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2025 Joint Appendices Appendix JA1-1

Joint Appendix JA1

APPENDIX JA1 — Definitions

Terms, phrases, words and their derivatives in the Reference Appendices shall be defined as
specified in Title 24, Part 6, Sectlon 100. 1 Below are additional definitions for terms used in the

ACM See Alternative Calculation Method in Section 100.1 of Title 24, Part 6.
ACP See Alternative Component Package.
AFUE See Annual Fuel Utilization Efficiency in Section 100.1 of Title 24, Part 6.

AIR LEAKAGE }is a measure of how much outside air comes into a home or building through a
manufactured fenestration or exterior door products.

AIR POROSITY is a measure of the air-tightness of infiltration barriers in units of cubic feet per
hour per square foot per inch of mercury pressure difference.

AIRFLOW ACROSS THE EVAPORATOR is the rate of airflow, usually measured in cfm across a
heating or cooling coil. The efficiency of air conditioners and heat pumps is affected by the
airflow across the evaporator (or condenser in the case of a heat pump).

ALTERNATIVE CALCULATION METHOD (ACM) REFERENCE MANUAL or ACM REFERENCE
MANUAL contains the specific procedures to implement Sections 140.1 and 150.1 of Title 24,
Part 6 of the California Code of Regulations in Compliance Software.

ALTERNATIVE COMPONENT PACKAGE is a set of building measures whose aggregate calculated
energy use is less than or equal to the maximum allowed Energy Budget.

22ANSI C78.377 is the American National Standards Institute document titled “Specifications for
the Chromaticity of Solid State Lighting Products.” (ANSI C78.377-2017).

ANSI C79.1 is the American National Standards Institute document titled “Nomenclature for Glass
Bulbs Intended for Use with Electric Lamps.” (ANSI C79.1-2002).

ANSI C82.2 is the American National Standard for Lamp Ballasts -Method of Measurement for
Fluorescent Lamp Ballasts (ANSI C82.2-2002(R2016)).

ANSI C82.77 is the American National Standard for Harmonic Emission Limits - Related Power
Quality Requirements for Lighting Equipment (ANSI C82.77-2002).

APPLIANCE STANDARDS are the Standards contained in the Appliance Efficiency Regulations.

APPROVED as to an heme-energyratingenergy code compliance provider or home energy rating
system, issmeans reviewed and approved by the Commission under Fitle20,-Section1675-of- the

Califernia-Code-ofRegulatiensthe Building Energy Efficiency Standards, Title 24, Part 1, Section
10-103.3.
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Appendix JA1-2 2025 Joint Appendices

APPROVED BY THE COMMISSION means approval under Section 25402.1 of the Public Resources
Code.

APPROVED CALCULATION METHOD is compliance software, or alternative component packages,
or exceptional methods approved under Section 10-109.

AREAL HEAT CAPACITY See Heat Capacity.
AHRI is the Air-Conditioning, Heating and Refrigeration Institute.

AHRI 210/240 is the Air-conditioning, Heating, and Refrigeration Institute document titled
“Performance Rating of Unitary Air-Conditioning and Air-Source Heat Pump Equipment,” 2008
(ANSI/AHRI Standard 210/240-2017 with Addenda 1).

AHRI 310/380 is the Air-Conditioning, Heating, and Refrigeration Institute document titled
“Standard for Packaged Terminal Air-Conditioners and Heat Pumps (CSA-C744-17),” 2017 (AHRI
310/380-2017).

AHRI 340/360 is the Air-Conditioning, Heating and Refrigeration Institute document titled
“Performance Rating of Commercial and Industrial Unitary Air-Conditioning and Heat Pump
Equipment,” 2019 (AHRI Standard 340/360-(I-P) 2019).

AHRI 365 is the Air-Conditioning, Heating and Refrigeration Institute document titled
"Commercial and Industrial Unitary Air-Conditioning Condensing Units," 2009 (ANSI/AHRI
Standard 365 (I-P)-2009).

AHRI 390 is the Air-Conditioning, Heating and Refrigeration Institute document titled
"Performance Rating of Single Package Vertical Air-Conditioners and Heat Pumps," 2003
(ANSI/AHRI Standard 390-2003).

AHRI 400 is the Air-Conditioning, Heating and Refrigeration Institute document titled "Liquid to
Liquid Heat Exchangers," 2015 (ANSI/AHRI Standard 400 (I-P)-2015)

AHRI 460 is the Air-Conditioning, Heating and Refrigeration Institute document titled
“Performance Rating of Remote Mechanical-Draft Air-Cooled Refrigerant Condensers,” 2005
(ANSI/AHRI Standard 460-2005).

AHRI 550/590 is the Air-Conditioning, Heating and Refrigeration Institute document titled
“Performance Rating of Water Chilling Packages Using the Vapor Compression Cycle,” 2020 (AHRI
Standard 550/590(I-P)-2020).

AHRI 560 is the Air-Conditioning, Heating and Refrigeration Institute document titled “Absorption
Water Chilling and Water Heating Packages,” 2000 (AHRI Standard 560-2000).

AHRI 680 is the Air-Conditioning, Heating and Refrigeration Institute document titled
“Performance Rating of Residential Air Filter Equipment,” 2017 (AHRI Standard 680 (I-P)-2017).

AHRI 1230 is the Air-Conditioning, Heating and Refrigeration Institute document titled
“Performance Rating of Variable Refrigerant Flow (VRF) Multi-Split Air-Conditioning and Heat
Pump Equipment,” 2014 (AHRI Standard 1230-2014) with Addendum 1.

AMCA is the Air Movement and Control Association.
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ANSI/AMCA 220 is the Air Movement and Control Association document titled “Laboratory
Methods of Testing Air Curtain Units for Aerodynamic Performance Rating,” 2021 (ANSI/AMCA
Standard 220-21).

ANSI/ASA S12.55-2012 is the American National Standard document titled “Acoustics -
Determination of sound power levels and sound energy levels of noise sources using sound
pressure — Precision methods for anechoic rooms and hemi-anechoic rooms,” 2012 (ANSI/ASA

$12.55-2012).

ASHRAE is the American Society of Heating, Refrigerating, and Air-conditioning Engineers.

ASHRAE CLIMATIC DATA FOR REGION X is the American Society of Heating, Refrigerating and Air-
Conditioning Engineers document titled "ASHRAE Climatic Data for Region X, Arizona, California,
Hawaii and Nevada,” Publication SPCDX, 1982 and “Supplement,” 1994.

ASHRAE GUIDELINE 36 is the American Society of Heating, Refrigerating and Air-Conditioning
Engineers document titled-“High-Performance Sequences of Operation for HVAC Systems”. 2021
(ASHRAE Guideline 36-2021).

ASHRAE HANDBOOK, APPLICATIONS VOLUME is the American Society of Heating, Refrigerating
and Air-Conditioning Engineers document titled "ASHRAE Handbook: Heating, Ventilating, and
Air-Conditioning Applications" (I-P)(2019).

ASHRAE HANDBOOK, EQUIPMENT VOLUME is the American Society of Heating, Refrigerating
and Air-Conditioning Engineers document titled "ASHRAE Handbook: Heating, Ventilating, and
Air-Conditioning Systems and Equipment" (I-P)(2020).

ASHRAE HANDBOOK, FUNDAMENTALS VOLUME is the American Society of Heating,
Refrigerating and Air-Conditioning Engineers document titled "ASHRAE Handbook:
Fundamentals" (I-P)(2017).

ASHRAE STANDARD 52.2 is the American Society of Heating, Refrigerating and Air-Conditioning
Engineers document titled "Method of Testing General Ventilation Air-Cleaning Devices for
Removal Efficiency by Particle Size,” 2017 (ANSI/ASHRAE Standard 52.2-2017).

ASHRAE STANDARD 55 is the American Society of Heating, Refrigerating and Air-Conditioning
Engineers document titled " Thermal Environmental Conditions for Human Occupancy,” 2020
(ASHRAE Standard 55-2020).

ASHRAE STANDARD 62.2 is the American Society of Heating, Refrigerating and Air-Conditioning
Engineers document titled "Ventilation and Acceptable Indoor Air Quallty inew=Rise Residential
Buﬂdmgs %94&:2022 2022 (ANSI/ASHRAE Standard 62.2-2849-2022is

ASHRAE STANDARD 193 is the American Society of Heating, Refrigerating and Air-Conditioning
Engineers document titled "Method of Test for Determining the Airtightness of HVAC
Equipment,” R2014 (ANSI/ASHRAE Standard 193-RA2014).

ASTM E2357 is the American Society for Testing and Materials document titled, "Standard Test
Method for determining air leakage Rate of air barrier assemblies" 2018 (ASTM E2357-18).

AUTO REPAIR See Nonresidential Functional Area or Type of Use.

Appendix JA1 — Definitions



Appendix JA1-4 2025 Joint Appendices

AUTOMATIC is capable of operating without human intervention.

BACK is the back side of the building as one faces the front facade from the outside (see Front).
This designation is used on the Certificate of Compliance (CF-1R form) to indicate the orientation
of fenestration (e.g., Back-West).

BATTERY ENERGY STORAGE SYSTEM (BESS),-SFAHONARY-STORAGE. A rechargeable energy
storage system consisting of electrochemical storage batteries, battery chargers, controls, and
associated electrical equipment designed to provide electrical power to a building. The system is
typically used to provide standby or emergency power, and uninterruptable power supply, load
shedding, load sharing or similar capabilities.

BRITISH THERMAL UNIT (BTU) is the amount of heat needed to raise the temperature of one
pound of water one degree Fahrenheit.

BTU/H is the amount of heat in Btu that is removed or added during one hour. Used for
measuring heating and cooling equipment output.

BUILDER is the general contractor responsible for construction.

BUILDING ENERGY EFFICIENCY STANDARDS are the California Building Energy Efficiency
Standards as set forth in the California Code of Regulations, Title 24, Part 6, also known as the
California Energy Code.

BUILDING LOCATION DATA is the specific outdoor design temperatures shown in Reference Joint
Appendix JA2 used in calculating heating and cooling loads for the particular location of the
building.

BUILDING OWNER is the owner of the building or dwelling unit.

BUILDING PERMIT is an electrical, plumbing, mechanical, building, or other permit or approval,
that is issued by an enforcement agency, and that authorizes any construction that is subject to
Part 6.

BUILDING TYPES is the classification of buildings defined by the CBC and applicable to the
requirements of the Building Energy Efficiency Standards.

CALIFORNIA ELECTRICAL CODE is the 2019 California Electrical Code.
CALIFORNIA ENERGY CODE See Building Energy Efficiency Standards.

CALIFORNIA ENERGY COMMIISSION Is the California State Energy Resources Conservation and
Development Commission.

CALIFORNIA FLEXIBLE INSTALLATION (CFlI) is a set of criteria that allows a PV system to be
modeled under the performance method without providing more specific orientations and tilts.
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CALIFORNIA PUBLIC UTILITIES COMMISSION (CPUC) RULE 21 is the CPUC rule that that describes
the interconnection, operating and metering requirements for generation facilities to be
connected to a utility’s distribution system.

CBC is the 2019 California Building Code.

CEILING is the interior upper surface of a space separating it from an attic, plenum, indirectly or
directly conditioned space or the roof assembly, which has a slope less than 60 degrees from
horizontal.

CERTIFICATE OF COMPLIANCE is a document with information required by the Commission that
is prepared by the Documentation Author that indicates whether the building includes measures
that require field verification and diagnostic testing.

CERTIFICATE OF INSTALLATION is a document with information required by the Commission that
is prepared by the builder or installer verifying that the measure was installed to meet the
requirements of the Standards.

CERTIFICATE OF VERIFICATION is a document with information required by the Commission that
is prepared by the HERS-ECC-Rater to certify that measures requiring field verification and
diagnostic testing comply with the requirements.

CERTIFICATION is certification by the manufacturer to the Commission, as specified the
Appliance Efficiency Regulations, that the appliance complies with the applicable standard for
that appliance. The term certification is also used in other ways in the standards. Many of the
compliance forms are certificates, whereby installers, HERS-testers and others certify that
equipment was correctly installed and/or tested.

CERTIFIED as to a home energy rater, is having been found by a certified home energy rating
provider to have successfully completed the requirements established by that home energy
rating provider.

CIE 53 is the International Commission on lllumination (Commission Internationale de I'Eclairage)
document titled “Methods of Characterizing the Performance of Radiometers and Photometers,”
(CIE 053-1982).

COLOR RENDERING INDEX (CRI) is a measure of the degree of color shift that objects undergo
when illuminated by the lighting source as compared with the color of the same objects when
illuminated by a reference source of comparable color temperature. CRl is calculated according
to CIE 13.3.

COMPLIANCE CYCLING CAPACITY is the cycling capacity in kWh of the BESS that is programmed
during the installation/commissioning of the system. Once programmed, the ratio between
compliance cycling capacity and usable capacity shall be maintained for the life of the BESS.

COMPARTMENTALIZATION is when a dwelling unit enclosure area, including walls, ceilings, and
floors shared with exterior spaces or adjacent spaces in the building including but not limited to
neighboring units, corridors, and elevator shafts, is constructed to prevent air leakage.

CORRELATED COLOR TEMPERATURE (CCT) is the absolute temperature of a blackbody whose
chromaticity most nearly resembles that of the light source.
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CODES, CFR is the Code of Federal Regulations.
CLTD is the Cooling Load Temperature Difference.

COMBINATION SPACE-HEATING AND WATER-HEATING APPLIANCE is an appliance that is
designed to provide both space heating and water heating from a single primary energy source.

COMBINED HYDRONIC SPACE/WATER HEATING SYSTEM is a system which both domestic hot
water and space heating is supplied from the same water heating equipment. Combined hydronic
space heating may include both radiant floor systems and convective or fan coil systems.

COMPLIANCE APPROACH is any one of the allowable methods by which the design and
construction of a building may be demonstrated to be in compliance with Part 6. The compliance
approaches are the performance compliance approach and the prescriptive compliance
approach. The requirements for each compliance approach are set forth in §100.0(e)2 of Part 6.

COMPLIANCE DOCUMENTS are any of the documentation specified in §10-103(a) utilized to
demonstrate compliance with Part 6 (i.e. Certificate of Compliance, Certificate of Installation,
Certificate of Acceptance, and Certificate of Verification).

COMPLIANCE OPTION is a method or procedure for demonstrating compliance with Title 24, Part
6 and Part 11, Division 4.2 and 5.2 of the California Code of Regulations through modifications of
approved calculation methods.

CONDITIONED FOOTPRINT is a projection of all conditioned space on all floors to a vertical plane.
The conditioned footprint area may be equal to the first floor area, or it may be greater, if upper
floors project over lower floors. One way to think of the conditioned footprint area is as the area
of the largest conditioned floor in the building plus the conditioned floor area of any projections
from other stories that extend beyond the outline of that largest floor.

CONSTRUCTION LAYERS are roof, wall and floor constructions which represent an assembly of
layers. Some layers are homogeneous, such as gypsum board and plywood sheathing, while other
layers are non-homogeneous such as the combination of wood framing and cavity insulation
typical in many buildings.

CONTINUOUS AIR BARRIER See Air Barrier.

CONTROLLED VENTILATION CRAWL SPACE (CVC) is a crawl space in a residential building where
the side walls of the crawlspace are insulated rather than the floor above the crawlspace. A CVC
has automatically controlled crawl space vents. Credit for a CVC is permitted for low-rise
residential buildings that use the performance approach to compliance.

COOL ROOF RATING COUNCIL (CRRC) is a not-for-profit organization designated by the
Commission as the Supervisory Entity with responsibility to rate and label the reflectance and
emittance of roof products.

COOLING COIL AIRFLOW Is the air flow through the evaporator (indoor) coil of a direct expansion
air conditioning unit in cooling mode. The air flow is expressed in cubic feet per minute (CFM) or
liter per second (L/S) of standard air (standard air has a density of 0.075 |b/ft3).

COOLING LOAD is the rate at which heat must be extracted from a space to maintain a desired
room condition.
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COOLING LOAD TEMPERATURE DIFFERENCE (CLTD) is an equivalent temperature difference used
for calculating the instantaneous external cooling loads across a wall or roof. The cooling load is
the CLTD x U-factor x Area.

COP See Coefficient of Performance in Section 100.1 of Title 24, Part 6.

COURTYARD is an open space through one or more floor levels surrounded by walls within a
building.

CRRC See Cool Roof Rating Council.
CUSTOM ENERGY BUDGET See Energy Budget.
CYCLING CAPACITY is the battery energy storage capacity in kWh available for daily cycling.

DATA REGISTRY is a web service with a user interface and database maintained by a Registration
Provider that complies with the applicable requirements in Reference Joint Appendix JA7, with
guidance from the Data Registry Requirements Manual, and provides for registration of
residential or nonresidential compliance documentation used for demonstrating compliance with
Part 6.

RESIDENTIAL DATA REGISTRY is a data registry that is maintained by an HERS-ECC-
Provider that provides for registration when required by Part 6 of all residential
compliance documentation and the nonresidential Certification of Verification.

NONRESIDENTIAL DATA REGISTRY is a data registry that is maintained by the Registration
Provider approved by the Commission that provides for registration, when required by
Part 6, of all nonresidential documentation, excluding all Certificates of Acceptance
recorded by an acceptance test technician certification provider (10-103.1 and 10-103.2).
However, nonresidential data registries may not provide for registration of nonresidential
Certificate of Verification.

DATA REGISTRY REQUIREMENTS MANUAL is a document that provides additional detailed
guidance regarding the functional and technical aspects of the Data Registry requirements given
in Reference Joint Appendix JA7.

DEMISING WALL is a wall that is a demising partition.

DENSITY is the mass per unit volume of a construction material as documented in an ASHRAE
handbook, a comparably reliable reference or manufacturer’s literature.

DEPLETABLE SOURCES is energy obtained from electricity purchased from a public utility, or
energy obtained from burning coal, oil, natural gas, or liquefied petroleum gases.

DIRECTLY CONDITIONED SPACE is an enclosed space that is provided with wood heating, is
provided with mechanical heating that has a capacity exceeding 10 Btu/(hr.xft.2), or is provided
with mechanical cooling that has a capacity exceeding 5 Btu/(hr.xft.?), unless the space-
conditioning system is designed and thermostatically controlled to maintain a process
environment temperature less than 55°F or to maintain a process environment temperature
greater than 90°F for the whole space that the system serves, or unless the space-conditioning
system is designed and controlled to be incapable of operating at temperatures above 55°F or
incapable of operating at temperatures below 90°F at design conditions.
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DIVIDERS are wood, aluminum or vinyl glazing dividers including mullions, muntins, munnions
and grilles. Dividers may truly divide lights, be between the panes, or be applied to the exterior or
interior of the glazing.

DOCUMENTATION AUTHOR is a person who prepares a Title 24, Part 6 document that must
subsequently be reviewed and signed by a responsible person in order to certify compliance with
Part 6.

DOMINANT OCCUPANCY is the occupancy type in mixed occupancy buildings with the greatest
percentage of total conditioned floor area.

DUCT LOSSES is heat transfer into or out of a space conditioning system duct through conduction
or leakage.
ENERGY CODE COMPLIANCE (ECC) PROGRAM is the program for field verification and diagnostic
testing for residential construction as set forth in Section 10-103.3 to verify that newly
constructed buildings and additions and alterations to existing buildings comply with the
requirements of the Energy Code.
ECC-PROVIDER is an organization approved by the Commission to administer the ECC
program pursuant to the requirements of Section 10-103.3.
ECC-RATER is a person trained, tested, and certified by an ECC-Provider to perform field
verification and diagnostic testing for the ECC program pursuant to the requirements of
Section 10-103.3.

ECC-RATER COMPANY is an organization certified by an ECC-Provider to offer field
verification and diagnostic testing services by the ECC-Rater Company’s ECC-Raters for the
ECC program pursuant to the requirements of Section 10-103.3.

VERIFIED ECC-RATER is an ECC-Rater that has achieved the status of “Verified” as set forth
in Section 10-103.3(d)5B.

ENTIRELY NEW OR REPLACEMENT DUCT SYSTEMS installed as part of an alteration of a dwelling
unit's space conditioning system(s) shall be constructed of at least 75% new duct material and
may include reused parts from the dwelling unit's existing duct system (e.g. registers, boots, air
handler, coil, plenums, duct material, etc.) but only if the reused parts are accessible and they
can be sealed to prevent leakage.

EDGE OF GLASS is the portion of fenestration glazing that is within two and one half inches of the
spacer.

EER and EER2 See Energy Efficiency Ratio and Energy Efficiency Ratio 2 in Section 100.1 of Title
24, Part 6.

ELECTRIC HEATING is an electrically powered heating source, such as electric resistance, heat
pumps with no auxiliary heat or with electric auxiliary heat, solar with electric back-up, etc.

ELECTRIC RESISTANCE HEATING is a heating system that converts electric energy directly into
heat energy by passing a current through an electric resistance. Electric resistance heat is
inherently less efficient than gas as a heating energy source because it must account for losses
associated with generation from depletable fossil fuels and transmission to the building site.
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ENERGY EFFICIENCY STANDARDS See Building Energy Efficiency Standards.

ENERGY STAR Start Time Test Method is the ENERGY STAR program document entitled “ENERGY
STAR Program Requirements for Lamps Version 1.0 — Start Time Test Method — Final” (August-
2013).

ENERGY STAR Ambient Temperature Life Test Method is the ENERGY STAR program document
entitled “ENERGY STAR Program Requirements for Lamps Version 1.0 - Ambient Temperature Life
Test Method — Final” (August-2013).

ENERGY STAR Elevated Temperature Light Output Ratio Test Method is the ENERGY STAR
program document entitled “ENERGY STAR Program Requirements for Lamps Version 1.0 —
Elevated Temperature Light Output Ratio Test Method — Final” (August-2013).

ENERGY STAR Elevated Temperature Life Test Method is the ENERGY STAR program document
entitled “ENERGY STAR Program Requirements for Lamps Version 1.0 — Elevated Temperature
Life Test Method — Final” (August-2013).

ENERGY STAR Product Specification for Lamps Noise Recommended Practice is the ENERGY
STAR program document entitled, “ENERGY STAR Program Requirements for Lamps Version 1.0 —
Noise Recommended Practice — Final” (August-2013).

EVAPORATIVE COOLER provides cooling to a building by either direct contact with water (direct
evaporative cooler), no direct contact with water (indirect evaporative cooler), or a combination
of direct and indirect cooling (indirect/direct evaporative cooler). The credit offered for
evaporative coolers depends on building type and climate.

EXCEPTIONAL METHOD is a method for estimating the energy performance of building features
that cannot be adequately modeled using the public domain computer programs and that is
approved by the Executive Director.

EXECUTIVE DIRECTOR is the Executive Director of the Commission.

EXPOSED THERMAL MASS is mass that is directly exposed (uncovered) to the conditioned space
of the building. Concrete floors that are covered by carpet are not considered exposed thermal
mass.

CENTER OF GLASS U-FACTOR is the U-factor for the glass portion only of vertical or
horizontal fenestration and is measured at least two and one half inches from the frame.
Center of glass U-factor does not consider the U-factor of the frame.

FACADE is the contiguous exterior of a building surface, but not limited to fenestration
products.

SIDE FINS are vertical shading elements mounted on either side of a glazed opening
that can protect the glazing from lateral low angle sun penetration.

LOW-E COATING is a low emissivity metallic coating applied to glazing in fenestration
products. See Soft Coat and Hard Coat.

(a) HARD COAT is a low emissivity metallic coating applied to the glass, which will be
installed in a fenestration product, through a pyrolytic process (at or near the melting
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point of the glass so that it bonds with the surface layer of glass). Hard coatings are
less susceptible to oxidation and scratching as compared to soft coats. Hard coatings
generally do not have as low emissivity as soft coats.

(b) SOFT COAT is a low emissivity metallic coating applied to glass, which will be installed
in a fenestration product through a sputter process where molecules of metals such as
stainless steel or titanium are sputtered onto the surface of glass. Soft coats generally
have lower emissivity than hard coats.

OPERABLE is fenestration that is designed to be opened or closed.

SOLAR HEAT GAIN COEFFICIENT, CENTER OF GLAZING (SHGCc) is the SHGC for the center
of glazing area.

SOLAR HEAT GAIN COEFFICIENT, TOTAL FENESTRATION PRODUCT (SHGC or SHGCT) is
the SHGC for the total fenestration product.

U-FACTOR, CENTER OF GLAZING (Uc) is the U-Factor for the center of glazing area.

U-FACTOR, TOTAL FENESTRATION PRODUCT (U) is the U-Factor for the total fenestration
product.

VISIBLE TRANSMITTANCE, CENTER OF GLAZING (VTC) the VT for the center of glazing
area.

VISIBLE TRANSMITTANCE, TOTAL FENESTRATION PRODUCT (VT or VTt) is the VT for the
total fenestration product.

WINDOW FILM is fenestration attachment products which consist of a flexible adhesive-
backed polymer film which may be applied to the interior or exterior surface of an existing
glazing system.

FIELD-ASSEMBLED BESS is ag BESS with a combination of battery energy storage modules and
inverter components that are installed to operate as a system in the field, and the combination
has more than one model humber.

FIELD TECHNICIAN is a person who performs acceptance tests in accordance with the
specifications in Reference Nonresidential Appendix NA-7 and reports the results of the
acceptance tests on the Certificate of Acceptance document, in accordance with the
requirements of §10-103(a)4.

FOSSIL FUELS are fuels which are derived from natural gas, coal, oil and liquefied petroleum
products. These are generally nonrenewable resources, although natural gas may also be
produced by other means, such as biomass conversion.

FRAMED PARTITION OR ASSEMBLY is a partition or assembly constructed using separate
structural members spaced not more than 32 inches on center.

FRAMING EFFECTS is the effect on the overall U-factor due to the type and amount of framing in
walls, roofs/ceilings and floors. For compliance, fixed values for wood framing percentages are
assumed when calculating U-factors.
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FRAMING PERCENTAGE is the fraction of the surface of a partition that is framing as compared to
that portion which is cavity.

FRONT is the primary entry side of the building (front facade) used as a reference in defining the
orientation of the building or unit plan. The orientation of the front facade may not always be the
same as that for the front door itself.

FUME HOOD SASH OBSTRUCTION SENSOR detects obstructions in the sash opening and
prevents the automatic closing when obstructions are present.

GAP WIDTH is the distance between lites in multi-glazed systems. This is typically measured from
inside surface to inside surface, though some manufacturers may report “overall” insulated glass
(IG) width, which is measured from outside surface to outside surface.

GAS INFILLS are air, argon, krypton, CO,, SF6, or a mixture of these gasses between the panes of
glass in insulated glass units.

GEOTHERMAL HEAT PUMP See Ground Source Heat Pump.
GLAZING AREA See Fenestration Area in Section 100.1 of Title 24, Part 6.

GRID HARMONIZATION STRATEGIES are measures that harmonize customer owned distributed
energy resource assets with the grid to maximize self-utilization of PV array output, and limit grid
exports to periods beneficial to the grid and the ratepayer.

GRILLES See Dividers.

GROUND FLOOR AREA is the slab-on-grade area of a slab-on-grade building and the conditioned
footprint area of a raised floor building (for compliance with the low-rise residential standards).

GROUND SOURCE HEAT PUMP is a heat pump that uses the earth as a source of energy for
heating and a sink for energy when cooling. Some systems pump water from an aquifer in the
ground and return the water to the ground after transferring heat from or to the water. A few
systems use refrigerant directly in a loop of piping buried in the ground. Those heat pumps that
use either a water loop or pump water from an aquifer have efficiency test methods that are
accepted by the Energy Commission. These efficiency values are certified to the Energy
Commission by the manufacturer and are expressed in terms of heating Coefficient of
Performance (COP) and cooling Energy Efficiency Ratio or Energy Efficiency Ratio 2 (EER/EER2).
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HOOD is a device designed to capture and contain cooking effluent including, grease, smoke,
steam, heat, and vapor until it is exhausted through a duct or recirculating system. Hoods are
categorized as Type 1 or Type 2:

TYPE | HOOD is a hood used for collecting and removing convective heat, grease particulate,
condensable vapor, and smoke. It includes listed grease filters, baffles, or extractors for
removing the grease and a fire-suppression system. Type | hoods are installed over cooking
appliances, such as ranges, fryers, griddles, broilers, and ovens, that produce smoke or
grease-laden vapors. For Type | hoods, the following types of hoods are commonly available:

WALL-MOUNTED CANOPY HOOD is mounted against a wall above a single appliance or a
line of appliances, or it may be free-standing with a vertical back panel extending from the
rear of the appliance(s) to the hood. It typically extends beyond the front and sides of the
appliance(s) on all open sides. The wall acts as a back panel, forcing replacement air to be
drawn across the front and/or side(s) of the cooking appliance, thus increasing the
effectiveness of the hood to capture and contain effluent generated by the cooking
operations.

SINGLE ISLAND CANOPY HOOD is placed over a single appliance or line of appliances. It is
open on all sides and overhangs the front, rear, and sides of the appliance(s). A single
island canopy is more susceptible to cross-drafts and requires a greater exhaust airflow
than an equivalent sized wall-mounted canopy to capture and contain effluent generated
by the cooking operations.

DOUBLE ISLAND CANOPY HOOD is placed over back-to-back appliances or lines of
appliances. It is open on all sides and overhangs the front and the sides of the appliance(s).
It may have a wall panel between the backs of the appliances.

BACKSHELF or PROXIMITY HOOD is a low-proximity hood, or a wall-mounted sidewall
hood that:

(a) is positioned lower in height and depth than a canopy hood,;
(b) is set back from the front of the appliance;

(c) is closed to the rear of the appliances by (a) a panel when the appliance is
freestanding, or (b) a panel or wall when the appliance is wall mounted;; and;

(d) islocated above the cooking surface.

