in the building design for ventilation purposes, they shall be placed between windows to create a high-pressure and a low-pressure zone on each window.  Wing walls shall extend from the ground to eve height, be located on the windward side of the building, and extend outward from the building a distance at least equal to one-half the width of the window.

NOTE:  This technique is effective only for areas which experience significant and continuous winds during the cooling months.

607.1.A.3.2 Whole House Fan Credit. Houses for which Whole House Fan Credit is claimed shall have installed a whole house fan sized to provide a minimum of 20 air changes per hour for the entire house.  The fan installed shall have a free air CFM rating of at least 3 times the square footage of the conditioned area of the house.  To assure adequate air exhaust, the house attic shall have gable, ridge or wind turbine vents whose total opening area is equal to 4 times the ceiling cutout area for the whole house fan.  Soffit vents shall not be included in the exhaust vent area.

607.1.A.4 Attic Radiant Barrier Credit. Houses for which Attic Radiant Barrier Credit is claimed in accordance with the criteria of Section 607.2.A.3.4 shall have installed a radiant barrier that meets the following criteria:

1. It shall be fabricated over a ceiling insulated to a minimum of R-19 with conventional insulation.  The radiant barrier credit shall not be used as a means to achieve partial or whole compliance with the minimum attic insulation level of R-19 prescribed in Section 604.1.ABC.1.  Either a sheet type or spray applied interior radiation control coating (IRCC) may be used.

2. It shall be installed in one of three prescribed configurations or a configuration otherwise approved by the Florida Building Commission.  See Figure 607.1.A.4 -2.

3. If the radiant barrier material has only one surface with high reflectivity or low emissivity it shall be facing downward toward the ceiling insulation.

4. The attic airspace shall be vented in accordance with Section 2309.7 of the Florida Building Code.

5. The radiant barrier system shall conform to ASTM C1313-97, Standard Specification for Sheet Radiant Barriers for Building Construction Applications or ASTM C1321-96, Standard Practice for Installation and Use of Interior Radiation Control Coating Systems (IRCCS) in Building Construction as appropriate to the type of radiant barrier to be installed.  The operative surface shall have an emissivity not greater than 0.06 for sheet radiant barriers or 0.25 for Interior Radiation Control Coatings as demonstrated by independent laboratory testing according to ASTM C1371-97.  

6.  The radiant barrier system (RBS) shall conform with ASTM Standard C1158-97 entitled Use and Installation of Radiant Barrier Systems (RBS) in Building Constructions for sheet radiant barriers, or ASTM Standard C1321-96 entitled Standard Practice for Installation and Use of Interior Radiation Control Coating Systems (IRCCS) in Building Construction for IRCC systems.  
7.  The radiant barrier shall be installed so as to cover gable ends without closing off any soffit, gable or roof ventilation.
Figure 607.1.A.4 -2
ACCEPTABLE ATTIC RADIANT BARRIER CONFIGURATIONS


[image: image2.wmf]Method 1

Roof Deck

Roof Truss

Double- or single-sided radiant barrier stapled to truss

Roof Deck

Roof Truss

Radiant barrier glued or stapled to underside of roof 

Method 2

Method 3

Roof Deck

Roof Truss

Double- or single-sided radiant barrier draped between trusses


607.1.A.5 White Roof Credit.  Houses for which a White Roof Credit is claimed in accordance with Section 607.2.A.3.6 shall have an installed roof that meets the following criteria:

1. Roof type may only be metal, concrete, tile or single ply membrane for residential  construction.

2. Roof must be white with a tested total solar reflectance of 65% or greater when evaluated in accordance with ATM Standard E-903.  Roof shall have a surface emissivity of 80% or greater.  Testing of a qualifying sample of the roofing material shall be performed by an approved independent laboratory and product labeling commensurate with these results shall be provided by the manufacturer.

607.1.B  Prescriptive Requirements Specific to Method B.  Houses complying by Method B shall meet the following cooling equipment efficiencies:

1. All central cooling systems of less than 65,000 Btu/h capacity shall have a Seasonal Energy Efficiency Ratio (SEER) equal to or greater than the prescribed value on Table 6B-1 of Form 600B for the Compliance Package chosen.

2. Packaged Terminal Air Conditioners (PTACs), Packaged Terminal Heat Pumps (PTHPs), room air conditioners, and equipment not covered by U.S. Department of Energy (DOE) rules shall have an Energy Efficiency Ratio (EER) equal to the prescribed SEER level on Table 6B-1 of Form 600B for the Compliance Package chosen.

607.1.B.1 Additions. Where cooling equipment is to be installed in an addition, the requirements of Section 607.1.B shall be met only when equipment is installed to specifically serve the addition or is being installed in conjunction with the construction of the addition.

607.1.C Prescriptive Requirements Specific to Method C.
607.1.C.1 Additions. All new air conditioners installed in additions complying by Method C shall meet the minimum efficiencies in Section 607.1.ABC.3.2.  

Minimum equipment efficiencies shall be met only when equipment is installed to specifically serve the addition or is being installed in conjunction with the construction of the addition.

607.1.C.2 Renovations. Minimum efficiencies for cooling equipment to be added or replaced in renovations shall not be less than those specified in Section 607.1.ABC.3.2.

607.1.C.3 Manufactured Homes and Manufactured Buildings. Minimum efficiencies for site-installed cooling equipment in manufactured homes shall not be less than those specified in Section 607.1.ABC.3.2.

607.1.C.4 Building Systems.  Newly manufactured cooling systems installed in existing buildings shall meet minimum requirements for that system in Section 607.1.ABC.  See also Section 101.6.
607.2 Performance Calculation Procedures

607.2.A Performance Calculation Procedures for Method A 

607.2.A.1 Types of Cooling Systems and Multipliers. Space cooling systems are characterized as primarily electric vapor compression systems, although cooling may also be provided by gas-driven vapor compression and gas-fired absorption cycle air conditioners.  Multipliers shall be determined for air conditioners based on the appropriate efficiency rating for the system to be installed from Table 6A-8 on Form 600A.  

Interpolation of multipliers for efficiencies falling within ranges may be made in accordance with Section 1.3 of Appendix C of this chapter.

For gas-driven and absorption cycle air conditioners fueled by natural gas or other fuels, the Cooling System Multipliers (CSM) in Table 6-11 of Section 5.1, Appendix C of this chapter, apply.
607.2.A.2 Multiple Cooling Systems. Where two or more cooling systems of the same type are installed with different levels of efficiency serving different parts of the house, a single system multiplier may be calculated.  To select a multiplier for a dual system, the efficiency ratings for the two systems shall be combined based on the percentage of the total capacity supplied by each system.  The new effective efficiency rating shall be calculated by Formula 6-2 in Section 5.2 of Appendix C of this chapter.

607.2.A.3 Cooling Credit Multipliers. Cooling Credit Multipliers (CCM) are given for certain technologies which reduce energy used for air conditioning.  Cooling credit may be obtained for the options in sections 607.2.A.3.1 through 607.2.A.3.4.  Where more than one cooling credit is taken, the multipliers for each option shall be multiplied together to obtain one multiplier.

607.2.A.3.1 Ceiling Fans. Ceiling fan credit may be taken if one or more ceiling fans are installed in each of the bedrooms and a minimum of one ceiling fan is installed in all primary living areas (living rooms, family rooms, or great rooms).  Prescriptive requirements in Section 607.1.A.1 shall be met.  The Cooling Credit Multiplier (CSM) shall be determined from Table 6A-19 on Form 600A.  

Credit shall not be taken for both ceiling fans and cross ventilation.

607.2.A.3.2 Multizone Practice. Multizone credit may be taken if two or more spaces (zones) are completely separated from one another by walls, ceilings, floor and totally closing doors and the prescriptive requirements in Section 607.1.A.2 are met.  The multizone credit multiplier shall be determined from Table 6A-19 on Form 600A.  

607.2.A.3.3 Ventilation. Ventilation cooling credit may be taken for either cross ventilating a house or by installing a whole house fan, but credit shall not be taken for both.  Credit shall not be taken for both cross ventilation and ceiling fans.  The prescriptive requirements in Sections 607.1.A.3.1 or 607.1.A.3.2 shall be met for cross ventilation or whole house fans, respectively.  Cooling credit for ventilation shall be determined from Table 6A-19 on Form 600A.

607.2.A.3.4 Attic Radiant Barriers. Cooling credit may be taken for attic radiant barriers where a radiant barrier system is to be installed in one of the configurations depicted in Figure 6-2 that meets all the prescriptive requirements in Section 607.1.A.4.  Cooling credit shall be taken against the ceiling load by multiplying the summer point multiplier for the ceiling configuration and insulation level chosen from Table 6A-4 on Form 600A by a credit multiplier of the following:


Sheet type radiant barriers

0.70 (all climate zones)


Interior Radiation Control Coatings
0.849 North Florida







0.864 Central Florida







0.865 South Florida 
607.2.A.3.5 Programmable Thermostats.  Cooling credit may be taken for programmable thermostats capable of being set as follows:


Summer:
78o F from 3 PM to 9 AM




83o F from 9 AM to 3 PM
The cooling credit multiplier for this thermostat shall be determined from Table 6A-19 on Form 600A.
607.2.A.3.6 White Roofs.  Cooling credit may be taken for white roofs where a white roof is installed of an approved configuration and solar reflectance.  Cooling credit shall be taken against the ceiling load by multiplying the summer point multiplier for the ceiling configuration and insulation level chosen on Form 600A by a credit multiplier of 0.55.
607.2.A.4 Additions.  Space cooling may be provided by existing or newly installed equipment.  Systems in operation before the construction of the addition shall be considered existing systems and shall comply with criteria in Section 600.2.A.3.1.  New systems may be replacements of existing equipment or equipment installed to condition only the addition.  New equipment may qualify for the multizone credit if structural requirements are met as per Section 607.1.A.2.
607.2.A.5 Internal Gains.  Internal gains shall be considered for both the Baseline and As-Built conditions.  The multiplier for internal gains shall be determined from Table 6A-6 on Form 600A.
SECTION 608 

SPACE HEATING SYSTEMS

608.1 Prescriptive Requirements.

608.1.ABC Basic Prescriptive Requirements for Methods A, B, and C

608.1.ABC.1 Equipment Sizing.  An HVAC equipment sizing calculation shall be performed on the building in accordance with the criteria in Section 607.1.ABC.1 and shall be attached to the Form 600 submitted when application is made for a building permit.  This Code does not allow designer safety factors, provisions for future expansion or other factors which affect equipment sizing in excess of the capacity limitations in Sections 608.1.ABC.1.1 through 608.1.ABC.1.4. 

608.1.ABC.1.1 Heat Pumps.  Heat pump sizing shall be based on the cooling requirements as calculated according to Section 607.1.ABC.1 unless the refrigeration cycle heating capacity is less than the heating requirements of the conditioned space at design conditions.  In that case, the refrigeration cycle heating capacity shall be sized to provide the lowest possible balance point on heating without exceeding 12.5% of the cooling load at design conditions.  Capacity at the design heating temperature may be determined by interpolation or extrapolation of manufacturers' performance data if these data are not available for design temperatures.  The auxiliary capacity plus refrigeration cycle heating capacity shall not exceed 120% of the calculated heating requirements at the 99 percent design dry bulb temperature.

608.1.ABC.1.2 Electric Resistance Furnaces. Electric resistance furnaces shall be sized within 4 kW of the design requirements calculated according to the procedure selected in section 607.1.ABC.1.  

608.1.ABC.1.3 Fossil Fuel Heating Equipment. The capacity of fossil fuel heating equipment with natural draft atmospheric burners shall not be more than 120% of the design load calculated at the 99 percent design dry bulb temperature or the closest available size provided by the manufacturer’s product lines.

608.1.ABC.1.4 Extra Capacity Required For Special Occasions. Residences requiring excess heating capacity on an intermittent basis shall comply with Section 607.1.ABC.1.2.

608.1.ABC.2 Controls.  Requirements specified for controls in Section 607.1.ABC.2 shall apply for space heating systems. Lowering thermostat set points to reduce energy consumption of heating systems shall not cause energy to be expended to reach the reduced setting.
608.1.ABC.3 Equipment Performance Standards

608.1.ABC.3.1 Equipment Ratings.  Equipment efficiency ratings shall be obtained from a nationally recognized certification program directory, from a manufacturer's rating certified to be in compliance with an approved Department of Energy (DOE) or Air-conditioning and Refrigeration Institute (ARI) rating procedure.  Equipment efficiencies shall be based on the Standard Rating Conditions contained in the test standard referenced in Sub-Chapter 3 that is appropriate for that equipment.  Minimum ratings for products covered under the National Appliance Energy Conservation Act of 1987 shall be those determined for Region IV and used for the Federal Trade Commission's required appliance labeling.    

Heating system efficiencies shall be rated as follows:

1. Central electric heat pumps under 65,000 Btu/h capacity, both split-system and single-package equipment, single- or three-phase, shall be rated with a Heating Seasonal Performance Factor (HSPF).

2. Packaged terminal heat pumps shall be rated with a Coefficient of Performance (COP). 

3. Air source heat pumps of 65,000 Btu/h or larger and water-source heat pumps shall be rated with a Coefficient of Performance (COP).

4. Gas- and oil-fired warm air furnaces under 225,000 Btu/h and boilers under 300,000 Btu/h shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

5. Gas- and oil-fired warm air furnaces and unit heaters of 225,000 Btu/h and over and boilers of 300,000 Btu/h or greater shall be rated with a steady-state combustion efficiency, Et/Ec.

6. Gas- and oil-fired direct heating equipment shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

7. Central gas-driven heat pumps shall be rated with a Coefficient of Performance (COP).

608.1.ABC.3.1.1 Mix-Matched Equipment.  Ratings for unitary central heat pump systems less than 65,000 Btu/h, using evaporator/(condenser) coils manufactured by independent companies, shall meet all requirements of Section 607.1.ABC.3.1.1.

608.1.ABC.3.1.2 Field-Assembled Equipment and Components. Heat pump systems with capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are used from more than one manufacturer, shall be rated by a calculated total system Coefficient of Performance (COP).  The rate of net heat output used in the COP calculation is the change in the total heat content of the air entering and leaving the equipment, not including supplementary heat.  Component efficiencies shall be specified based on data provided by the component manufacturers.  Calculations documenting how the overall system efficiency rating was derived shall be submitted with the appropriate Code compliance form and shall be signed and sealed by a registered professional engineer.

Total on-site energy input to the heat pump shall be determined by combining the energy input to all elements, except supplementary heaters, of the heat pump, including, but not limited to, compressor(s), compressor pump heater(s), pump(s), supply-air fan(s), return-air fan(s), outdoor air fan(s), cooling-tower fan(s), and the HVAC system equipment control circuit.

608.1.ABC.3.2 Minimum Efficiencies for Heating Equipment

Tables 607.1.ABC.3.2B, 607.1.ABC.3.2D, and 608.1.ABC.3.2E through 608.1.ABC.3.2F contain the minimum efficiency requirements for equipment covered by this section of the code. The tables are organized to cover the following types of equipment:

Table 607.1.ABC.3.2B Heat Pumps
Table 607.1.ABC.3.2D Packaged Terminal Air Conditioners and Heat Pumps

Table 608.1.ABC.3.2E Furnaces, Duct Furnaces, and Unit Heaters

Table 608.1.ABC.3.2F Gas- and Oil-Fired Boilers
Gas-fired and oil-fired forced air furnaces with input ratings 225,000 Btu/h shall also have an intermittent ignition or interrupted device (IID) and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for furnaces where combustion air is drawn from the conditioned space. All furnaces with input ratings 225,000 Btu/h, including electric furnaces, that are not located within the conditioned space shall have jacket losses not exceeding 0.75% of the input.

TABLE 608.1.ABC.3.2E

Warm Air Furnaces and Combination Warm Air Furnaces/Air-Conditioning Units, 

Warm Air Duct Furnaces and Unit Heaters.  Minimum Efficiency Requirements
	Equipment Type
	Size Category
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	Warm Air Furnace, Gas-Fired
	<225,000 Btu/h
	
	78% AFUE or ;80% Et4
	DOE 10 CFR, Part 430 or ANSI Z 21.47

	
	>225,000 Btu/h
	Maximum Capacity4
	80% Ec3
	ANSI Z21.47

	Warm Air Furnace, Oil-Fired
	<225,000 Btu/h
	
	78% AFUE or ;80% Et4
	DOE 10 CFR, Part 430 or UL 727

	
	>225,000 Btu/h
	Maximum Capacity5
	81% Et6
	UL 727

	Warm Air Duct Furnaces, Gas-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	ANSI Z83.9

	Warm Air Unit Heaters, Gas-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	ANSI Z83.8

	Warm Air Unit Heaters, Oil-Fired
	All Capacities
	Maximum Capacity5
	80% Ec7
	UL 731


1 Et = thermal efficiency. See test procedure for detailed discussion.

2 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

3 Ec = combustion efficiency. Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

4 Combination units not covered by NAECA (3 phase power or cooling capacity greater than or equal to 65,000 Btu/h) may comply with either rating.

5 Minimum and maximum ratings as provided for and allowed by the unit’s controls..

6 Et = thermal efficiency. Units must also include an IID, have jacket losses not exceeding 0.75% of the input rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

7 Ec = combustion efficiency (100% less flue losses). See test procedure for detailed discussion.

TABLE 608.1.ABC.3.2F

Gas- and Oil-Fired Boilers 

Minimum Efficiency Requirements
	Equipment Type4
	Size Category (Input)
	Subcategory or Rating Condition
	Minimum Efficiency1
	Test Procedure2

	Boilers, Gas-Fired
	<300,000 Btu/h
	Hot  water
	80% AFUE
	DOE 10 CFR Part 430

	
	
	Steam
	75% AFUE
	

	
	>300,000 Btu/h and <2,500,000
	Maximum Capacity3
	75% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	80% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	80% Ec
	

	Boilers, Oil-Fired
	<300,000 Btu/h
	
	80% AFUE
	DOE 10 CFR Part 430

	
	>300,000 Btu/h and

<250,000,000 Btu/h
	Maximum Capacity3
	78% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	83% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	83% Ec
	

	Oil-Fired (Residual)
	>300,000 Btu/h and

<250,000,000 Btu/h
	Maximum Capacity3
	78% Et1
	H.I. Htg Boiler Std.

	
	>2,500,000 Btu/h4
	Hot Water
	83% Ec
	

	
	>2,500,000 Btu/h4
	Steam
	83% Ec
	


1 Et = thermal efficiency. See reference documents for detailed information.

2 Sub-chapter 3 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

3 Minimum and maximum ratings as provided for and allowed by the unit’s controls.

4 These requirements apply to boilers with rated input of 8,000,000 Btu/h or less that are not packaged boilers, and to all package boilers. Minimum efficiency requirements for boilers cover all capacities of packaged boilers.

608.1.ABC.3.2.1 Heat Pump - Heating Mode. These requirements apply, but are not limited to:  unitary central electric heat pumps, either air or water source in the heating mode; water source (hydronic) heat pumps as used in multiple unit hydronic HVAC systems; and packaged terminal heat pumps and room air-conditioner heat pumps in the heating mode.

608.1.ABC.3.2.1.1 Minimum Efficiencies.  Heat pumps shall have a Heating Seasonal Performance Factor (HSPF) or Coefficient of Performance (COP), as described in section 608.1.ABC.3.1, in the heating mode of not less than the values shown in Table  6-7. 

608.1.ABC.3.2.1.2 Supplementary Heat

608.1.ABC.3.2.1.2.1 Heat pumps having supplementary heaters shall have controls that  prevent heater  operation when the heating load can be met by the heat pump.

Supplemental heater operation is permitted during outdoor coil defrost cycles not exceeding 15 minutes.

EXCEPTION:  Heat pumps that incorporate a control system that allows auxiliary electric resistance heat to operate above the balance point are permitted, providing the use of all resistance heat is included in the determination of the HSPF for that heat pump and the HSPF meets the minimum efficiency requirements as shown in Table 6-7.

608.1.ABC.3.2.1.2.2 Tempering of indoor air during defrost cycles shall be controlled so as to minimize use of supplemental heat.

608.1.ABC.3.2.1.2.4 Supplementary heat on heat pumps with capacities of less than 65,000 Btu/h that is provided by electric resistance heaters shall meet the following conditions:

1.     Supplementary electric resistance heat greater than 10kW shall be divided into at least two stages and controlled by outdoor thermostats, multi-stage indoor thermostats, or combinations thereof, to operate only when the system's refrigerating capacity plus previous strip heat stages cannot meet the heating load of the building.

2.     Supplementary electric resistance heat plus refrigeration cycle heating capacity shall not exceed 120 percent of the design load at the 99 percent design dry bulb temperature.

TABLE 6-7 
ELECTRIC DRIVEN HEATING EQUIPMENT, HEAT PUMPS:
MINIMUM PERFORMANCE EFFICIENCIES1,2,4 - COP, HSPF
	CATEGORY AND RATING CONDITIONS 

Outdoor Temperatures (F)
	MINIMUM

    COP 
	MINIMUM

   HSPF

	   Packaged Terminal (PTHP)

       Standard Rating (47db/43wb)

           <10,000 Btu/h 

           10,000 - 13,000 Btu/h

           > 13,000 Btu/h

   Central Systems

      Air Source

          < 65,000 Btu/h - Season Rating 2 

              Split-system

              Single-package

          > 65,000 Btu/h

              High Temp. Rating (47db/43wb)

              Low Temp. Rating (17db/15wb)

          > 135,000 Btu/h 

              High Temp. Rating (47db/43wb)

              Low Temp. Rating (17db/15wb)

      Water-Source 3  

          Standard  rating    75 F Entering water

                                        70 F Entering water

      Ground-Source 3   

              32 F Entering water

              41 F Entering water    

      Groundwater-Source 3    

              High Temp. Rating   70 F Entering water

              Low Temp. Rating    50 F Entering water               

                                           
	  2.7

  2.6

  2.5

  3.0

  2.0

  2.9

  2.0

  3.9

  3.8

  2.5

  2.7

  3.4

  3.0


	  6.8

  6.6



1   Equipment testing reference standards are specified in Chapter 3.


2   To be consistent with the National Appliance Energy Conservation Act of 1987.


3   Ratings for water source, ground source, and ground water source heat pumps apply to all units under 


135,000 Btu/h.


4 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard 

rating conditions for products manufactured after 1/1/94.
608.1.ABC.3.2.2 Central Electric Furnaces. Central electric furnaces greater than 10 kW shall be divided into at least two stages and controlled by an outdoor thermostat, multi-stage indoor thermostat, or combinations thereof.

608.1.ABC.3.2.3 Combustion Heating Equipment, Minimum Efficiencies and Requirements. 

608.1.ABC.3.2.3.1 All gas- and oil-fired furnaces and boilers (as defined in 10 CFR Part 430) shall have an Annual Fuel Utilization Efficiency (AFUE) or steady-state combustion efficiency (Et), as described in section 608.1.ABC.3.1, of not less than the values shown in Table 6-8.

TABLE 6-8

GAS- AND OIL-FIRED HEATING EQUIPMENT:

RATING CONDITIONS AND MINIMUM PERFORMANCE EFFICIENCY1,2
E t / E c , AFUE

	TYPES OF EQUIPMENT, RATING CONDITIONS
	E t / E c (%) 2
	AFUE(%)

	Warm Air Furnaces 

    < 225,000 Btu/h 3 (Seasonal Rating)            

         Gas-fired

         Oil-fired 

    > 225,000 Btu/h (Steady-State)                         

         Gas-fired   

             Max. Rating Capacity  

             Min. Rated Capacity   

         Oil-fired    

             Max. Rated Capacity

             Min. Rated Capacity       
	  80

  78

  81

  81
	  78

  78



	Warm Air Duct Furnaces

    Gas-fired

         Max. Rated Capacity

         Min. Rated Capacity 
	  78

  75
	

	Unit Heaters

    Gas-fired

         Max. Rated Capacity

         Min. Rated Capacity

    Oil-fired

         Max. Rated Capacity

         Min. Rated Capacity
	  78

  74

  81

  81 
	   

	Boilers

   <300,000 Btu/h (Seasonal Rating)

         Gas-fired except steam boilers 

         Gas-fired steam boilers 

         Oil-fired 

   >300,000 Btu/h (Steady-State) 

         Gas-fired 

              Max. Rated Capacity 

              Min. Rated Capacity 

         Oil-fired 

              Max. Rated Capacity 

              Min. Rated Capacity  

         Oil-fired (Residual) 

              Max. Rated Capacity  

              Min. Rated Capacity  
	   80

   80

   83

   83

   83

   83
	  80

  75

  80 



1   Reference standards for equipment testing are specified in Chapter 3.


2   Combustion efficiency Ec and thermal efficiency Et constitute 100 percent minus flue losses in


percent of heat input.  See the reference standard in Chapter 3 for more information.


3   To be consistent with National Appliance Energy Conservation Act of 1987, Appendix M to


Subpart B, 10 CFR Part 430.
608.1.ABC.3.2.3.2 All gas-fired direct heating equipment shall have an Annual Fuel Utilization Efficiency (AFUE) of not less than the values shown in Table 6-9.

608.1.ABC.3.2.4 Heating Systems Having Other Functions. Space heating equipment used to provide additional functions (e.g. service water heating) as part of a combination (integrated) system shall comply with minimum performance requirements for the appropriate space heating equipment category.  Service water heating equipment used to provide additional functions (e.g. space heating) as part of a combination (integrated) system shall, as a minimum, meet the minimum performance requirements for water heating equipment in section 612.1.ABC.3.5.