This style of hood can be constructed with partial end panels to increase its
effectiveness in capturing the effluent generated by the cooking operations.

EYEBROW HOOD is mounted directly to the face or top of an appliance above the
opening(s) or door(s) from which effluent is emitted, overhanging the front of the
opening(s) to capture the effluent.
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PASS-OVER HOOD is a back shelf hood constructed and installed low enough to allow food
to be passed over the top.

TYPE 1l HOOD is a type of hood that collects and removes steam, heat, and products of
combustion where grease or smoke is not present. It may or may not have grease filters or
baffles and is not required to have a fire-suppression system.

HORIZONTAL GLAZING See Skylight in Section 100.1 of Title 24, Part 6.

HOTEL/MOTEL is a building or buildings that has six or more guest rooms or a lobby serving six or
more guest rooms, where the guest rooms are intended or designed to be used, or which are
used, rented, or hired out to be occupied, or which are occupied for sleeping purposes by guests,
and all conditioned spaces within the same building envelope. Hotel/motel includes all
conditioned spaces which are (1) on the same property as the hotel/motel, (2) served by the
same central heating, ventilation, and air-conditioning system as the hotel/motel, and (3)
integrally related to the functioning of the hotel/motel as such, including, but not limited to,
exhibition facilities, meeting and conference facilities, food service facilities, lobbies, and
laundries. Hotel/motel also includes the following:

A building of Occupancy Group R-1,
Vacation timeshare properties and hotel or motel buildings of Occupancy Group R-2, and
The following types of Occupancy Group R-3:

Congregate residences for transient use,

Boarding houses of more than 6 guests, and

Alcohol or drug abuse recovery homes of more than 6 guests.

HSPF and HSPF2 See Heating Seasonal Performance Factor and Heating Seasonal Performance
Factor 2 in Section 100.1 of Title 24, Part 6.

HYDRONIC COOLING SYSTEM is any cooling system which uses water or a water solution as a
source of cooling or heat rejection, including chilled water systems (both air and water-cooled) as
well as water-cooled or evaporatively cooled direct expansion systems, such as water source
(water-to-air) heat pumps.

HYDRONIC SPACE HEATING SYSTEM is a system that uses water-heating equipment, such as a
storage tank water heater or a boiler, to provide space heating. Hydronic space heating systems
include both radiant floor systems and convective or fan coil systems. See Combined Hydronic
Space/Water Heating System.

ANSI/IES LS-1-20 is an American National Standard as authored by the llluminating Engineering
Society and titled "Nomenclature and Definitions for llluminating Engineering." (ANSI/IES LS-1-
20).
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IES LM-51 is the llluminating Engineering Society document titled, “Electrical and Photometric
Measurements of High Intensity Discharge Lamps.” (ANSI/IES LM-51-20)

IES LM-65 is the llluminating Engineering Society document titled, “Approved Method: Life
Testing of Single-Based Fluorescent Lamps.” (ANSI/IES LM-65-20 R2023)

IES LM-66 is the llluminating Engineering Society document titled, “Electrical and Photometric
Measurements of Single-Ended Compact Fluorescent Lamps.” (ANSI/IES LM66-20)

IES LM-79 is the llluminating Engineering Society document titled, “Approved Method: Optical
and Electrical Measurements of Solid-State Lighting Products.” (ANSI/IES LM-79-19)

IG UNIT, See “Insulating Glass Unit.”

INDEPENDENT IDENTITY is having no financial interest in, and not advocating or recommending
the use of any product or service as a means of galnlng mcreased business with firms or persons
specified in i
%Wmaéed&eﬁegeﬁat@%#@e%@—%%%—g%pte%ﬁm&&%ctlon 10- 103 3
(Financial Interest is an ownership interest, debt agreement, or employer/employee relationship.
Financial interest does not include ownership of less than 5 percent of the outstanding equity
securities of a publicly traded corporation).

NOTE: The definitions of "independent entity" and "financial interest," together with Fitle
20,-Seetion-1673{HSection 10-103.3, prohibit conflicts of interest between HERS-ECC-
Providers and HERS-ECC-Raters, or between Providers/Raters and builders/subcontractors.

INDIRECTLY CONDITIONED SPACE is enclosed space, including, but not limited to, unconditioned
volume in atria, that (1) is not directly conditioned space; and (2) either (a) has a thermal
transmittance area product (UA) to directly conditioned space exceeding that to the outdoors or
to unconditioned space and does not have fixed vents or openings to the outdoors or to
unconditioned space, or (b) is a space through which air from directly conditioned spaces is
transferred at a rate exceeding three air changes per hour.

INDUSTRIAL EQUIPMENT is manufactured equipment used in industrial processes.

INFILTRATION CONTROLS are measures taken to control the infiltration of air. (Mandatory
Infiltration control measures include weather-stripping, caulking, and sealing in and around all
exterior joints and openings).
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INSTALLER means the builder’s subcontractor or the person installing the equipment.

INSULATING GLASS UNIT is a self-contained unit, including the glazings (lites or panes of glass),
spacer(s), films (if any), gas infills, and edge caulking, installed in fenestration products. It does
not include the frame.

INSULATION is a material that limits heat transfer. Insulating material of the types and forms
listed in Section 110.8(a) may be installed only if the manufacturer has certified that the
insulation complies with the Standards for Insulating Material, Title 24, Part 12, Chapter 12-13 of
the California Code of Regulations. (Movable insulation is designed to cover windows and other
glazed openings part of the time to reduce heat loss and heat gain.)

INTEGRATED BESS is an BESS that contains both battery energy storage and inverter components
and has a single model number.

INTERIOR PARTITION is an interior wall or floor/ceiling that separates one area of conditioned
space from another within the building envelope.

IPLV See Integrated Part Load Value.

ISO 3745:2012 is the International Organization for Standardization document titled “Acoustics -
Determination of sound power levels and sound energy levels of noise sources using sound
pressure — Precision methods for anechoic rooms and hemi-anechoic rooms,” 2012

(ISO 3745:2012).

ISO 7574-4:1985 is the International Organization for Standardization document titled “Acoustics
- Statistical methods for determining and verifying stated noise emissions values of machinery
and equipment — Part 4: Methods for stated values of batches of machines,” 1985

(ISO 7574-4:1985).

ISO/IEC 17011 is the International Organization for Standardization and the International
Electrotechnical Commission document titled “Conformity assessment — General requirements
for accreditation bodies accrediting conformity assessment bodies.” (EN ISO/IEC 17011:2017).

ISO/IEC 17020 is the International Organization for Standardization and the International
Electrotechnical Commission document titled “General criteria for the operation of various types
of bodies performing inspection.” (EN ISO/IEC 17020:2012).

ISO/IEC 17025 is the International Organization for Standardization and the International
Electrotechnical Commission document titled “General requirements for the competence of
testing and calibration laboratories.” (ISO/IEC Standard 17025:2017).
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ISOLATION DEVICE is a device that prevents the conditioning of a zone or group of zones in a
building while other zones of the building are being conditioned.

KNEE WALL is a sidewall separating conditioned space from attic space under a pitched roof.
Knee walls should be insulated as an exterior wall as specified by the chosen method of
compliance.

LEFT SIDE is the left side of the building as one faces the front facade from the outside. This
designation is used on the Certificate of Compliance and other compliance documentation.

Decorative Lamp is a lamp with a candle-like or globe shape envelope including shapes B, BA,
C, CA, DC, G, and F as defined in ANSI C79.1-, and with at least 5 percent of its total flux
radiated in the 110 deg — 180 deg zone of vertical angles, as measured from the nadir, when
the lamp is oriented in a base up position.

Omnidirectional lamp is a general service replacement lamp with an ANSI standard base that
emits the majority of light produced in an even distribution. Omnidirectional lamps shall have
80 percent of the luminous intensity measured values (candelas) vary by no more than 35
percent from the average of all measured values in the 0 deg to 130 deg zone. All measured
values (candelas) in the 0 deg to 130 deg zone shall vary by no more than 60 percent from the
average of all measured values in that zone. No less than 5 percent of total flux (zonal
lumens) shall be emitted in the 130 deg to 180 deg zone. Omnidirectional lamps can be
standard; having an ANSI standard lamp shape of A, BT, P, PS, S or T, or omnidirectional lamps
can have a non-standard shape, such as a self-ballasted compact fluorescent that utilize a
bare spiral.

LIQUID LINE is the refrigerant line that leads from the condenser to the evaporator in a split
system air conditioner or heat pump. The refrigerant in this line is in a liquid state and is at an
elevated temperature. This line should not be insulated.

LISTED is in accordance with Article 100 of the California Electrical Code.

Long-term System Cost (LSC) is the present value of cost : S drelated
California's energy system over a period of 30 years. LSC does not represent a prediction of
individual utility bills.

LOW-GWP REFRIGERANT is a compound used as a heat transfer fluid or gas that is: (A) any
compound or blend of compounds, with a GWP Value less than 150; and (B) U.S. EPA Significant
New Alternatives Policy (SNAP)-approved; and (C) not an ozone depleting substance as defined in
Title 40 of the Code of Federal Regulations, Part 82, §82.3 (as amended March 10, 2009).

LOW-RISE ENCLOSED SPACE is an enclosed space located in a building with 3 or fewer stories.

LOW-RISE RESIDENTIAL BUILDING is a building, other than a hotel/motel that is Occupancy
Group:

R-2, multifamily, with three stories or less; or
R-3, single family; or

U-building, located on a residential site.
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LOW-SLOPED ROOF is a roof that has a ratio of rise to run of less than 2:12-erless.
LPG is liquefied petroleum gas. Propane is one type of LPG.

MAKEUP AIR is outdoor air deliberately brought into the building from the outside and supplied
to the vicinity of an exhaust hood to replace air, vapor, and contaminants being exhausted.
Makeup air is generally filtered and fan-forced, and it may be heated or cooled depending on the
requirements of the application. Makeup air may be delivered through outlets integral to the
exhaust hood or through outlets in the same room. (see Stds.)

MANDATORY MEASURES CHECKLIST is a form used by the building plan checker and field
inspector to verify compliance of the building with the prescribed list of mandatory features,
equipment efficiencies and product certification requirements. The documentation author
indicates compliance by initialing, checking, or marking N/A (for features not applicable) in the
boxes or spaces provided for the designer.

MANUAL is capable of being operated by personal intervention.

MANUFACTURED DEVICE is any heating, cooling, ventilation, lighting, water heating,
refrigeration, cooking, plumbing fitting, insulation, door, fenestration product, or any other
appliance, device, equipment, or system subject to §110.0 through §110.9 of Part 6.

MEDICAL AND CLINICAL CARE See Nonresidential Functional Area or Type of Use.

MIXED OCCUPANCY BUILDING is a building designed and constructed for more than one type of
occupancy, such as a three story building with ground floor retail and second and third floor
residential apartments.

MODEL is a single floor plan of a dwelling unit design. To be considered the same model; dwelling
units shall be in the same subdivision or multifamily housing development and have the same
energy designs and features, including the same floor area and volume. For multifamily buildings,
variations in the exterior surface areas caused by the location of dwelling units within the
building do not cause dwelling units to be considered different models.

NOTE: For purposes of establishing HERS-sampling groups, variations in the basic floor
plan layout, energy design, compliance features, zone floor area, or zone volume, that do
not change the HERS-features to be tested, the heating or cooling capacity of the HVAC
unit(s), or the number of HVAC units specified for each dwelling unit, shall not cause
dwelling units to be considered different models.

MOVABLE SHADING DEVICE See Operable Shading Device in Section 100.1 of Title 24, Part 6.

MULLION is a vertical framing member separating adjoining window or door sections. See
Dividers.

MULTIFAMILY BUILDING is any of the following:
A building of Occupancy Group R-2, other than a hotel/motel building or timeshare property;

A building of Occupancy Group R-3 that is a nontransient congregate residence, other than
boarding houses of more than 6 guests and alcohol or drug abuse recovery homes of more
than 6 guests; or
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A building of Occupancy Group R-4.

MULTIFAMILY DWELLING UNIT is a dwelling unit of occupancy type R, as defined by the CBC,
sharing a common wall and/or ceiling/floor with at least one other dwelling unit.

MULTIPLE ZONE is a supply fan (and optionally a return fan) with heating and/or cooling heat
exchangers (e.g. DX coil, chilled water coil, hot water coil, furnace, electric heater) that serves
more than one thermostatic zone. Zones are thermostatically controlled by features including but
not limited to variable volume, reheat, recool and concurrent operation of another system.

MUNTINS See Dividers.

NEMA LE 7is the National Electrical Manufacturers Association document titled “Recessed
Luminaires intended for Contact with Expanding Polyurethane Foam Insulation,” (NEMA LE 7-
2015).

NEMA SSL 7A is the National Electrical Manufacturers Association document titled “Phase Cut
Dimming for Solid State Lighting: Basic Compatibility,” 2015 (NEMA SSL 7A-2015).

NFRC is the National Fenestration Rating Council. This is a national organization of fenestration
product manufacturers, glazing manufacturers, manufacturers of related materials, utilities, state
energy offices, laboratories, home builders, specifiers (architects), and public interest groups.

NOTE: This organization is designated by the Commission as the Supervisory Entity, which is
responsible for rating the U-factors and solar heat gain coefficients of manufactured
fenestration products (i.e., windows, skylights, glazed doors) that must be used in
compliance calculations. See also Fenestration Area and Fenestration Product.

NONDEPLETABLE SOURCES is defined as energy that is not obtained from depletable sources.
Also referred to as renewable energy, including solar and wind power. See Energy Obtained from
Nondepletable Sources.

NONDUCTED SYSTEM Is an air conditioner or heat pump that is designed to be permanently
installed equipment and directly heats or cools air within the conditioned space using one or
more indoor coils that are mounted on room walls and/or ceilings. The unit may be of a modular
design that allows for combining multiple outdoor coils and compressors to create one overall
system.

NSHP GUIDEBOOK is the New Solar Homes Partnership Guidebook, currently adopted by the
Energy Commission.

OUTDOOR SALES CANOPY is a canopy specifically to cover and protect an outdoor sales area.
OUTSIDE AIR See Outdoor Air.

PACKAGED AIR CONDITIONER OR HEAT PUMP is an air conditioner or heat pump that combines
both the condenser and air handling capabilities in a single enclosure or package.

PARALLEL FAN-POWERED TERMINAL UNIT is a terminal unit that combines a VAV damper in
parallel with a fan that only runs when the terminal unit is providing heating to the space.

PARTY PARTITION is a wall, floor, or ceiling that separates the conditioned spaces of two
different tenants.
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PERM is equal to 1 grain of water vapor transmitted per 1 square foot per hour per inch of
mercury pressure difference.

PLENUM is an air compartment or chamber, including uninhabited crawl space, areas above a
ceiling or below a floor, including air spaces below raised floors of computer/data processing
centers, or attic spaces, to which one or more ducts are connected and which forms part of either
the supply-air, return-air or exhaust air system, other than the occupied space being conditioned.

PROGRAMMING LIBRARY is a collection of programming logic used for controlling HVAC
equipment with direct digital control systems.

PROPOSED DESIGN BUILDING is a proposed building being modeled using rules described in the
Alternative Calculation Method Manual. In order for a building to comply with the standards, the
proposed building energy use must be less than or equal to the Standard Design Building energy
use and meet the mandatory requirements in the Title 24 Building Energy Efficiency Standards.

PUBLIC ADVISER is the Public Adviser of the Commission.
REAR See Back.

RECORD DRAWINGS are drawings that document the as installed location and performance data
on all lighting and space conditioning system components, devices, appliances and equipment,
including but not limited to wiring sequences, control sequences, duct and pipe distribution
system layout and sizes, space conditioning system terminal device layout and air flow rates,
hydronic system and flow rates, and connections for the space conditioning system. Record
drawings are sometimes called “as built” drawings.

RECOVERY EFFICIENCY is one measure of the efficiency of water heaters. It is required for water
heating energy calculations for some types of water heaters. It is a measure of the percentage of
heat from combustion of gas or oil which is transferred to the water. For non-storage type water
heaters, the recovery efficiency is really a thermal efficiency.

REFERENCE COMPUTER PROGRAM is the reference method against which other methods are
compared. For the Nonresidential Standards, the reference computer program is DOE 2.1E. For
the low-rise Residential Standards the reference computer program is CALRES.

REFERENCE JOINT APPENDICES Are the Reference Joint Appendices published by the
Commission.

REFERENCE NONRESIDENTIAL APPENDICES Are the Nonresidential Appendices published by the
Commission.

REFERENCE RESIDENTIAL APPENDICES Are the Residential Appendices published by the
Commission.

REFRIGERANT CHARGE is to the amount of refrigerant that is installed or “charged” into an air
conditioner or heat pump. The refrigerant is the working fluid. It is compressed and becomes a
liquid as it enters the condenser. The hot liquid is cooled in the condenser and flows to the
evaporator where it released through the expansion valve. When the pressure is released, the
refrigerant expands into a gas and cools. Air is passed over the evaporator to provide the space
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cooling. When an air conditioner or heat pump has too much refrigerant (overcharged) the
compressor may be damaged. When an air conditioner has too little refrigerant (undercharged),
the efficiency of the unit is reduced. A thermostatic expansion valve (TXV) can mitigate the
impact of improper refrigerant charge.

REGISTERED DOCUMENT means the document has been submitted to a residential or
nonresidential data registry for retention, and the data registry has assigned a unique registration
number to the document.

REGISTRATION PROVIDER is an organization that administers a data registry service that
conforms to the requirements of Reference Joint Appendix JA-7.

RESERVE LEVEL is the battery energy storage capacity in excess of the compliance cycling
capacity, is available for other functions, and is not subject to the control requirements in section
JA12.3.3.

RIGHT SIDE is the right side of the building as one faces the front facade from the outside (see
Front). This designation is used to indicate the orientation of fenestration and other surfaces,
especially in model homes that are constructed in multiple orientations.

R-VALUE is the measure of the thermal resistance of insulation or any material or building
component expressed in (ft2-hr °F)/Btu.

SASH ZONE PRESENCE SENSOR is an occupancy sensor that detects people in the area near the
fume hood sash for automatic closure controls.

SC See Shading Coefficient in Section 100.1 of Title 24, Part 6.

SHOWER HEAD is a fixture for directing the spray of water in a shower. A shower head may
incorporate one or more sprays, nozzles or openings. All components that are supplied standard
together and function from one inlet (i.e., after the mixing valve) form a single shower head.

SINGLE FAMILY BUILDING is any of the following:
A residential building of Occupancy Group R-3 with two or less dwelling units;

A building of Occupancy Group R-3, other than a multifamily building or hotel/motel
building;

A townhouse;
A building of Occupancy Group R-3.1; or
A building of Occupancy Group U when located on a residential site.

SINGLE ZONE is an HVAC system with a supply fan (and optionally a return fan) and heating
and/or cooling heat exchangers (e.g. DX coil, chilled water coil, hot water coil, furnace, electric
heater) that serves a single thermostatic zone. This system may or may not be constant volume.

SLAB-ON-GRADE is an exterior concrete floor in direct contact with the earth below the building.
SOLAR REFLECTANCE See Reflectance in Section 100.1 of Title 24, Part 6.
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SPACER, ALUMINUM is a metal channel that is used either against the glass (sealed along the
outside edge of the insulated glass unit), or separated from the glass by one or more beads of
caulk, which is used to separate panes of glass in an insulated glass unit.

SPACER, INSULATING is a non-metallic, relatively non-conductive material, usually of rubber
compounds, that is used to separate panes of glass in an insulated glass unit.

SPACER, OTHER is a wood, fiberglass, or composite material that is used as a spacer between
panes of glass in insulated glass units.

SPACER, SQUIGGLE is a flexible material, usually butyl, formed around a thin corrugated
aluminum strip that is used as a spacer in insulated glass units.

SPECIFIC HEAT is the quantity of heat that must be added to a unit mass of a material to increase
its temperature by one degree. Typical units are Btu/°F-lb.

SPLIT SYSTEM AIR CONDITIONER OR HEAT PUMP is an air conditioner or heat pump that has
physically separate condenser and air handling units that work together as a single cooling
system.

STANDARDS See Building Energy Efficiency Standards.

STANDBY LOSS, BTU/HR is the heat lost per hour from the stored water above room
temperature. It is one of the measures of efficiency of water heaters required for water heating
energy calculations for some types of water heaters. This standby loss is expressed as Btu/hr.

STANDBY LOSS, PERCENT is the ratio of heat lost per hour to the heat content of the stored
water above room temperature. It is one of the measures of efficiency of water heaters required
for water heating energy calculations for some types of water heaters. Standby loss is expressed
as a percentage.

STORAGE, COOL is a storage area within a refrigerated warehouse where space temperatures are
maintained between 32° F and 55° F.

SUBORDINATE OCCUPANCY is any occupancy type, in mixed occupancy buildings, that is not the
dominant occupancy. See Dominant Occupancy, Mixed Occupancy.

SUCTION LINE is the refrigerant line that leads from the evaporator to the condenser in a split
system air conditioner or heat pump. This line is insulated since it carries refrigerant at a low
temperature.

SUSPENDED FILMS are low-e coated plastic films stretched between the elements of the spacers
between panes of glazing; acts as a reflector to slow the loss of heat from the interior to the
exterior.

SYSTEM is a combination of equipment, controls, accessories, interconnecting means, or terminal
elements by which energy is transformed to perform a specific function, such as space
conditioning, service water heating, or lighting.
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THERMAL BREAK WINDOW FRAME is metal fenestration frames that are not solid metal from
the inside to the outside, but are separated in the middle by a material, usually urethane, with a
lower conductivity.

THERMAL CONDUCTIVITY is the quantity of heat that will flow through a unit area of the material
per hour when the temperature difference through the material is one degree.

THERMAL EMITTANCE See Emittance, Thermal.

TITLE 24 is all of the building standards and associated administrative regulations published in
Title 24 of the California Code of Regulations. The Building Energy Efficiency Standards are
contained in Part 6. Part 1 contains the administrative regulations for the building standards.

U-FACTOR is the overall coefficient of thermal transmittance of a fenestration, wall, floor, or
roof/ceiling component, in Btu/(hr x ft2 x 2F), including air film resistance at both surfaces.

U-FACTOR, CENTER OF GLAZING (Uc) is the U-factor for the center of glazing area.

U-FACTOR, TOTAL FENESTRATION PRODUCT (Ut) is the U-factor for the total fenestration
product.

UIMC See Unit Interior Mass Capacity.
UL 1574 is the Underwriters Laboratories document titled “Track Lighting Systems,” 2016.
UL 1598 is the Underwriters Laboratories document titled “Standard for Luminaires,” 2020.

UL 181 is the Underwriters Laboratories document titled “Standard for Factory-Made Air Ducts
and Air Connectors,” 2017.

UL 181A is the Underwriters Laboratories document titled “Standard for Closure Systems for
Use With Rigid Air Ducts and Air Connectors,” 2017.

UL 181B is the Underwriters Laboratories document titled “Standard for Closure Systems for
Use With Flexible Air Ducts and Air Connectors,” 2017.

UL 723 is the Underwriters Laboratories document titled “Standard for Test for Surface
Burning Characteristics of Building Materials,” 2018.
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UL 2108 is the Underwriters Laboratories document titled “Low Voltage Lighting Systems,”
2019.

UL DATA ACCEPTANCE PROGRAM (DAP) is an Underwriters Laboratory program that utilizes
work conducted by a client as well as third-party test facilities in accordance with national and
international accreditation criteria to facilitate the conduct of investigations of products.
Among the types UL uses are Witnessed Test Data Program (WTDP) where UL witnesses the
tests being conducted, Client Test Data Program (CTDP) which is where the client conducts the
test and submits the data for UL review, and Third Party Test Data Program (TPTDP) where
testing is conducted by another testing organization for clients and submitted to UL for review.

USABLE CAPACITY is the battery energy storage capacity in kWh that a manufacturer allows to
be used for charging and discharging.

U-VALUE See U-factor.

VAPOR RETARDER CLASS is a measure of the ability of a material or assembly to limit the
amount of moisture that passes through the material or assembly. Vapor retarder class shall
be defined using the desiccant method with Procedure A of ASTM E96 as follows:

Class I: 0.1 perm or less
ClassIl: 0.1 < perm< 1.0 perm
Class I11: 1.0 < perm < 10 perm (see Stds.)

VENTILATION AIR is that portion of supply air which comes from outside plus any recirculated
air that has been treated to maintain the desired quality of air within a designated space. See
also Outside Air.

VINYL WINDOW FRAME is a fenestration frame constructed with a polyvinyl chloride (PVC)
which has a lower conductivity than metal and a similar conductivity to wood.

VISUAL QUALITY STANDARD FOR APPLIED WINDOW FILM is an International Window Film
Association document titled "Visual Quality Standard for Applied Window Film," 2015.

WEATHERSTRIPPING is a specially designed strip, seal or gasket attached to doors and
windows to prevent infiltration and exfiltration through cracks around the openings.
Weatherstripping is one of the mandatory requirements for all new residential construction.
See Infiltration, Exfiltration.

WEIGHTED AVERAGING is an arithmetic technique for determining an average of differing values
for the members of a set by weighting each value by the extent to which the value occurs. In
some cases when two or more types of a building feature, material or construction assembly
occur in a building, a weighted average of the different types may be sufficiently accurate to
represent the energy impact of each type considered separately.

WEST-FACING See Orientation.

WINDOW TYPE is a window assembly having a specific solar heat gain coefficient, relative solar
heat gain, and U-factor.
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ZONAL CONTROL is the practice of dividing a residence into separately controlled HVAC zones.
This may be done by installing multiple HVAC systems that condition a specific part of the
building, or by installing one HVAC system with a specially designed distribution system that
permits zonal control. The Energy Commission has approved an alternative calculation method
for analyzing the energy impact of zonally controlled space heating and cooling systems. To

qualify for compliance credit for zonal control, specific eligibility criteria specified in the
Residential ACM Manual must be met.
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JA2.1 Weather Data - General

All energy calculations used for compliance with the Standards must use the Commission's
sixteen (16) official hourly weather files. These files are available in electronic form from the
Commission in EPW (EnergyPlus), BINM, and FIN4 format.

Each weather file contains data on a variety of ambient conditions such as:
(a) Dry bulb temperature
(b) Humidity (Wet bulb or dewpoint temperature)
(c) Wind speed and direction
(d) Direct normal solar radiation
(e) Diffuse horizontal solar radiation
(f) Global horizontal solar radiation
(g) Pressure
(h) Rain fall

Table 2-1 —California Standard Climate Zone Summary
Note: The alternative weather files modified for local design conditions use the specific latitude, longitude and elevation of the selected
city.

Climate Zone City Latitude Longitude Elevation (ft)
1 Arcata 41.0 1241 203
2 Santa Rosa 38.5 122.8 125
3 Oakland 37.7 122.2 6

4 San Jose-Reid 37.3 121.8 135
5 Santa Maria 34.9 120.4 253
6 Torrance 33.8 118.3 88

7 San Diego-Lindbergh 32.7 117.2 13

8 Fullerton 33.9 118.0 95

9 Burbank-Glendale 34.2 118.3 741
10 Riverside 33.9 117.4 840
11 Red Bluff 40.1 122.2 348
12 Sacramento 38.5 121.5 16
13 Fresno 36.8 119.7 335
14 Palmdale 34.6 118.0 2523
15 Palm Springs-Intl 33.8 116.5 475
16 Blue Canyon 39.2 120.7 5279

JA2.1.1 Counties and Cities with Climate Zone Designations

The climate zone applicable to a building project is determined based on its physical location as it
relates to the determinations of climate regions found in the Commission publication California
Climate Zone Descriptions, which contains detailed survey definitions of the 16 climate zones.
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The Energy Commission publishes an online Climate Zone Search Tool to assist in providing this
determination, which is made available online at:

https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-
standards/climate-zone-tool-maps-and.

Where a ZIP code contains more than one climate region, local jurisdictions may, at their
discretion, designate a single climate zone within the ZIP code as applying to the entire ZIP code.

JA2.2 California Design Location Data

The data contained in the following table was obtained through a joint effort by the Southern
California Chapter and the Golden Gate Chapter of ASHRAE. It is reprinted here with the written
permission of Southern California Chapter ASHRAE, Inc. The values for 1.0 percent drybulb and
1.0 percent mean coincident wetbulb (MCWB) are interpolated.?