TABLE 6-9

GAS-FIRED DIRECT HEATING EQUIPMENT 

MINIMUM PERFORMANCE EFFICIENCIES - AFUE
	TYPES OF EQUIPMENT Btu/h Heating Capacity
	AFUE (%)

	Wall

    Fan Type

        Up to 42,000

        Over 42,000

    Gravity Type

        Up to 10,000

        Over 10,000 up to 12,000

        Over 12,000 up to 15,000

        Over 15,000 up to 19,000

        Over 19,000 up to 27,000

        Over 27,000 up to 46,000

        Over 46,000
	73

74

59

60

61

62

63

64

65

	Floor

    Up to 37,000

    Over 37,000
	56

57

	Room

    Up to 18,000

    Over 18,000 up to 20,000

    Over 20,000 up to 27,000

    Over 27,000 up to 46,000

    Over 46,000
	57

58

63

64

65


608.1.A Prescriptive Requirements Specific to Method A.  

608.1.A.1 Multizone Practice Credit. Houses for which Multizone Practice Credit is claimed in accordance with the criteria of Section 608.2.A.4 shall meet the requirements in Section 607.1.A.2.

608.1.A.2 Attic Radiant Barrier Credit. Houses for which Attic Radiant Barrier Credit is claimed in accordance with the criteria of Section 608.2.A.4.1 shall meet all the requirements in Section 607.1.A.3. 

608.1.A.3  Programmable Thermostat Credit.  Houses for which programmable thermostat credit is claimed shall have one or more features on the thermostat which prevent supplemental heat from being automatically engaged.

608.1.B  Prescriptive Requirements Specific to Method B. Space heating systems are categorized as electric or gas and oil.  Heating equipment shall meet the applicable minimum efficiencies listed on Table 6B-1 of Form 600B as allowed by the Compliance Package chosen.

Where heating equipment is to be installed in an addition, these requirements shall be met only when equipment is installed to specifically serve the addition or is being installed in conjunction with the construction of the addition.

608.1.B.1 Electric Space Heating. Electric heating systems are designated on Table 6B-1 of Form 600B as either STRIP or a number representing a heat pump Heating Seasonal Performance Factor (HSPF). 

STRIP
= 
Electric resistance heat or any heat pump with an HSPF of 6.8 or greater; 

HSPF level
= 
Any electric heat pump with that HSPF or a higher efficiency;




Electric resistance heat shall not be installed.

NOTE: Heat pumps containing electric resistance supplemental heat have associated Basic Prescriptive Requirements in Section 608.1.ABC.3.2.2.

608.1.B.2 Gas and Oil Space Heating. Gas and oil heating systems may be installed for all Compliance Packages.  If installed, they shall have a minimum Annual Fuel Utilization Efficiency (AFUE) as listed on Table 6B-1 of Form 600B and described below.

Gas- and oil-fired furnaces & vented equipment = Minimum AFUE  0.78

Gas- and oil-fired direct heating equipment        = Minimum AFUE  0.73

608.1.C Prescriptive Requirements Specific to Method C

608.1.C.1 Additions.  New heating equipment to be added or replaced in small additions complying by Method C shall meet the minimum efficiencies in Section 608.1.ABC.3.2.  Minimum equipment efficiencies shall be met only when equipment is installed to specifically serve the addition or is being installed in conjunction with the construction of the addition.

608.1.C.2 Renovations. Minimum efficiencies for heating equipment to be added or replaced in renovations shall not be less than those specified in Section 608.1.ABC.3.2.

608.1.C.3 Manufactured Homes and Manufactured Buildings. Minimum efficiencies for site-installed heating equipment in manufactured homes shall not be less than those specified in Section 608.1.ABC.3.2.

608.1.C.4  Building Systems.   Newly manufactured heating systems installed in existing buildings shall meet the minimum requirements for that system in Section 608.1.ABC.  See Section 101.6 for exceptions.
608.2 Performance Calculation Procedures

608.2.A Performance Calculation Procedures for Method A

608.2.A.1 Types of Heating Systems and Multipliers. Space heating systems are characterized as either heat pumps, electric resistance or combustion.  Heat pumps (reverse cycle air-conditioning) can be either electric or gas-driven.  Typical combustion systems are natural gas and liquid petroleum gas (propane).  Multipliers shall be determined for the type of heating system to be installed and its efficiency rating from Table 6A-17 on Form 600A.

Interpolation of multipliers for efficiencies falling within ranges may be made in accordance with Section 1.3 of Appendix C of this chapter.

608.2.A.2 Multiple Heating Systems. Where two or more heating systems of the same type are installed with different levels of efficiency serving different parts of the house, a single system multiplier may be calculated.  To select a multiplier for a dual system, the efficiency ratings for the two systems shall be combined based on the percentage of the total capacity supplied by each system.  The new effective efficiency rating shall be calculated according to the formula in Section 5.2 of Appendix C of this chapter.

Where two or more dissimilar systems, such as electric and fuel-fired systems, are utilized, separate calculations shall be made for the separate zones of the structure serviced by each.

608.2.A.3 Heating Credit Multipliers. Heating Credit Multipliers (HCM) are given for certain technologies which reduce energy use or cost, including natural gas and other fuels.  Heating credit may be taken for the options in Sections 608.2.A.3.1 through 608.2.A.3.4.  Where more than one heating credit is taken, the multipliers for each option shall be multiplied together to obtain one multiplier.

608.2.A.3.1 Attic Radiant Barriers. Attic radiant barrier credit may be taken when an attic radiant barrier is installed which is compliant with all requirements in Section 607.1.A.4.   Heating credit shall be taken against the ceiling load by multiplying the winter  point multiplier for the ceiling configuration and insulation level chosen from Table 6A-13 on Form 600A by a credit multiplier of the following:


Sheet type radiant barriers
 
0.85 (all climate zones)


Interior Radiation Control Coatings 
0.912 North Florida







0.905 Central Florida







0.899 South Florida

608.2.A.3.2 Multizone Practice. Multizone credit may be taken if the prescriptive construction requirements in Section 607.1.A.2 have been met.  The heating credit multiplier for multizone systems shall be determined from Table 6A-18 on Form 600A.

608.2.A.3.3 Natural Gas Furnaces. Natural gas credit may be taken when a natural gas furnace is to be installed.  The  Heating Credit Multiplier (HCM) shall be determined from Table 6A-18 on Form 600A based on the Annual Fuel Utilization Efficiency (AFUE) rating of the furnace.

608.2.A.3.4 LP Gas. LP gas credit may be taken when a liquid petroleum (propane) furnace is to be installed.  The Heating Credit Multiplier (HCM) shall be determined from Table 6A-18 on Form 600A based on the Annual Fuel Utilization Efficiency (AFUE) rating of the furnace.

608.2.A.3.5 Hydronic Space Gas Water Heating.  Heating system multipliers to be used for combined gas water and space heating systems shall be those listed for the effective space heating efficiency (CAafue) as listed by the Gas Appliance Manufacturer’s Association (GAMA) where the system has been tested to ANSI/ASHRAE 124-1991 or may utilize the heating system credit multipliers for the water heater recovery efficiency and climate zone on Table 6C-12 in section 5.1.2 of Appendix C of this chapter if not so tested.

608.2.A.3.6  Programmable Thermostats.  Heating credit may be taken for programmable thermostats capable of being set as follows:


Winter: 
72oF from 7 am - 11 pm




67oF from 11 pm - 7 am
The heating credit multiplier for this thermostat shall be determined from Table 6A-18 on Form 600A.  The prescriptive requirements in Section 608.1.A.3 shall be met.
608.2.A.3.7 White Roofs.  A heating multiplier shall be taken when a white roof system is installed which is compliant with all requirements in Section607.1.A.5.  Heating credit shall be taken against the ceiling load by multiplying the winter point multiplier for the ceiling configuration and insulation level chosen on Form 600A by a credit multiplier of 1.044.  Credit shall not be taken for both Attic Radiant Barrier and White Roofs in conjunction. 
608.2.A.4 Additions. Space heating may be provided by existing or newly installed equipment.  Systems in operation before the construction of the addition shall be considered existing systems.  New systems may be replacements of existing equipment or equipment installed to condition only the addition.  New equipment may qualify for the multizone credit if structural requirements are met as per Section 607.1.A.2.

608.2.A.5 Infiltration.  Infiltration shall be considered for both the Baseline and As-Built conditions.  The multiplier for infiltration shall be determined from Table 6A-15.

608.2.A.6  Internal Gains.  Internal gains shall be considered for both the Baseline and As-Built condition. The multiplier for internal gains shall be determined from Table 6A-15.

SECTION 609 

VENTILATION SYSTEMS
609.1 Prescriptive Requirements
609.1.ABC Basic Prescriptive Requirements for Methods A, B and C 
609.1.ABC.1 Buildings Operated at Positive Indoor Pressure.  Residential buildings designed to be operated at a positive indoor pressure or for mechanical ventilation shall meet the following criteria:

1. The design air change per hour minimums for residential buildings in ASHRAE Standard 62-1989, Ventilation for Acceptable Indoor Air Quality, shall be the maximum rates allowed for residential applications where pressurization is provided.  

2. No ventilation or air conditioning system make up air shall be provided to conditioned space from attics, roof tops, crawlspaces, attached enclosed garages or outdoor spaces adjacent to swimming pools or spas.

Exception:  Makeup air may be taken from rooftops for multistory multifamily buildings.

3. If ventilation air is drawn from enclosed space(s), then the walls of the space(s) from which air is drawn shall be insulated to a minimum of R-11 and the ceiling shall be insulated to a minimum of R-19, space permitting, or R-10 otherwise.

609.2 Performance Calculation Procedures.  Blank for numbering consistency.  See also Section 607.2.A.3 for ventilation credit multipliers.

SECTION 610  

AIR DISTRIBUTION SYSTEMS
610.1  Prescriptive Requirements
610.1.ABC Basic Prescriptive Requirements for Methods A, B and C

610.1.ABC.1. Air Distribution System Sizing and Design.  All air distribution systems shall be sized and designed in accordance with recognized engineering standards such as ACCA Manual D or other standards based on the following:

1. Calculation of the supply air for each room shall be based on the greater of the heating load or sensible cooling load for that room.

2. Duct size shall be determined by the supply air requirements of each room, the available static pressure and the total equivalent length of the various duct runs.

3. Friction loss data shall correspond to the type of material used in duct construction.

610.1.ABC.2 Air Distribution System Insulation Requirements. All air distribution system components which move or contain conditioned air, including but not limited to,  air filter enclosures, air ducts and plenums located in or on buildings shall be thermally insulated in accordance with the requirements of Sections 610.1.ABC.2.1 through 610.1.ABC.2.3.

610.1.ABC.2.1 Insulation Required.  The minimum installed thermal resistance (R-value) for air distribution system components shall be as specified in Table 610.1.ABC.2.1-10.

Exception:  Air distribution system component insulation (except where required to prevent condensation) is not required in the following cases:

1. Within conditioned space.

2. Exhaust air ducts.

3. Factory-installed plenums, casings, or ductwork furnished as a part of HVAC equipment tested and rated in accordance with Section 607.1.ABC.3 or 608.1.ABC.3.

TABLE 610.1.ABC.2.1-10
MINIMUM INSULATION LEVELS
AIR DISTRIBUTION SYSTEM COMPONENTS1
	Location
	R-Value

	On roof

Exterior of building

Attic with ceiling insulation

Between conditioned floors2
Enclosed attached garages

Unconditioned basement

Vented crawlspace
	R-6

R-6

R-6

R-4.2

R-4.2

R-4.2

R-4.2



1 See Section 610.1.ABC.3.5,  Air Handling Units.


2 Except where perimeter walls to the between floor space are insulated.  

610.1.ABC.2.2 R-Value Determination.  All duct insulation and factory-made ducts shall be labeled with R-values based on flat sections of insulation only at installed thickness and excluding any air film resistance.  The thermal resistance (R) shall be determined using the relationship R = t/k where t (inches) is the installed thickness and k (Btu-in/hr.ft2oF) is the measured apparent thermal conductivity at 75oF mean temperature and at installed thickness tested in accordance with ASTM C 518 or ASTM C 177.

The installed thickness of duct insulation used to calculate R-values shall be determined as follows:

1. Duct board, duct liner and factory-made rigid ducts not normally subjected to compression shall use the nominal insulation thickness.

2. Duct wrap shall have an assumed installed thickness of 75% of nominal thickness (25% compression).

3. Factory-made flexible air ducts shall have the installed thickness and calculated R-values determined in accordance with Paragraph 3.4 of the 1996 Edition of the ADC Standard, Flexible Duct Performance & Installation Standards, Third Edition.