The data in Table 2-3 is developed from a full listing of design location data for California is
contained in the ASHRAE publication SPCDX, Climate Data for Region X, Arizona, California,
Hawaii, and Nevada (ISBN 200021, May 1982) and Supplement to Climatic Data for Region X,
Arizona, California, Hawaii, Nevada (ISBN 20002956, November 1994). The publication may be
ordered from:

Order Desk

Building News

10801 National Blvd.

Los Angeles, CA 90064

(888) 264-7483 or (310) 474-7771
http://www.bnibooks.com

1 The interpolation formula is 2.0%value + 0.6667 (0.5%Value — 2.0% value + 0.5).
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Table 2-3 — Design Day Data for California Cities
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Adelanto 346 2865 117.4 105 67 101 65 100 64 97 62 70 68 39 14 24 27 1654
Adin RS 412 4195 121 9 61 92 60 91 60 8 59 65 63 43 -7 -2 4 -
Agoura Hills 342 700 1188 103 70 96 68 94 68 90 66 73 71 29 27 31 34 -
Alameda NAS 378 15 1223 8 65 8 64 8 64 76 62 66 64 21 35 38 40 2507
Alamo 379 410 1229 102 69 97 68 9% 68 92 66 72 70 30 23 28 31 -
Albany 379 40 1223 8 65 8 64 8 64 77 62 66 64 16 30 35 38 -
Alderpoint 402 460 1236 100 69 95 67 94 67 90 65 70 68 39 21 27 30 | 3424
Alhambra 34 483 1181 100 71 9% 70 9% 70 90 68 73 71 25 30 35 37 -
Aliso Viejo 336 50 1177 91 69 8 68 8 68 76 66 71 69 18 30 33 36 -
Almaden AFS 37.2 3470 1219 95 62 90 60 8 60 8 59 64 62 20 20 25 29 4468
Alondra Park 339 50 1183 91 69 8 68 8 68 8 66 71 69 17 35 40 42 -
Alpine 328 1735 1168 99 69 95 68 94 68 91 67 72 70 35 27 32 35 -
Alta Sierra 357 6500 1186 87 62 8 61 8 61 8 59 65 63 32 -4 1 8 2428
Altadena 342 1200 1181 99 68 94 67 92 67 8 66 72 70 31 32 37 39 1920
Alturas RS 415 4400 1206 99 62 9% 61 95 61 91 59 65 63 43 -10 -4 0 6895
Alum Rock 374 70 1218 95 68 90 66 8 66 8 64 70 68 22 28 33 36 -
American Canyon 376 8 1223 93 67 90 66 8 66 8 64 70 68 23 28 33 36 -
Anaheim 338 158 1179 99 69 92 68 90 68 8 67 73 71 26 32 37 39 -
Anderson 405 430 1223 107 71 103 70 101 70 97 68 72 70 30 26 31 34 -
Angwin 386 1815 1224 98 66 93 64 92 64 8 62 69 66 33 25 30 33 -
Antioch 38 60 1218 102 70 97 68 95 68 91 66 70 69 34 22 28 31 2627
Apple Valley 345 2935 117.2 105 66 101 65 100 65 97 64 70 68 38 14 21 25 -
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Appendix JA 2-5

City

Aptos

Arcadia
Arcata

Arden

Arroyo Grande
Artesia

Arvin

Ash Mtn
Ashland
Atascadero
Atherton
Atwater
Auberry
Auburn
Avalon

Avenal
Avocado Heights
Azusa

Baker
Bakersfield AP
Balch PH
Baldwin Park
Banning
Barrett Dam

Latitude

w
~

34.2
41
38.5
35.1
33.8
35.2
36.5
37.7
355
37.5
37.3
37.1
38.9
334
36
34.2
34.1
35.3
354
36.9
34
33.9
32.7

Elevation (ft)

w1
o
o

475
218
80
105
50
445
1708
45
837
50
150
2140
1292
25
550
550
605
940
475
1720
394
2349
1623

Longitude

121.9
118
1241
121.4
120.6
118.1
118.8
118.8
122.1
120.7
122.2
120.6
119.5
1211
118.3
120.1
118
118.2
116.1
119.1
116.0
118
116.9
116.7

Cooling 0.10%

©
DB

4
100

104
92
99

106

105
92
94
90

102

102

103
83

103

101

101

115

106

100

100

104

103

Cooling 0.10%

Cooling 0.50%

102
101
86
89
84
99
98
100
75
98
97
97
112
102
97
96
100
97

Cooling 0.50%

Cooling 1.00%

00
DB

7
5

O

98
84
89
101
100
85
88
82
98
97
99
73
97
95
95
111
101
96
94
99
96

Cooling 1.00%

Cooling 2.00%

O OV OV OO O O O N 0 0 VW VW 0 N VU OO O

108
98
93
90
96
92

Cooling 2.00%

(o)}
w

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

N
~

Design Drybulb (0.2%)

Design Drybulb (0.6%)

2703
977

2656
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Barstow 349 | 2162 117 107 69 104 69 103 69 100 67 74 72 35 16 23 27 2580
Baywood-Los Osos 353 100 88 65 82 64 80 64 76 62 67 65 14 31 36 38 -
Beale AFB 39.1 113 1214 105 71 102 70 101 70 97 68 74 72 34 25 28 30 2835
Beaumont 339 | 2605 117 103 68 99 67 98 67 95 66 72 70 38 22 27 30 2628
Bell 33.9 143 1182 97 70 91 69 89 69 85 67 72 70 22 33 38 41 -
Bell Gardens 33.9 160 118.2 97 70 91 69 87 67 85 67 72 70 22 32 37 40 -
Bellflower 33.8 73 118.1 98 70 91 69 89 69 85 67 72 70 21 32 37 40 -
Belmont 37.5 33 1223 90 66 84 64 82 64 78 62 68 66 24 29 34 36 -
Ben Lomond 37.1 450 1221 92 67 85 66 83 65 79 63 69 67 30 25 30 33 -

Benicia 38.1 55 1221 99 69 93 67 91 67 87 65 70 68 @ 30 28 33 36
Berkeley 37.9 345 1223 90 64 83 63 81 63 76 61 66 64 16 33 37 40 2950
Berryessa Lake 38.6 480 122.1 102 70 98 69 96 69 92 67 72 70 35 26 31 34 -
Beverly Hills 34.1 268 118.2 94 69 88 68 87 68 83 66 71 69 20 39 43 46 -
Big Bar RS 40.8 1260 121.8 102 68 98 67 97 67 93 65 70 68 46 19 25 28 -
Big Bear Lake 34.2 | 6745 1169 87 59 83 58 82 58 79 56 64 62 32 -3 3 7 6850
Bishop AP 37.4 | 4108 118.4 103 61 100 60 99 60 97 58 65 63 40 5 12 16 4313
Blackhawk 37.7 10 1219 88 65 82 64 80 64 76 62 66 64 21 35 38 40 977
Blackwells Corner 35.6 644 1199 99 68 94 66 93 66 89 65 71 69 31 23 28 32 -
Bloomington 34 980 117.4 106 71 102 70 101 70 98 69 75 73 34 30 35 38 -
Blue Canyon AP 39.3 | 5280 120.7 88 60 85 59 84 59 81 57 64 62 20 13 20 24 5704
Blythe AP 33.6 395 114.7 115 74 112 73 111 73 108 71 80 78 27 28 33 36 1219
Blythe CO 33.6 268 114.6 115 74 112 73 111 73 108 71 80 78 27 24 29 32 1312
Boca 39.4 | 5575 120.1 92 58 89 57 88 57 84 55 62 60 46 -18 -13 -10 8340
Bodie 38.2 | 8370 119 83 50 80 49 79 49 76 48 55 53 42 -21 -16 -13 -
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Appendix JA 2-7

City

Bonadella Ranchos -
Madera Rancho
Bonita

Boron AFS
Borrego Desert PK
Bostonia

Boulder Creek
Bowman Dam
Boyes Hot Sprgs
Brannan Island
Brawley 2 SW
Brea Dam
Brentwood
Bridgeport
Broderick-Bryte
Brooks Ranch
Buena Park
Burbank AP
Burbank Vly Pump
Burlingame
Burney

Butler Valley (Korbel)
Buttonwillow
Cabrillo NM

9 Latitude

w

35.1
33.2
32.8
37.2
394
38.2
38.1
33
33.9
37.9
38.2
38.6
38.8
33.9
34.2
34.2
37.6
40.9
40.7
354
32.7

Elevation (ft)

294
75
699
655
10
3127
420
269
410

Longitude

=
[EEY
v
o

117
117.6
116.4
116.9
122.1
120.7
122.5
121.7
115.6
117.9
121.7
119.2
121.5
122.2

118
118.4
118.4
122.4
121.7
123.9
119.5
117.2

Cooling 0.10%

[
DB

05

106
112
96
92
89
100
100
113
100
102
89
104
104
98
101
101
88
95
91
103
89

Cooling 0.10%

~
~ mMcws

DN OO OO 0N O N NN O N YN UOO0ON N YN o
© P O N O O O R P OO O B OO O NO O OO

Cooling 0.50%

[
DB

01

103
107
91
85
86
95
95
110
94
97
86
100
99
92
96
96
82
92
86
99
84

Cooling 0.50%

~
© mcws

(<2 I i) M) B e> M «) BN e) i) NN Rie) NI, RN e) BN e) BRI N NiNe) NiNe) RENC, BN e) NN e) BRI NiNe) RN e))
00 O b W H 00 0W WO W H OO W OKW O N UVho & OV

Cooling 1.00%

DB

100

102
105
88
83
85
93
93
109
92
95
85
98
97
90
94
94
80
91
85
98
83

Cooling 1.00%

~
© mcws

(<2 I i) M «) B «> NN «) RN e) i) NN RiNe) RENC RN e) i) RERL N NiNe) NiNe) RENC, BN e) BN e) RERN NiNe) RN o))
00 O b W H 00 0W WO W A N OO WOKL O N U O P OO

Cooling 2.00%

101
81
79
82
89
89

105
86
89
82
94
93
85
90
90
76
88
81
95
80

Cooling 2.00%

Design Wetbulb 0.1%

~
iy

73
79
72
69
63
72
72
81
73
71
60
72
73
72
72
72
68
67
67
74
71

Design Wetbulb 0.5%

~
N

71
77
70
67
60
70
70
79
71
68
57
71
71
70
70
70
65
65
65
72
69

Outdoor Daily Range

IS
o

35
36
30
30
26
40
10
32
29
34
41
36
35
25
28
28
20
42
22
36
12

Heating

Winter Median of

Extremes

18
25
29
25

22
24
25
30
27
-20
25
19
31
29
29
30

20
20
39

S =
s g
2 2
2O @l ow
£8 58 5x
g8 g8 g9
29 32 1273
32 44 1864
23 26 3000
30 33 -
34 36 -
30 33 1120
17 22 5964
28 31 1289
28 31 -
30 33 1204
34 37 -
32 35 -
-15 -12 -
31 35 -
25 28 2968
35 38 -
34 36 1701
34 36 1678
35 37 -
5 12 6404
26 29 -
26 29 2621
43 45 -
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City i = S 88 85 S8 85 S8 85 88 8 &8 & & 235 28 £8& 2%
Cachuma Lake 346 781 120 97 69 92 67 91 67 8 65 70 68 19 26 31 34 .
Calabasas 342 1100 1186 102 71 98 70 97 70 93 69 73 71 26 26 30 33 2348
Calaveras Big Trees 383 4696 1203 92 61 8 60 8 60 8 58 64 62 33 11 18 23 5848
Calexico 327 12 1155 114 74 110 73 109 73 106 71 81 79 28 26 31 34 -
California City 351 2400 118 107 69 104 68 103 68 99 66 72 70 33 10 17 22 2572
Callahan 413 3185 1228 97 63 93 62 92 62 8 60 66 64 35 7 15 20 -
Calwa 368 330 119.8 105 73 101 71 100 70 97 68 75 73 34 23 27 29 -
Camarillo 342 147 1192 91 69 8 68 8 68 78 67 71 69 22 28 32 35
Cambria AFS 355 690 1211 78 62 72 61 70 61 66 59 64 62 16 30 35 38 3646
Cameron Park 386 1800 121 101 67 98 66 97 66 93 65 70 68 42 20 26 29 2235
Camp Pardee 382 658 1209 106 71 103 70 102 70 98 69 74 72 36 27 32 35 2812
Camp Pendleton 334 50 1174 8 69 8 68 8 68 8 67 71 69 12 34 38 40 -
Camp Roberts 358 765 1208 106 72 101 71 99 71 95 69 74 72 45 16 24 27 2890
Campbell 373 195 1218 93 69 8 66 8 66 8 65 71 68 30 28 33 36 -
Campo 326 2630 1165 101 67 95 66 94 66 90 66 71 69 41 16 23 27 3303
Canoga Park 342 790 1186 104 71 99 70 97 70 93 69 74 72 38 25 30 33 1884
Cantil 353 2010 118 111 71 107 71 106 71 103 70 74 73 32 12 19 24 .
Canyon Dam 40.1 4555 1211 93 60 90 59 8 59 8 57 64 62 39 1 6 13 6834
Canyon Lake 338 1500 117.3 105 70 101 69 100 69 97 68 74 72 39 22 27 30 -
Capitola 37 64 122 94 67 8 66 8 65 81 63 69 67 24 27 32 35 -
Cardiff-by-the-Sea 33 80 1173 87 68 8 67 8 67 77 65 70 68 12 35 39 41 -
Carlsbad 332 44 1174 87 68 8 67 8 67 77 65 70 68 10 34 38 40 -
Carmel Valley 365 425 1217 94 68 8 66 8 66 8 65 69 67 20 25 30 33 -
Carmel-by-the-Sea 365 20 1219 8 65 78 62 76 62 71 61 66 63 20 30 35 38 968
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Appendix JA 2-9

City
Carmichael
Carpinteria
Carson

Casa de Oro-Mount Helix

Castle AFB
Castro Valley
Castroville
Cathedral City
Catheys Valley
Cecilville
Cedarville
Centerville PH
Ceres

Cerritos
Charter Oak
Chatsworth
Cherry Valley Dam
Cherryland
Chester

Chico Exp Sta
China Lake
Chino

Chino Hills

Latitude

38.6
344
33.8
32.7

374
37.6
36.8
33.8
374
411
415
39.8
37.6
33.9
34.1
34.2
38
375
40.3
39.7
35.7
34
34.1

§ Elevation (ft)

385

530

188
177
20
400
1000
3000
4670
522
90
34
600
964
4765
100
4525
205
2220
714
800

Longitude

121.5
119.5
118.3
117.0

120.6
122.2
121.8
116.5
120.1
123.1
120.2
121.7
121
118.1
117.9
118.6
119.9
122.1
121.2
121.8
117.7
117.7
117.7

Cooling 0.10%

[
DB

04

105
93
86

117

102
95
97

105

101
99

101
98
96
93
94

105

112

104

104

Cooling 0.10%

71
67
66
74
69
63
61
70
72
71
70
69
62
67
62
70
70
70
70

Cooling 0.50%

[
DB

00

101
87
77

113
99
89
94

100
96
92
97
93
92
86
91

102

108

100

100

Cooling 0.50%

70
67
63
73
68
62
60
68
70
69
69
68
61
66
61
69
68
69
69

Cooling 1.00%

©
DB

8
1

0o

87

100
85
75

112
98
88
93
99
94
90
95
91
91
84
90

100

107
98
98

Cooling 1.00%

70
67
63
73
68
61
60
68
69
69
69
68
61
66
61
69
68
69
69

Cooling 2.00%

©
DB

4
7

~N

84

9
80
70
109
94
84
89
96
90
85
91
87
88
79
86
96
104
94
94

Cooling 2.00%

(o))
(o]

69
65
61
72
67
59
58
67
67
68
68
66
59
64
59
68
68
68
68

Design Wetbulb 0.1%

73
69
67
79
72
65
65
72
74
73
74
72
65
69
65
72
74
74
74

Design Wetbulb 0.5%

71
68
64
78
70
63
63
70
72
71
72
70
63
67
63
71
72
72
72

Outdoor Daily Range

33
25
18
33
38
44
35
40
36
23
34
38
32
24
33
37
33
35
35

Heating

Winter Median of

Extremes

N
(6, ]

24
24
32
26
21
13

25
24
33
29
26

26

22
15
27
27

Heating
Design Drybulb (0.2%)

w W w w
0 0 b~ U

28
29
37
31
27
20

30
30
38
34
31
16
31

27
22
32
32

Design Drybulb (0.6%)

31
32
40
34
30
24
13
33
34
40
36
34
21
37

30
25
35
35

2878
2560

800
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Chowchilla 37 200 120.3 104 72 101 70 100 70 96 68 74 72 38 22 28 31 1250
Chula Vista 32.6 9 117.1 90 70 84 68 83 68 79 66 71 69 9 33 38 40 2072
Citrus Heights 38.7 138 1215 104 71 100 70 98 70 94 68 74 72 36 24 26 29 -
Claremont 34.1 | 1201 117.8 101 69 97 68 95 68 91 66 73 71 34 29 34 36 2049
Clarksburg 38.4 14 1215 102 70 97 69 95 69 91 67 72 70 35 24 29 32 2971
Clayton 38 60 1219 102 70 97 68 95 67 89 65 71 68 34 27 32 35 -
Clearlake Highlands 39 1360 122.7 101 69 97 68 95 67 89 65 71 69 36 15 22 26 -
Cloverdale 38.8 320 123 102 70 97 69 95 68 89 66 72 70 37 26 31 34 2763
Clovis 36.8 404 119.7 105 72 102 70 101 70 98 68 74 72 36 22 28 32 -
Coachella 33.7 -76 116.2 114 74 110 73 109 73 106 73 80 79 28 25 30 34 -
Coalinga 36.2 671 120.4 103 70 98 70 97 70 93 69 73 72 34 23 28 31 2592
Colfax 39.1 | 2418 121 100 66 97 65 96 65 92 63 69 67 29 22 28 31 3424
Colton 34.1 978 117.3 105 70 102 68 101 68 97 67 74 72 35 28 33 36 -
Colusa 39.2 60 122 103 72 100 70 98 70 94 68 74 71 36 23 29 31 2793
Commerce 33.9 175 1182 98 69 92 68 90 68 86 67 72 70 23 33 37 39 -
Compton 33.9 71 118.2 97 69 90 68 88 68 83 67 72 70 21 33 37 39 1606
Concord 38 195 112 102 70 97 68 95 67 89 65 71 68 34 27 32 35 3035
Corcoran 36.1 200 119.7 106 72 102 71 101 71 98 70 74 73 36 22 28 31 2666
Corning 39.9 487 1222 106 71 103 70 102 69 98 67 73 71 33 23 28 31 1330
Corona 33.9 710 117.6 104 70 100 69 98 69 92 67 74 72 35 26 31 34 1794
Coronado 32.7 20 117.2 89 69 82 67 80 67 76 65 70 68 10 36 39 41 1500
Corte Madera 37.9 55 1225 97 68 91 66 89 66 84 64 69 68 34 28 33 35 -
Costa Mesa 33.7 100 1179 88 68 81 66 79 66 73 65 70 68 16 31 36 38 1482
Cotati 38.3 100 122.7 99 69 94 68 93 68 89 66 71 69 32 24 28 30 1205
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City

Country Club
Covelo

Covina
Crescent City
Crestline
Crockett
Crows Landing
Cucamonga
Cudahy
Culver City
Cupertino
Cuyama
Cuyamaca
Cypress
Daggett AP
Daly City
Dana Point
Danville

Davis

De Sabla
Death Valley
Deep Springs Clg
Deer Creek PH
Del Aire

Latitude

37.8
39.8
341
41.8
34.2
38
374
34.1
33.9
34
37.3
34.9
33
33.8
34.9
37.6
335
37.8
38.5
39.9
36.5
375
39.3
34

Elevation (ft)

600
1385
575
40
4900
9
140
1450
130
106
70
2255
4650
75
1915
410
100
368
60
2713
-194
5225
4455
100

o

Longitude

121.3
123.3
117.9
124.2
117.3
122.2
1211
117.6
118.2
118.4
122
116.6
116.6
118
116.8
122.5
117.7
122
121.8
121.6
116.9
118
120.9
118.4

Cooling 0.10%

[
DB

02

101
75
90
96

101

103
98
96
96
99
92
98

109
84
91

102

103
97

121

Cooling 0.10%

Cooling 0.50%

Vo]
~

106
78
84
97
99
94

118
95
91
84

Cooling 0.50%

Cooling 1.00%

©
DB

6
1

O

68
85
89
94
97
89
87
86
94
84
90

105
77
82
96
97
92

117
94
90
83

Cooling 1.00%

Cooling 2.00%

00O 00O 00 0 00 00 O W W 0 O VW 0 O

102
73
78
92
93
88

114
92
87
79

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

[@))]
0o

Heating
Design Drybulb (0.2%)

W N WN W WN WEDNWDB WWNWDNWWNNDN
W H O 0 W N OO U1 0 O WO N DB OOWWO W B N

17
40

Design Drybulb (0.6%)

2203

600
977
2844
4237
1147

5863
383
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Delano 35.8 323 119.3 106 71 102 70 101 70 98 69 74 72 36 22 25 28 -
Denair 37.6 137 120.8 100 70 95 69 93 69 89 67 72 70 38 22 28 31 2974
Desert Hot Springs 34 1060 116.5 115 73 111 72 110 72 107 71 78 77 35 24 29 32 400
Diamond Bar 34 880 117.8 101 69 97 68 96 68 92 66 73 71 33 28 33 35 -
Dinuba 36.5 340 1194 104 73 101 70 100 70 96 69 75 73 36 24 30 34 -
Discovery Bay 38.1 10 121.6 102 70 97 68 95 67 89 65 71 68 34 27 32 35 -
Dixon 38.4 100 1219 104 72 99 70 97 70 93 68 74 71 36 24 30 33 2826
Dobbins 39.4 1640 121.2 104 70 101 68 100 68 96 67 72 70 31 24 29 32 -
Donner Mem Stt Pk 39.3 5937 120.3 85 56 82 56 81 56 77 54 60 58 40 -3 3 -
Donner Summit 39.4 7239 120.3 80 53 77 53 76 52 72 50 57 55 40 -8 -1 8290
Downey 33.9 110 118 98 71 90 70 88 70 84 68 73 71 21 32 37 39 -
Downieville RS 39.6 | 2895 120.8 98 64 95 63 94 63 90 61 68 66 42 13 20 24 -
Doyle 40 4390 120.1 96 63 93 62 92 61 88 59 66 64 42 0 5 12 -
Dry Canyon Res 34.5 1455 118.5 105 71 100 69 99 69 96 68 74 72 32 24 29 32 -
Duarte 34.1 500 118 100 69 96 68 94 68 90 67 73 71 33 31 36 38 -
Dublin 37.7 200 1215 99 69 93 67 91 67 86 65 70 68 35 24 29 32 -
Dudleys 37.7 3000 120.1 97 65 94 64 93 64 90 62 68 66 44 10 17 22 4959
Duttons Landing 38.2 20 1223 96 68 91 66 89 66 84 64 70 68 31 26 31 34 -
Eagle Mtn 33.8 973 1155 113 72 110 71 109 71 105 69 77 75 24 32 37 39 1138
Earlimart 35.8 283 119.3 106 71 102 70 101 70 98 69 74 72 36 23 26 29 1100
East Compton 34 71 118.2 97 69 90 68 88 68 83 67 72 70 21 33 37 39 436
East Hemet 33.7 1655 116.9 109 70 104 69 103 69 101 67 74 72 40 20 25 28 -
East La Mirada 33.9 115 118.0 99 70 91 69 89 69 85 68 73 71 26 31 36 38 -
East Los Angeles 34 250 118.3 99 69 92 68 90 68 86 67 72 70 21 38 41 43 -
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City

East Palo Alto
East Park Res
East Pasadena
East Porterville
East San Gabriel
Edwards AFB
El Cajon

El Capitan Dam
El Centro

El Cerrito

El Dorado Hills
El Mirage

El Monte

El Paso de Robles
El Rio

El Segundo

El Sobrante

El Toro MCAS
El Toro Station
Electra PH

Elk Grove

Elk Valley
Elsinore
Encinitas

Latitude

375
394
34.2
36.1
341
34.9
32.7
329
32.8
37.8
38.6
34.6
341
35.6
34.3
33.9
37.9
33.7
33.7
38.3
384
42
33.7
33

Elevation (ft)

N
(6, ]

1205
864
393
450

2316
525
600
-30

70
673

2910
271
721

50
105
55
380
380
715
50
1705
1285
50

Longitude

122.1
122.5
118.1
119.0
118.1
117.9
117
116.8
115.6
122.3
121.1
117.6
118
120.7
119.2
118.4
122.3
117.7
117.7
120.7
121.4
123.7
117.3
117.3

Cooling 0.10%

©
DB

3
101

106
99
107
96
105
115
91
103
105
101
102
95
91
91
96
96
106
104
96
105
87

Cooling 0.10%

Cooling 0.50%

104
91
98
111
84
100
101
97
95
88
84
87
89
89
102
100
90
101
83

Cooling 0.50%

Cooling 1.00%

00
DB

3
6

Yo}

101
92
103
90
97
110
81
98
100
95
94
86
83
86
87
87
101
98
88
100
81

Cooling 1.00%

Cooling 2.00%

O 00 O 00 W 0 W J

107
75
94
97
91
90
82
79
82
82
82
98
94
84
98
77

Cooling 2.00%

(o))
N

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

N
(o)}

Design Drybulb (0.2%)

Heating
Design Drybulb (0.6%)

AN N W W A D WD WN WNWWWWWNWWPMSEDNDW
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s ° 5 % s g

2 2 o« c 2 o

—_ X X X X X X X X 3 3 = 8 3 S

€ .2 8 B B 8 8 8 8 ¥ % & % T %
g 8§ T D Bg m Bg w wg w wmg > > 5 w28 w® wl w
P B 5 SEc.8if.%b%.%5 0 F%giizhosfoqn
ity 8§ & § 383 32 88 82 8838338338 & & 3 255 £8 28 29
Encino 34.2 750 118.5 103 71 98 69 96 69 92 67 74 71 27 28 33 36 664
Enterprise 40.6 470 122.3 107 69 103 68 101 68 97 67 72 70 29 26 31 34 -
Escondido 33.1 660 117.1 97 69 90 68 88 68 84 67 72 70 29 26 31 34 2005
Eureka 40.8 43 1242 75 61 69 59 68 59 65 58 61 60 11 30 35 38 4679
Exeter 36.3 350 119.1 104 72 101 71 100 71 97 69 74 72 39 24 29 32 1236
Fair Oaks 38.7 50 121.3 104 70 100 69 98 69 94 69 72 71 36 23 29 33 -
Fairfax 38 110 122.6 96 68 90 66 88 65 83 63 71 68 34 26 31 34 -
Fairfield FS 38.3 38 122 103 69 98 68 96 68 91 66 73 71 34 24 30 33 2686
Fairmont 34.7 3060 118.4 100 67 96 66 95 66 92 65 71 69 22 22 28 31 3330
Fairview 35.9 3519 118.5 97 67 94 66 93 66 90 64 70 68 43 11 18 23 -
Fallbrook 33.6 660 117.3 94 68 89 67 88 67 85 66 71 69 29 26 31 34 2077
Farmersville 36.3 350 119.2 104 72 101 72 100 71 97 69 74 72 39 24 29 32 1236
Felton 37 100 1221 94 68 88 66 86 66 81 64 69 67 28 27 32 35 1097
Ferndale 40.5 1445 1243 76 57 66 56 65 56 62 54 59 57 12 28 33 35 -
Fillmore 34.4 435 118.9 100 70 94 69 92 69 87 67 73 71 30 28 32 35 -
Five Points 36.4 285 120.2 103 71 99 70 97 70 93 68 73 71 36 21 27 30 -
Fleming Fish & Game 40.4 4000 120.3 96 62 93 61 92 61 88 59 66 64 40 -3 2 8 -
Florence-Graham 34 175 118.3 98 69 90 68 88 68 84 67 72 70 19 35 40 43 -
Florin 38.5 100 121.4 104 71 100 69 98 69 94 68 73 71 35 29 34 36 -
Folsom Dam 38.7 350 121.2 104 70 101 69 99 69 95 67 72 71 36 25 31 35 -
Fontana 34.1 1090 117.4 105 70 101 69 100 69 97 67 74 72 33 30 35 38 1530
Foothill Farms 38.6 90 121.3 104 71 100 70 98 70 94 68 73 71 36 24 30 34 -
Forest Glen 40.4 2340 123.3 96 65 92 64 91 64 88 62 67 65 42 12 19 24 -
Fort Baker 37.8 15 1225 87 66 81 65 79 65 73 65 67 65 12 33 38 40 3080
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City

Fort Bidwell
Fort Bragg

Fort Jones RS
Fort MacArthur
Fort Ord

Fort Ross
Fortuna

Foster City
Fountain Valley
Freedom
Fremont
Fresno AP
Friant Gov Camp
Fullerton

Galt

Garden Acres
Garden Grove
Gardena
George AFB
Georgetown RS
Giant Forest
Gillespie Field
Gilroy

Glen Avon

Latitude

41.9
395
41.6
33.7
36.7
38.5
40.6
375
33.7
37
37.5
36.8
37
33.9
38.2
38
33.6
33.9
34.6
38.9
36.6
32.8
37
34

Elevation (ft)

4498

2725
200
134
116
100

20
60
1495
56
328
410
340
40
20
85
40

2875

3001

6412
385
194
827

Longitude

120.1
123.8
122.9
118.3
121.8
123.3
124.2
122.7
118
121.8
122
119.7
119.7
117.9
121.3
121.3
117.9
118.3
117.4
120.8
118.8
117.0
121.6
117.5

Cooling 0.10%

Vo]
w

104
106
100
101
103
98
92
105
98
84
98
101
105

Cooling 0.10%

Cooling 0.50%

Yo}
o

101
103
94
97
98
91
85
102
95
81
91
93
101

Cooling 0.50%

Cooling 1.00%

(0]
(Vo]

100
102
92
95
97
89
84
101
94
80
89
91
99

Cooling 1.00%

()]
(Vo]

Cooling 2.00%

0
DB

5
2

(o)}

78
70
65
65
76
84
79
81
97
100
87
91
93
84
80
98
90
77
85
86
95

Cooling 2.00%

w
~

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

Design Drybulb (0.2%)

Heating
Design Drybulb (0.6%)
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S S § % s g
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ity 8§ & § 383 32 88 82 8838338338 & & 3 255 £8 28 29
Glendale 34.2 563 118.3 101 70 96 68 94 68 90 67 73 71 28 30 35 37 -
Glendora 34.1 822 1179 102 69 98 68 96 68 92 67 73 71 35 30 35 37 -
Glennville 35.7 | 3140 118.7 97 67 94 66 93 66 90 64 70 68 43 11 18 23 4423
Gold Rock Rch 32.9 485 114.8 113 73 110 72 109 72 106 70 79 77 28 31 36 38 -
Golden Hills 35.1 | 4000 118.5 97 66 93 65 92 65 89 64 69 67 33 13 20 24 -
Granada Hills 344 | 1032 118.5 100 70 95 68 93 68 89 66 73 70 37 28 31 34 664
Grand Terrace 34.1 1000 117.3 105 70 102 68 101 68 97 67 74 72 35 28 33 36 611
Grant Grove 36.7 | 6600 119 82 56 78 55 77 54 74 52 59 57 26 6 14 19 7044
Grass Valley 39.2 | 2400 121.1 99 67 96 65 95 65 91 63 69 67 29 19 25 28 -
Graton 38.4 200 1229 095 68 91 67 88 66 82 64 70 68 34 22 28 31 3409
Greenacres 353 400 119.1 106 71 102 70 101 70 98 68 74 72 34 26 31 35 934
Greenfield 36.2 287 121.2 92 67 88 65 87 65 84 64 70 68 32 22 27 30 1020
Grossmont 32.7 530 117 96 69 89 68 88 68 84 66 71 69 23 31 36 38 -
Grover City 35.1 100 120.6 93 69 86 64 84 64 80 62 67 65 18 30 34 37 -
Guadalupe 35 85 120.6 92 66 86 64 84 64 79 62 67 65 18 28 32 35 1035
Hacienda Hts 34 300 118 100 69 96 68 94 68 90 67 73 71 28 31 36 38 -
Haiwee 36.1 | 3825 118 102 65 99 64 98 64 95 62 68 66 27 15 22 26 3700
Half Moon Bay 37.5 60 1224 83 64 76 62 74 61 69 59 65 63 15 32 37 39 3843
Hamilton AFB 38.1 3 1225 95 69 88 67 86 67 81 65 73 70 28 27 30 32 3311
Hanford 36.3 242 119.7 102 71 99 70 98 70 94 68 73 71 37 22 28 31 2736
Happy Camp RS 41.8 1150 123.4 103 67 97 66 96 66 92 65 69 67 41 18 24 27 4263
Hat Creek PH 1 409 @ 3015 121.6 99 65 96 64 95 64 91 62 68 66 48 2 7 17 5689
Hawaiian Gardens 33.8 75 118.1 97 70 91 69 89 69 84 67 72 70 23 32 37 39 -
Hawthorne 33.9 70 118.4 92 69 85 68 84 68 80 66 71 69 16 37 40 42 -
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City

Hayfield Pumps
Hayward
Healdsburg
Hemet
Henshaw Dam
Hercules
Hermosa Beach
Hesperia

Hetch Hetchy
Highland
Hillcrest Center
Hillsborough
Hilt

Hollister
Hollywood
Home Gardens

Hoopa

Huntington Beach

Huntington Lake
Huntington Park
Idlewild

Idria

Idyllwild
Imperial AP

Latitude

33.7
37.7
38.6
33.7
33.2
38
33.9
34.4
38
34.1
35.4
37.6
42
36.9
34
33.9
41
33.7
37.2
34
41.9
36.4
33.7
32.8

Elevation (ft)

1370
530
102

1655

2700

15
16

3191

3870

1315
500
352

2900
280
384
678
360

40

7020
175

1250

2650

5397
-59

Longitude

115.6
122.1
122.9
117
116.8
122.3
118.4
117.3
119.8
117.2
122.3
122.6
121.4
118.4
117.5
123.7
117.8
119.2
118
124
120.7
116.7
115.6

Cooling 0.10%

[
DB

12

102
109
99
91
92
105
93
106
106
90
97
96
96
104
100
91
80
98
103
97
93
114

Cooling 0.10%

Cooling 0.50%

101
89
102
102
82
93
89
89
100
92
83
77
90
96
92
89
110

Cooling 0.50%

Cooling 1.00%

DB

107
5

00

103
93
86
82

100
88

101

101
80
92
87
87
98
91
81
76
88
95
91
88

109

Cooling 1.00%

Cooling 2.00%

[
DB

04
1

O
o

101
90
82
78
97
85
97
98
74
89
81
83
92
87
76
73
84
92
87
84

106

Cooling 2.00%

(o))
(o]

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

N
S

Heating
Design Drybulb (0.2%)
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Design Drybulb (0.6%)
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ity 8§ & § 383 32 88 82 8838338338 & & 3 255 £8 28 29
Imperial Beach 32.5 23 117.1 87 69 82 68 81 68 78 67 71 69 10 35 39 41 1839
Imperial CO 32.9 -64 115.6 112 73 108 72 107 72 104 71 80 78 31 29 34 36 976
Independence 36.8 3950 118.2 104 61 101 60 100 60 97 60 65 63 31 12 19 24 -
Indio 33.7 11 116.3 115 75 112 75 111 75 107 74 81 79 30 24 29 32 1059
Inglewood 33.9 105 118 92 68 85 67 84 67 80 65 70 68 15 37 40 42 -
Inyokern NAS 35.7 2440 117.8 110 71 106 68 105 68 102 66 75 71 37 15 22 26 2772
lone 38.3 298 120.9 101 70 97 68 95 68 91 67 72 70 38 23 28 31 -
Iron Mtn 34.1 922 115.1 116 75 112 74 111 74 108 73 80 78 26 29 34 36 1251
Irvine 33.7 50 118 96 69 88 68 86 68 82 67 72 70 27 33 37 40 -
Isla Vista 34.5 40 1199 90 69 83 67 81 67 77 65 70 68 20 33 38 40 -
Jess Valley 41.3 | 5300 120.3 92 59 89 58 88 58 84 56 63 61 35 -7 -2 4 7045
John Wayne AP 33.6 115 1179 98 70 91 68 89 68 84 67 72 70 26 33 37 39 1496
Julian Wynola 33.1 3650 116.8 96 66 91 64 90 64 87 62 69 67 39 20 24 26 4049
Kentfield 38 120 122.6 97 66 91 65 89 65 84 63 70 68 35 27 32 35 3009
Kerman 36.6 216 120.1 105 73 101 71 100 70 97 68 75 73 34 24 28 30 1262
Kern River PH 1 35.5 970 118.8 106 72 103 71 102 71 99 69 75 73 26 30 35 37 1878
Kern River PH 3 35.8 2703 118.6 103 69 100 68 99 68 96 66 72 70 34 19 25 28 2891
Kettleman Stn 36.1 508 120.1 104 71 100 70 98 70 93 68 74 72 31 26 31 34 2180
King City 36.2 320 1211 94 67 90 65 89 65 85 64 70 68 36 20 26 29 2639
Kingsburg 36.4 297 119.6 104 73 101 71 100 71 97 69 75 73 36 24 30 34 1300
Klamath 41.5 25 1241 79 62 71 60 70 60 66 58 64 61 18 26 31 33 4509
Knights Ferry 37.8 315 120.6 103 70 99 68 98 68 94 67 73 71 37 19 25 28 -
La Canada-Flintridge 34.2 1365 118 99 69 95 68 93 68 88 66 72 70 30 32 36 38 -
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City

La Crescenta-Montrose

La Habra

La Habra Heights
La Mesa

La Mirada

La Palma

La Puente

La Quinta

La Riviera

La Verne
Ladera Heights
Lafayette
Laguna Beach
Laguna Niguel
Lake Arrowhead
Lake Elsinore
Lake Los Angeles
Lake Spaulding
Lakeland Village
Lakeport
Lakeshore
Lakeside
Lakewood

#  Latitude

w
N

w &
> o

32.8
33.9
33.9
34
33.8
38.6
341
341
37.9
335
33.6
34.2
33.7
34.7
39.3
33.6
39
40.9
32.8
33.9

Elevation (ft)

1565

305
400
530
115
75
320
400
190
1235
100
535
35
500
5205
1233
2300
5156
1233
1347
1075
690
45

Longitude

118

118
118
117
118
118
118
116.3
121.3
118
118.4
122.1
117.8
117.7
117.2
117.3
117.8
120.6
117.3
122.9
119.2
117
118

Cooling 0.10%

©
DB

8

100
100
94
99
98
101
116
104
101
91
100
91
95
90
105
106
89
105
97
104
95
98

Cooling 0.10%

Cooling 0.50%

112
100
97
84
94
83
87
86
101
102
86
101
93
100
90
90

Cooling 0.50%

Cooling 1.00%

(o}
N

111
98
95
83
92
81
85
85

100

101
85

100
92
99
89
88

Cooling 1.00%

Cooling 2.00%

108
94
91
79
87
76
81
81
97
98
83
97
88
95
86
84

Cooling 2.00%

Design Wetbulb 0.1%

~
N

72
72
73
72
74
79
73
73
71
71
71
71
66
74
72
62
74
69
71
72
72

Design Wetbulb 0.5%

~
o

70
70
71
70
72
78
71
71
69
69
69
67
64
72
70
60
72
67
69
70
70

Outdoor Daily Range

w
w

Heating

Winter Median of

Extremes

w
Py

Heating
Design Drybulb (0.2%)

w
w
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Heating
Design Drybulb (0.6%)

w
~N
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Heating
HDD*

332
1025

383

2222

5310
827
1455
6447
827
3728
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s ° 5 % s g

2 2 o« c 2 o
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Lamont 353 500 120 106 72 102 71 101 71 98 69 75 73 34 26 32 35 -
Lancaster 34.7 2340 118.2 106 68 102 67 101 67 98 66 72 70 35 12 17 20 -
Larksfield-Wikiup 38.5 170 122.8 99 69 96 68 95 68 92 66 71 69 35 24 27 29 1249
Larkspur 37.9 20 1225 97 68 91 66 89 66 84 64 69 68 34 28 33 35 -
Las Plumas 39.7 506 121.4 104 71 101 70 100 70 96 68 73 71 32 24 29 32 -
Lathrop 37.8 22 121.3 103 71 98 69 97 69 93 67 73 71 35 24 28 30 1300
Lava Beds 41.7 4770 121.5 93 59 89 58 88 58 84 56 63 61 41 -1 4 11 -
Lawndale 33.9 66 118 92 69 85 68 84 68 80 66 71 69 16 37 40 42 -
Le Grand 37.2 255 120.3 101 70 96 68 95 68 91 66 72 70 38 23 28 31 2696
Lemon Grove 32.7 437 117.2 96 71 88 69 87 69 84 67 72 70 19 34 38 41 -
Lemoncove 36.4 513 119 105 72 102 70 101 70 98 68 72 70 38 25 38 41 2513
Lemoore NAS 36.3 228 120 104 72 101 71 100 71 97 69 74 72 37 19 25 28 2960
Lennox 33.9 71 117.8 92 69 85 68 84 68 80 66 71 69 16 37 41 44 -
Lincoln Village 38 12 121.3 101 70 96 68 95 68 91 67 72 70 37 24 28 30 1334
Linda 39 60 121.6 105 72 102 70 101 70 97 68 74 72 30 27 32 35 1160
Lindsay 36.2 395 119.1 105 72 101 71 100 71 97 69 74 72 40 24 29 32 2634
Little Panoche 36.8 677 120.7 100 68 94 67 92 67 86 66 71 69 33 23 28 31 -
Live Oak 39.2 75 121.7 105 70 102 69 101 69 97 69 73 71 36 24 29 32 1160
Livermore 37.7 490 122 100 69 95 68 93 68 88 67 71 70 35 22 25 28 3012
Livingston 37.3 165 120.7 103 72 100 70 99 70 95 68 74 72 39 24 30 34 1244
Llano Shawnee 34.5 3820 117.8 104 68 99 67 98 67 95 65 71 69 31 21 27 31 -
Lodgepole 36.6 6735 118.7 84 57 80 56 80 56 78 54 60 58 26 -4 1 7 -
Lodi 38.1 40 121.3 101 70 97 68 95 68 91 67 72 70 38 23 28 31 2859
Loma Linda 34 1150 117.5 106 70 103 69 102 69 99 67 74 72 36 27 32 35 -
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City

Lomita

Lompoc

Long Beach

Long Beach AP
Loomis

Los Alamitos NAS
Los Altos

Los Altos Hills
Los Angeles AP
Los Angeles CO
Los Banos

Los Banos Res
Los Gatos

Los Serranos
Lucas Vly-Marinwood
Lucerne Valley
Lynwood

Madera

Madera Acres
Manhattan Beach
Manteca
Manzanita Lake
March AFB

Maricopa

Latitude

33.8
34.9
33.7
33.8
38.8
33.8
37.3
37.3
33.9
34
37
37
37.2
341
38.3
345
33.9
37
36.9
33.9
37.8
40.5
33.9
35.1

Elevation (ft)

U1
(o)}

95
34
25
408
30
163
183
97
270
120
407
365
714
20
2957
88
268
275
120
34
5850
1511
675

E Longitude

120.5
118.2
118.2
121.2
118.1
122
122.1
118.4
118.2
120.9
120.9
122
117.7
122.6
117
118
120.1
120.1
118
121.2
121.6
117.3
119.4

Cooling 0.10%

Vo]
(6]

107
98
96
93
91
99

100

101
98

104
79

105
98

105

105
91

102
87

103

106

Cooling 0.10%

Cooling 0.50%

(o]
~

103
89
88
85
84
92
96
97
90
100
74
101
90
101
101
84
97
84
99
102

Cooling 0.50%

Cooling 1.00%

00
DB

5
6

~

88
102
87
86
83
83
90
94
95
88
98
71
100
88
100
100
83
95
83
98
101

Cooling 1.00%

Cooling 2.00%

0
DB

1
2

~N

84
98
83
80
77
79
86
88
89
82
94
65
98
83
96
96
79
91
79
94
98

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

[
0o

Heating

Winter Median of

Extremes

w
w

s g

2 2
2O @l ow
g8 28 ¢
38 40 -
31 34 2888
31 34 -
38 41 1606
27 30 -
37 39 1740
33 35 -
33 35 1103
40 42 1819
41 43 1245
28 31 2616
29 31 -
31 34 2741
32 35 706
35 37 874
19 24 -
37 39 -
29 32 2673
29 32 1250
42 45 -
29 32 -
2 8 7617
30 33 2089
30 33 2302
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Marina 36.7 20 121.8 86 66 77 63 75 63 70 61 67 64 18 32 37 40 -
Marina del Rey 34.1 40 1185 91 69 84 68 83 68 79 66 71 69 12 38 42 45 383
Markley Cove 38.5 480 122.1 104 70 99 69 97 69 93 67 72 70 39 23 29 31 -
Martinez FS 38 40 1221 99 67 94 66 92 66 88 65 71 69 36 28 33 35 -
Marysville 39.2 60 121.6 105 72 102 70 101 70 97 68 74 72 36 27 32 35 2552
Mather AFB 38.6 96 121.3 104 71 100 70 98 70 94 68 73 71 35 28 33 35 -
Maywood 34 170 118 97 70 91 69 89 69 85 67 72 70 21 34 38 41 -
McClellan AFB 38.7 86 121.4 105 71 102 70 100 70 96 68 74 71 35 23 28 21 2566
McCloud 41.3 3300 122.1 96 63 93 62 91 62 87 60 66 64 42 5 13 18 5990
McFarland 35.6 350 119.2 106 71 102 70 101 70 98 69 74 72 36 22 25 28 1162
McKinleyville 40.9 33 1241 75 61 69 59 68 59 65 58 61 60 11 28 31 33 1995
Mecca FS 33.6 -180 116.1 115 75 111 75 110 75 107 74 81 79 30 24 29 32 1185
Mendota 36.7 169 120.4 105 73 101 71 100 70 97 68 75 73 34 24 28 30 1273
Menlo Park 37.4 65 1223 94 67 86 65 84 65 78 63 69 67 25 27 32 34 -
Mentone 34.1 1700 117.1 106 70 102 69 101 69 98 67 74 72 34 27 32 35 741
Merced AP 37.3 153 120.6 103 71 100 69 99 69 95 67 73 71 36 21 27 30 2653
Mill Creek 35.1 2940 117 102 67 97 66 96 66 94 65 70 68 28 28 33 36 -
Mill Valley 37.9 80 122.6 97 68 91 66 89 66 84 64 70 68 28 28 33 35 3400
Millbrae 37.6 10 1224 90 66 82 63 80 63 74 61 67 65 24 30 35 37 -
Milpitas 37.4 15 1219 94 68 87 65 85 65 79 63 70 67 27 27 32 35 -
Mineral 40.4 4911 1216 90 60 87 59 86 59 82 57 63 61 38 2 7 14 7257
Mira Loma 34 700 117.5 105 70 101 69 99 68 95 66 74 72 34 25 33 36 600
Miramar AFS 32.9 477 117.1 97 69 91 68 90 68 86 67 72 70 22 32 36 38 1532
Miramonte 34.4 750 119.1 102 71 97 69 95 69 91 68 73 71 38 25 29 32 771
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Mission Viejo 33.6 350 118 95 67 87 66 85 65 81 63 71 67 22 33 37 40 -
Mitchell Caverns 34.9 4350 117.0 102 64 98 63 97 63 94 61 69 67 29 21 27 30 -
Modesto 37.6 91 121 102 73 99 70 98 70 95 68 75 72 36 25 30 33 2671
Moffett Field NAS 37.4 39 122.1 89 68 84 66 82 66 78 64 70 68 23 30 34 36 2511
Mojave 35.1 2735 118.2 106 68 102 67 101 67 98 66 71 69 35 16 22 26 3012
Mono Lake 38 6450 119.2 91 58 88 57 87 57 84 55 62 60 32 4 12 17 6518
Monrovia 34.2 562 118.3 100 69 96 68 94 68 90 67 73 71 30 33 38 41 -
Montague 41.8 2648 122.5 99 66 95 65 94 65 90 63 69 67 39 3 11 16 5474
Montclair 34 1220 117 104 69 100 68 98 68 94 66 73 71 35 28 33 35 -
Montebello 34 205 118.1 98 69 93 68 91 68 86 67 72 70 24 33 37 39 -
Monterey AP 36.6 245 1219 86 65 77 62 75 62 70 61 66 63 20 30 35 38 3556
Monterey CO 36.6 345 1219 87 65 78 62 76 62 71 61 66 63 20 32 37 40 3169
Monterey Park 34 380 118 99 69 94 68 92 68 87 67 72 70 23 30 35 37 -
Monticello Dam 38.5 505 122.1 105 71 100 70 98 70 94 68 73 71 39 26 31 34 -
Moraga 37.8 600 122.2 99 68 93 66 91 66 86 64 70 68 27 21 26 29
Moreno Valley 339 1600 117.2 103 70 99 68 98 67 94 65 74 71 34 27 30 33 611
Morgan Hill 37.1 350 120 100 69 92 68 90 68 85 66 71 69 25 26 31 34 -
Morro Bay FD 354 115 1209 88 65 82 64 80 64 76 62 67 65 14 31 36 38 -
Mount Baldy Notch 34.3 7735 117.6 80 58 76 57 75 56 71 54 61 59 32 4 10 14 -
Mount Diablo 37.9 2100 121.9 101 68 96 66 93 66 87 65 68 59 28 27 32 35 4600
Mount Hamilton 37.3 4206 121.7 95 59 88 58 86 58 81 56 63 61 18 18 24 27 4724
Mount Hebron RS 41.8 4250 122 92 60 88 59 86 59 82 57 63 61 42 -10 -4 0 -
Mount San Jacinto 33.8 8417 116.6 82 56 77 55 76 55 73 53 61 59 35 -1 4 11 -
Mount Shasta 41.3 3535 122.3 93 62 89 61 88 61 84 59 65 63 34 8 15 20 5890

Appendix JA2 — Reference Weather/Climate Data



Appendix JA2-24 2025 Joint Appendices
S S § % s g
=2 2 e« c 2 Q
—_ N N N N X N N X 3 3 = 8 > S
€ ., 8 &8 B B 8 8 8 8 % % & 3% 2
g S S B Wy w W @ mwg @ w 2 3 5 w28 % wl w
EOF 3£ £2f £S5 s £2 s =25 B B 5 SHE 2R 2R £
ity 8§ & § 383 32 88 82 8838338338 & & 3 255 £8 28 29
Mount Wilson 34.2 5709 118.1 90 63 85 61 83 60 79 58 66 64 21 15 22 26 4296
Mountain Pass 35.5 | 4730 115.5 100 65 96 64 95 64 92 63 68 66 29 11 18 23 -
Mountain View 37.5 95 1219 93 67 85 64 83 64 77 62 68 66 25 28 33 35 -
Muscoy 34.2 | 1400 117.3 105 71 101 69 100 68 96 66 75 72 37 26 31 34 614
Nacimiento Dam 35.8 770 1209 100 68 94 66 92 66 88 64 70 68 35 22 28 31 -
Napa State Hospital 37.3 60 1223 94 67 91 67 90 67 86 66 71 70 29 26 31 34 2749
National City 32.7 34 117 87 70 82 68 81 68 78 66 71 69 10 36 40 42 -
Needles AP 34.8 913 114.6 117 73 114 72 113 72 110 71 77 75 26 27 32 35 1391
Nevada City 39.3 2600 121 97 66 94 64 92 64 88 63 68 66 41 14 21 25 4900
Newark 37.5 10 122 94 68 89 67 87 67 82 65 70 68 24 29 34 36 -
Newhall Soledad 344 | 1243 118.6 104 70 100 68 99 68 95 67 73 71 42 27 33 36 -
Newman 37.3 90 121.1 104 71 99 69 97 69 93 67 73 71 38 22 28 31 -
Newport Beach 33.6 10 1179 87 68 80 66 78 66 72 65 70 68 12 34 39 41 1952
Nipomo 35 330 120.5 90 66 83 64 82 63 78 61 67 65 23 25 31 33 1035
Norco 33.9 700 117 103 70 99 69 98 69 94 67 74 72 34 27 32 35 -
North Auburn 38.9 1300 121.1 103 69 100 67 99 67 95 66 72 69 33 25 30 33 1518
North Fork RS 37.2 | 2630 119.5 98 66 95 65 94 64 92 62 69 67 36 15 22 26 -
North Highlands 38.6 45 1214 104 71 100 69 98 69 94 67 73 71 35 23 28 31 2566
North Hollywood 34.2 619 118.4 102 70 97 69 95 69 91 67 73 71 31 28 33 36 -
Northridge 34.2 875 1185 101 70 96 69 94 69 90 67 73 71 36 30 35 38 650
Norwalk 33.9 97 118.1 99 69 90 68 88 68 84 67 72 70 26 31 35 37 -
Novato 38.1 370 1225 94 64 87 63 85 63 80 61 68 66 30 25 30 32 -
Oakdale 37.8 215 1209 102 71 99 69 97 69 93 67 73 71 37 22 28 32 -
Oakland AP 37.7 6 122.2 91 66 84 64 82 64 77 62 67 65 20 32 34 37 2909
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City

Oakland Museum
Oakley
Oceano
Oceanside
Oildale

Ojai
Olivehurst
Ontario AP
Opal Cliffs
Orange
Orange Cove
Orangevale
Orick Prairie Creek
Orinda

Orland
Orleans

Orosi

Oroville East
Oroville RS
Otay-Castle Pk
Oxnard AFB
Pacific Grove
Pacifica
Pacoima

Latitude

37.8

35.1
33.2
355
345
39
34
37
33.6
36.6
38.7
41.4
37.9
39.8
413
36.5
395
39.5
32.6
34.2
36.7
37.6
34.3

Elevation (ft)

w
o

20
20
10
450
750
64
934
125
194
431
140
161
550
254
403
400
171
300
500
49
114
13
895

Longitude

122.2
121.7
120.6
117.4
119
119.3
121.6
117
122
118
119.3
121.2
124
122.2
122.2
123.5
119.3
121.6
121.6
117
119.2
122
122
118.4

Cooling 0.10%

©
DB

6
102

84
106
102
105
105

94

99
104
105

80

99
105
104
104
106
106

87

94

87

87
104

Cooling 0.10%

Cooling 0.50%

(0]
(Vo]

102
97
102
101
88
92
100
102
75
93
102
97
101
104
104
81
86
78
79
99

Cooling 0.50%

Cooling 1.00%

00
DB

7
5

O

78
101
95
101
99
86
90
99
100
74
91
101
95
100
102
102
79
84
76
77
98

Cooling 1.00%

Cooling 2.00%

O N N N N OO OOV OV N O OV 0 0V VOV O N 0 O

Cooling 2.00%

(o)}
w

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

w
Py

Heating
Design Drybulb (0.2%)

W W W W W W W W N NDNWWWWWWWNWWWNW
S 00O O O O N W OO O O O NDNWDNO RN B W

Design Drybulb (0.6%)
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Palermo 39.4 154 1215 106 71 104 70 102 70 98 69 74 72 37 25 30 33 1170
Palm Desert 33.7 200 1165 116 74 112 73 111 73 108 72 79 78 34 26 32 34 -
Palm Desert Country 33.7 243 1163 116 74 112 73 111 73 108 72 79 78 34 26 32 34 374
Palm Springs 33.8 411 1165 117 74 113 73 112 73 109 72 79 78 35 26 31 34 1109
Palmdale AP 346 2517 1181 107 67 103 67 102 66 98 64 71 69 33 12 20 24 2929
Palmdale CO 346 2596 118.1 106 67 102 67 101 66 97 64 71 69 35 13 21 25 2908
Palo Alto 375 25 1221 93 66 8 64 8 64 77 62 68 66 25 26 31 34 2891
Palomar Obsy 334 5545 1169 90 62 8 61 8 61 8 59 66 64 22 16 20 23 4141
Palos Verdes 338 216 119 92 69 8 68 8 68 78 66 71 69 14 38 43 46 -
Panorama City 342 801 1185 103 71 98 69 96 69 92 67 74 71 32 28 33 36 664
Paradise 39.8 1750 1216 102 69 99 67 98 67 94 66 71 69 34 25 30 33 -
Paramount 339 70 117 98 70 90 69 88 69 8 67 72 70 22 32 37 40 -
Parker Res 343 738 1142 115 74 112 73 111 73 108 72 79 77 26 32 37 40 1223
Parkway-South Sacramento 38.5 17 1214 104 71 100 70 98 70 94 68 73 71 32 30 35 37 1150
Parlier 366 320 1195 104 73 101 71 100 70 97 68 75 73 38 24 30 34 1262
Pasadena 342 864 1182 99 69 94 68 92 68 8 67 73 71 30 32 37 40 1551
Paso Robles AP 357 815 1207 104 66 97 66 96 66 92 65 70 68 40 19 23 26 2973
Paso Robles CO 356 700 1207 102 65 95 65 94 65 90 65 69 67 44 16 20 23 2885
Patterson 374 97 1211 101 72 96 70 94 69 90 67 74 72 36 24 30 34 1240
Pedley 34 718 1175 105 70 101 69 99 68 95 66 74 72 34 26 33 36 600
Pendleton MCB 333 63 1173 92 68 8 67 8 67 8 66 71 69 22 34 39 41 1532
Pendleton MCB Coast 332 24 1174 8 69 8 67 79 67 75 65 70 68 10 39 44 46 1782
Perris 338 1470 117.2 105 70 101 69 100 69 97 68 74 72 39 22 27 30 -
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City

Petaluma FS 2
Pico Rivera
Piedmont
Pinnacles NM
Pinole

Pismo Beach
Pittsburg
Placentia
Placerville
Placerville IFG
Platina

Pleasant Hill
Pleasanton
Point Arena
Point Arguello
Point Mugu
Point Piedras Blancas
Pomona Cal Poly
Port Chicago ND
Port Hueneme
Porterville
Portola

Posey 3 E
Potter Valley PH

Latitude

38.2
34
37.8
36.5
38
35.1
38
33.9
38.7
38.7
40.4
37.9
37.6
38.9
34.6
34.1
35.7
34.1
38
34.2
36.1
39.8
35.8
394

Elevation (ft)

[
(o)}

180
325
1307
10
80
50
323
1890
2755
2260
102
350
100
76
14
59
740
50
13
393
4850
4960
1015

Longitude

122.6
118
122

121.2

122.3

120.6

121.8
118

120.8

120.8

122.9
122

121.8

123.7

120.7

119.1

121.3

117.8
122
119
119

120.5
119

123.1

Cooling 0.10%

O
o

102
101
101
100
96
96
97
76
75
88
73
102
98
88
106
92
89
101

Cooling 0.10%

Cooling 0.50%

(o}
N

102
89
86
96

Cooling 0.50%

Cooling 1.00%

©
DB

0
9

00

93
86
84
95
91
97
96
91
92
93
71
69
79
65
97
92
79
101
88
85
94

Cooling 1.00%

Cooling 2.00%

0 00 00 O N 00 O O N O OO 0 0 0 O O 0 O 0 0 0 0 0 0

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

N
S

Heating
Design Drybulb (0.2%)

N R T W W W w b W W WN WNDNDNWWWWDNWWN
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Design Drybulb (0.6%)