610.1.ABC.2.3 Condensation Control.  Additional insulation with vapor barrier shall be provided where the minimum duct insulation requirements of 610.1.ABC.2 are determined to be insufficient to prevent condensation.

610.1.ABC.2.4  Fibrous Glass Duct Liner.  Fibrous glass duct liner shall be fabricated and installed in accordance with the provisions of the NAIMA Fibrous Glass Duct Liner Standard, 1994.
610.1.ABC.3 Air Distribution System Construction and Installation.  Ducts shall be constructed, braced, reinforced and installed to provide structural strength and durability.  All transverse joints, longitudinal seams and fitting connections shall be securely fastened and sealed in accordance with the applicable standards of this section.  

As an alternative to compliance with specific criteria of Sections 610.1.ABC.3.0.4 through 610.1.ABC.3.2.1, 610.1.ABC.3.3.1 through 610.1.ABC.3.3.2, and 610.1.ABC.3.3.6, air ducts and duct systems complying with the applicable requirements of the following standards shall be deemed as meeting the intent of this code.  Where these standards do not address the specific closure details of the code, in the manner required by the subsequent sections of this code, the requirements of the code shall govern.

1. SMACNA HVAC Duct Construction Standards, Metal and Flexible.

2. NAIMA Fibrous Glass Duct Construction Standards.

3. ADC Flexible Duct Performance and Installation Standards.

4. ASHRAE Handbook - HVAC Systems and Equipment.

5. UL 181.

6. UL181A: Part I; Part II; Part III.

7. UL 181B: Part I; Part II.

610.1.ABC.3.0 General.   All enclosures which form the primary air containment passageways for air distribution systems shall be considered ducts or plenum chambers and shall be constructed and sealed in accordance with the applicable criteria of this section. 

610.1.ABC.3.0.1 Mechanical Fastening.  All joints between sections of air ducts and plenums, between intermediate and terminal fittings and other components of air distribution systems, and between subsections of these components shall be mechanically fastened to secure the sections independently of the closure system(s).  

610.1.ABC.3.0.2 Sealing.  Air distribution system components shall be sealed to 100 percent closure with approved closure systems.

610.1.ABC.3.0.3 Space Provided.  Sufficient space shall be provided adjacent to all mechanical components located in or forming a part of the air distribution system to assure adequate access for 1) construction and sealing in accordance with the requirements of Section 610.1.ABC.3 of this Code  2) inspection and 3) cleaning and maintenance.   A minimum of 4" is considered sufficient space around air handling units.

Exception: Retrofit or replacement units not part of a renovation are exempt from the minimum clearance requirement.

610.1.ABC.3.0.4. Product Application.  Closure products shall be applied to the air barriers of air distribution system components being joined in order to form a continuous barrier or they may be applied in accordance with the manufacturer's instructions or appropriate industry installation standard where more restrictive.

610.1.ABC.3.0.5 Surface Preparation.  The surfaces upon which closure products are to be applied shall be clean and dry in accordance with the manufacturer’s installation instructions.
610.1.ABC.3.0.6 Approved Mechanical Attachments.  Approved mechanical attachments for air distribution system components include screws, rivets, welds, inter-locking joints crimped and rolled, staples, twist in (screw attachment), and compression systems created by bend tabs or screw tabs and flanges or by clinching straps.  Mechanical attachments shall be selected to be appropriate to the duct system type.

610.1.ABC.3.0.7  Approved Closure Systems.  The following closure systems and materials are approved for air distribution construction and sealing for the applications and pressure classes prescribed in Sections 610.1.ABC.3.1 through 610.1.ABC.3.8:

1.  Metal Closures.

a. Welds applied continuously along metal seams or joints through which air could leak.

b. Snaplock seams, and grooved, standing, double-corner, single-corner and Pittsburgh-lock seams, as defined by SMACNA, as well as all other rolled mechanical seams.  All seams shall be rolled or crimped

2. Gasketing, which achieves a 25/50 Flame Spread/Smoke Density Development rating under ASTM E84 or UL 723, provided that it is used only between mated surfaces which are mechanically fastened with sufficient force to compress the gasket and to fill all voids and cracks through which air leakage would otherwise occur.

3. Mastic Closures.  Mastics shall be placed over the entire joint between mated surfaces.  Mastics shall not be diluted.  Approved mastics include the following:

a. Mastic or mastic plus embedded fabric systems applied to fibrous glass ductboard that are listed and labeled in accordance with the Standard UL 181A, Part III.

b. Mastic or mastic plus embedded fabric systems applied to non-metal flexible duct that are listed and labeled in accordance with the Standard UL 181B, 
Part II.

c. Mastic ribbons, which achieve a 25/50 Flame Spread/Smoke Density Development rating under ASTM E84 or UL 723, provided that they may be used only in flange-joints and lap-joints, such that the mastic resides between two parallel surfaces of the air barrier and that those surfaces are mechanically fastened.


4. Tapes.  Tapes shall be applied such that they extend not less than 1 inch onto each of the mated surfaces and shall totally cover the joint.  When used on rectangular ducts, tapes shall be used only on joints between parallel rigid surfaces and on right angle joints.  Approved tapes include the following:

a. Pressure-sensitive tapes.

1) Pressure-sensitive tapes applied to fibrous glass ductboard that are listed and labeled in accordance with the Standard UL181A, Part I.

2) Pressure-sensitive tapes applied to non-metal flexible duct that are listed and labeled in accordance with the Standard UL 181B, Part I.

b. Heat-activated tapes applied to fibrous glass ductboard that are listed and 
labeled in accordance with the Standard UL 181A, Part II. 

5. Aerosol Sealant.  Such sealants shall be installed by manufacturer-certified installers following manufacturer instructions and shall achieve 25/50 Flame Spread/Smoke Density Development ratings under ASTM E84 or UL 723.
610.1.ABC.3.1 Metal Duct, Rigid and Flexible.  All transverse joints, longitudinal seams and duct wall penetration of ducts and joints with other air distribution system components shall be mechanically attached and sealed to 100 percent closure using approved closure systems for that pressure class specified in Section 610.1.ABC.3.1.1 or Section 610.1.ABC.3.1.2.

610.1.ABC.3.1.1 Pressures Less Than 1 Inch Water Gauge, Approved Closure Systems. The following closure systems are approved for rigid metal duct designed to be operated at pressures less than 1" w.g. when they conform to the approved closure and mechanical attachment requirements of Section 610.1.ABC.3.0:

1. Continuous welds.

2. Snaplock seams, and grooved, standing, double-corner, single-corner and Pittsburgh-lock seams and all other rolled mechanical seams.  

3. Mastic, mastic-plus-embedded fabric, or mastic ribbons. 

4. Gaskets.

5. Pressure-sensitive tape. 

610.1.ABC.3.1.2  Pressures 1 Inch Water Gauge or Greater, Approved Closure Systems. The following closure systems are approved for rigid metal duct designed to be operated at pressures 1" w.g. or greater and flexible duct when they conform to the approved closure and mechanical attachment requirements of Section 610.1.ABC.3.0:

1. Continuous welds.

2. Mastic or mastic-plus-embedded fabric systems.

3. Gaskets.

610.1.ABC.3.1.3  High Pressure Duct Systems. High pressure duct systems designed to operate at pressures greater than 3 inches water gauge (4 inches water gauge pressure class), shall be tested in accordance with the SMACNA HVAC Air Duct Leakage Test Manual.  The tested duct leakage class, at a test pressure equal to the design duct pressure class rating, shall be equal to or less than Leakage Class 6.  Leakage testing may be limited to representative sections of the duct system but in no case shall such tested sections include less than 25 percent of the total installed duct area for the designated pressure class.

610.1.ABC.3.2 Fibrous Glass Duct, Rigid. All rigid fibrous glass ducts and plenums shall be constructed and erected in accordance with the provisions of the NAIMA Fibrous Glass Duct Construction Standards, 1993.
All joints, seams and duct wall penetrations including, but not limited to, the joints between sections of duct and the joints between duct and other distribution system components shall be mechanically attached and sealed to 100 percent closure using approved closure systems as specified in Section 610.1.ABC.3.2.1. 

610.1.ABC.3.2.1 Approved Closure Systems. The following closure systems are approved for rigid fibrous glass ducts when they conform to the approved closure and mechanical attachment requirements of Section 610.1.ABC.3.0:

1. Heat-activated tapes.

2. Pressure-sensitive tapes. 

3. Mastics or mastic-plus-embedded fabric systems. 

610.1.ABC.3.2.2  Mechanical fastening. Attachments of ductwork to air handling equipment shall be by mechanical fasteners.  Where access is limited, two fasteners on one side shall be acceptable when installed in accordance with Section 610.1 ABC.3.0.6.

610.1.ABC.3.3 Flexible Duct Systems, Non-Metal. Flexible non-metal ducts shall be joined to all other air distribution system components by either terminal or intermediate fittings.  All duct collar fittings shall have a minimum 5/8 inch integral flange for sealing to other components and a minimum 3 inch shaft for insertion into the inner duct core.

Flexible ducts having porous inner cores shall not be used.

Exception:  Ducts having a non-porous liner between the porous inner core and the outer jacket.  Fastening and sealing requirements shall be applied to such intermediate liners.

All joints of flexible ducts to fittings and fittings to other air distribution system components shall be mechanically attached and sealed as specified in Sections 610.1.ABC.3.3.1 through 610.1.ABC.3.3.6.

610.1.ABC.3.3.1 Duct Core to Duct Fitting, Mechanical Attachment. The reinforced core shall be mechanically attached to the duct fitting by a drawband installed directly over the wire-reinforced core and the duct fitting.  The duct fitting shall extend a minimum of 2 inches into each section of duct core.  When the flexible duct is larger than 12 inches in diameter or the design pressure exceeds 1 inch water gauge, the drawband shall be secured by a raised bead or indented groove on the fitting.
610.1.ABC.3.3.2 Duct Core to Duct Fitting, Approved Closure Systems. The reinforced lining shall be sealed to the duct fitting using one of the following sealing materials which conforms to the approved closure and mechanical attachment requirements of Section 610.1.ABC.3.0:

1. Gasketing.

2. Mastic, mastic-plus-embedded fabric, or mastic ribbons. 

3. Pressure-sensitive tape. 

4.  Aerosol sealants, provided that their use is consistent with UL 181.

610.1.ABC.3.3.3 Duct Outer Jacket to Duct Collar Fitting. The outer jacket of a flexible duct section shall be secured at the juncture of the air distribution system component and intermediate or terminal fitting in such a way as to prevent excess condensation.  The outer jacket of a flexible duct section shall not be interposed between the flange of the duct fitting and the flexible duct, rigid fibrous glass duct board, or sheet metal to which it is mated.

610.1.ABC.3.3.4 Duct Collar Fitting to Rigid Duct, Mechanical Attachment. The duct collar fitting shall be mechanically attached to the rigid duct board or sheet metal by appropriate mechanical fasteners, either screws, spin-in flanges, or dovetail flanges. 

610.1.ABC.3.3.5 Duct Collar Fitting to Rigid Duct, Approved Closure Systems. The duct collar fitting's integral flange shall be sealed to the rigid duct board or sheet metal using one of the following closure systems/materials which conforms to the approved closure and mechanical attachment standards of Section 610.1.ABC.3.0:  

1. Gasketing.

2. Mastic or mastic-plus-embedded fabric systems. 

3.  Mastic ribbons when used to attach a duct collar to sheet metal.

4. Pressure-sensitive tape. 

5. Aerosol sealants, provided that their use is consistent with UL 181. 

610.1.ABC.3.3.6 Flexible Duct Installation and Support.   Flexible ducts shall be configured and supported so as to prevent the use of excess duct material, prevent duct dislocation or damage, and prevent constriction of the duct below the rated duct diameter in accordance with the following requirements:

1. Ducts shall be installed fully extended.  The total extended length of duct material shall not exceed 5 percent of the minimum required length for that run.

2. Bends shall maintain a center line radius of not less than one duct diameter.

3. Terminal devices shall be supported independently of the flexible duct.

4. Horizontal duct shall be supported at intervals not greater than 5 feet.  Duct sag between supports shall not exceed ½ inch per foot of length.  Supports shall be provided within 1.5 feet of intermediate fittings and between intermediate fittings and bends.  Ceiling joists and rigid duct or equipment may be considered to be supports.

5. Vertical duct shall be stabilized with support straps at intervals not greater than 6 feet.

6. Hangers, saddles and other supports shall meet the duct manufacturer's recommendations and shall be of sufficient width to prevent restriction of the internal duct diameter.  In no case shall the material supporting flexible duct that is in direct contact with it be less than 1 ½ inches wide.

610.1.ABC.3.4 Terminal and Intermediate Fittings. All seams and joints in terminal and intermediate fittings, between fitting subsections and between fittings and other air distribution system components or building components shall be mechanically attached and sealed to 100 percent closure as specified in Section 610.1.ABC.3.4.1 or 610.1.ABC.3.4.2. 