4747
3826
2328
3841
1971

2334
2456

7111

3276

Appendix JA2 — Reference Weather/Climate Data



Appendix JA2-28 2025 Joint Appendices

S s § % s s

=2 2 e« c 2 Q

— BN N BN BN N N N N 5 3 = 8 > 35

€ ,8% 8§ 8 B 8 8 8 8 3§ % & % : %
¢ 5 39 $e® Pe¥ Fe ¥ Me > 5 5 228 »S w0
EOF 3£ £2f £S5 s £2 s =25 B B 5 SHE 2R 2R £
ity 8§ & § 383 32 88 82 8838338338 & & 3 255 £8 28 29
Poway Valley 33 500 117 100 70 94 69 93 69 8 68 73 71 26 29 33 35 -
Priest Valley 362 2300 1207 97 66 93 65 92 65 88 63 69 67 34 13 20 24 4144
Prunedale 36.6 260 1217 8 66 8 65 8 64 79 62 68 66 20 26 31 34 1100
Quartz Hill 346 2428 1182 106 68 102 67 101 67 98 66 72 70 35 12 17 20 1455
Quincy 39.9 3409 1209 101 64 98 63 97 63 93 62 68 66 45 1 6 13 5763
Ramona Spaulding 331 1480 1168 103 70 97 69 96 69 92 68 73 71 40 22 28 31 -
Rancho Bernardo 33 500 1171 96 69 91 68 8 68 8 67 72 70 26 29 34 36 -
Rancho Cordova 386 190 1213 104 72 100 69 98 69 94 68 74 71 35 26 31 33 -
Rancho Mirage 33.8 248 1164 117 74 113 73 112 73 109 72 79 78 33 26 31 34 374
Rancho Palos Verdes 337 216 1182 92 69 8 68 8 68 78 66 71 69 14 38 43 46 -
Rancho San Diego 328 300 1170 94 69 8 68 8 68 8 66 71 69 30 34 38 41 404
Rancho Santa Margarita 33.6 116 1176 95 67 87 66 85 65 81 63 71 67 22 33 37 40 496
Randsburg 353 3570 117.7 105 67 102 66 101 66 97 65 70 68 30 19 25 28 2922
Red Bluff AP 402 342 1223 107 70 104 69 102 68 98 66 73 71 31 24 29 31 2688
Redding FS 4 40.6 470 122.4 107 69 103 68 101 68 97 67 72 70 30 26 31 34 2544
Redlands 341 1318 1172 106 70 102 69 101 69 98 67 74 72 34 27 32 35 1993
Redondo Beach 33.8 45 1183 92 69 84 68 82 68 78 66 71 69 12 37 42 44 -
Redwood City 375 31 1222 90 67 8 66 8 66 81 64 69 67 28 28 33 35 2599
Reedley 366 344 1197 104 71 101 70 100 70 96 68 74 72 40 24 30 34 -
Reseda 342 736 1185 103 71 98 69 9% 69 92 67 74 71 32 28 33 36 664
Rialto 341 1254 117 105 70 101 69 100 68 96 66 74 72 35 28 33 35 -
Richardson Grove 40 500 1238 96 67 92 66 91 66 8 64 69 67 28 25 30 33 -
Richmond 379 55 1216 8 65 8 64 8 64 77 62 67 65 17 31 36 38 2684
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City

Ridgecrest

Rio Del Mar
Rio Linda
Ripon
Riverbank
Riverside Exp Sta
Riverside FS 3
Rocklin

Rodeo
Rohnert Park
Rolling Hills
Rosamond
Roseland
Rosemead
Rosemont
Roseville
Rossmoor
Rowland Hts
Rubidoux
Sacramento AP
Sacramento CO
Saint Helena

Saint Mary's College

Salinas 3 E

Latitude

35.6

38.6
37.7
37.7
34
34
38.8
38.1
38.4
33.6
34.8
38.4
34
38.3
38.7
33.8
33.9
34
38.5
38.6
38.5
37.8
36.7

Elevation (ft)

133
986
840
239
15
106
216
2326
167
275
190
160
20
540
792
17
84
225
623
85

Longitude

117.8
121.9
121.5
1211
120.9
117.4
117.4
121.2
122.3
122.6
119
118.2
122.7
118
121.4
121.2
118.1
118
117
121.5
121.5
122.5
122.1
121.6

Cooling 0.10%

[
DB

10

104
102
102
106
104
108
93
99
92
106
99
98
104
105
92
99
106
104
104
102
98
86

Cooling 0.10%

Cooling 0.50%

[
DB

06

100
97
99

102

100

104
90
96
84

102
96
90

100

102
85
93

102

100

100
98
93
83

Cooling 0.50%

Cooling 1.00%

DB

105
7

00

95
98
101
99
103
88
95
82
101
95
88
98
100
83
91
101
98
98
97
91
82

Cooling 1.00%

Cooling 2.00%

[
DB

02
3

O 00
s

91
95
97
95
99
84
92
78
98
92
84
94
96
79
86
97
94
94
93
86
79

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

[
wv

Design Drybulb (0.2%)

Design Drybulb (0.6%)

2843

2878
3543
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Salinas AP 36.7 69 121.6 85 67 82 65 81 64 78 62 69 66 20 28 33 35 2959
Salt Springs PH 38.5 3700 120.2 95 62 92 61 91 61 87 59 66 64 27 19 25 28 3857
Salyer RS 40.9 623 123.6 102 69 95 67 93 66 87 64 70 68 33 22 28 31 -
San Anselmo 38 50 122 95 67 89 66 87 66 82 65 70 68 32 26 31 33 -
San Antonio Canyon 34.2 | 2394 117.7 100 68 96 67 94 67 90 65 72 70 33 29 35 39 -
San Antonio Mission 36 1060 117.7 99 69 94 68 92 68 88 67 71 69 28 19 25 28 -
San Bernardino 34.1 1125 117.3 106 70 102 69 101 69 98 68 75 72 39 27 31 33 1777
San Bruno 37.7 20 1224 86 66 80 64 78 64 73 62 67 65 23 30 35 38 3042
San Carlos 37.5 26 1223 92 67 88 65 86 65 82 63 68 66 28 28 33 35 -
San Clemente 334 208 118.6 91 68 85 67 84 67 80 66 71 69 12 31 35 37 -
San Diego AP 32.7 13 117.2 88 70 83 69 82 69 78 68 72 70 13 38 42 44 1507
San Dimas 34 955 118.4 102 70 98 69 96 69 92 67 74 72 35 30 35 37 -
San Fernando 34.3 977 1185 104 71 99 70 98 70 94 68 74 72 37 30 35 37 1800
San Francisco AP 37.6 8 122.4 89 66 83 64 80 63 74 61 67 64 20 31 35 38 3042
San Francisco CO 37.8 52 1224 84 65 79 63 77 62 71 60 66 63 14 38 41 44 3080
San Gabriel FD 34.1 450 118.1 99 70 94 69 92 69 88 68 73 71 30 30 35 37 1532
San Gregorio 2 SE 37.3 275 122.4 87 66 81 63 79 63 74 61 68 65 30 27 32 35 -
San Jacinto 33.8 1535 117 110 70 105 69 104 69 102 68 75 73 41 20 26 29 2376
San Jose 37.4 67 1219 94 68 86 66 84 66 78 64 70 68 26 29 34 36 2438
San Leandro 37.7 45 1222 89 67 83 64 81 64 76 62 69 66 22 28 33 35 -
San Lorenzo 37.7 45 122.1 89 67 83 64 81 64 76 62 69 66 23 28 33 36 -
San Luis Dam 37.1 277 1211 97 68 91 66 90 66 86 64 70 68 32 25 30 33 -
San Luis Obispo 35.3 320 120.7 94 63 87 63 85 63 81 62 67 65 26 30 33 35 2498
San Marcos 33.1 567 117.2 97 69 98 68 94 68 84 67 72 70 29 26 31 34 662
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City
San Marino
San Mateo

San Nicholas Island

San Pablo

San Pedro

San Rafael

San Ramon
Sandberg
Sanger

Santa Ana FS
Santa Barbara AP
Santa Barbara CO
Santa Clara Univ
Santa Clarita
Santa Cruz
Santa Fe Springs
Santa Maria AP
Santa Monica
Santa Paula
Santa Rosa
Santee

Saratoga
Sausalito
Sawyer's Bar RS

Latitude

34.2
375
33.2
37.6
33.7
38
37.7
34.8
36.7
33.8
344
344
374
344
37
33.9
34.9
34
344
38.5
32.8
37.3
37.9
413

Elevation (ft)

w
o
o

504
30
10
40

360

4517
364
115

9
5
88

1300

125

280

236
15

263

167

400

500
10

2169

Longitude

118.1
122.3
119.5
122.3
118.3
122.6
122
118.7
119.6
117.8
119.8
119.7
121.9
118.5
122
118.1
120.5
118.5
119.1
122.8
117
122
122.5
123.1

Cooling 0.10%

[
DB

00

105
98
90
91
90

103
94
99
90
85

101
99
96
96
85

100

Cooling 0.10%

Cooling 0.50%

Vo]
(6]

101
91
83
84
87
98
88
90
83
78
94
96
91
88
80
95

Cooling 0.50%

Cooling 1.00%

©
DB

3
2

0o

82
82
88
91
90
100
89
81
82
86
97
86
88
82
76
92
95
90
86
78
93

Cooling 1.00%

Cooling 2.00%

o
DB

8
6

~

77
78
83
86
87
96
84
77
78
82
93
81
84
78
72
87
92
87
80
73
88

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

w
o

Heating
Design Drybulb (0.2%)

NTW W W N W D WW W W W WwWwwwwNNW W WP ww
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Design Drybulb (0.6%)

4102
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Scotia 40.5 139 1244 78 61 74 60 73 60 69 58 63 61 19 28 33 35 3954
Scotts Valley 37 400 122 94 68 88 66 86 66 81 64 69 67 28 27 32 35 1097
Seal Beach 33.8 21 118.1 94 69 86 68 84 67 80 65 71 69 15 35 40 42 1519
Seaside 36.6 17 1229 85 66 79 64 77 64 73 62 67 65 20 30 35 37 -
Sebastapol 384 102 122.8 99 69 96 68 95 68 92 66 71 69 35 24 27 29 1249
Selma 36.6 305 119.6 104 73 101 71 100 70 97 68 75 73 38 24 30 34 -
Sepulveda 34.2 818 118.5 103 71 98 69 96 69 92 67 74 71 32 28 33 36 664
Shafter 35.5 345 119.2 106 71 102 70 101 70 98 68 74 72 28 24 29 32 2185
Shasta Dam 40.7 1076 122.4 105 69 101 68 99 68 95 67 72 70 27 29 34 36 2943
Shelter Cove 40 110 124.1 80 61 73 60 72 59 68 57 63 61 15 34 39 41 -
Sherman Oaks 34.2 657 118.5 103 71 98 69 96 69 92 67 74 71 28 29 34 37 664
Sierra City 39.6 | 4230 120.1 96 62 93 61 92 61 89 59 66 64 43 12 19 24 -
Sierra Madre 34.2 1153 118.1 102 69 96 68 94 68 90 67 73 71 27 32 37 39 -
Sierraville RS 39.6 4975 1204 94 60 91 59 90 59 86 57 64 62 44 -10 -4 0 6893
Signal Hill 33.5 100 118.2 99 70 90 69 88 68 84 66 72 70 19 35 39 42 -
Simi Valley 344 500 118.8 98 70 93 68 91 68 87 66 73 71 30 28 33 35 -
Solana Beach 33 15 1173 87 68 83 67 81 67 77 65 70 68 10 35 39 41 -
Soledad 36.4 200 121.3 90 67 87 65 86 65 82 64 70 67 23 24 29 32 1020
Sonoma 38.3 70 1225 101 70 96 69 94 69 90 67 72 70 40 22 28 31 2998
Sonora RS 38 1749 1204 103 68 100 67 99 67 95 66 72 70 34 20 26 29 3537
Soquel 37 50 122 94 67 88 66 86 65 81 63 69 67 24 27 32 35 1097
South El Monte 34 270 118.1 101 72 97 70 95 70 91 68 74 72 28 31 36 38 -
South Entr Yosemite 37.5 5120 119.6 92 61 88 60 87 60 84 59 64 62 36 8 15 20 5789
South Gate 33.9 120 118.2 97 70 90 69 88 69 84 67 72 70 21 32 37 39 -
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City

South Laguna
South Lake Tahoe
South Oroville
South Pasadena
South San Francisco
South San Gabriel
South Whittier
South Yuba City
Spring Valley
Squaw Valley
Squirrel Inn
Stanford

Stanton

Stockton AP
Stockton FS 4
Stony Gorge Res
Strawberry Valley
Studio City
Suisun City

Sun City

Sunland
Sunnyvale
Susanville AP
Taft

Latitude

33.6
38.9
39.5
34
37.7
341
33.9
39.1
32.7
39.2
34.2
375
33.6
37.9
38
39.6
39.6
34.3
38.2
33.7
34.3
37.3
40.4
35.1

§ Elevation (ft)

6200

657
10
450
300
59
300
6235
5680
23
45
22
12
791
3808
620
72
1420
1460
97
4148
987

Longitude

117.7
120
121.6
118.2
122.4
118.1
118
121.6
117
120.2
117.2
122.1
118
121.3
121.3
122.5
1211
118.4
122
117.2
118.3
122
120.6
119.5

Cooling 0.10%

©
DB

1

106
99
87
99

100

105
94
88
86
93
98

103

101

104
96

102

103

105

107
96
98

106

Cooling 0.10%

Cooling 0.50%

00
DB

3

104
94
81
94
92

101
86
85
82
85
91
98
96
99
93
97
98

101

102
88
95

102

Cooling 0.50%

Cooling 1.00%

00
DB

2
9
102
92
78
92
90
100
85
84
81
83
89
97
95
97
92
95
96
100
100
86
94
101

~N

Cooling 1.00%

(SR
[Sa ]

68
64
69
69
69
68
56
60
64
68
69
68
69
62
69
68
69
70
66
61
70

Cooling 2.00%

~
DB

8
1

~N

88
72
88
84
96
82
80
77
77
84
93
91
93
88
91
91
97
96
80
90
98

Cooling 2.00%

D
(o)}

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

[
0o

Heating

Winter Median of

Extremes

w
o

Heating
Design Drybulb (0.2%)

w
w

36
36
35
36
29
38

18
31
36
28
28
27
21
33
29
27
33
34

31

Design Drybulb (0.6%)

Heating
HDD*

586

1385

431

1160

5175
1103

2806
2846
3149
5120
664
1299
827

2511
6233
934
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Tahoe City 39.2 6230 1201 8 56 8 55 8 55 76 53 60 58 36 2 14 8085
Tahoe Valley AP 389 6254 1200 8 56 8 55 8 55 77 53 60 58 38 -5 2 6 -
Tamalpais-Homestead 37.9 25 1225 97 68 91 66 89 66 84 64 70 68 28 28 33 35 874

Valley

Tarzana 342 800 1186 104 71 99 69 97 69 93 68 74 71 27 27 32 35 664
Tehachapi 351 3975 1185 97 66 93 65 92 65 8 64 69 67 33 13 20 24 4494
Tejon Rancho 35 1425 1188 107 71 103 70 102 70 99 68 74 72 27 24 29 32 2602
Temecula 335 1006 1172 101 69 9 68 95 68 91 67 73 71 34 24 29 32 -
Temple City 341 403 1181 101 70 95 69 93 69 8 68 73 71 27 30 35 37 -
Termo 409 5300 1205 95 60 92 59 91 59 8 57 64 62 37 -17 -11 -4 -
Thermal AP 336 -112 1161 114 74 110 74 109 74 106 74 8 79 29 26 31 35 1154
Thermalito 379 25 1216 106 71 104 70 102 70 98 69 74 72 37 25 30 33 -
Thousand Oaks 342 810 1188 98 69 93 68 92 68 8 67 72 70 30 27 32 35 -
Three Rivers PH 1 36,5 1140 1189 105 70 102 69 101 69 98 67 73 71 38 24 30 32 2642
Tiburon 379 90 1225 8 66 8 65 78 65 73 63 67 65 12 30 34 36 -
Tiger Creek PH 385 2355 1205 100 66 9 65 95 65 92 63 69 67 36 20 26 29 3795
Torrance 338 110 1183 93 69 8 68 8 68 8 66 71 69 18 32 37 39 1859
Tracy Carbona 377 140 1214 102 70 97 68 95 68 90 67 72 70 38 24 29 32 2704
Tracy Pumps 378 61 1214 104 71 99 69 97 69 92 68 73 71 39 23 28 31 -
Travis AFB 383 72 1219 103 71 98 69 9% 68 91 66 73 70 35 24 29 32 2725
Trinity Dam 40.8 2500 122.8 99 65 94 64 92 64 8 62 68 66 37 17 24 28 -
Trona 358 1695 1174 113 72 109 70 108 70 105 68 76 73 35 18 24 27 2415
Truckee RS 393 5995 1202 90 58 8 57 8 57 8 55 62 60 40 -10 -4 0 8230
Tujunga 343 1820 1183 103 70 99 69 98 69 94 67 73 71 36 20 26 29 -
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City

Tulare

Tulelake

Turlock
Turntable Creek
Tustin Foothills
Tustin Irvine Rch
Twentynine Palms
Twin Lakes
Twitchell Dam
UCLA

Ukiah

Union City
Upland

Upper Lake RS
Upper San Leandro
Vacaville
Valinda

Valle Vista
Vallejo
Valyermo RS
Van Nuys
Vandenburg AFB
Ventura

Victorville Pumps

Latitude

36.2
42
375
40.8
33.8
33.7
34.1
38.7
35
34.1
39.2
37.6
341
39.2
37.8
384
34
33.8
38.1
345
34.2
34.7
34.3
345

Elevation (ft)

2858

Longitude

119.4
121.5
120.9
120.9
117.8
117.8
116.1
119.1
120.3
118.4
123.2
122.1
117.7
123
122.1
122
117.9
116.9
122.3
117.9
118.5
122.8
119.3
117.3

Cooling 0.10%

[
DB

05

104
105
99
99
110
73
99
93
100
90
102
98
93
103
102
109
93
100
103
85
89
105

Cooling 0.10%

Cooling 0.50%

[
DB

01

100
101
92
92
107
64
93
86
97
87
98
95
87
100
98
104
90
96
98
77
82
101

Cooling 0.50%

Cooling 1.00%

DB

100
7

00

99
90
90
106
62
92
84
96
85
96
94
85
98
96
103
88
95
96
75
80
100

Cooling 1.00%

~N
[

Cooling 2.00%

0 00 VW O 0 O

103
57
88
80
92
81
92
91
80
94
92

101
84
91
92
71
76
97

Cooling 2.00%

(o))
(Vo]

Design Wetbulb 0.1%

Design Wetbulb 0.5%

Outdoor Daily Range

Heating

Winter Median of

Extremes

N
S

Heating
Design Drybulb (0.2%)

N W W wE WNWNWWWWND W N WWN W W
B DA U1 W WO W WULLhoO 0 W S A O W WKL NO R L OO o

Heating
Design Drybulb (0.6%)

NwwwNwNwwwwwwwhwawwwwmw
N OO N OB~ OO0 0O, U)W O b o A AN B g

3870
664
3451

3191
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View Park 34 300 118.3 95 69 88 68 85 68 78 66 71 69 18 36 40 43 -
Villa Park 33.8 300 117.8 99 70 92 68 90 68 85 67 72 70 27 33 37 40 550
Vincent 34.5 3135 118.1 105 67 101 65 100 65 96 64 71 69 33 10 18 22 1455
Visalia 36.3 325 119.3 103 71 100 70 99 70 96 69 73 72 38 25 30 33 2459
Vista 33.2 510 117.2 96 69 90 68 89 68 85 67 72 70 16 30 35 37 -
Volta PH 40.5 2220 120.9 101 66 98 65 97 65 93 63 69 67 33 21 27 30 -
Walnut 34 550 117.9 101 70 97 69 96 69 92 69 74 72 30 28 33 35 -
Walnut Creek 37.9 245 122.1 100 69 94 67 92 67 87 66 71 69 32 23 29 31 -
Walnut Grove 38.2 23 1215 102 70 98 69 96 69 92 68 72 71 37 24 30 32 -
Walnut Park 33.9 45 118.2 92 69 84 68 82 68 78 66 71 69 12 37 42 44 450
Warner Springs 33.3 | 3180 116.6 100 67 95 66 94 66 91 65 71 69 40 15 22 26 3591
Wasco 35.6 333 119.3 105 71 101 70 100 70 97 68 74 72 36 23 28 31 2466
Watsonville 36.9 95 121.8 86 66 82 64 81 63 79 61 68 65 22 28 33 35 3418
Weaverville RS 40.7 2050 122.9 100 67 95 66 93 65 89 63 69 67 46 10 17 22 4992
Weed FD 41.4 3590 1224 92 63 89 62 88 61 84 59 65 63 35 4 12 17 -
West Athens 33.9 25 1183 92 69 85 68 84 68 80 66 71 69 18 32 37 39 450
West Carson 33.8 100 1183 92 69 87 68 85 68 81 66 71 69 18 32 37 39 -
West Compton 33.9 71 118.3 97 69 90 68 88 68 83 67 72 70 21 33 37 39 450
West Covina 34 365 1179 102 70 98 69 96 69 92 68 74 72 34 29 34 36 -
West Hollywood 34 290 1184 95 70 89 69 87 69 82 67 72 70 20 38 42 45 -
West Pittsburg 38 12 1219 102 70 97 68 95 68 90 67 72 70 34 26 32 35 -
West Puente Valley 34 500 1179 101 71 97 70 95 70 91 68 73 71 26 31 36 39 -
West Sacramento 38.6 19 1215 104 72 100 70 98 70 94 68 74 71 35 26 31 33 1290
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City

West Whittier-Los Nietos

Westlake Village

Westminster
Westmont

Whiskeytown Res

White Mtn 1
White Mtn 2
Whittier
Wildomar
Wildrose RS
Williams
Willits
Willow Brook
Willow Creek
Willows
Windsor
Winters
Winton
Woodcrest
Woodfords
Woodlake
Woodland
Woodland Hills

Latitude

w
o

34.2
33.8
33.9
40.6
375
37.6
34
33.6
36.3
39.2
394
33.9
41
395
38.5
38.5
374
33.9
38.8
36.3
38.7
34.2

Elevation (ft)

w
N
o

750

110
1295
10150
12470
320
1255
4100
85
1350
60
461
140
130
135
168
1500
5671
500
69
944

Longitude

=
[EEY
©
[EEY

118.8
118
118.3
122.6
119.3
119.3
118
117.3

122.2
123.3
118.2
123
122.2
122.8
122
120.6
117.4
119.8
119.1
121.8
118.6

Cooling 0.10%

©
DB

9

103

96
105
73
61
99
103
100
104
95
97
104
104
99
104
103
104
92
103
106
104

Cooling 0.10%

Cooling 0.50%

101
69
58
90
99
97

100
89
90
98

100
96
99

100

100
89

100

101
99

Cooling 0.50%

Cooling 1.00%

00
o

100
68
57
88
98
96
98
87
88
96
98
95
97
99
99
88
99

100
97

Cooling 1.00%

Cooling 2.00%

Cooling 2.00%

Design Wetbulb 0.1%

~
N

72
72
72
53
46
72
74
68
73
68
72
71
73
71
73
73
74
63
73
74
74

Design Wetbulb 0.5%

~
o

70
70
70
50
43
70
72
66
71
66
70
69
71
69
71
71
72
61
72
72
72

Outdoor Daily Range

N
S

Heating

Winter Median of

Extremes

w
Py

Heating
Design Drybulb (0.2%)

w
w

W NN NNNWNRNDNNRNWL & wd ww
N N © N 00w oo O OO 00UV (n © O R, 0 O

30
30
31

Heating
Design Drybulb (0.6%)

w
(o]

W W W ERr WWWNWWDMNWNWWW L L WS W
AW W N UVON OFRP P NNNDPOO®NGOOUOSD WD P w

Heating
HDD*

2836
1249
2593
1244
611
6047
1130
2708
664
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*daH
SuneaH

(%9°0) qinqAiqg usisag
SuneaH

(%z°0) ainqAug uSisaq
SuneaH

sawiaIx3
JO UBIP3Al J2IUIM
SuneaH

98uey Ajleq J00panQ
%S°0 qInqIaM usisaq

%T°0 dIngIdMW usisaq
aMOIN
%00°C 8ulj00)

4aa
%00°C 8u1j00)

MO
%00°'T 8uj00)

:[¢
%00°'T 8uj00)

aMOn
%050 3u1joo)

aa
%050 3u1joo)

aMOIN
%0710 3u1joo)

aa
%0T'0 3u1j00)
apnyduo

(14) uonens|3

apniieq

City

31
37
23
20
32
35

28
35

22

24
31

69 67
73 71

63
68
60
64
68

66 82 65 76
69 88

84
94
94
95

67
70

63

75 1223 92

375

Woodside

1643
4785

30
11

69

92

350 117.8 102
3970 119.6 97

33.9

Yorba Linda

18
15
29

93 62 90 67 65 38
90 39
96 36
98

94

62

37.7

Yosemite Park Hq

Yreka

5395

67

69
72

2625 122.6 99 66 65 65
70 69

41.7

24
27

100 69 71

69

101

121.6 105

39.1

Yuba City
Yucaipa

32

73 71 35

65

117 106 68 102 67 101 67
71 105 104

2600

34
34.2

19 24 27 862

101 69 75 73 32

70

70

2600 116.4 108

Yucca Valley
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*Heating Degree Day is a unit, based on temperature difference and time, used in estimating fuel
consumption and specifying nominal annual heating load of a building. For any one day when the
mean temperature is less than 652F (182C), there exist as many degree days as there are
Fahrenheit degrees difference in temperature between mean temperature for the day and 659F
(182C).

KEY TO ABBREVIATIONS:

AFB Air Force Base

AFS Air Force Station

AP Airport

co City/County Office

FD Fire Department

FS Fire Station

MCB Marine Corps Base

MCWB Mean Coincident Wet Bulb
NAS Naval Air Station

NM National Monument
PH Power House
RS Ranger Station
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Joint Appendix JA3

Appendix JA3 — Fime Dependent Valuation-Enerqy
Budget (FBV)

JA3.1 Scope and Purpose
$|-me—elependent—va-l-ua{+en-(—'FD¥) nergy Budge +5—t-he—eu#eney—u»:-ed—te—eempa-r=e—ene¥gy

~tis the maximum energy
consumptlon that a proposed buﬂdmg, or portlon of a bmldmg, can be designed to consume,
calculated using Commission-approved compliance software as specified by the Alternative
Calculation Method Approval Manual. The Energy Budget for newly constructed single-family,
multifamily, and nonresidential buildings are expressed in terms of the Long-Term System Cost
(LSC) and Source Energy. The Energy Budget for additions and alterations for all building types
are expressed in terms of LSC. FD\-s-alse-used-to-evaluate-the-cost-effectiveness-of-measures

JA3.1.1 Long-Term System Cost (LSC)TbV

LSC consists of large data sets that convert electricity, gas ander propane to LSCFBY energy. The
rate of conversion varies for each hour of the year, for each climate zone and for each energy
type (electricity, natural gas ander propane). The conversion factors also vary by building type:
low-rise residential and other building types, including nonresidential, hotel/motel and high-rise
residential. There are a total of 96344 hourly data sets (16 climate zones x 3 fuel types x 3-2
building types) where the 32 building types are residential 30 year and; -renresidential-15-year;
nonresidential 30 year. The completeactual LSCFBV data canmay be downloaded from the
Energy Commission’s website.

Because of the length, the actual data is not published in this appendix.

LSC is also used to evaluate the cost effectiveness of measures and to perform other codes
analysis.

JA3.1.2 Source Energy

Source energy is the long run marginal source energy of fossil fuels that are combusted as a result
of building energy consumed either directly at the building site or caused to be consumed to
meet the electrical demand of the building considering the long-term marginal hourly resources
of Commission-projected electric system resource procurement. For a given hour, the value in
that hour for each forecasted year is averaged to get a lifetime average source energy.
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The complete Source Energy data can be downloaded from the Energy Commission’s website.
Because of the length, the actual data is not published in this appendix.

JA3.2 Summary of Data

Table 3-1 through Table 3-63 give a statistical summary of the LSCFBV eenversion-and source
energy factors for electricity, natural gas and propane. Each table has the annual minimum,
maximum, and average for each climate zone and building type.

(a) Table 3-1 — LSC Statistical Data — Electricity (S/kWh)

(b) Table 3-2 — LSC Statistical Data — Natural Gas (S/Therm)

(c) Table 3-3 — LSC Statistical Data — Propane (S/Therm)

(d) Table 3-4 — Source Energy Statistical Data — Electricity (kBtu/KWh)

(e) Table 3-5 — Source Energy Statistical Data — Natural Gas

(f) Table 3-6 — Source Energy Statistical Data — Propane

g
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{hy—TFable 3-2—TDVLSC Statistical- Data—Natural-Gas (kBtu$/therm)
T —
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(}——TFable 3-2 —TDV LSC Statistical Data—Natural Gas{kBtuS/therm)
f——
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— Table 3-2—TDV LSC Statistical Data—Natural Gas (kBtuS/therm)
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Table 3-3—TDV LSC Statistical Data—Propane{kBtus/therm)
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Table 3-1 — TDV-LSC Statistical Data — Electricity (kBtuS/kWh)

Residential Nonresidential{15-yr} Nonresidentia{30-y+)
Climate  Mini A Maxi Mini A Maxi Mini A Maxi
Zone
2 1392 26-97 2755-84 13-06 2457 33402 1281 274006 299260
3 1407 2745 244114 319 2812 292414 1293 2743 2648-86
4 13585 2701 1866-06 1322 2816 232498 1297 2718 202871
5 1415 2725 66924 1332 2827 87302 13-05 2728 72478
6 414 26-96 150489 1353 2841 154657 1337 24E3 163247
7 1420 27-06 66228 1351 2842 101686 1315 2742 765
8 1384 2661 92337 1363 2823 110370 1327 2724 100816
9 1382 2658 187892 1357 2845 2072:04 1321 2747 205246
10 1381 2658 68202 1352 2810 91799 1316 2712 74346
11 1396 2702 153326 1316 28-08 216291 1293 273 166542
] 1385 2704 150716 1316 28-09 2341200 1293 2714 163722
13 1389 26894 253701 1310 2802 310971 1286 2705 275728
14 1368 2642 191110 1351 28-09 245487 1316 2711 2090-42
15 B73 2648 2068-49 1352 2840 253373 317 2FE2 226344
16 463 2754 1286-61 1389 2866 159154 1362 2765 139628
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Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
1 4.37 6.71 53.70 3.24 5.63 23.78
2 4.37 6.71 60.38 3.24 5.64 60.57
3 4.37 6.71 50.85 3.24 5.64 50.89
4 4.37 6.70 50.82 3.23 5.63 50.82
5 4.37 6.71 50.85 3.24 5.64 50.89
6 4.57 6.74 52.22 3.43 5.66 52.33
7 4.21 6.67 133.66 311 5.60 133.57
8 4.55 6.72 51.24 3.42 2.65 21.33
3 4.55 6.72 51.24 3.42 2.65 24.28
10 4.55 6.72 41.52 3.42 5.64 21.50
1 4.37 6.71 50.82 3.23 5.63 20.81
12 4.37 6.71 50.82 3.24 5.63 50.84
13 4.36 6.70 50.80 3.23 5.63 50.81
14 4.55 6.71 51.22 3.42 5.64 51.30
15 4.54 6.71 51.18 3.41 5.64 51.29
16 58 75 51.35 3.42 5.65 51.36
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Table 3-2 — TBVLLSC Statistical Data — Natural Gas (kBtuS/therm)

Residential Nenresidential {15.yr) Nentesidential {30
¥y
Climate Minimum Average Maximun Minimum Average Maximum Minimum Average Maximun
Zone
1 33045 35104 37853 22653 25348 28862 25947 28566 32039
2 33045 351.04 37853 226-53 25318 28862 25947 28566 32039
3 33045 351.04 37853 22653 25348 28862 25947 28566 32039
4 33015 35104 37853 22653 25318 28862 25947 28566 32039
5 33045 35104 37853 22653 25348 28862 25947 28566 32039
6 33033 351.58 379-63 226-75 25456 29168 259.69 28701 32337
z 33044 35240 38447 22680 25527 29331 25974 287470 32497
8 33033 35158 37963 22675 25456 29168 259.69 28701 32337
] 33033 35158 37963 22675 25456 29168 259.69 28701 32337
10 33033 35158 379-63 226-75 25456 29168 25969 28761 32337
11 33045 351.04 37853 226-53 25318 28862 25947 28566 32039
12 33045 351.04 37853 22653 25348 28862 25947 28566 32039
13 330415 35104 37853 22653 25318 28862 25947 28566 32039
14 33033 35158 379-63 226-75 25456 29168 25969 28761 32337
Residential Residential Residential Residential Residential Residential
Climate Zone Minimum Average Maximum Minimum Average Maximum
1 113.07 119.05 127.10 46.51 53.23 62.33
2 113.07 119.05 127.10 46.51 53.23 62.33
3 113.07 119.05 127.10 46.51 53.23 62.33
4 113.07 119.05 127.10 46.51 53.23 62.33
5 113.07 119.05 127.10 46.51 53.23 62.33
6 113.10 119.21 127.44 46.54 53.59 63.16
7 113.12 119.45 128.00 46.55 53.78 63.59
8 113.10 119.21 127.44 46.54 53.59 63.16
9 113.10 119.21 127.44 46.54 53.59 63.16
10 113.10 119.21 127.44 46.54 53.59 63.16
11 113.07 119.05 127.10 46.51 53.23 62.33
12 113.07 119.05 127.10 46.51 53.23 62.33
13 113.07 119.05 127.10 46.51 53.23 62.33
14 113.10 119.21 127.44 46.54 53.59 63.16
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Residential Residential Residential Residential Residential Residential
Climate Zone = Minimum Average Maximum Minimum Average Maximum
15 113.10 119.21 127.44 46.54 53.59 63.16
16 113.07 119.05 127.10 46.54 33.59 63.16
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Table 3-3 — TBALLSC Statistical Data — Propane (kBtuS/therm)

Residential N sidential{15-vr) N idential(30-vr)
A A J A} AN

Climate Minimum Average Maximun Minimum Average Maximun Minimum Average Maximun
Zene
1 56780 626-404 686-90 45171 49537 540-44 462.53 50574 55036
2 56780 626-404 686-90 45171 49537 540-44 462.53 50574 55036
3 567860 626-40 6836:90 45171 49537 540-44 46253 50574 55036
4 56786 626-40 636-90 45371 49537 540-44 46253 50574 55036
5 56780 626-40 636-90 451371 49537 540-444 46253 50574 55036
6 56780 626-40 686-90 45171 49537 540-44 462.53 50574 55036
7 56780 626-40 6836-90 45171 49537 540-44 46253 50574 55036
8 56786 626-40 636-90 45371 49537 540-44 46253 50574 55036
9 56780 626-40 636-90 451371 49537 540-44 46253 50574 55036
10 56780 626-404 686-90 45171 49537 540-44 462.53 50574 55036
11 56780 626-404 6836:90 45171 49537 540-44 46253 50574 55036
» 56786 626-40 636-90 45171 49537 540-44 46253 50574 55036
13 56786 626-40 636-90 451371 49537 540-44 46253 50574 55036
14 56780 626-40 636-90 45371 49537 540-44 46253 50574 55036

Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
1 92.50 101.65 111.51 75.97 82.76 90.07
2 92.50 101.65 111.51 75.97 82.76 90.07
3 92.50 101.65 111.51 75.97 82.76 90.07
4 92.50 101.65 111.51 75.97 82.76 90.07
3 92.50 101.65 111.51 75.97 82.76 90.07
6 92.50 101.65 111.51 75.97 82.76 90.07
A 32.50 101.65 111.51 75.97 82.76 90.07
8 32.50 101.65 111.51 75.97 82.76 90.07
3 32.50 101.65 111.51 75.97 82.76 90.07

10 92.50 101.65 111.51 75.97 82.76 90.07
11 92.50 101.65 111.51 75.97 82.76 90.07
12 92.50 101.65 111.51 75.97 82.76 90.07
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Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
13 92.50 101.65 11151 75.97 82.76 90.07
14 92.50 101.65 111.51 75.97 82.76 90.07
15 92.50 101.65 111.51 75.97 82.76 90.07
16 92.50 101.65 111.51 75.97 82.76 90.07
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Table 3-4 — Source Energy Statistical Data — Electricity (kBtu/kWh)

Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
1 0.0036 1.70 8.67 0.0036 1.70 8.67
2 0.0036 1.70 8.67 0.0036 1.70 8.67
3 0.0036 1.70 8.67 0.0036 1.70 8.67
4 0.0036 1.70 8.67 0.0036 1.70 8.67
3 0.0036 1.70 8.67 0.0036 1.70 8.67
6 0.0036 1.70 8.67 0.0036 1.70 8.67
7 0.0036 1.70 8.67 0.0036 1.70 8.67
8 0.0036 1.70 8.67 0.0036 1.70 8.67
9 0.0036 1.70 8.67 0.0036 1.70 8.67
10 0.0036 1.70 8.67 0.0036 1.70 8.67
11 0.0036 1.70 8.67 0.0036 1.70 8.67
12 0.0036 1.70 8.67 0.0036 1.70 8.67
13 0.0036 1.70 8.67 0.0036 1.70 8.67
14 0.0036 1.70 8.67 0.0036 1.70 8.67
15 0.0036 1.70 8.67 0.0036 1.70 8.67
16 0.0036 1.70 8.67 0.0036 1.70 8.67
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Table 3-5 — Source Energy Statistical Data — Natural Gas (kBtu/Therm)

Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
1 90.54 90.54 90.54 90.54 90.54 90.54
2 90.54 90.54 90.54 90.54 90.54 90.54
3 90.54 90.54 90.54 90.54 90.54 90.54
4 90.54 90.54 90.54 90.54 90.54 90.54
3 90.54 90.54 90.54 90.54 90.54 90.54
6 89.96 89.96 89.96 89.96 89.96 89.96
A 89.64 89.64 89.64 89.64 89.64 89.64
8 89.96 89.96 89.96 89.96 89.96 89.96
) 89.96 89.96 89.96 89.96 89.96 89.96
10 89.96 89.96 89.96 89.96 89.96 89.96
11 90.54 90.54 90.54 90.54 90.54 90.54
12 90.54 90.54 90.54 90.54 90.54 90.54
13 90.54 90.54 90.54 90.54 90.54 90.54
14 89.96 89.96 89.96 89.96 89.96 89.96
15 89.96 89.96 89.96 89.96 89.96 89.96
16 89.96 89.96 89.96 89.96 89.96 89.96
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Table 3-6 — Source Energy Statistical Data — Propane (kBtu/Therm)

Climate Residential Residential Residential Nonresidential Nonresidential Nonresidential

Zone Minimum Average Maximum Minimum Average Maximum
1 100 100 100 100 100 100
2 100 100 100 100 100 100
3 100 100 100 100 100 100
4 100 100 100 100 100 100
3 100 100 100 100 100 100
6 100 100 100 100 100 100
7 100 100 100 100 100 100
8 100 100 100 100 100 100
9 100 100 100 100 100 100
10 100 100 100 100 100 100
11 100 100 100 100 100 100
12 100 100 100 100 100 100
13 100 100 100 100 100 100
14 100 100 100 100 100 100
15 100 100 100 100 100 100
16 100 100 100 100 100 100
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JA4.1 Scope and Purpose

JA4.1.1 Introduction

The values in this appendix must be used for all residential and nonresidential prescriptive
compliance calculations. California Energy Commission approved compliance software may make
adjustments to the values in these tables using procedures described in this appendix.

The data tables are organized first by roofs, walls, and floors. For each, the data is further
organized by construction type, beginning with wood framed construction, followed by metal
framed construction, concrete and special construction assemblies. Each table features a
letter/number coordinate system (shaded in gray) that can be used as an identifier for each
value, i.e. 4.2.1-A10 indicates Table 4.2.1, Column A, Row 10. Construction assembly descriptions
shall be concatenated first by row and then by column. For example, the descriptions of 4.2.1.-
A20 and 4.3.1-H3 and shall be as follows (abbreviations are acceptable):

Wood Framed Attic, Trusses@24 inch. OC, R-30 attic insulation, No continuous insulation
Wood Framed Wall, Wd 2x4 @16 inch OC, R-13 cavity insulation, R-14 continuous insulation

The R-value representing the component(s) of a construction assembly may be rounded to the
nearest whole R-value. If a construction assembly is not adequately represented in the tables
below, the permit applicant or the manufacturer of the product may request the California
Energy Commission approve alternative U-factors for the construction assembly. The California
Energy Commission Executive Director will grant such approval, after reviewing submittals and
supporting information from the applicant and the merits of the information to support the
intended use. Acceptable calculation methods for determining a construction component’s R-
value or overall assembly U-factor are based on ASHRAE Handbook of Fundamental procedures,
such as:

(a) Testing: Guarded Hot Plate (ASTM C177)
Heat Flow Meter (ASTM C518)
Hot Box Apparatus (ASTM C1363)

(b) Series/Parallel Path Calculation Method for wood framed assemblies of roof/ceilings,
walls (above and below grade), and floors.

(c) Modified Zone Method for roof/ceilings, walls, and floor constructions that have metal
framing.

New component(s) of a construction assembly approved by the Executive Director will be
published as an addendum to this appendix for use by all compliance authors. Addenda may
consist of new tables or additional rows or columns to existing tables.

NOTE: Insulation must be certified in accordance with Section 110.8(a).

JA4.1.2 California Energy Commission Approved Software

California Energy Commission approved software used for performance or prescriptive
calculations may make adjustments to the data contained in this appendix to account for the

Appendix JA4 — U-factor, C-factor, and Thermal Mass Data



2025 Joint Appendices Appendix JA4-3

special circumstances of particular constructions. This section defines the rules for making these
adjustments. These adjustments may not be made when the tables are used manually. Software
may have input screens where the user may choose a construction by entering the cavity
insulation (or insulation penetrated by framing); the continuous insulation; and other factors
such as framing spacing. To the software user, the process of using these tables may look very
much like a traditional U-factor calculation.

JA4.1.2.1 Determining R-value and U-factor of Construction Assemblies

The installer shall provide documentation from the manufacturer supporting the installed R-
value. Some products have R-value markings, others do not. For site applied insulation (i.e.,
loose-fill glass fiber and mineral fiber, cellulose, and spray polyurethane foam insulation), the
insulation shall be installed in comnformance to the manufacturer’s coverage chart, R-value
chart, or similar performance data sheet.

Data presented in the tables is not inclusive of all materials or combinations of materials used in
construction of residential and nonresidential buildings. Information presented for framed and
nonframed assemblies provides a summary of the reference assembly components representing
the R-value and U-factor necessary for determining prescriptive compliance with the Standards.
This data is also used by approved compliance software to establish the required thermal
efficiencies affecting energy use for the standard design building in performance compliance
calculations.

R-value is used to describe insulation effectiveness, but R-value does not describe the overall
performance of the complete assembly. Construction assemblies usually have more than one
layer and each layer has its own conductance, or rate of heat transfer. The U-factor more fully
describes the conductance of every component of the construction assembly.

The prescriptive compliance table values for framed and nonframed assemblies of wood and
steel roof and ceilings, walls, and floors are developed from series and parallel path procedures
of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE).
Approved computer software uses more detailed calculations and must be used for all buildings
using mass type construction. Prescriptive compliance can be demonstrated when the
insulation’s R-value is equal to or greater than the R-value required for the envelope feature in
the climate zone which the building is permitted for construction; or has an overall U-factor equal
to or less than the U-factor required for the envelope feature in the climate zone which the
building is permitted for construction.

For example, the R-value and U-factor of components within assemblies of wood framing that are
not represented in the tables can be calculated using the procedure shown below (i.e.,
substituting for different components). For example, R-values of different insulation types can be
inserted into Table 4.1.1 and the assembly’s overall R-value and U-factor can be determined.
Each layer of the assembly is entered in sequence at a cross-section through its cavity, from
outside to inside.

For more advanced assemblies, and for steel framed assemblies, within the California Building
Code Compliance software (CBECC) for both residential and nonresidential buildings, the Energy
Commission has developed an assembly calculator to automate ASHRAE procedures in order to
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help the building community in calculating R-values and U-factors of wood and metal framed
assemblies with a higher degree of accuracy and speed. The output forms of this program can be
used as part of a residential or nonresidential building permit submittal.

Table 4.1.1 U-Factor Calculations for Wood Framed Assembly

Assembly Type: Wall 2x4 16 in. o.c R-Value R-Value
Framing Material: Wood? -- -
Assembly Components Cavity (Rc) Frame (Ry)
Outside air film 0.17 0.17
3/8 inch 2-coat stucco 0.08 0.08
1inch, R-4 EPS insulating sheathing 4.0 4.0
Building paper (felt) 0.06 0.06
R-15 insulation 15 -
2x4 inch doug fir framing @ R-0.99 -- 3.47
per inch
0.50 inch gypsum board 0.45 0.45
Inside air film 0.68 0.68
Subtotal 20.44 8.91

A. [1/Rc x(1-(Frame% /100)) ]+ [ (1/Rf) x (Frame% / 100) ] = Assembly U-Factor, where: Frame percentage
(%) determined by Table 4.1.6

JA4.1.2.2 Accounting for Continuous Insulation R-value

Many of the tables in this appendix have columns for varying levels of continuous insulation.
Continuous insulation is insulation that is uninterrupted by framing and provides a continuous
insulating layer. Limits on the position of the continuous insulation and other factors are
specified in each table. When data from a table is used manually, the R-value of the continuous
insulation in the proposed construction shall be equal to or greater than the R-value shown in the
column heading; no interpolation is permitted. California Energy Commission approved software
used for performance or prescriptive calculations may account for any amount of continuous
insulation using Equation 4-1. This adjustment may not be used, however, for continuous
insulation with thermal resistance less than R-2.

Equation 4-1
1

Uwith.Continsul =~

U +Rcontinsul
ColA

Where:

Uwith.continsul ~ Calculated U-factor of the construction assembly with a specific R-value of
continuous insulation.

Ucol.A A U-factor selected from column A.

Reontinsut  The R-value of continuous insulation.

If insulation layers are added that are interrupted by furring strips, then the effective R-values from Table
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4. 3.13 shall be used in Equation 4-1.

JA4.1.2.3 Accounting for Unusual Construction Layers

The assumptions that are the basis of the U-factors published in this appendix are documented in
the paragraphs following each table. California Energy Commission approved software used for
prescriptive or performance calculations may be used to make adjustments to these assumptions
based on data entered by the software user. Adjustments may only be made, however, when the
total R-value of the proposed construction is at least an R-2 greater than the documented
assumption. Each table includes the assumptions used to determine the U-factors.

Equation 4-2 shall be used to make these adjustments.
Equation 4-2
1

UProposed = 1

U + ARAs.sumed
With.Cont.Insul

Where:
Urroposed ~ Calculated U-factor of the proposed construction assembly.
Uwith.cont.insut ~ The U-factor adjusted for continuous insulation using Equation 4-1.

ARassumed  The difference in R-value between what was assumed in the table and the proposed
construction for a continuous layer.

There are limits, however, on the types of adjustments that can be made.

(a) The difference in resistance shall be at least R-2. When calculating the difference in R-
value, no changes in assumptions shall be made to the framing/insulation layer; the
proposed construction shall assume the same values as the table.

(b) The thermal resistance of air layers shall be taken from the 2009 ASHRAE Handbook of
Fundamentals, for a mean temperature of 50°F, a temperature difference of 20 °F and an
effective emittance of 0.82.

(c) R-values for air layers for roof and ceiling assemblies shall be based on heat flow up. R-
values for air layers for floor assemblies shall be based on heat flow down. R-values for
other assemblies shall be based on horizontal heat flow. Air layers must be sealed on
edges to prevent air layer mixing with ambient air.

(d) One additional air gap may be credited, but not air gaps that are within the framing
insulation cavity layer; these are already accounted for in the published data. Air gaps of
less than 0.5 inch thickness shall be considered to have an R-value of zero. An example of
an acceptable additional air gap would be the space between a brick veneer and the
sheathing on the framed wall.

JA4.1.2.4 Double Walls

The U-factor of double walls or other double assemblies may be determined by combining the U-
factors from the individual construction assemblies that make up the double wall. The following
equation shall be used.
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Equation 4-3

1
l-JCombined = ﬁ

Uy U

JA4.1.3 Tapered Insulation

If continuous roof insulation is tapered for drainage or other purposes, then the user may
determine the overall U-factor in one of two ways:

(a) To determine the U-factor for the roof at the location where the insulation is at a
minimum and where it is at a maximum. Take the average of these two U-factors. With
the R-value compliance approach (prescriptive method only), calculate the R-value as the
inverse of the average U-factor as determined above. R-values may not be averaged.

(b) Divide the roof into sub-areas for each one-inch increment of insulation and determine
the U-factor of each sub-area. This approach may only be used with the performance
method, and in this case, each sub area shall be modeled as a separate surface.

When roofs have a drain located near the center and when tapered insulation creates a slope to
the drain, the surface area at the maximum insulation thickness will be significantly greater than
the surface area at the minimum thickness, so the second method will give a more accurate
result. The first method yields a conservative estimate for roofs with central drains.

JA4.1.4 Insulating Layers on Mass and Other Walls

The data in Table 4.3.14 may be used to modify the U-factors and C-factors from Table 4.3.5,
Table 4.3.6, and Table 4.3.7 when an additional layer is added to the inside or outside of the mass
wall. For exterior insulation finish systems (EIFS) or other insulation only systems, values should
be selected from row 26 of Table 4.3.14 In these cases, the R-value of the layer is equal to the R-
value of the insulation. The other choices from this table represent systems typically placed on
the inside of mass walls. The following equations calculate the total U-factor or C-factor, where
Umass and Cmass are selected from Table 4.3.5, Table 4.3.6, or Table 4.3.7 and Routside and Rinside are
selected from Table 4.3.14. Routside is selected from row 26 while Rinsige is selected from rows 1
through 25.

Urotal = 11
ROutside to——F RInside
Mass Equation 4-4
Crotal = 11
ROutside L RInside
Mass Equation 4-5

The values from Table 4.3.14 may be used to modify the U-factors of other construction
assemblies as well, when non-homogeneous layers are added (see Equation 4-1).
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JA4.1.5 Wood Based Sheathing R-values

For the purpose of calculations for the Joint Appendices plywood, particle board, oriented strand
board (OSB) and similar sheathing materials will all be considered Wood Based Sheathing. A
single R-value will be used for each thickness listed regardless of the material. This approach
simplifies calculations yet has little effect on the overall R-value of assemblies since the
differences in sheathing R-value are minimal compared to the overall assembly.

R-values for Wood Based Sheathing

Thickness R-value (ft?-hr °F/Btu)
3/8 inch 0.36
1/2 inch 0.48
5/8 inch 0.60
3/4 inch 0.72
linch 0.96
11/4 inch 1.20

JA4.1.6 Framing Percentages for Calculating U-factors

The thermal resistance of framed assemblies is dependent on the assembly’s total R-value, and
the quality of construction to limit air intrusion within the assembly that can rob the insulation of
its effectiveness. A given assembly type is made of several individual layers and components,
each having specific resistance values. However, the assembly’s R-value and overall U-factor is
primarily affected by: (1) the R-value of insulation installed within the cavity, (2) the R-value of
continuous insulating sheathing added to the interior or exterior face of the framing, and, (3) the
amount of framing that interrupts the plane of insulation separating conditioned from
unconditioned space. All framed assemblies shall include the framing percentages indicated in
Table 4.1.6.

Advanced wall systems (AWS) reduce the amount of material required for wall framing which
increases the insulation within the cavity by:

(a) Use of 24” oc framing

(b) Eliminating intermediate framing for cripple and king studs
(c) Use of single top plates

(d) Use of double stud corners

(e) Use of in-line (i.e., stack) framing to maintain continuity of transferring live loads of roof
framing to wall framing, allowing roof sheathing and exterior siding to be installed at full
widths

(f) Reducing framing for connections at interior partition walls (i.e., T-walls)

(g) Reducing window and door header size
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Table 4.1.6 — Framing Percentages

Assembly Type and

Framing Spacing Framing Percentage
Walls: 16"o.c. 25%
Walls: 24"o.c. 22 %
AWS: 48"o.c. 4%
AWS: 24” o.c. 17%
Walls Metal: 16"o.c. 15%
Walls Metal: 24"o.c. 12%
Floors: 16"o.c. 10%
Floors: 24"o.c. 7%
Roofs: 16"o.c. 10 %
Roofs: 24"o.c. 7%
Roofs: 48"o.c. 4%

JA4.1.7 R-values and U-factors for Medium-Density Closed Cell and Low-Density Open Cell
Spray Polyurethane Foam (SPF) Insulation:

These procedures apply to two types of SPF used as building insulation: medium-density closed
cell SPF (ccSPF) and low-density open cell SPF (ocSPF).

(a) ccSPF: A spray applied polyurethane foam insulation having a closed cellular structure
resulting in an installed nominal density of 1.5 to less than 2.5 pounds per cubic foot (pcf).

R-value: The total R-value shall be calculated based on the nominal required thickness of the
insulation multiplied by an R-value of 5.8 per inch. The R-value of ccSPF insulation shall meet or
exceed the installed thickness specified in Table 4.1.7.

Alternatively, the total R-value may be calculated based on the thickness of insulation multiplied
by the "tested R-value per inch" as certified by Department of Consumer Affairs, Bureau of
Household Goods and Services. Supporting documentation showing the certified R-value per inch
shall be made available at the site for verification and noted on the Certificate of Installation.
Based on this calculation, the overall assembly U-factor shall be determined by selecting the
assembly that matches the assembly type, framing configuration, and cavity insulation from the
appropriate Reference Joint Appendix JA4 table or other approved method specified in Section
JA4 of the Reference Appendices.

The R-value of the installed insulation shall be based on the verified thickness at an R-value of 5.8
per inch unless supporting documentation is provided-that verifies use of other values. Approved
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compliance software shall make appropriate adjustments to account for the R-value and U-factor
effects of the ccSPF assembly.

Nominal Thickness: ccSPF sprayed into framed cavities or on flat surfaces will expand with
variable thicknesses, visibly appearing as undulations on the surface of the insulation. The
average thickness of the foam insulation must meet or exceed the required R-value. Depressions
in the foam insulation’s surface shall not be greater than 1/2-inch of the required thickness at any
given point of the surface area being insulated.

Filling of Framed Assemblies: ccSPF insulation is not required to fill the cavities of framed
assemblies provided the installed thickness of insulation conforms to compliance documentation
and that the bottom and top plates of vertical framing and both ends of horizontal framing,
including band and rim joists, are sprayed to completely fill the cavity adjacent to and in contact
with the framing to a distance of 2.0 inches away from the framing for ocSPF insulation, or filled
to the thickness meeting ASTM testing as an air barrier.

Air Barrier: ccSPF installed as an air barrier shall be a minimum of 2.0 inches in thickness;
alternatively, ccSPF insulation shall be installed at a thickness that meets an air permeance no
greater than 0.02 L/s-m? at 75 Pa pressure differential when tested in accordance with ASTM
E2178 or ASTM E283.

(b) ocSPF: A spray applied polyurethane foam insulation having an open cellular structure
resulting in an installed nominal density of 0.4 to less than 1.5 pounds per cubic foot (pcf).

R-value: The total R-value shall be calculated based on the nominal required thickness of the
insulation multiplied by an R-value of 3.6 per inch. The R-value of ocSPF insulation shall meet or
exceed the installed thickness specified in Table 4.1.7.

Alternatively, the total R-value may be calculated based on the thickness of insulation multiplied
by the "tested R-value per inch" as certified by Department of Consumer Affairs, Bureau of
Household Goods and Services. Supporting documentation showing the certified R-value per inch
shall be made available at the site for verification and noted on the Certificate of Installation.
Based on this calculation, the overall assembly U-factor shall be determined by selecting the
assembly that matches the assembly type, framing configuration, and cavity insulation from the
appropriate Reference Joint Appendix JA4 table or other approved method specified in Section
JA4 of the Reference Appendices.

The R-value of the installed insulation shall be based on the verified thickness at an R-value of 3.6
per inch unless supporting documentation is provided that verifies use of other values. Approved
compliance software shall make appropriate adjustments to account for the R-value and U-factor
effects of the ocSPF assembly.

Nominal Thickness: ocSPF sprayed into framed cavities or on flat surfaces will expand with
variable thicknesses, visibly appearing as undulations on the surface of the insulation. The
average thickness of the foam insulation must meet or exceed the required R-value. Depressions
in the foam insulation surface shall not be greater than 1-inch of the required thickness provided
these depressions do not exceed 10% of the surface area being insulated.

Filling of Framed Assemblies: ocSPF insulation shall completely fill cavities of 2x4 inch framing or
less. Cavities greater than 2x4 inch framing dimensions may be filled to the thickness that meets
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the required R-value used for compliance provided that the bottom and top plates of vertical
framing and both ends of horizontal framing, including band and rim joists, are sprayed to
completely fill the cavity adjacent to and in contact with the framing to a distance of 5.5 inches
away from the framing for ocSPF insulation, or filled to the thickness meeting ASTM testing as an
air barrier.

Air Barrier: ocSPF installed as an air barrier shall be a minimum of 5.5 inches in thickness;
alternatively, ocSPF insulation shall be installed at a thickness that meets an air permeance no
greater than 0.02 L/s-m? at 75 Pa pressure differential when tested in accordance with ASTM
E2178 or ASTM E283.

Table 4.1.7: Required Thickness of SPF Insulation (inches) to Achieve Specified R-values

Equivalent R-Values for
SPF insulation 11 13 15 19 21 22 25 30 38

Required thickness of 200 |2.25 |2.75 |350 [3.75 [4.00 |450 |5.25 |6.75
ccSPF Insulation @
R5.8/inch

Required thickness of 3.0 3.5 4.2 53 5.8 6.1 6.9 8.3 10.6
ocSPF insulation @
R3.6/inch

NOTE:

An HERSECC--rater shall verify the installation of SPF insulation using the procedures specified in RA3.5.56 whenever
R-values other than the default R-value per inch listed in Table 4.1.7 are used for compliance (see "Thermal
Specifications" in sections RA3.5.6.1).
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JA4.2 Roofs and Ceilings

Table 4.2.1 — U-factors of Wood Framed Attic Roofs — 16 in. OC Truss Spacing

R-value of Attic
Insulation

None
R-11
R-13
R-19
R-21
R-22
R-25
R-30
R-38
R-44
R-49
R-60

None
0.300
0.079
0.071
0.049
0.042
0.043
0.038
0.032
0.026
0.021
0.020
0.017

Rated R-Value of Continuous Insulation®

R-2
0.187
0.068
0.062
0.045
0.039
0.039
0.035
0.030
0.024
0.020
0.019
0.016

R-4
0.136
0.060
0.055
0.041
0.036
0.037
0.033
0.028
0.023
0.019
0.019
0.016

R-6
0.107
0.053
0.050
0.038
0.034
0.034
0.031
0.027
0.022
0.019
0.018
0.015

R-7
0.097
0.051
0.047
0.037
0.032
0.033
0.030
0.026
0.022
0.018
0.018
0.015

R-8
0.088
0.048
0.045
0.035
0.031
0.032
0.029
0.025
0.021
0.018
0.017
0.015

R-10
0.075
0.044
0.041
0.033
0.030
0.030
0.028
0.024
0.020
0.017
0.017
0.014

R-14
0.058
0.037
0.036
0.029
0.026
0.027
0.025
0.022
0.019
0.016
0.016
0.013

Table 4.2.1 Continued — U-factors of Wood Framed Attic Roofs — 24 in. OC Truss Spacing
Rated R-Value of Continuous Insulation!

R-value of Attic
Insulation
None
R-11

R-13

R-19

R-21

R-22

R-25

R-30

R-38

R-44

R-49

R-60

Notes:

None
0.305
0.076
0.068
0.048
0.043
0.041
0.037
0.031
0.025
0.021
0.019
0.016

R-2
0.189
0.066
0.060
0.043
0.040
0.038
0.034
0.029
0.024
0.020
0.019
0.016

R-4
0.137
0.058
0.054
0.040
0.037
0.036
0.032
0.028
0.023
0.019
0.018
0.015

R-6
0.108
0.052
0.048
0.037
0.034
0.033
0.030
0.026
0.022
0.019
0.017
0.015

R-7
0.097
0.050
0.046
0.036
0.033
0.032
0.029
0.025
0.021
0.018
0.017
0.014

R-8
0.089
0.047
0.044
0.034
0.032
0.031
0.028
0.025
0.021
0.018
0.017
0.014

R-10
0.075
0.043
0.041
0.032
0.030
0.029
0.027
0.024
0.020
0.017
0.016
0.014

R-14
0.058
0.037
0.035
0.029
0.027
0.026
0.024
0.022
0.018
0.016
0.015
0.013

1. Continuous insulation shall be located at the ceiling, below the bottom chord of the truss and be uninterrupted

by framing.