610.1.ABC.3.4.1 Fittings and Joints Between Dissimilar Duct Types, Approved Closure Systems.  Approved closure systems shall be as designated by air distribution system component material type in Section 610.1.ABC.3.

Exception:  When the components of a joint are fibrous glass duct board and metal duct, including collar fittings and metal equipment housings, the closure systems approved for fibrous glass duct shall be used.

610.1.ABC.3.4.2 Terminal Fittings and Air Ducts to Building Envelope Components, Approved Closure Systems. Terminal fittings and air ducts which penetrate the building envelope shall be mechanically attached to the structure and sealed to the envelope component penetrated and shall use one of the following closure systems/materials which conform to the approved closure and mechanical application requirements of Section 610.1.ABC.3.0:

1. Mastics or mastic-plus-embedded fabrics.

2. Gaskets used in terminal fitting/grille assemblies which compress the gasket material between the fitting and the wall, ceiling or floor sheathing.

610.1.ABC.3.5 Air Handling Units. All air handling units shall be mechanically attached to other air distribution system components.  Air handling units located outside the conditioned space shall be sealed to 100 percent closure using approved closure systems conforming to the approved closure and mechanical application requirements of Section 610.1.ABC.3.1.  
610.1.ABC.3.5.1 Approved Closure Systems.  Systems conforming to the product and application standards of Section 610.1.ABC.3.0 may be used when sealing air handling units.

610.1.ABC.3.5.2 Air Handling Units.  Air handling units shall be allowed in attics if the following conditions are met:

1. The service panel of the equipment is located within six (6) feet of an attic access.

2. A device is installed to alert the owner or shut the unit down when the condensation drain is not working properly.

3. The attic access opening is of sufficient size to replace the air handler.

4. A notice is posted on the electric service panel indicating to the howmeowner that the air handler is located in the attic. Said notice shall be in all capitals, in 16 point type, with the title and first paragraph in bold:

NOTICE TO HOMEOWNER

A PART OF YOUR AIR CONDITIONING SYSTEM, THE AIR HANDLER, IS LOCATED IN THE ATTIC. FOR PROPER, EFFICIENT, AND ECONOMIC OPERATION OF THE AIR CONDITIONING SYSTEM, YOU MUST ENSURE THAT REGULAR MAINTENANCE IS PERFORMED.

YOUR AIR CONDITIONING SYSTEM IS EQUIPPED WITH ONE OR BOTH OF THE FOLLOWING:  1) A DEVICE THAT WILL ALERT YOU WHEN THE CONDENSATION DRAIN IS NOT WORKING PROPERLY OR 2) A DEVICE THAT WILL SHUT THE SYSTEM DOWN WHEN THE CONDENSATION DRAIN IS NOT WORKING. TO LIMIT POTENTIAL DAMAGE TO YOUR HOME, AND TO AVOID DISRUPTION OF SERVICE, IT IS RECOMMENDED THAT YOU ENSURE PROPER WORKING ORDER OF THESE DEVICES BEFORE EACH SEASON OF PEAK OPERATION.

610.1.ABC.3.6  Cavities of the Building Structure.  Cavities in framed spaces, such as dropped soffits and walls, shall not be used to deliver air from or return air to the conditioning system unless they contain an air duct insert which is insulated in accordance with Section 610.1.ABC.2 and constructed and sealed in accordance with the requirements of Section 610.1.ABC.3 appropriate for the duct materials used.

Exception:  Return air plenums.

Cavities designed for air transport such as mechanical closets, chases, air shafts, etc. shall be lined with an air barrier and sealed in accordance with Section 610.1.ABC.3.7 and shall be insulated in accordance with Section 610.1.ABC.2.

Building cavities which will be used as return air plenums shall be lined with a continuous air barrier made of durable non-porous materials.  All penetrations to the air barrier shall be sealed with a suitable long-life mastic material.

Exception:  Surfaces between the plenum and conditioned spaces from which the return/mixed air is drawn.

Building cavities beneath a roof deck that will be used as return air plenums shall have an insulated roof with the insulation having an R-value of at least R-19.

610.1.ABC.3.7 Mechanical Closets.  The interior surfaces of mechanical closets shall be sheathed with a continuous air barrier as specified in Section 610.1.ABC.3.7.1 and shall be sealed to 100 percent closure with approved closure systems as specified in Section 610.1.ABC.3.7.2.  All joints shall be sealed between air barrier segments and between the air barriers of walls and those of the ceiling, floor and door framing.  All penetrations of the air barrier including, but not limited to, those by air ducts, plenums, pipes, service lines, refrigerant lines, electrical wiring, and condensate drain lines shall be sealed to the air barrier with approved closure systems.  

Exception:  Air passageways into the closet from conditioned space that are specifically designed for return air flow.

Through-wall, through-floor and through-ceiling air passageways into the closet shall be framed and sealed to form an airtight passageway using approved air duct materials and approved closure systems. 

Duct penetrations through any part of the ceiling, walls or floor of a mechanical closet shall have sufficient space between surrounding ceiling, walls or floor and any duct or plenum penetration to allow for sealing of the penetration and inspection of the seal.

Clothes washers, clothes dryers, combustion water heaters and atmospheric combustion furnaces shall not be located in mechanical closets used as return air plenums.

610.1.ABC.3.7.1 Approved Air Barriers.  The following air barriers are approved for use in mechanical closets:

1. One-half inch thick or greater gypsum wallboard, taped and sealed.

2. Other panelized materials having inward facing surfaces with an air porosity no greater than that of a duct product meeting Section 22 of UL 181 which are sealed on all interior surfaces to create a continuous air barrier.

610.1.ABC.3.7.2 Approved Closure Systems. The following closure systems are approved for use in mechanical closets:

1. Gypsum wallboard joint compound over taped joints between gypsum wallboard panels.

2. Sealants complying with the product and application standards of Section 610.1.ABC.3.2.1 for fibrous glass ductboard;

3. A suitable long-life caulk or mastic compliant with the locally adopted mechanical code for all applications. 

610.1.ABC.3.8 Enclosed Support Platforms. Enclosed support platforms located between the return air inlet(s) from conditioned space and the inlet of the air handling unit or furnace, shall contain a duct section constructed entirely of rigid metal, rigid fibrous glass duct board, or flexible duct which is constructed and sealed according to the respective requirements of Section 610.1.ABC.3. and insulated according to the requirements of Section 610.1.ABC.2.  

The duct section shall be designed and constructed so that no portion of the building structure, including adjoining walls, floors and ceilings, shall be in contact with the return air stream or function as a component of this duct section. 
The duct section shall not be penetrated by a refrigerant line chase, refrigerant line, wiring, pipe or any object other than a component of the air distribution system.

Through-wall, through-floor and through-ceiling penetrations into the duct section shall contain a branch duct which is fabricated of rigid fibrous glass duct board or rigid metal and which extends to and is sealed to both the duct section and the grille side wall surface.  The branch duct shall be fabricated and attached to the duct insert in accordance with Section 610.1.ABC.3.2 or section 610.1.ABC.3.1, respective to the duct type used.
610.1.A Prescriptive Requirements Specific to Method A.

610.1.A.1 Airtight Duct Credit.  Houses for which Airtight Duct Credit is claimed in accordance with the criteria of Section 610.2.A.32 shall have demonstrated  that their air distribution system(s) is(are) substantially leak free. a total duct system leakage equal to or less than 5% of the rated fan flow 4rate of the air handler by means of a test report prepared by a State approved performance tester certifying total system performance testing results at 25 Pascals (90.10 inch w.c.) of test pressure. ‘Substantially leak free’ shall mean distribution system air leakage to outdoors no greater than 3 cfm per 100 square feet of conditioned floor area and distribution system total air leakage to indoors and outdoors no greater than 9 cfm per 100 square feet of conditioned floor area at a pressure differential of 25 Pascal (0.10 in. w.c.) across the entire air distribution system, including the manufacturer’s air handler enclosure.  Distribution system total air leakage no greater than 3 cfm per 100 square feet of conditioned floor area at a pressure difference of 25 Pascal across the entire system, including the manufacturer’s air handler enclosure, shall be deemed to meet this requirement without measurement of distribution system air leakage to outdoors.  Substantially leak free air distribution systems shall be certified by means of a test report prepared by a State approved performance tester.  A State approved performance tester means a Class 1 Florida Energy Gauge Certified Energy Rater or recognized test and balance agent.

610.1.B  Prescriptive Requirements Specific to Method B.  

610.1.B.1  Ducts installed. All ducts shall be insulated to at least the level required by Table 6B-1 on Form 600B for the Compliance Package chosen.

Where:

INSUL R-6 = all ductwork shall be insulated to at least R-6 or shall be 

located in conditioned space.

TESTED    = Demonstrated by testing to meet the criteria of Section 610.1.A.1.

COND = all ducts shall be located in conditioned space. 

Systems which have no ducts, such as PTACs and rooom air conditioners, qualify as ducts in conditioned space.

610.1.B.2  Air handler location.  Buildings complying with this code by Compliance Method B shall not have air handlers installed in attics.

610.1.C Prescriptive Requirements Specific to Method C.  

610.1.C.1 Additions. New ducts that are installed to serve an addition shall either be insulated to R-6 or be installed in conditioned space as designated on Table 6C-1 of Form 600C.

Exception:  Only new or replacement ducts installed as part of the addition shall meet this requirement.

610.1.C.2 Renovations. Replacement duct systems that are not in conditioned space shall be insulated to levels specified in Section 610.1.C.1.

Exception:  Only new or replacement ducts installed as part of the renovation shall meet this requirement.

610.1.C.3 Manufactured Homes and Manufactured Buildings.  Site-installed components and features of the air distribution system(s) of manufactured homes shall be insulated, constructed, sealed and supported in accordance with the requirements of Sections 610.1.ABC.2 and 610.1.ABC.3.  The duct connection between the air distribution systems of separate units of multiple unit manufactured homes and buildings shall be installed, sealed and inspected according to the provisions of this code.

Manufactured homes and buildings having interior furnaces and site-installed single package air conditioners which share the same supply registers shall have an automatic backflow damper installed between the air conditioning unit and the factory-installed duct to prevent the functioning of return grilles as supply registers and to prevent the forced passage of conditioned air through inactive air handlers when another system is in operation.

610.1.C.4  Building Systems.  Newly manufactured air distribution system components installed in existing buildings shall meet the minimum requirements for air distribution systems contained in Sections 610.1.ABC.2 through 610.1.ABC.8, as appropriate.  See Section 101.6 for exceptions.

610.2 Performance Calculation Procedures.

610.2.A Performance Calculation Procedures Specific to Method A

610.2.A.1 Duct Types and Multipliers. Duct systems shall include both supply and return air sections and are characterized as being located in either conditioned, attic with radiant barrier, or unconditioned space.  Multipliers for the type of duct system and insulation level to be installed shall be determined from Table 6A-7 and 6A-16 on Form 600A.  Additional duct multipliers can be found in Tables 6-185, 6-196 and 6-2017 in Section 5.4 of Appendix C of this chapter. 

Systems having no return air ducts or plenums between the air intake and the air handler, such as those in mechanical closets which communicate with the conditioned space, shall be considered systems with return ducts in conditioned space.  

For ductwork to qualify as being in conditioned space, it shall be located on the conditioned side of the envelope insulation and be situated in such a manner that any air leakage will be discharged into the conditioned space.  

610.2.A.1.1 Multiple Duct Systems. Where parts of the structure are to be served by ductwork of different R-values, or by ducts in conditioned space, the duct calculation shall be performed by one of the following methods.

1. The multiplier for the lowest installed R-value may be used.

2. Each of the duct multipliers for the different R-values may be multiplied by the percent of total duct length which has this insulation rating.  The results are then summed.  Equation 6-3 in Section 5.4 of Appendix C of this chapter may be used to calculate the new duct multiplier.

610.2.A.1.2 Duct Area Determination.  An estimate of the linear footage of duct is utilized by the FLA/RES computer program.

610.2.A.1.3 Additions. If ducts are added to supply conditioned air to the addition, the Duct Multipliers corresponding to the new duct's R-value shall be used.  If conditioning is provided by existing ducts and registers or diffusers, a Duct Multiplier of 1.0 shall be assumed.

610.2.A.2 Air Handling Units.  Air handler multipliers from Tables 6A-7A and 6A-16A for the summer and winter space conditioning loads, respectively, shall be entered into the As-Built AHU boxes on Form 600A and calculated as part of the cooling and heating loads for the building.

610.2.A.2.1 Factory-Sealed Air Handling Unit Credit.  A Factory-sealed Air Handling Unit Credit Multiplier of 0.95 may be used if the unit has been tested and certified by the manufacturer to have achieved a 2 percent or less leakage rate at 1.0 inch water gauge when all air inlets, air outlets and condensate drain port(s), when present, are sealed at an air pressure of one (1) inch water gauge with no greater than 2% design cfm discharge.