2. In climate zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roofs
waterproof membrane shall be multiplied by 0.8 before choosing the table column for determining assembly U-

factor.
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This table contains thermal performance data (U-factors) for wood framed attics where the
ceiling provides the air barrier and the attic is ventilated. Wood trusses are the most common
construction for low-rise residential buildings and for Type V nonresidential buildings. While the
sketch shows a truss system with a flat ceiling, the data in this table may be used for scissor
trusses and other non-flat trusses. If the bottom chord is not flat, then the slope should not
exceed 4:12 for nonadhesive binder blown insulation. This table may also be used with composite
trusses that have a wood top and bottom chord and metal struts connecting them.

For the majority of cases, values will be selected from column A of this table. Column A shall be
used for the common situation where either batt or blown insulation is placed directly over the
ceiling (and tapered at the edges). Builders or designers may increase thermal performance by
adding a continuous insulation layer at the ceiling. The continuous insulation is typically a rigid
polystyrene or polyisocyanurate foam insulation. Continuous insulation does not include the
blown or batt insulation that is over the bottom chord of the truss (this is already accounted for
in the U-factors published in Column A).

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. For instance if the
insulation is R-3, the R-2 column shall be used. No interpolation is permitted when data from the
table is selected manually. CEC approved compliance software, including those used for
prescriptive compliance, may accurately account for any amount of continuous insulation or for
unusual construction assemblies using Equation 4-1 and Equation 4-2.

Insulation Above Deck Insulation Below Deck

No Deck Insulation
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Figure 4.2.1 — Wood Framed Attic Roofs

This table shall not be used for cases where insulation is located at the roof of the attic. There are
several situations in which this may be done. For example, in a sealed attic, foamed plastic may
be sprayed onto the top chord of the trusses and onto the bottom of the upper structural deck
(roof). The foam expands and cures with the intent of providing an airtight barrier and
continuous insulation. Another case is where a plastic membrane or netting is installed above the
ceiling (hanging below the roof deck) either in a ventilated or sealed (not ventilated) attic, and
then either batt or blown insulation is installed over the netting. Since there are a number of
issues related to these insulation techniques, special CEC approval is required.

Assumptions: This data is calculated using the parallel path method documented in the 2009
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17,
asphalt shingles of R-0.44 (AR02), building paper of R-0.06 (BP01), % inch of wood based
sheathing (Custom), an attic air space (greater than 3.5 inch) with a R-0.80, the insulation /
framing layer, continuous insulation (if any) % inch gypsum board (GP01) of R-0.45, and an
interior air film (heat flow up) of R-0.61. Wood 2x4 framing is assumed at the ceiling level. R-13
of attic insulation is assumed between the framing members; above that level, attic insulation is
uninterrupted by framing. The framing percentage is assumed to be 10 percent for 16 inch on
center and 7 percent for 24 inch on center. 7.25 percent of the attic insulation above the framing
members is assumed to be at half depth, due to decreased depth of insulation at the eaves.
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Table 4.2.2 — U-factors of Wood Framed Rafter Roofs — 16 in. OC Rafter Spacing
Rated R-value of Continuous Insulation®

R-value of Nominal
Cavity Framing

Insulation Size None R-2 R4 R6 R-7 R-8 R-10 R-14 R-17 R-20 R-23
None Any 0.297 0.186 0.136 0.107 0.096 0.088 0.075 0.058 0.049 0.043 0.038
R-112 2x4 0.084 0.072 0.063 0.056 0.053 0.050 0.046 0.039 0.035 0.031 0.029
R-132 2x4 0.075 0.065 0.058 0.052 0.049 0.047 0.043 0.037 0.033 0.030 0.028
R-152 2x4 0.068 0.060 0.053 0.048 0.046 0.044 0.040 0.035 0.032 0.029 0.027
R-192 2x4 0.075 0.065 0.058 0.052 0.049 0.047 0.043 0.037 0.033 0.030 0.028
R-19%3 2x4 0.062 0.055 0.050 0.045 0.043 0.041 0.038 0.033 0.030 0.028 0.026
R-11 2x6 0.076 0.066 0.058 0.052 0.050 0.047 0.043 0.037 0.033 0.030 0.028
R-13 2x6 0.069 0.061 0.054 0.049 0.047 0.044 0.041 0.035 0.032 0.029 0.027
R-15 2x6 0.062 0.055 0.050 0.045 0.043 0.041 0.038 0.033 0.030 0.028 0.026
R-192 2x6 0.056 0.050 0.046 0.042 0.040 0.039 0.036 0.031 0.029 0.026 0.024
R-212 2x6 0.052 0.047 0.043 0.040 0.038 0.037 0.034 0.030 0.028 0.025 0.024
R-192 2x8 0.051 0.046 0.042 0.039 0.038 0.036 0.034 0.030 0.027 0.025 0.023
R-21 2x8 0.048 0.044 0.040 0.037 0.036 0.035 0.032 0.029 0.026 0.024 0.023
R-22 2x10 0.044 0.040 0.037 0.035 0.034 0.033 0.031 0.027 0.025 0.023 0.022
R-25 2x10 0.041 0.038 0.035 0.033 0.032 0.031 0.029 0.026 0.024 0.023 0.021
R-30* 2x10 0.036 0.034 0.031 0.030 0.029 0.028 0.026 0.024 0.022 0.021 0.020
R-30 2x12 0.035 0.033 0.031 0.029 0.028 0.027 0.026 0.023 0.022 0.021 0.019

R-38* 2x12 0.029 0.027 0.026 0.025 0.024 0.024 0.022 0.021 0.019 0.018 0.017
R-38* 2x14 0.028 0.027 0.025 0.024 0.023 0.023 0.022 0.020 0.019 0.018 0.017
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Table 4.2.2 — Continued U-factors of Wood Framed Rafter Roofs — 24 in. OC Rafter Spacing
Rated R-value of Continuous Insulation®

R-value of Nominal
Cavity Framing

Insulation Size None R-2 R4 R6 R-7 R-8 R-10 R-14 R-17 R-20 R-23
None Any 0.237 0.161 0.122 0.098 0.089 0.082 0.070 0.055 0.047 0.041 0.037
R-112 2x4 0.081 0.070 0.061 0.055 0.052 0.049 0.045 0.038 0.034 0.031 0.028
R-13? 2x4 0.072 0.063 0.056 0.050 0.048 0.046 0.042 0.036 0.032 0.030 0.027
R-15? 2x4 0.065 0.058 0.052 0.047 0.045 0.043 0.039 0.034 0.031 0.028 0.026
R-192 2x4 0.072 0.063 0.056 0.050 0.048 0.046 0.042 0.036 0.032 0.030 0.027
R-19%3 2x4 0.059 0.053 0.048 0.044 0.042 0.040 0.037 0.032 0.029 0.027 0.025
R-11 2x6 0.075 0.065 0.058 0.052 0.049 0.047 0.043 0.037 0.033 0.030 0.028
R-13 2x6 0.067 0.059 0.053 0.048 0.046 0.044 0.040 0.035 0.031 0.029 0.026
R-152 2x6 0.060 0.054 0.048 0.044 0.042 0.041 0.038 0.033 0.030 0.027 0.025
R-19? 2x6 0.054 0.049 0.044 0.041 0.039 0.038 0.035 0.031 0.028 0.026 0.024
R-21? 2x6 0.049 0.045 0.041 0.038 0.036 0.035 0.033 0.029 0.027 0.025 0.023
R-19? 2x8 0.049 0.045 0.041 0.038 0.036 0.035 0.033 0.029 0.027 0.025 0.023
R-21 2x8 0.046 0.042 0.039 0.036 0.035 0.034 0.032 0.028 0.026 0.024 0.022

R-22 2x10 0.043 0.040 0.037 0.034 0.033 0.032 0.030 0.027 0.025 0.023 0.022
R-25 2x10 0.039 0.036 0.034 0.032 0.031 0.030 0.028 0.025 0.023 0.022 0.021
R-30° 2x10 0.034 0.032 0.030 0.028 0.027 0.027 0.025 0.023 0.022 0.020 0.019
R-30 2x12 0.033 0.031 0.029 0.028 0.027 0.026 0.025 0.023 0.021 0.020 0.019
R-384 2x12 0.028 0.027 0.025 0.024 0.023 0.023 0.022 0.020 0.019 0.018 0.017
R-38* 2x14 0.027 0.026 0.024 0.023 0.023 0.022 0.021 0.020 0.019 0.018 0.017

Notes:

1. Rigid foam board used for cavity insulation must fill the entire cavity between the rafters and be sealed
properly to prevent air gaps, and must be secured properly to prevent any future discrepancies in the
construction assembly.

2. This assembly is only allowed where ventilation is provided between the bottom of the roof deck and the top
of the insulation meeting CBC requirements or with enforcement agency official’s approval of rafter attic
assemblies with no ventilation air spaces.

3. This assembly requires insulation with an R-value per inch 5.6 or larger (k-factor 1.8 or less). This is board type
insulation, mostly Isocyanurate. Medium density spray polyurethane foam may also be used to meet this
requirement if the quality installation procedures and documentation in Reference Joint Appendix JA7 are
followed, Documentation from Directory of Certified insulation materials must be provided to show compliance
with this assembly.

4. Higher density fiberglass batt is needed to achieve the indicated U-factor. R-30 must be achieved with less than
8.25 inch full thickness. R-38 must be achieved with less than 10.25 inch thickness (R-30c, R-38c).

5. Continuous insulation shall be located at the ceiling or at the roof and be uninterrupted by framing. In climate
zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roofs waterproof
membrane shall be multiplied by 0.8 before choosing the table column for determining assembly U-factor.

This table contains thermal performance data (U-factors) for wood framed rafter roofs. This is a
common construction in residential buildings and in Type V nonresidential buildings. The rafters
may be either flat or in a sloped application. Insulation is typically installed between the rafters.
With this construction, the insulation is in contact with the ceiling and there is typically a one-
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inch air gap above the insulation so that moisture can be vented. Whether there is an air space
above the insulation depends on local climate conditions and may not be required in some
building permit jurisdictions. Filling the entire cavity of framed rafter assemblies with loose-fill
mineral fiber and wool, cellulose, or ocSPF requires prior approval by the local building official.

For the majority of cases, U-factors will be selected from Column A of this table; this case covers
insulation placed only in the cavity. When continuous insulation is installed either at the ceiling or
at the roof, then U-factors from other columns may be selected. The continuous insulation is
typically a rigid polystyrene or polyisocyanurate foam insulation, but can also include mineral
wool or other suitable materials.

Figure 4.2.2 — Wood Frame Rafter Roof

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. For instance, if the
continuous insulation is R-3, the R-2 column shall be used. No interpolation is permitted when
data from the table is used manually. CEC approved software, however, may determine the U-
factor for any amount of continuous insulation and/or for layers using Equation 4-1 and Equation
4-2.

Assumptions: These data are calculated using the parallel path method documented in the 2009
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17,
asphalt shingles of R-0.44 (AR02), building paper of R-0.06 (BP01), % inch of wood based
sheathing (Custom), continuous insulation (optional), the insulation / framing layer with an air
space of R-0.76 or R-0.80 (except for loose-fill mineral fiber and wool, cellulose, ccSPF, and
0CSPF), 1/2 inch gypsum of R-0.45 (GP01), and an interior air film (heat flow up diagonally) of R-
0.62. The continuous insulation may also be located at the ceiling, between the drywall and the
framing. The framing percentage is assumed to be 10 percent for 16 inch OC and 7 percent for 24
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inch. OC. The thickness of framing members is assumed to be the actual size of 3.50, 5.50, 7.25,
9.25, and 11.25 inches for 2x4, 2x6, 2x8, 2x10, and 2x12 nominal sizes. High-density batt
insulation is assumed to be 8.5 inch thick for R-30 and 10.5 inch thick for R-38. The R-value of
sprayed foam and cellulose insulation is assumed to be R-3.6 per inch.
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Table 4.2.3 — U-factors of Structurally Insulated Panels (SIPS) Roof/Ceilings

Rated R-value of Continuous Insulation *>

Wood
Framing
Connection Insulation Typical
Type Core Panel
(spline) R-value! Thickness None R-2 R-4 R-5 R-7 R-8
0SB R-22 6.5in 0.041 0.038 0.035 0.034 0.032 0.031
Single 2x R-22 6.5in 0.044 0.040 0.037 0.036 0.033 0.032
Double 2x  R-22 6.5in 0.046 0.042 0.038 0.037 0.034 0.033
I-joist R-22 6.5in 0.043 0.039 0.036 0.035 0.033 0.032
0SB R-28 8.25in 0.033 0.031 0.029 0.028 0.027 0.026
Single 2x R-28 8.25in 0.034 0.032 0.030 0.029 0.027 0.027
Double 2x  R-28 8.25in 0.037 0.034 0.031 0.030 0.028 0.028
I-joist R-28 8.251in 0.033 0.310 0.029 0.028 0.027 0.026
0SB R-332 6.5in 0.030 0.027 0.026 0.025 0.024 0.023
Single 2x R-332 6.5in 0.031 0.029 0.027 0.026 0.025 0.024
Double 2x  R-332 6.5in 0.034 0.031 0.029 0.028 0.026 0.025
I-joist R-332 6.5in 0.031 0.028 0.027 0.026 0.025 0.024
0SB R-36 10.25in 0.026 0.025 0.024 0.023 0.022 0.022
Single 2x R-36 10.25in 0.028 0.026 0.025 0.024 0.023 0.022
Double 2x  R-36 10.25in 0.029 0.028 0.026 0.025 0.024 0.023
I-joist R-36 10.25in 0.027 0.025 0.024 0.023 0.022 0.022
0SB R-44 12.25in 0.021 0.020 0.019 0.019 0.018 0.018
Single 2x R-44 12.251in 0.023 0.022 0.021 0.021 0.020 0.019
Double 2x  R-44 12.25in 0.025 0.023 0.022 0.022 0.021 0.020
I-joist R-44 12.251in 0.022 0.021 0.020 0.020 0.019 0.019
0SB R-553 10.25in 0.017 0.016 0.016 0.016 0.016 0.016
Single 2x R-553 10.25in 0.019 0.018 0.018 0.018 0.017 0.016
Double 2x  R-553 10.25in 0.021 0.020 0.019 0.019 0.018 0.017
I-joist R-553 10.25in 0.018 0.017 0.017 0.017 0.016 0.016
SteeI. R-14 48 in 0.075 0.065 0.058 0.055 0.049 0.047
Framing
Steel .

. R-22 48 in 0.057 0.051 0.046 0.044 0.041 0.039
Framing
Steel .

. R-28 48 in 0.047 0.043 0.040 0.039 0.035 0.034
Framing
Steel .

. R-36 48 in 0.043 0.040 0.037 0.036 0.033 0.032
Framing

NOTES:

1. The insulation R-value must be at least R-21.7 in order to use this table. This table assumes moulded
expanded polystyrene (EPS) unless noted otherwise. Although other insulation types are used by some SIP
manufacturers, such as polyurethane and extruded expanded insulation (XPS), EPS is the most common
insulation used in SIP construction.

2.  R-33.2is achievable using polyurethane insulation in 6.5" panels.
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3. R-55.3is achievable using polyurethane insulation in 10.25" panels.

4.  Continuous insulation shall be at least R-2 and may be installed on either the inside or the exterior of the
roof/ceiling.

5. Inclimate zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roof
waterproof membrane shall be multiplied times 0.8 before choosing the table column for determining
assembly U-factor.

Structural insulated panels (SIPs) consist of a rigid insulation core, securely bonded between two
structural facings, to form a structural sandwich panel. SIPs are considered a non-framed
assembly usually with little or no structural framing that penetrates the insulation layer, resulting
in less thermal bridging across the insulation when compared to a conventional framed assembly.

This table gives U-factors for structurally insulated panels used in ceiling and roof constructions.
Data is provided for three variations of this system. The system labeled “Wood Framing” uses
wood spacers to separate the plywood or OSB boards and provide a means to connect the panels
with mechanical fasteners. The system labeled “Steel Framing” uses steel framing members and
mechanical fasteners at the joints. The system labeled “OSB Spline” uses splines to connect the
panels so that framing members do not penetrate the insulation.
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Steel Framing

A

2x Framing

OSB splines

- _\e -
Insulated

panels
—>» mm g

Foam sealant
Figure 4.2.3 — SIPS Roof/Ceiling

Data from Column A will be used in most cases, since it is quite unusual to add continuous
insulation to a panel that is basically all insulation anyway. If insulation is added, however, then
the U-factor is selected from one of the other columns. If the tables are used manually, then the
installed insulation shall have a thermal resistance at least as great as the column selected. When
the table is used with CEC approved compliance software, then the R-value of any amount of
continuous insulation may be accounted for along with the thermal resistance of special
construction layers may be accounted for using Equation 4-1 and Equation 4-2.

Assumptions: The wood framing and OSB spline data are calculated using the parallel path
method documented in the 2009 ASHRAE Handbook of Fundamentals. Assemblies with metal
framing are calculated using the ASHRAE Zone Calculation Method which is also documented in
the 2005 ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-
0.17, asphalt shingles of R-0.44 (AR02), building paper of R-0.06 (BP01), 7/16 inch of OSB of R-
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0.69, the rigid insulation of R-3.85 per inch, another layer of 7/16 inch of OSB, % inch gypsum
board of R-0.45 (GP01), an R-value of 0.99 per inch is assumed for the wood frame and an
interior air film (heat flow up diagonally) of R-0.62. If an additional layer of insulation is used, this
may be installed on either the interior or exterior of the SIPS panel assembly
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Table 4.2.4 — U-factors of Metal Framed Attic Roofs — 16 in. OC Spacing

Rated R-value of Continuous Insulation?

Nominal Cavity
Framing |Insulation
Size R-Value: R-0 R-2 R-4 R-6 R-7 R-8 R-10 R-14
Any None 0.328 | 0.198 | 0.142 | 0.111 | 0.100 | 0.091 | 0.077 | 0.059
2 x4 R-11 0.126 | 0.101 | 0.084 | 0.072 | 0.067 | 0.063 | 0.056 | 0.046
(3.65in.) |R-13 0.121 | 0.097 | 0.082 | 0.070 | 0.066 | 0.061 | 0.055 | 0.045
(3.65in.) R-19 0.071 | 0.062 | 0.055 | 0.050 | 0.047 | 0.045 | 0.042 | 0.036
(3.65in.) R-21 0.063 | 0.056 | 0.050 0046 0.044 | 0.042 | 0.039 | 0.033
(3.65in.) |R-22 0.059 | 0.053 | 0.048 | 0.044 | 0.042 | 0.040 | 0.037 | 0.032
(3.65in.) |R-25 0.051 | 0.046 | 0.042 | 0.039 | 0.038 | 0.036 | 0.034 | 0.030
(3.65in.) |R-30 0.041 | 0.038 | 0.035 | 0.033 | 0.032 | 0.031 | 0.029 | 0.026
(3.65in.) |R-38 0.031 | 0.029 | 0.028 | 0.026 | 0.025 | 0.025 | 0.024 | 0.022
(3.65in.) R-44 0.027 | 0.026 | 0.024 | 0.023 | 0.023 | 0.022 | 0.021 | 0.020
(3.65in.) |R-49 0.024 | 0.023 | 0.022 | 0.021 | 0.021 | 0.020 | 0.019 | 0.018
(3.65in.) [R-60 0.019 | 0.018 | 0.018 | 0.017 | 0.017 | 0.016 | 0.016 | 0.015
Table 4.2.4 — Continued U-factors of Metal Framed Attic Roofs — 24 in. OC Spacing

Rated R-value of Continuous Insulation?
Nominal (Cavity
Framing [Insulation
Size R-Value: R-0 R-2 R-4 R-6 R-7 R-8 R-10 R-14
Any None 0.324 | 0.197 | 0.141 | 0.110 | 0.099 | 0.090 | 0.076 | 0.059
2 x4 R-11 0.109 | 0.089 | 0.076 | 0.066 | 0.062 | 0.058 | 0.052 | 0.043
(3.65in.) R-13 0.103 | 0.085 | 0.073 | 0.064 | 0.060 | 0.056 | 0.051 | 0.042
(3.65in.) R-19 0.065 | 0.058 | 0.052 | 0.047 | 0.045 | 0.043 | 0.039 | 0.034
(3.65in.) R-21 0.058 | 0.052 | 0.047 | 0.043 | 0.041 | 0.040 | 0.037 | 0.032
(3.65in.) R-22 0.055 | 0.050 | 0.045 | 0.041 | 0.040 | 0.038 | 0.035 | 0.031
(3.65in.) R-25 0.047 | 0.043 | 0.040 | 0.037 | 0.035 | 0.034 | 0.032 | 0.028
(3.65in.) R-30 0.039 | 0.036 | 0.034 | 0.032 | 0.031 | 0.030 | 0.028 | 0.025
(3.65in.) R-38 0.030 | 0.028 | 0.027 | 0.025 | 0.025 | 0.024 | 0.023 | 0.021
(3.65in.) R-44 0.026 | 0.025 | 0.024 | 0.022 | 0.022 | 0.022 | 0.021 | 0.019
(3.65in.) R-49 0.023 | 0.022 | 0.021 | 0.020 | 0.020 | 0.019 | 0.019 | 0.017
(3.65in.) R-60 0.019 | 0.018 | 0.018 | 0.017 | 0.017 | 0.016 | 0.016 | 0.015
Notes:

1 Continuous insulation shall be located at the ceiling or at the roof and be uninterrupted by framing.

2. In climate zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roofs
waterproof membrane shall be multiplied by 0.8 before choosing the table column for determining assembly
U-factor.

This table contains U-factors for metal-framed attic roofs, where the ceiling is the air barrier and
the attic is ventilated. This construction assembly is similar to those that are covered by Table
4.2.1, except that metal framing members are substituted for the wood-framing members. The
top chord of the truss is typically sloped, while the bottom chord is typically flat. Data from this
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table may be used for cases where the bottom chord of the truss is sloped. If the bottom chord
slopes more than 4:12, nonadhesive binder blown insulation must not be used.

For the majority of cases, values will be selected from column A of this table. Column A applies
for the common situation where either batt or blown insulation is placed directly over the ceiling.
Builders or designers may increase thermal performance by adding a continuous insulation layer
at the ceiling. The continuous insulation is typically a rigid polystyrene or polyisocyurnate foam
insulation. Continuous insulation does not include the blown or batt insulation that is over the
bottom chord of the truss (this is already accounted for in the first column data).

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. CEC approved software, however, may
determine the U-factor for any amount of continuous insulation and for unusual construction
layers using Equation 4-1 and Equation 4-2.

Figure 4.2.4 — Metal Framed Attic Roofs

Assumptions: These data are calculated using the zone method calculation documented in the
2009 ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-
0.17, asphalt shingles of R-0.44 (ARQ2), building paper of R-0.06 (BP01), % inch of wood based
sheathing (Custom), the attic air space (greater than 3.5 inch) of R-0.80, the insulation / framing
layer, continuous insulation (if any) % inch gypsum of R-0.45 (GP01), and an interior air film (heat
flow up) of R-0.61. The framing percentage is assumed to be 10 percent for 16 inch on center and
7 percent for 24 inch on center 7.25 percent of the attic insulation above the framing members is
assumed to be at half depth, due to decreased depth of insulation at the eaves. Steel framing has
1.5 inch flange and is 0.0747 inch thick steel with no knockouts. U-factors calculated using EZ
Frame 2.0.
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Table 4.2.5 — U-factors of Metal Framed Rafter Roofs — 16 in. OC Spacing
Rated R-value of Continuous Insulation

R-Value of

Insulation

Between |Nominal

Framing |[Framing Size R-0 R-2 R-4 R-6 R-7 R-8 R-10 R-14
None Any 0.325 | 0.197 | 0.141 | 0.110 | 0.099 | 0.090 | 0.076 | 0.059
R-112 2x4 0.129 | 0.103 | 0.085 | 0.073 | 0.068 | 0.063 | 0.056 | 0.046
R-132 2x4 0.121 | 0.097 | 0.082 | 0.070 | 0.066 | 0.061 | 0.055 | 0.045
R-152 2x4 0.115 | 0.093 | 0.079 | 0.068 | 0.064 | 0.060 | 0.053 | 0.044
R-19%3 2x4 0.121 | 0.097 | 0.082 | 0.070 | 0.066 | 0.061 | 0.055 | 0.045
R-11 2X6 0.123 | 0.099 | 0.082 | 0.071 | 0.066 | 0.062 | 0.055 | 0.045
R-13 2x6 0.115 | 0.093 | 0.079 | 0.068 | 0.064 | 0.060 | 0.053 | 0.044
R-152 2x6 0.101 | 0.084 | 0.072 | 0.063 | 0.059 | 0.056 | 0.050 | 0.042
R-19? 2x6 0.100 | 0.083 | 0.071 | 0.063 | 0.059 | 0.056 | 0.050 | 0.042
R-192 2x8 0.096 | 0.081 | 0.069 | 0.061 | 0.057 | 0.054 | 0.049 | 0.041
R-21 2x8 0.093 | 0.078 | 0.068 | 0.060 | 0.056 | 0.053 | 0.048 | 0.040
R-25 2x10 0.084 | 0.072 | 0.063 | 0.056 | 0.053 | 0.050 | 0.046 | 0.039
R-30* 2x10 0.079 | 0.068 | 0.060 | 0.054 | 0.051 | 0.048 | 0.044 | 0.038
R-30 2x12 0.076 | 0.066 | 0.058 | 0.052 | 0.050 | 0.047 | 0.043 | 0.037
R-384 2x12 0.071 | 0.062 | 0.055 | 0.050 | 0.047 | 0.045 | 0.042 | 0.036
R-38 4 2x14 0.068 | 0.060 | 0.053 | 0.048 | 0.046 | 0.044 | 0.040 | 0.035
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Table 4.2.5 — Continued U-factors of Metal Framed Rafter Roofs — 24 in. OC Spacing
Rated R-value of Continuous Insulation

R-Value of

Insulation

Between [Nominal

Framing |[Framing Size R-0 R-2 R-4 R-6 R-7 R-8 R-10 | R-14
None Any 0.322 0-496.170| 0.141 | 0.110 | 0.099 | 0.090 | 0.076 | 0.058
R-112 2x4 0.111 | 0.091 | 0.077 | 0.067 | 0.062 | 0.059 | 0.053 | 0.043
R-13? 2x4 0.102 | 0.085 | 0.072 | 0.063 | 0.060 | 0.056 | 0.050 | 0.042
R-152 2x4 0.096 | 0.081 | 0.069 | 0.061 | 0.057 | 0.054 | 0.049 | 0.041
R-19%3 2x4 0.102 | 0.085 | 0.072 | 0.063 | 0.060 | 0.056 | 0.050 | 0.042
R-11 2x6 0.107 | 0.088 | 0.075 | 0.065 | 0.061 | 0.058 | 0.052 | 0.043
R-13 2x6 0.099 | 0.083 | 0.071 | 0.062 | 0.058 | 0.055 | 0.050 | 0.041
R-152 2Xx6 0.086 | 0.073 | 0.064 | 0.057 | 0.054 | 0.051 | 0.046 | 0.039
R-192 2Xx6 0.083 | 0.071 | 0.062 | 0.055 | 0.052 | 0.050 | 0.045 | 0.038
R-19? 2x8 0.080 | 0.0690 | 0.061 | 0.054 | 0.051 | 0.049 | 0.044 | 0.038
R-21 2x8 0.076 | 0.066 | 0.058 | 0.052 | 0.050 | 0.047 | 0.043 | 0.037
R-25 2x10 0.068 | 0.060 | 0.053 | 0.048 | 0.046 | 0.044 | 0.040 | 0.035
R-30* 2x10 0.063 | 0.056 | 0.050 | 0.046 | 0.044 | 0.042 | 0.039 | 0.033
R-30 2x12 0.061 | 0.054 | 0.049 | 0.045 | 0.043 | 0.041 | 0.038 | 0.033
R-384 2x12 0.055 | 0.050 | 0.045 | 0.041 | 0.040 | 0.038 | 0.035 | 0.031
R-38% 2x14 0.053 | 0.048 | 0.044 | 0.040 | 0.039 | 0.037 | 0.035 | 0.030
Notes:

1. Rigid foam board used for cavity insulation must fill the entire cavity between the rafters and be sealed
properly to prevent air gaps, and must be secured properly to prevent any future discrepancies in the
construction assembly.

2. This assembly is only allowed where ventilation is provided between the bottom of the roof deck and the top
of the insulation meeting, CBC requirements or enforcement agency officials approval of rafter attic
assemblies with no ventilation air spaces.

3. This assembly requires insulation with an R-value per inch 5.6 or larger (k-factor 1.8 or less). This is board type
insulation, mostly Isocyanurate. Medium density spray polyurethane foam may also be used to meet this
requirement if the quality installation procedures and documentation in Joint Appendix 7 are followed.
Documentation from Directory of Certified insulation materials must be provided to show compliance with
this assembly.

4. Higher density fiberglass batt is needed to achieve the indicated U-factor. R-30 must be achieved with less
than 8.25 inch full thickness. R-38 must be achieved with less than 10.25 inch thickness (R-30c, R-38c).