610.2.A.3 Airtight Duct Credit.  An Aairtight Duct Credit Multiplier of 1.0 may be taken if the duct work has been demonstrated to be ‘substantially leak free’ have achieved a 5% or less system leakage rate in accordance with the provisions of Section 610.1.A.1.
SECTION 611 

PIPING

611.1 Prescriptive Requirements

611.1.ABC Basic Prescriptive Requirements for Methods A, B and C

611.1.ABC.1 Piping Insulation. All piping installed to service buildings and within buildings, including the vapor line of HVAC refrigerant piping, shall be thermally insulated in accordance with Table 611.1.ABC.1 11, except as stated herein (for service water heating systems, see Section 612.1.ABC.5).

Exceptions:  Piping insulation is not required in the following cases:

1. Piping installed within HVAC equipment.

2. Piping containing fluid at temperatures between 55oF and 120oF.

3. Piping within the conditioned space.

4. Piping within basements or unvented crawl spaces (plenums) having insulated walls.

TABLE 611.1.ABC.1 -11 

MINIMUM PIPE INSULATION
	Piping System Types
	Fluid Temperature Range oF
	Runouts2
(inches)
	Insulation 

for Pipe

   < 1"
	Thickness

Sizes1
1.25 - 2"

	HEATING SYSTEMS

Steam and hot water

   Low pressure/temp.

   Low temperature

Steam condensate (for          feed water)
	201 - 250

120 - 200

Any
	1.0

0.5

1.0
	1.5

1.0

1.0
	1.5

1.0

1.5

	COOLING SYSTEMS

Chilled water, refrigerant or brine
	40 - 55

Below 40
	0.5

1.0
	0.5

1.0
	0.75

1.50


1For piping larger than 1 inch diameter and exposed to outdoor ambient temperatures, increase thickness by 0.5 inch.

2 Runouts to individual thermal units (not exceeding 12 feet in length).

3The required minimum thicknesses do not consider water vapor transmission and condensation.  Additional insulation, vapor retarders, or both, may be required to limit water vapor transmission and condensation.

611.1.ABC.1.1 Other Insulation Thicknesses. Insulation thickness in Table 611.1.ABC.1 -11 are based on insulation having thermal resistance in the range of 4.0 to 4.6 oF.ft2.h/Btu. per inch of thickness on a flat surface at a mean temperature of 75oF.  

Minimum insulation thickness shall be increased for materials having R-values less than 4.0 oF.ft2.h/Btu.in. or may be reduced for materials having R-values greater than 4.6 oF.ft2.h/Btu.in. as follows:

1. For materials with thermal resistivity greater than R-4.6, the minimum insulation thickness may be reduced as follows:

New Minimum Thickness = 4.6 X Table 611.1.ABC.1 -11 Thickness
                            

 
Actual Resistivity

2. For material with thermal resistivity less than R-4.0, the minimum insulation thickness shall be increased as follows:

New Minimum Thickness = 4.0 X Table 611.1.ABC.1 -11 Thickness
                                   


Actual Resistivity
611.2 Performance Calculation Procedures.  Blank for numbering consistency.
SECTION 612 

WATER HEATING SYSTEMS

612.1 Prescriptive Requirements

612.1.ABC Basic Prescriptive Requirements for Methods A, B and C

612.1.ABC.1 Sizing. Blank for numbering consistency.
612.1.ABC.2 Controls.

612.1.ABC.2.1 Storage Water Heater Temperature Controls.
612.1.ABC.2.1.1 Automatic Controls. Service water heating systems shall be equipped with automatic temperature controls capable of adjustment from the lowest to the highest acceptable temperature settings for the intended use.  The minimum temperature setting range shall be from 100oF to 140oF.

612.1.ABC.2.1.2 Shut Down. a separate switch or a clearly marked circuit breaker shall be provided to permit the power supplied to electric service systems to be turned off.  a separate valve shall be provided to permit the energy supplied to the main burner(s) of combustion types of service water heating systems to be turned off.

612.1.ABC.2.2  Heat Traps. Storage water heaters not equipped with integral heat traps and having vertical pipe risers shall have heat traps installed on both the inlets and outlets. External heat traps shall consist of either a commercially available heat trap or a downward and upward bend of at least 3½ inches in the hot water distribution line and cold water line located as close as possible to the storage tank.
612.1.ABC.2.3 Swimming Pool and Spa Temperature Controls

612.1.ABC.2.3.1 On-Off Switch Required. All pool and spa heaters shall be equipped with an ON-OFF switch mounted for easy access to allow the heater to be shut off without adjusting the thermostat setting and to allow restarting without relighting the pilot light.

All gas- and oil-fired pool heaters when tested in accordance with ANSI Z21.56-94 shall have a minimum thermal efficiency of 78 percent.

612.1.ABC.2.3.2 Covers Required. Spas and heated swimming pools shall be equipped with a cover designed to minimize heat loss.

Exception:  Outdoor pools deriving over 70 percent of the energy for heating from non-depletable on site-recovered sources computed over an operating season are exempt from this requirement.

612.1.ABC.2.3.3 Time Clocks on Private Pools. Time clocks shall be installed on private pools so that the pump can be set to run during off-peak electric demand periods and can be set for the minimum time necessary to maintain the water in a clear and sanitary condition in keeping with applicable health standards. 

Exceptions: Pumps connected to swimming pool solar water heating systems or any pool legally considered a public pool.

612.1.ABC.2.4 Showers. Showers used for other than safety reasons shall be equipped with flow control devices to limit the water discharge to a maximum of two and one-half (2.50) gpm per shower head at a distribution pressure of 80 psig when tested in accordance with the procedures of ANSI A112.18.1M-1989.  Flow restricting inserts used as a component part of a showerhead shall be mechanically retained at the point of manufacture.  

612.1.ABC.3 Equipment Performance Standards

612.1.ABC.3.1 Electric Water Heater Efficiencies.

612.1.ABC.3.1.1 Storage Capacities Of 120 Gallons Or Less. All automatic electric storage water heaters having a storage capacity of 120 gallons or less and an input rating of 12 kw or less shall, when tested in accordance with the DOE Uniform Test Method for Measuring the Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the performance minimums listed in Table 612.1.ABC.3.2 6-12.

612.1.ABC.3.1.2 Storage Capacities Greater Than 120 Gallons. Performance minimums for electric storage water heaters with capacities greater than 120 gallons or an input rate greater than 12 KW shall have a standby loss of .30+27/VT percent/hour or less, where VT is the tested storage volume in gallons and tested in accordance with ANSI test method Z21.10.3-1990.

612.1.ABC.3.2 Gas- and Oil-fired Water Heater Efficiencies.
612.1.ABC.3.2.1 Tanks With Input Ratings Of 75,000 Btu/h or Less (Gas) or 105,000 Btu/h or Less (Oil).  All gas- and oil-fired automatic storage water heaters with capacities of 100 gallons or less and an input rating of 75,000 Btu/h or less (gas) or 105,000 Btu/h or less (oil) shall, when tested in accordance with the DOE Uniform Test Method for Measuring the Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the performance minimums listed in Table 612.1.ABC.3.2 6-12.

TABLE 612.1.ABC.3.2 6-12
MINIMUM PERFORMANCE STANDARDS

WATER HEATING EQUIPMENT:

FIRED STORAGE WATER HEATER MINIMUM ENERGY FACTORS (EF)
	TYPE / VOLUME
	TANK VOLUME (GALLONS)

	
	20
	30
	40
	50
	65
	75
	80
	100
	120

	ELECTRIC:  Up to 120 gal. or 12kW input
	.94
	.93
	.92
	.90
	.88
	----
	.86
	.84
	.81

	GAS: Up to 100 gal. Or 75,000 Btu/h input
	.63
	.61
	.59
	.58
	.55
	.53
	----
	.48
	----

	OIL: Up to 50 gal. or 75,000 Btu/h input
	----
	.53
	.51
	.50
	----
	----
	----
	----
	----


612.1.ABC.3.2.2 Tanks With Input Ratings Greater Than 75,000 Btu/h (Gas) or Greater Than 105,000 Btu/h (Oil).  All gas-fired storage water heaters with input ratings greater than 75,000 Btu/h but less than or equal to 155,000 Btu/h, and all oil-fired storage water heaters with input ratings greater than 105,000 Btu/h but less than or equal to 155,000 Btu/h, shall have a steady-state combustion efficiency Et of .78 or less and a standby loss of 1.30+114/VT (in percent/hour) or less, where VT is the tested storage volume in gallons.  All gas- and oil-fired storage water heaters with input ratings greater than 155,000 Btu/h shall have a steady-state combustion efficiency Et of .78 or more and a standby loss of 1.30+95/VT, where VT is the tested storage volume in gallons.

612.1.ABC.3.3 Unfired Storage Tanks.   All unfired storage tanks shall have a standby loss of 6.5 Btu/h/ft2 or less, based on an 80oF water-air temperature difference.

612.1.ABC.3.4 Solar Water Heating Systems.  Solar systems for domestic hot water production are rated by the annual Solar Energy Factor of the System.  The Solar Energy Factor of a system shall be determined from a  the Florida Solar Energy Center Directory of Certified Solar Systems Directory of Certified Solar Systems.  Solar collectors shall be tested and rated in accordance with ASHRAE Standard 93-1986 (RA91), Method of Testing to Determine the Thermal Performance of Solar Collectors ISO Standard 9806, Test Methods for Solar Collectors, and SRCC Standard TM-1, Solar Domestic Hot Water System and Component Test Protocol.  Collectors in installed solar water heating systems should meet the following criteria:

1. Be installed with a tilt angle between 15o 10o and 40o of the horizontal; and

2. Be installed at an orientation within 45o of true South.

612.1.ABC.3.5 Combination Service Water Heating and Space Heating Equipment. Service water heating equipment used to provide additional functions (e.g. space heating) as part of a combination (integrated) system shall comply with minimum performance requirements for water heating equipment.

Combination water and space heating systems with input ratings of 105,000 Btu/h or less shall utilize a water heater listed by the Gas Appliance Manufacturer's Association (GAMA).  Changeouts of burners to increase capacity shall not be made unless the unit has been listed at that capacity by GAMA.  

Combination systems with input ratings greater than 105,000 Btu/h shall comply with the criteria of Section 412.1.ABCD.3.4, Sub-chapter 4.

612.1.ABC.4 Pumps.  Circulating hot water systems shall be arranged so that the circulating pump(s) can be conveniently turned off (automatically or manually) when the hot water system is not in operation.

612.1.ABC.5 Piping Insulation.  Circulating hot water systems (including piping for waste heat recovery systems (HRUs)) shall be insulated with insulation of at least ½" minimum thickness with a thermal conductivity no greater than 0.28 Btu/in./h.ft2.oF.   

Pipe insulation buried underground shall be as specified by the manufacturer for underground use.
612.1.A  Prescriptive Requirements Specific to Method A. Blank for numbering consistency.

612.1.B  Prescriptive Requirements Specific to Method B. Water heating systems are categorized as electric resistance, gas and oil and other.  Water heating equipment shall meet the applicable minimum efficiencies listed on Table 6B-1 of Form 600B as allowed by the Compliance Package chosen.

Compliance Packages which do not allow the use of electric resistance water heating shall not be used for an addition unless a dedicated heat pump, heat recovery unit, or solar system already exists or is being installed in conjunction with the addition.

612.1.B.1 Electric Resistance Water Heating. To install electric resistance water heating in compliance with the Table 6B-1 Compliance Packages on Form  600B, the following criteria are specified:  Energy Factor (EF)  or  Not Allowed.

Where:


EF 0.90

= 
requires an electric water heater with an EF of 0.90






or greater or Other water heating system.


NOT ALLOWED
=
electric resistance water heaters shall not be installed;






gas or Other system may be installed.

Exception:  Where electric resistance water heating systems are prohibited, they may be installed in conjunction with an Other water heating systems:  a dedicated heat pump, a heat recovery system, or a solar water heating system.

612.1.B.2 Gas and Oil Water Heating. Houses with gas and oil water heating systems installed shall meet the following efficiencies to comply by any Compliance Package in Method B: 

Energy Factor   = 
0.54 or greater.  Some Packages allow only the use of natural gas systems.

612.1.B.3 Other Water Heating Systems. Water heating systems as described in Sections 610.1.B.3.1 through 610.1.B.3.2 are considered Other hot water systems and may be used to comply with any of the Compliance Packages.

Where an electric resistance water heating system(s) is installed in conjunction with a dedicated heat pump, heat recovery unit, or solar water heater, the Energy Factor for the tank(s) shall be 0.90 or greater.  Where natural gas water heating systems are installed in conjunction with these systems, the Energy Factor for the tank(s) shall be 0.54 or greater.

612.1.B.3.1  Dedicated Heat Pump. Dedicated heat pumps, which are also known as heat pump water heaters, may be considered either with tank (an integral unit) or without tank (add on to another water heater) and shall meet the criteria of Section 610.1.B.3 for the tank on which it is attached.  No minimum rating is required for this equipment.

612.1.B.3.2 Heat Recovery Units (HRU). Heat recovery units shall demonstrate compliance with Florida Standard FL-1 (see Appendix E of this chapter) and shall have a minimum net useful heat exchange effect of 50 percent. a copy of Form 600D (see Appendix D of this chapter) shall be prominently displayed on the heat recovery unit, with test results clearly visible for inspection through a transparent, weatherproof envelope.

Exception: An ARDM Certified Refrigerant Desuperheater seal affixed to the unit, clearly visible for inspection, may be substituted for Form 600D; the seal certifies that the unit meets the requirements of Chapter 13 of the Florida Building Energy Efficiency Code, Building.
The following conditions shall be met for a heat recovery unit to be allowed Other hot water system status:

1.The HRU shall be installed on the air conditioning system serving the daytime primary living areas (family room, living room, kitchen, dining room and adjacent bedrooms and bathrooms).  

2. The HRU shall be installed on either the sole water heater for the residence, or on all water heaters in the residence.

3. The HRU shall be installed in conjunction with a storage water heater which meets the minimum performance criteria of Section 612.1.ABC.  This water heater shall be sized as follows:

Two bedroom & up single-family:

50 gallon tank minimum 

Two bedroom & up multifamily and

    one bedroom single-family:


40 gallon tank minimum

One bedroom multifamily:


30 gallon tank minimum 

612.1.B.3.3 Solar. Solar water heaters shall have an Energy Factor (EF) of at least 1.5 to be allowed Other hot water system status.  The Energy Factor of a system shall be determined from a Florida Solar Energy Center Directory of Certified Solar Systems.

612.1.C Prescriptive Requirements Specific to Method C. New water heating equipment installed in small additions and renovations shall meet the minimum efficiencies given on Table 6C-1 of Form 600C.

612.1.C.1 Additions. All new water heaters installed in an addition shall meet the minimum efficiencies listed in Section 612.1.ABC.3, Table 612.1.ABC.3.2 6-11.

Exception:  Only water heating systems which are being replaced or installed as part of the addition shall meet this requirement. 

612.1.C.2 Renovations. Minimum efficiencies for water heating equipment installed in renovations shall be not less than those listed in Table 612.1.ABC.3.2 6-12, Section 612.1.ABC.3.

Exception: Only water heating systems which are being replaced or installed as part of the renovation shall meet this requirement.

612.1.C.3  Building Systems.  New water heating systems installed in existing buildings shall meet the minimum requirements for that system in Section 612.1.ABC.

612.2 Performance Calculation Procedures.

612.2.A Performance Calculation Procedures for Method A.

612.2.A.1 Water Heater Types and Multipliers. Water heating systems are characterized as either electric resistance, natural gas, other fuels (including propane and oil), integral heat pump water heater (with tank), or solar water heating system (with tank).  Hot Water Multipliers (HWM) for the water heating system to be installed shall be determined from Table 6A-9 on Form 600A based on the Energy Factor (EF) of the system.  For combined gas water and space heating systems tested to ANSI/ASHRAE 124-1991, the EF used shall be the effective water heating efficiency (CAef) listed for the appliance by the Gas Appliance Manufacturer’s Association (GAMA).

612.2.A.1.1 Multiple Water Heating Systems. Where two or more water heating systems are installed with different levels of efficiency, a single multiplier shall be calculated as per the equation in Section 5.2 of Appendix C of this chapter.

612.2.A.2 Water Heater Area Determination. Water heating requirements are estimated based on the number of bedrooms in the residence.  Any room which has an area of 70 square feet or more and a clothes storage closet, and is not part of the common living area, shall be considered a bedroom for calculation purposes.

612.2.A.3 Water Heater Credit Multipliers. Hot Water Credit Multipliers (HWCM) may be taken if supplemental water heating systems or alternate systems with a backup water heating system are installed which meet the criteria in Sections 612.2.A.3.1 through 612.2.A.3.3.  Hot Water Credit Multipliers shall be determined from Table 6A-23 on Form 600A for the alternate water heating system installed.  Both a hot water multiplier (HWM) and a credit multiplier (HWCM) shall be used in the hot water calculation.

Electric resistance or natural gas water heating systems may be installed as backup to alternate water heating systems when the backup equipment meets a minimum efficiency of EF 0.88.

612.2.A.3.1 Waste Heat Recovery Unit. Credit may be claimed for installation of a waste heat recovery unit (HRU) on either an air conditioner or a heat pump where the heat recovery unit meets all the criteria for this section.  Credit multipliers shall be determined from Table 6A-23 on Form 600A based on the type of system to which the HRU is attached.

Multiple HRUs on multiple air conditioners are allowed.  If more than one air conditioning system is installed in a residence and only one HRU is installed, the HRU shall be attached to the system serving the daytime primary living areas (family room, living room, kitchen, dining room and adjacent bedrooms and bathrooms) to obtain credit.  

If the HRU is installed in a residence which has only one water heater, the entire HRU credit may be claimed.  If more than one water heater is installed in the residence, credit may be claimed based on the gallon capacity of the water heater to which it is coupled and the total capacity of the water heaters in the residence by entering a calculation for each water heating system as follows:   




  Gallons With

  Total #
X

HRU         X   HWCM   X   HWM   =  Hot Water Points 

  Bedrooms

 Total Gallons



     System #1










+




    Gallons Without

  Total #
X

  HRU    
   X   1   X   HWM  
 =  Hot Water Points

  Bedrooms

     Total Gallons



     System #2               









Equals =  Total Hot Water Points

To obtain credits under the Code, a storage water heater which meets the minimum performance criteria of Section 612.1.ABC shall be used in conjunction with the HRU.  This water heater shall provide service hot water to the water circuit with the most fixtures in the residence and shall be sized as follows.

1. Two bedroom & up single-family
50 gallon tank min.

2. Two bedroom & up multifamily, 

and one bedroom single-family
40 gallon tank min.

3. One bedroom multifamily

30 gallon tank min.

To obtain credit, a heat recovery unit shall be tested by an independent testing laboratory under the standard rating conditions specified in Florida Standard FL-1 (see Appendix E of this chapter) and shall have a minimum net useful heat exchange effect of fifty percent.  A copy of Form 600D (see Appendix D of this chapter) shall be prominently displayed on the heat recovery unit, with test results clearly visible for inspection through a transparent, weatherproof envelope.  An ARDM Certified Refrigerant Desuperheater seal affixed to the unit, clearly visible for inspection, may be substituted for the 600D form. This seal indicates that the unit meets Chapter 13 of the Florida Building Energy Efficiency Code, Building.

612.2.A.3.2 Dedicated Heat Pump. These systems are characterized as either an add-on to a conventional water heater or as a separate integral system.  The credit multiplier shall be determined from Table 6A-23 on Form 600A based on the Energy Factor (EF) of the system installed.

612.2.A.3.3  Integrated Heat Pumps.  These systems are characterized as either an add- on to a conventional water heater or as a separate integral system.  The credit multiplier shall be determined from Table 6A-23 on Form 600A based on the Combined Cooling Performance Factor (CCPF) and the Combined Heating Performance Factor (CHPF) of the system installed.  An equivalent Dedicated Heat Pump EF shall be calculated according to:






qw
EF=__________________________EFsep________________________________


qo(95).CLH + qwos  +  DHR.HLH.C + qwhs  -  qc(95).CLH  -  DHR.HLH.C



CCPF

         CHPF

      SEER
       HSPF



where the various terms are defined in ASHRAE Standard 137 and the DOE Waiver granted to NORDYNE and published in the Federal Register Vol. 61, No. 55, Wednesday, March 20, 1996, pages 11395-11400.

612.2.A.3.4  Solar Water Heater.  These systems are characterized as either an add-on to a conventional water heater or as a separate system (with tank).  The credit multiplier for an add-on solar system (without tank) shall be determined from Table 6A-23 on Form 600A based on the Energy Factor (EF) of the system installed. 

612.2.A.4 Additions. Water heating shall be considered in Method A calculations if any of the following conditions are met.

1. Existing systems are replaced during construction;

2. Additional water heaters are installed; or

3. A gas, solar, HRU or dedicated heat pump is installed to gain calculation credits.

	APPENDIX 13-D


 [Delete pages 2-4 of Form 400C-01 for all climate zones and replace with the following page 2 for North, Central, and South Florida:]

Form 400C-04  [B-6]






Climate Zones, 1,2,3

Building Prescriptive Envelope Method





North

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min. R-Value

	
	
	
	
	
	
	

	   Insulation entirely above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-0.218
	R-3.8 ci

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19
	U-0.167
	R-6.0

	   Attic and Other
	R-0.034
	R-30.0
	U-0.034
	R-30.0
	U-0.081
	R-13.0

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.151
	R-5.7 ci1
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-0.184
	R-6.0

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.137
	R-4.2 ci
	U-0.107
	R-6.3 ci
	U-0.322
	NR

	   Steel joist
	U-0.052
	R-19.0
	U-0.052
	R-19.0
	U-0.350
	NR

	   Wood framed and Other
	U-0.051
	R-19.0
	U-0.051
	R-19.0
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly Max. U

(Fixed/ Operable)
	Assembly Max.

SHGC (All Orientations/ North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.39

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.61

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.44

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.44

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.17

SHGCnorth-0.42
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.29

SHGCnorth-0.41
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, % roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.39
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.25
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic,%roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.65
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.39
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all,% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.39
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.25
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1 Exception to 402.1.C.1 applies for mass walls.
Form 400C-04 [B-3] 






Climate Zones, 4,5,6

Building Prescriptive Envelope Method



Central

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min. R-Value

	Roofs
	
	
	
	
	
	

	   Insulation entirely above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-1.282
	NR

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19.0
	U-1.280
	NR

	   Attic and Other
	R-0.034
	R-30.0
	U-0.027
	R-38.0
	U-0.614
	NR

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.1511
	R-5.7 ci1
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-1.180
	NR

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.322
	NR
	U-0.322
	NR
	U-0.322
	NR

	   Steel joist
	U-0.350
	NR
	U-0.350
	NR
	U-0.350
	NR

	   Wood framed and Other
	U-0.282
	NR
	U-0.282
	NR
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly Max. U

(Fixed/ Operable)
	Assembly Max.

SHGC (All Orientations/ North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.47
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.31

SHGCnorth-0.47
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, % roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic, % roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.39
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.34
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all, % roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1 Exception to 402.1.C.1 applies for mass walls.
Form 400C-04 [B-2]






Climate Zones, 7,8,9

Building Prescriptive Envelope Method





South

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min. R-Value

	Roofs
	
	
	
	
	
	

	   Insulation entirely above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-1.282
	NR

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19
	U-1.280
	NR

	   Attic and Other
	R-0.034
	R-30.0
	U-0.027
	R-38.
	U-0.614
	NR

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.1511
	R-5.7 ci1
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-1.180
	NR

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.322
	NR
	U-0.322
	NR
	U-0.322
	NR

	   Steel joist
	U-0.350
	NR
	U-0.350
	NR
	U-0.350
	NR

	   Wood framed and Other
	U-0.282
	NR
	U-0.282
	NR
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly Max. U

(Fixed/ Operable)
	Assembly Max.

SHGC (All Orientations/ North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly Max. SHGC (All Orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.44
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.44
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.33
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.33
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, % roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – 0.16
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic, % roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.34
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all, % roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1 Exception to 402.1.C.1 applies for mass walls.
Form 400C:  Add the following front page to the following north, central and south Florida back pages:  

	FLORIDA ENERGY EFFICIENCY CODE FOR BUILDING CONSTRUCTION

SUBCHAPTER 4 – Commercial Building Compliance Methods

Form 400C-04                                                                                                                                                                                              North

Building Prescriptive Envelope Method                                                                                                                                                   Compliance Zones 1 2 3

	Project Name:
	Zone:

	Address:
	Building Classification:

	City, Zip Code:
	Building Permit No.:

	Builder:
	Permitting Office:

	Owner:
	Jurisdiction No.:

	

	BUILDING ENVELOPE INFORMATION

	ENVELOPE COMPONENT
	Non-residential
	Residential
	Semiheated

	
	U-factor
	R-value
	U-factor
	R-value
	U-factor
	R-value

	Roof type:
	
	
	
	
	
	

	Wall type:
	
	
	
	
	
	

	Floor type:
	
	
	
	
	
	

	Fenestration 
	Max. U-factor

Fixed/operable
	Max. SHGC

All orientation.
	Max. U-factor

Fixed/operable
	Max. SHGC

All orientation
	Max. U-factor

Fixed/operable
	Max. SHGC

All orientation

	Vertical glazing type, % of wall: 
	
	
	
	
	
	

	Skylight type, % of roof:
	
	
	
	
	
	

	SYSTEMS INFORMATION

	SYSTEM
	Type (describe system)
	Size (capacity)
	Sizing calc.
	Efficiency
	Rating

	Air conditioning system
	
	
	
	
	

	Heating system
	
	
	
	
	

	Ventilation
	
	
	
	
	

	Ducts
	              Location::
	Fan power:
	
	R-value
	

	Piping
	              Fluid design operating temp:
	Size of pipe:
	---------
	Inches
	

	Hot water
	
	
	---------
	EF
	

	Electric power
	Drawings
	Y
	N
	Operations Manual available upon completion:            Y        N

	Motors 
	Open or enclosed
	
	Poles & speed
	
	Horsepower:
	

	Lighting
	Space type:
	
	Lighting power density
	
	
	

	PRESCRIPTIVE MEASURES

	Components
	Section 
	Requirements
	Check

	Operations Manual
	102.1, 410, 413
	Operations manual provided to owner
	

	Windows & Doors
	406.1ABC.1.1
	Glazed swinging entrance & revolving doors: max. 1.0 cfm/ft2;all other products: 0.4 cfm/ft2 
	

	Joints/Cracks
	406.1.ABC.1.2
	To be caulked, gasketed, weatherstripped or otherwise sealed.
	

	Dropped ceiling cavity
	406.1.ABC.1.4
	Vented: seal & insulate ceiling.  Unvented: seal & insulate roof & side walls.
	

	Reheat
	407.1.BC
	Electric resistance reheat prohibited.
	

	HVAC efficiency
	407.1, 408.1
	Minimum efficiencies: Cooling Tables 407.1.ABC.3.2A-D; Heating Tables 407.1.ABC.3.2B, 

407.1ABC.3.2D, 408.1.ABC.3.2E thru 408.1.ABC.3.2G.
	

	HVAC Controls
	407.1.ABC.2
	Zone controls prevent reheat (exceptions); separate thermostatic control per zone; 

combined HAC control 5oF deadband (exceptions).
	

	Ventilation
	409.1.ABC.3
	Motorized dampers reqd. except gravity dampers OK in 1) exhaust systems & 2) systems 

with design outside air intake or exhaust capacity <300 cfm
	

	HVAC Ducts
	410.1.ABC
	Air ducts, fittings, mechanical equipment & plenum chambers shall be mechanically 

attached, sealed, insulated & installed per Sec. 410.1.ABC.  Fan power limitations.
	

	Balancing
	410.1.ABC.4
	HVAC distribution system(s) tested & balanced. Report in construction documents.
	

	Piping insulation 
	411.1.ABC
	In accordance with Table 411.1.ABC.2.
	

	Water heaters
	412.1.ABC
	Performance requirements in accordance with Table 412.1.ABC.3. Heat trap required.
	

	Swimming pools
	412.1.ABC.2.6
	Cover on heated pools; Time switch (exceptions); Readily accessible on/off switch.
	

	Hot Water Pipe 

Insulation.
	412.1.ABC.4
	Table 411.1.ABC.2 for circulating systems, first 8’ outlet pipe from storage tank, between inlet pipe and heat trap.
	

	Water Fixtures
	412.1.ABC.2.5.2
	Shower heat water flow restricted to 2.5 gpm at 80 psi. Public lavatory fixture max. flow 

0.5 gpm; if self-closing valve 0.25 gallon circulating, 0.5 gallon non-circulating.
	

	Lighting Controls
	415.1.ABC
	Automatic control required for interior lighting in buildings <5,000s.f.; Space control; 

Exterior photo sensor; Tandem wiring where 1-3 linear fluorescent lamps > 30W.
	

	If required by Florida law, I hereby certify that the system design is in compliance with the Florida energy code.             Registration No.

ARCHITECT:_________________________________________________________________________________________________________

ELECTRICAL SYSTEM DESIGNER:______________________________________________________________________________________

LIGHTING SYSTEM DESIGNER:_________________________________________________________________________________________

MECHANICAL SYSTEM DESIGNER:______________________________________________________________________________________

PLUMBING SYSTEM DESIGNER:_________________________________________________________________________________________

	I hereby certify that the plans and specifications covered by the 

calculation are in compliance with the Florida energy code.

PREPARED BY:____________________________DATE:________

I hereby certify that this building is in compliance with the Florida 

energy code:

OWNER AGENT:___________________________DATE:__________
	Review of plans and specifications covered by this calculation indicates 

compliance with the Florida energy code. Before construction is completed,

this building will be inspected for compliance in accordance with Section 

553.908, F.S.

BUILDING OFFICIAL:_________________________________________

DATE::_______________________________________________________


 Form 400C-04  










Climate Zones, 1,2,3

Building Prescriptive Envelope Method







North

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min.1 R-Value

	Roofs
	
	
	
	
	
	

	   Insulation all above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-0.218
	R-3.8 ci

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19
	U-0.167
	R-6.0

	   Attic and Other
	R-0.034
	R-30.0
	U-0.034
	R-30.0
	U-0.081
	R-13.0

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.151
	R-5.7 ci2
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-0.184
	R-6.0

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.137
	R-4.2 ci
	U-0.107
	R-6.3 ci
	U-0.322
	NR

	   Steel joist
	U-0.052
	R-19.0
	U-0.052
	R-19.0
	U-0.350
	NR

	   Wood framed and Other
	U-0.051
	R-19.0
	U-0.051
	R-19.0
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly 

Max. U

(Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/

North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.39

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.61

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.44

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.44

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.17

SHGCnorth-0.42
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.29

SHGCnorth-0.41
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, 

% roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.39
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.25
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.65
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.39
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.39
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.25
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1The following definitions apply: ci=continuous insulation; NR=no (insulation) requirements. 2 Exception to 402.1.C.1 applies for mass walls.
Form 400C-04










Climate Zones 4,5,6

Building Prescriptive Envelope Method






Central

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min.1 R-Value

	Roofs
	
	
	
	
	
	

	   Insulation all above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-1.282
	NR

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19.0
	U-1.280
	NR

	   Attic and Other
	R-0.034
	R-30.0
	U-0.027
	R-38.0
	U-0.614
	NR

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.1511
	R-5.7 ci2
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-1.180
	NR

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.322
	NR
	U-0.322
	NR
	U-0.322
	NR

	   Steel joist
	U-0.350
	NR
	U-0.350
	NR
	U-0.350
	NR

	   Wood framed and Other
	U-0.282
	NR
	U-0.282
	NR
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly Max. U

(Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.40

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.47
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.31

SHGCnorth-0.47
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, 

% roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.39
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.34
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all, 

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1The following definitions apply:  ci=continuous insulation; NR=no (insulation) requirements.  2Exception to 402.1.C.1 applies for mass walls.
Form 400C-04 










Climate Zones, 7,8,9

Building Prescriptive Envelope Method






South

	Opaque Elements
	Nonresidential
	Residential
	Semiheated

	
	Assembly Maximum
	Insulation Min. R-value
	Assembly Maximum
	Insulation Min. R-Value
	Assembly Maximum
	Insulation Min.1 R-Value

	Roofs
	
	
	
	
	
	

	   Insulation all above deck
	U-0.063
	R-15.0 ci
	U-0.063
	R-15.0 ci
	U-1.282
	NR

	   Metal building
	U-0.065
	R-19.0
	U-0.065
	R-19
	U-1.280
	NR

	   Attic and Other
	R-0.034
	R-30.0
	U-0.027
	R-38.
	U-0.614
	NR

	Walls, Above grade
	
	
	
	
	
	

	   Mass
	U-0.580
	NR
	U-0.1511
	R-5.7 ci2
	U-0.580
	NR

	   Metal building
	U-0.113
	R-13.0
	U-0.113
	R-13.0
	U-1.180
	NR

	   Steel framed
	U-0.124
	R-13.0
	U-0.124
	R-13.0
	U-0.352
	NR

	   Wood framed and Other
	U-0.089
	R-13.0
	U-0.089
	R-13.0
	U-0.292
	NR

	Walls, Below Grade
	
	
	
	
	
	

	   Below grade wall
	C-1.140
	NR
	C-1.140
	NR
	C-1.140
	NR

	Floors
	
	
	
	
	
	

	   Mass
	U-0.322
	NR
	U-0.322
	NR
	U-0.322
	NR

	   Steel joist
	U-0.350
	NR
	U-0.350
	NR
	U-0.350
	NR

	   Wood framed and Other
	U-0.282
	NR
	U-0.282
	NR
	U-0.282
	NR

	Slab-On-Grade Floors
	
	
	
	
	
	

	   Unheated
	F-0.730
	NR
	F-0.730
	NR
	F-0.730
	NR

	   Heated
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.
	F-1.020
	R-7.5 for 12 in.

	Opaque Doors
	
	
	
	
	
	

	   Swinging
	U-0.700
	
	U-0.700
	
	U-0.700
	

	   Non-swinging
	U-1.450
	
	U-1.450
	
	U-1.450
	

	Fenestration
	Assembly Max. U

(Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented)
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented) 
	Assembly Max. U (Fixed/ Operable)
	Assembly 

Max. SHGC 

(all orientations/ North-Oriented)

	Vertical Glazing, % of wall
	
	
	
	
	
	

	   0 – 10%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   10.1 – 20%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   20.1 – 30%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.61
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   30.1 – 40%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.44
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.25

SHGCnorth-0.44
	Ufixed –1.22

Uoper-1.27
	SHGCall – NR

SHGCnorth-NR

	   40.1 – 50%
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.33
	Ufixed –1.22

Uoper-1.27
	SHGCall – 0.19

SHGCnorth-0.33
	Ufixed –0.98

Uoper-1.02
	SHGCall – NR

SHGCnorth-NR

	Skylight with curb, glass, 

% roof    
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.98
	SHGCall – 0.36
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.98
	SHGCall – 0.19
	Uall -1.98
	SHGCall – 0.16
	Uall -1.98
	SHGCall – NR

	Skylight with curb, plastic, 

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.90
	SHGCall – 0.34
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – 0.27
	Uall -1.90
	SHGCall – NR

	Skylight without curb, all, 

% roof
	
	
	
	
	
	

	   0 – 2.0%
	Uall -1.36
	SHGCall – 0.36
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR

	   2.1 – 5.0%
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – 0.19
	Uall -1.36
	SHGCall – NR


1The following definitions apply:  ci=continuous insulation; NR=no (insulation) requirements.  2 Exception to 402.1.C.1 applies for mass walls.

On Form 600A, all climate zones, make for the following changes:

Page 1

1) They become FORM 600A-04 .

2) Line 7 is amended to read as follows: 

     7.  Glass type1 and area:  (Label required. by 13-104.4.5 if not Default)
        Description
Area


a.  U-factor:  (or Single or Double Pane DEFAULT)



7a. ___________   _________ sq.ft.


b.  SHGC:  (or Clear or Tint DEFAULT)




7b. ___________   _________ sq.ft.

3)
Footnote 1 is added at the bottom of the page:

          1 Predominant glass type. For actual glass type and areas, see Summer & Winter Glass output on pages 2 & 4.

Page 2

4)
Change the Base Hot Water Multiplier on the bottom of the page as shown in the red circle for each climate zone.

Page 6

5) On Table 6A-25, under Water Heaters, change Table 6-12 to 612.1.ABC.3.2.

On Form 600B, all climate zones, make the following changes:

Page 1

1) Change Form title from 600B-01 to 04 on top left.

Page 2

1) Change all Electric Resistance EF levels to 0.92 as shown in red circles. Change Gas & Oil minimum EF to 0.59.

2) Just below Table 6B-1, change the Table name from 6-12 to 612.1.ABC.3.2
3) Under Other Hot Water System Options, change the Electric resistance system EF to 0.92 and the natural gas EF to 0.59.

4) On Table 6B-2, under Water Heaters, change Table 6-12 to 612.1.ABC.3.2.

On Form 600C, all climate zones, make the following changes:

Page 1

1) Change Form title from 600C-01 to 04 on top left.

2) To the two lines under the title box that start “Compliance with Method C of” add Sub- in from of Chapter 6. Also, take off the 01 dates after the Form numbers (this way we don’t have to fix them next time; in the red circles I showed them changed to 04)

Page 2

3) In Table 6C-1, under Hot Water, change the EF for Electric Resistance to 0.92 and the EF for Gas to 0.59.

4) On Table 6C-2, in the line that starts “Get certified”, change the Single clear SHGC to 0.75, double clear to 0.66 and single tint to 0.64.

5) On Table 6C-3, under Water Heaters, change Table 6-12 to 612.1.ABC.3.2.

On Form 600D-01 (Desuperheater Heat Recovery Unit (HRU) Water Heater Efficiency Certification) change the date from 01 to 04. 
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