This table contains pre-calculated U-factors for metal-framed rafter roofs where the ceiling is the
air barrier. This construction assembly is similar to that covered by Table 4.2.2 except that metal
framing members are substituted for the wood-framing members. The rafters may be either flat
or in a sloped application. Insulation is typically installed between the rafters. With this
construction, the insulation is in contact with the ceiling and there is typically a one-inch air gap
above the insulation so that moisture can be vented. Whether there is an air space above the
insulation depends on local climate conditions and may not be required in some building permit
jurisdictions.
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U-factors are selected from Column A of this table when there is no continuous insulation. When
continuous insulation is installed either at the ceiling or at the roof, then U-factors from other
columns may be selected. The continuous insulation is typically a rigid polystyrene or
polyisocyanurate foam insulation, but can also include mineral wool or other suitable materials.

Figure 4.2.5 — Metal Framed Rafter Roof

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. For instance, if the
insulation is R-3, the R-2 column shall be used. No interpolation is permitted when data from the
table is used manually. Commission approved software, however, may determine the U-factor for
any amount of continuous insulation and/or for unusual construction layers using Equation 4-1
and Equation 4-2.

Assumptions: These data are calculated using the zone calculation method documented in the
2009 ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-
0.17, asphalt shingles of R-0.44 (AR02), building paper of R-0.06 (BP01), ¥ inch of wood based
sheathing (Custom), the insulation / framing layer, % inch gypsum of R-0.45 (GP01), and an
interior air film (heat flow up diagonally) of R-0.62 The continuous insulation may either be
located at the ceiling or over the structural deck. The thickness of framing members is assumed
to be 3.50, 5.50, 7.25, 9.25, and 11.25 inch for 2x4, 2x6, 2x8, 2x10, and 2x12 nominal sizes. High-
density batt insulation is assumed to be 8.5 in. thick for R-30 and 10.5 in thick for R-38. Framing
spacing is 10 percent for 16 inches on center and 7 percent for 24 inches on center. Steel framing
has 1.5 inch flange and is 0.075 inch thick steel with no knockouts. U-factors calculated using EZ
Frame 2.0.
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Table 4.2.6 —U-factors for Span Deck and Concrete Roofs — with Fireproofing
R-value of Continuous Insulation

Concrete

Topping Over

Metal Deck None | R4 R-6 R-8 | R-10 | R-12 | R-15 | R-20 | R-25 | R-30
None 0.348 | 0.145 | 0.113 | 0.092 | 0.078 | 0.067 | 0.056 | 0.044 | 0.036 | 0.030
2 in. 0.324 | 0.141 | 0.110 | 0.090 | 0.076 | 0.066 | 0.055 | 0.043 | 0.036 | 0.030
4in. 0.302 | 0.137 | 0.107 | 0.088 | 0.075 | 0.065 | 0.055 | 0.043 | 0.035 | 0.030
6 in. 0.283 | 0.133 | 0.105 | 0.087 | 0.074 | 0.064 | 0.054 | 0.042 | 0.035 | 0.030

Table 4.2.6 — Continued U-factors for Span Deck and Concrete Roofs — without Fireproofing
R-value of Continuous Insulation

Concrete

Topping Over

Metal Deck None | R-4 R-6 R-8 | R-10 | R-12 | R-15 | R-20 | R-25 | R-30
None 0.503 | 0.167 {0.125 | 0.100 | 0.083 | 0.071 | 0.059 | 0.045 | 0.037 | 0.031
2 in. 0.452 | 0.161 {0.122 | 0.098 | 0.082 | 0.070 | 0.058 | 0.045 | 0.037 | 0.031
4 in. 0.412 | 0.156 {0.119 | 0.096 | 0.080 | 0.069 | 0.057 | 0.045 | 0.036 | 0.031
6 in. 0.377|0.150 | 0.116 | 0.094 | 0.079 | 0.068 | 0.057 | 0.044 | 0.036 | 0.031

1. In climate zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roof
waterproof membrane shall be multiplied by 0.8 before choosing the table column for determining assembly U-
factor.

The constructions in this table are typical of Type | and Type Il steel framed or concrete
nonresidential buildings. The construction consists of a metal deck with or without a concrete
topping. It may also be used for a metal deck or even wood deck ceiling as long as the insulation
is continuous. Fireproofing may be sprayed onto the underside of the metal deck; it also covers
steel structural members. Insulation is typically installed above the structural deck and below the
waterproof membrane. This table may also be used for reinforced concrete roofs that do not
have a metal deck. In this case, the fireproofing will typically not be installed and choices from
the table should be made accordingly.

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software, however, may determine the U-factor for any amount of continuous insulation and for
unusual construction layers using Equation 4-1 and Equation 4-2. If the data is adjusted using
Equation 4-2, the user shall take credit for a ceiling and the air space above the ceiling only if the
ceiling serves as an air barrier. Suspended or T-bar ceilings do not serve as air barriers.

Appendix JA4 — U-factor, C-factor, and Thermal Mass Data



Appendix JA4-22 2025 Joint Appendices

Figure 4.2.6 — Span Deck and Concrete Roof

Assumptions: These calculations are made using the parallel path method documented in the
2009 ASHRAE Handbook of Fundamentals. The assembly is assumed to consist of an exterior air
film of R-0.17, a single ply roofing membrane (R-0.15), protective board (R-1.06), continuous
insulation (if any), concrete topping with a density of 120 Ib/ft and an R-value of 0.11 per inch (if
any), metal span deck (negligible), and fireproofing (R-0.88). While a suspended ceiling typically
exists below the structure, this is not considered part of the construction assembly therefore the
same U-values are used for assemblies with or without suspended ceilings. The fireproofing is
assumed to be equivalent to 60 Ib/ft® concrete with a resistance of 0.44 per inch.

Table 4.2.7 — U-factors for Metal Building Roofs - Screw Down Roofs with no Thermal Blocks
Rated R-value of Continuous Insulation

Overall U-
Factor for
Entire Base
R-Value of Roof
Insulation | Assembly | R-6 R-9 R-13 | R-15 | R-19 | R-22 | R-25 | R-32 | R-38

R-10 0.184 0.087 | 0.069 | 0.054 | 0.049 | 0.041 | 0.036 | 0.033 | 0.027 | 0.023
R-11 0.182 0.087 | 0.069 | 0.054 | 0.049 | 0.041 | 0.036 | 0.033 | 0.027 | 0.023
R-13 0.174 0.085 | 0.068 | 0.053 | 0.048 | 0.040 | 0.036 | 0.033 | 0.026 | 0.023
R-16 0.157 0.081 | 0.065 | 0.052 | 0.047 | 0.039 | 0.035 | 0.032 | 0.026 | 0.023
R-19 0.151 0.079 | 0.064 | 0.051 | 0.046 | 0.039 | 0.035 | 0.032 | 0.026 | 0.022
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Table 4.2.7 — Continued U-factors for Metal Building Roofs - Standing Seam Roof with Single Layer
of Insulation Draped over Purlins and Compressed. Thermal blocks at supports.?
Rated R-value of Continuous Insulation

Overall U-
Factor for
Entire Base
R-Value of Roof
Insulation | Assembly | R-6 R-9 R-13 | R-15 | R-19 | R-22 | R-25 | R-32 | R-38
None 1.280 0.147 | 0.102 | 0.073 | 0.063 | 0.051 | 0.044 | 0.039 | 0.031 | 0.026
R-10 0.115 0.068 | 0.057 | 0.046 | 0.042 | 0.036 | 0.033 | 0.030 | 0.025 | 0.021
R-11 0.107 0.065 | 0.055 | 0.045 | 0.041 | 0.035 | 0.032 | 0.029 | 0.024 | 0.021
R-13 0.101 0.063 | 0.053 | 0.044 | 0.040 | 0.035 | 0.031 | 0.029 | 0.024 | 0.021
R-16 0.096 0.061 | 0.052 | 0.043 | 0.039 | 0.034 | 0.031 | 0.028 | 0.024 | 0.021
R-19 0.082 0.055 | 0.047 | 0.040 | 0.037 | 0.032 | 0.029 | 0.027 | 0.023 | 0.020

Table 4.2.7 — Continued U-factors for Metal Building Roofs - Standing Seam Roof with Double

Layer of Insulation.3Thermal blocks at supports.?

Rated R-value of Continuous Insulation

Overall U-

Factor for

Entire Base
R-Value of Roof
Insulation | Assembly | R-6 R-9 R-13 | R-15 | R-19 | R-22 | R-25 | R-32 | R-38
R-10 + R-10, 0.088 0.058 | 0.049 | 0.041 | 0.038 | 0.033 | 0.030 | 0.028 | 0.023 | 0.020
R-10 + R-11| 0.086 0.057 | 0.048 | 0.041 | 0.038 | 0.033 | 0.030 | 0.027 | 0.023 | 0.020
R-11 + R-11| 0.085 0.056 | 0.048 | 0.040 | 0.037 | 0.033 | 0.030 | 0.027 | 0.023 | 0.020
R-10 + R-13| 0.084 0.056 | 0.048 | 0.040 | 0.037 | 0.032 | 0.029 | 0.027 | 0.023 | 0.020
R-11 + R-13| 0.082 0.055 | 0.047 | 0.040 | 0.037 | 0.032 | 0.029 | 0.027 | 0.023 | 0.020
R-13 + R-13| 0.075 0.052 | 0.045 | 0.038 | 0.035 | 0.031 | 0.028 | 0.026 | 0.022 | 0.019
R-10 + R-19| 0.074 0.051 | 0.044 | 0.038 | 0.035 | 0.031 | 0.028 | 0.026 | 0.022 | 0.019
R-11 + R-19| 0.072 0.050 | 0.044 | 0.037 | 0.035 | 0.030 | 0.028 | 0.026 | 0.022 | 0.019
R-13 +R-19/ 0.068 0.048 | 0.042 | 0.036 | 0.034 | 0.030 | 0.027 | 0.025 | 0.021 | 0.019
R-16 + R-19| 0.065 0.047 | 0.041 | 0.035 | 0.033 | 0.029 | 0.027 | 0.025 | 0.021 | 0.019
R-19 + R-19| 0.060 0.044 | 0.039 | 0.034 | 0.032 | 0.028 | 0.026 | 0.024 | 0.021 | 0.018

Table 4.2.7 — Continued U-factors for Metal Building Roofs - Filled Cavity with Thermal Blocks %>
Rated R-value of Continuous Insulation

R-Value of
Insulation

Overall U-
Factor for
Entire Base
Roof
Assembly

R-6

R-9

R-13

R-15

R-19

R-22

R-25

R-32

R-38

R10 + R-19

0.041

0.033

0.030

0.027

0.025

0.023

0.022

0.020

0.018

0.016
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Notes:
1. A roof must have metal purlins no closer than 4 ft on center to use this table. If the roof deck is attached to
the purlins more frequently than 12 in oc, 0.008 must be added to the U-factors in this table.
2. Thermal blocks are an R-3 of rigid insulation, which extends 1.5" beyond the width of the purlin on each side.
3. Multiple R-values are listed in order from outside to inside. First layer is parallel to the purlins, and supported
by a system; second layer is laid on top of the purlins.
4. Thermal blocks are an R-5 of rigid insulation, which extends 1.5" beyond the width of the purlin on each side.
5. In climate zones 1 and 16 the insulating R-value of continuous insulation materials installed above the roof
waterproof membrane shall be multiplied times 0.8 before choosing the table column for determining
assembly U-factor.

The U-factors in this table are intended for use with metal building roofs. This type of
construction is typical for manufacturing and warehouse facilities, but is used for other building
types as well. The typical method of insulating this type of building is to drape vinyl backed
fiberglass insulation over the metal purlins before the metal deck is attached with metal screws.
With this method, the insulation is compressed at the supports, reducing its effectiveness. The
first part of the table contains values for this insulation technique. The second section of the
table has data for the case when a thermal block is used at the support. The insulation is still
compressed, but the thermal block, which generally consists of an 8 inch wide strip of foam
insulation, improves the thermal performance. The third section of the table deals with systems
that involve two layers of insulation.
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Screw-Down, Double Layer,
No Thermal Blocks Thermal Blocks

Single Layer, Filled Cavity,
Thermal Blocks Thermal Blocks

Figure 4.2.7 — Metal Building Roofs

For the majority of cases, values will be selected from column A of this table. Builders or
designers may increase thermal performance by adding a continuous insulation layer between
the metal decking and the structural supports. The continuous insulation is typically a rigid
polystyrene or polyisocyanurate foam insulation.

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software, however, may determine the U-factor for any amount of continuous insulation using
Equation 4-1.
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Assumptions: Data in Column A of this table is taken from the ASHRAE/IESNA Standard 90.1-
2004, Appendix A. The data is also published in the NAIMA Compliance for Metal Buildings, 1997.

Table 4.2.8 — U-factors for Insulated Ceiling with Removable Panels

R-value of Insulation Over Suspended
Ceiling U-factor
None 0.304
7 0.152
11 0.132
13 0.126
19 0.113
21 0.110
22 0.109
30 0.102
38 0.098
49 0.094
60 0.092

This table includes U-factors for the case of insulation placed over suspended ceilings. This
situation is only permitted for a combined floor area no greater than 2,000 square feet in an
otherwise unconditioned building, and when the average height of the space between the ceiling
and the roof over these spaces is greater than 12 feet. The suspended ceiling does not provide an
effective air barrier and leakage is accounted for in the calculations.
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Figure 4.2.8 — Insulated Ceiling with Removable Panels
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Assumptions: These calculations assume an exterior air film of R-0.17, a built-up roof of R-0.33
(BR0O1), % inch wood based sheathing (Custom), a twelve foot air space of R-0.80, the insulation
(for the insulated portion), removable ceiling panels with a R-0.50 and an interior air film (heat
flow up) of R-0.61. 75 percent of the ceiling is assumed covered by insulation and the remainder
is not insulated. The uninsulated portion includes lighting fixtures and areas where the insulation
is not continuous. A correction factor of 0.005 is added to the resulting U-factor to account for
infiltration through the suspended ceiling and lighting fixtures.

Table 4.2.9 — U-factors of Insulated Metal Panel Roofs and Ceilings

Panel Thickness U-factor (Btu/°F-ft?) A
2" 0.079
2% 0.064
3” 0.054
4" 0.041
5” 0.033
6” 0.028

This table contains thermal performance data (U-factors) for foamed-in-place, insulated metal
panels consisting of liquid polyurethane or polyisocyanurate injected between metal skins in
individual molds or on fully automated production lines. Metal building construction is the most
common application for this product where the metal panel is fastened to the frame of the
structure. This table can only be used for insulated panels that are factory built. This table does
not apply to panels that utilize polystyrene, or to field applied products such as spray applied
insulations.
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L]

Figure 4.2.9 —Insulated Metal Panel Roofs

Assumptions: These data are calculated using the parallel path method documented in the 2009
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17,
light gauge metal exterior of R-0.0747, continuous insulation R-5.9 per inch, light gauge metal
interior of 0.0747 inch thickness and an interior air film (heat flow up) of R-0.61. The panels are

assumed to be continuous with no framing penetration. The R-value of the light gauge metal is
negligible.
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JA4.3 Walls

Table 4.3.1 — U-factors of Wood Framed Walls with 1/2-inch Gypsum Board — 16 in. OC
Rated R-value of Continuous Insulation?

Nominal
Cavity Framing
Insulation [Size R-0 R-2 R-4 R-5 R-6 R-7 R-8 | R-10 | R-12 | R-15
None Any 0.356 | 0.209 | 0.146 | 0.127 | 0.113 | 0.101 | 0.092 | 0.078 | 0.067 | 0.056
R-11 2x4 0.110 | 0.088 | 0.074 | 0.068 | 0.064 | 0.060 | 0.056 | 0.050 | 0.045 | 0.040
R-13 2x4 0.102 | 0.082 | 0.069 | 0.064 | 0.060 | 0.056 | 0.053 | 0.047 | 0.043 | 0.038
R-151 2x4 0.095 | 0.077 | 0.065 | 0.060 | 0.056 | 0.053 | 0.050 | 0.045 | 0.041 | 0.036
R-19 2x6 0.074 | 0.063 | 0.055 | 0.051 | 0.049 | 0.046 | 0.044 | 0.040 | 0.037 | 0.033
R-20 2x6 0.071 | 0.060 | 0.052 | 0.049 | 0.047 | 0.044 | 0.042 | 0.039 | 0.036 | 0.032
R-211 2x6 0.069 | 0.059 | 0.051 | 0.048 | 0.046 | 0.043 | 0.041 | 0.038 | 0.035 | 0.031
R-22 2x6 0.072 | 0.062 | 0.054 | 0.051 | 0.048 | 0.045 | 0.043 |0.037 | 0.036 | 0.033
R-23 2x6 0.067 | 0.057 | 0.049 | 0.047 | 0.044 | 0.042 | 0.040 | 0.037 | 0.034 | 0.030
R-25 2x6 0.065 | 0.055 | 0.048 | 0.045 | 0.043 | 0.040 | 0.039 [0.035 | 0.036 | 0.032
R-19 2x8 0.065 | 0.057 | 0.051 | 0.048 | 0.045 | 0.043 | 0.041 |0.038 | 0.035 | 0.032
R-22 2x8 0.061 | 0.053 | 0.047 | 0.045 | 0.043 | 0.041 | 0.039 | 0.036 | 0.033 | 0.030
R-25 2x8 0.057 | 0.050 | 0.044 | 0.042 | 0.040 | 0.038 | 0.037 | 0.034 | 0.032 | 0.029
R-30?! 2x8 0.056 | 0.049 | 0.044 | 0.041 | 0.040 | 0.038 | 0.036 | 0.033 | 0.031 | 0.028

Table 4.3.1 — Continued U-factors of Wood Framed Walls with 1/2-inch Gypsum Board — 24 in. OC
Rated R-value of Continuous Insulation?

Nominal
Cavity Framing
Insulation [Size R-0 R-2 R-4 R-5 R-6 R-7 R-8 | R-10 | R-12 | R-15
None Any 0.362 | 0.211 | 0.148 | 0.128 | 0.114 | 0.102 | 0.092 |0.078 |0.067 [0.056
R-11 2x4 0.106 | 0.086 | 0.072 | 0.067 | 0.062 | 0.059 | 0.055 | 0.050 | 0.045 | 0.039
R-13 2x4 0.098 | 0.079 | 0.067 | 0.062 | 0.058 | 0.055 | 0.052 | 0.047 | 0.043 | 0.038
R-15 2x4 0.091 | 0.074 | 0.063 | 0.059 | 0.055 | 0.052 | 0.049 | 0.044 | 0.040 | 0.036
R-19 2x6 0.071 | 0.061 | 0.053 | 0.050 | 0.048 | 0.045 | 0.043 | 0.040 | 0.036 | 0.033
R-20 2x6 0.068 | 0.058 | 0.051 | 0.048 | 0.045 | 0.043 | 0.041 | 0.038 | 0.035 | 0.031
R-21% 2x6 0.066 | 0.057 | 0.050 | 0.047 | 0.045 | 0.042 | 0.040 | 0.037 | 0.034 | 0.031
R-22 2X6 0.069 | 0.060 | 0.052 | 0.049 | 0.047 | 0.044 | 0.042 | 0.036 |0.036 | 0.033
R-23 2x6 0.064 | 0.054 | 0.048 | 0.045 | 0.043 | 0.041 | 0.039 | 0.036 | 0.033 | 0.030
R-25 2x6 0.061 | 0.052 | 0.046 | 0.043 | 0.041 | 0.039 | 0.037 |0.034 |0.035 |0.031
R-19 2x8 0.063 | 0.055 | 0.049 | 0.047 | 0.045 | 0.043 | 0.041 |0.037 |0.035 |0.031
R-22 2x8 0.058 | 0.051 | 0.046 | 0.044 | 0.042 | 0.040 | 0.038 | 0.035 | 0.033 | 0.030
R-25 2x8 0.055 | 0.048 | 0.043 | 0.041 | 0.039 | 0.037 | 0.036 | 0.033 | 0.031 | 0.028
R-30! 2x8 0.054 | 0.047 | 0.042 | 0.040 | 0.038 | 0.037 | 0.035 | 0.033 | 0.030 | 0.028

Notes

1. Higher density fiberglass batt is required in these cases.
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2. Continuous insulation may be installed on either the inside or the exterior of the wall, or both.

This table contains U-factors for wood framed walls, which are typical of low-rise residential
buildings and Type V nonresidential buildings. If continuous insulation is not used, then choices
are made from Column A. In this case, the insulation is installed in the cavity between the
framing members. When continuous insulation is=used, this is typically installed on the exterior
side of the wall, but can also be used on the inside. The continuous insulation is typically a rigid
polystyrene or polyisocyanurate foam insulation.

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software, however, may determine the U-factor for any amount of continuous insulation or for
unusual construction assemblies using Equation 4-1 and Equation 4-2.
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Table 4.3.1(a) — U-factors of Wood Framed Walls with installed 5/8-inch Gypsum Board*
—16in. OC

Rated R-value of Continuous Insulation3

Nominal
Cavity Framing
Insulation Size R-0 R-2 R-4 R-5 R-6 R-7 R-8 R-10
None Any 0.343 0.208 0.145 0.126 0.112 0.100 0.091 0.077
R-11 2x4 0.109 0.087 0.073 0.067 0.063 0.059 0.055 0.050
R-13 2x4 0.101 0.081 0.068 0.063 0.059 0.056 0.052 0.047
R-152 2x4 0.094 0.076 0.064 0.059 0.055 0.052 0.049 0.045
R-19 2x6 0.073 0.062 0.054 0.050 0.048 0.045 0.043 0.040
R-212 2Xx6 0.068 0.058 0.050 0.047 0.045 0.041 0.040 0.038
R-22 2Xx6 0.071 0.061 0.053 0.050 0.047 0.044 0.042 0.039
R-19 2x8 0.064 0.056 0.050 0.047 0.044 0.042 0.040 0.038
R-22 2x8 0.060 0.052 0.046 0.044 0.042 0.040 0.038 0.036
R-25 2x8 0.056 0.049 0.043 0.041 0.039 0.037 0.036 0.034
R-30? 2x8 0.055 0.048 0.043 0.040 0.039 0.037 0.035 0.033

Table 4.3.1(a) — Continued U-factors of Wood Framed Walls with installed 5/8-inch Gypsum
Board* —24in. OC
Rated R-value of Continuous Insulation3

Nominal
Cavity Framing
Insulation Size R-0 R-2 R-4 R-5 R-6 R-7 R-8 R-10
None Any 0.361 @ 0.210 @ 0.147 0.127 0.113 0.101 @ 0.091 0.077
R-11 2x4 0.105 @ 0.085 @ 0.071 0.066 0.061 0.058 @ 0.055 0.049
R-13 2x4 0.097 0.078  0.066 0.061 0.057 0.054 0.052 0.046
R-15 2x4 0.090 0.073  0.062 0.058 0.054 0.051 0.049 0.04
R-19 2Xx6 0.070 @ 0.060 @ 0.052 0.049 0.047 0.044 0.043 0.039
R-212 2x6 0.065 @ 0.056 @ 0.049 0.046 0.044 0.041 0.040 0.037
R-22 2x6 0.068 @ 0.059 @ 0.051 0.048 0.046 0.043 0.042 0.038
R-19 2x8 0.062 0.054 @ 0.048 0.046 0.044 0.042 0.041 0.037
R-22 2x8 0.057 0.050 0.045 0.043 0.041 0.039 0.038 0.035
R-25 2x8 0.054 0.047 @ 0.042 0.040 0.038 0.036 0.036 0.033
R-30! 2x8 0.053 0.046 @ 0.041 0.039 0.037 0.036 0.035 0.033

Notes
1. The 5/8 inch gypsum board must be verified by the enforcement agency. If 5/8 inch gypsum board is not
installed use table 4.3.1.
2. Higher density fiberglass batt is required in these cases.
3. Continuous insulation may be installed on either the inside or the exterior of the wall, or both.

This table contains U-factors for wood framed walls, which are typical of low-rise residential
buildings and Type V nonresidential buildings. If continuous insulation is not used, then choices
are made from Column A. In this case, the insulation is installed in the cavity between the
framing members. When continuous insulation is used, this is typically installed on the exterior
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side of the wall, but can also be used on the inside. The continuous insulation is typically a rigid
polystyrene or polyisocyanurate foam insulation.

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software, however, may determine the U-factor for any amount of continuous insulation or for
unusual construction assemblies using Equation 4-1 and Equation 4-2.

Figure 4.3.1 — Wood Framed Wall

Assumptions: Values in this table were calculated using the parallel heat flow calculation
method, documented in the 2009 ASHRAE Handbook of Fundamentals. The construction
assembly assumes an exterior air film of R-0.17, a 7/8 inch layer of stucco of R-0.18 (SC01),
building paper of R-0.06 (BP01), continuous insulation (if any), the cavity insulation / framing
layer, 1/2 inch gypsum board of R-0.45 (GP01) or 5/8 inch gypsum board of R-0.56, and an
interior air film 0.68. The framing factor is assumed to be 25 percent for 16 inch stud spacing and
22 percent for 24 inch spacing. Actual cavity depth is 3.5 inch for 2x4, 5.5 inch for 2x6, 7.25 inch
for 2x8, 9.25 inch for 2x10, and 11.25 inch for 2x12. High density R-30 insulation is assumed to be
8.5 inch thick batt and R-38 is assumed to be 10.5 inch thick. The thickness of the stucco is
assumed to be reduced to 3/8 inch when continuous insulation is applied.
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Table 4.3.2 — U-factors of Structurally Insulated Wall Panels (SIPS)
Rated R-value of Continuous Insulation®
Wood Framing

Connection Typical

Type (spline) Panel

Insulation Core R-value! Thickness None R-2 R-4 R-5 R-6 R-8
0SB R-14 4.5in 0.061 0.055 0.049 0.047 0.045 0.041
Single 2x R-14 4.5in 0.071 0.061 0.054 0.051 0.048 0.044
Double 2x R-14 4.5in 0.077 0.065 0.057 0.054 0.050 0.046
I-joist R-14 4.5in 0.070 0.060 0.053 0.051 0.048 0.044
0SB R-18? 4.5in 0.053 0.045 0.041 0.039 0.037 0.034
Single 2x R-18? 4.5in 0.061 0.052 0.047 0.045 0.042 0.039
Double 2x R-18? 4.5in 0.066 0.056 0.050 0.048 0.045 0.041
I-joist R-182 4.5in 0.059 0.051 0.046 0.044 0.042 0.038
0SB R-22 6.5in 0.041 0.038 0.036 0.035 0.033 0.031
Single 2x R-22 6.5in 0.050 0.044 0.040 0.039 0.037 0.034
Double 2x R-22 6.5in 0.054 0.048 0.043 0.041 0.039 0.036
I-joist R-22 6.5in 0.048 0.043 0.039 0.038 0.036 0.033
0SB R-28 8.25in 0.032 0.030 0.029 0.028 0.027 0.026
Single 2x R-28 8.25in 0.039 0.036 0.033 0.032 0.031 0.029
Double 2x R-28 8.25in 0.043 0.039 0.035 0.034 0.033 0.030
I-joist R-28 8.25in 0.037 0.034 0.032 0.031 0.030 0.028
0SB R-333 6.5in 0.032 0.029 0.027 0.026 0.025 0.023
Single 2x R-333 6.5in 0.038 0.034 0.031 0.030 0.029 0.027
Double 2x R-333 6.5in 0.043 0.038 0.034 0.033 0.031 0.029
I-joist R-333 6.5in 0.036 0.033 0.030 0.029 0.028 0.026
0SB R-36 10.25in 0.026 0.024 0.023 0.023 0.022 0.021
Single 2x R-36 10.25in 0.032 0.030 0.028 0.027 0.026 0.024
Double 2x R-36 10.25in 0.035 0.032 0.030 0.029 0.028 0.026
I-joist R-36 10.25in 0.030 0.028 0.026 0.026 0.025 0.023
0SB R-44 12.25in 0.022 0.021 0.020 0.020 0.019 0.018
Single 2x R-44 12.25in 0.027 0.025 0.024 0.023 0.022 0.021
Double 2x R-44 12.25in 0.028 0.027 0.025 0.025 0.024 0.023
I-joist R-44 12.25in 0.025 0.024 0.022 0.022 0.021 0.020
0SB R-55% 10.25in 0.020 0.019 0.017 0.016 0.016 0.016
Single 2x R-55% 10.25in 0.024 0.022 0.021 0.021 0.020 0.019
Double 2x R-55% 10.25in 0.028 0.025 0.023 0.023 0.022 0.021
I-joist R-55% 10.25in 0.022 0.021 0.019 0.019 0.018 0.018
Notes:

1. The insulation R-value must be at least R-14 in order to use this table. This table assumes moulded
expanded polystyrene (EPS) unless noted otherwise. Although other insulation types are used by some SIP
manufacturers, such as polyurethane and extruded expanded insulation (XPS), EPS is the most common
insulation used in SIP construction.

2. R-18.1is achievable using extruded expanded polystyrene (XPS) insulation in 4.5" thick panels.

3. R-33.2is achievable using polyurethane insulation in 6.5" panels.
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4. R-55.3is achievable using polyurethane insulation in 10.25" panels.
5. Continuous insulation shall be at least R-2 and may be installed on either the inside or the exterior of the
wall.

Structural insulated panels (SIPs) consist of a rigid insulation core, securely bonded between two
structural facings, to form a structural sandwich panel. SIPs are considered a non-framed
assembly usually with little or no structural framing that penetrates the insulation layer, resulting
in less thermal bridging across the insulation when compared to a conventional framed assembly.

This table gives U-factors for structurally insulated panels used in wall construction. This is a
construction system that consists of rigid foam insulation sandwiched between two layers of
plywood or oriented strand board (OSB). Data is provided for four variations of connecting two
panels together.

If continuous insulation is not used, then choices are made from Column A. When continuous
insulation is also used, this is typically installed on the exterior side of the wall, but can also be
used on the inside. The continuous insulation is typically a rigid polystyrene or polyisocyanurate
foam insulation. Adding continuous insulation to a SIPS panel is highly unusual since the panel
itself is mostly continuous insulation.

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved software, however,
may determine the U-factor for any amount of continuous insulation or for unusual construction
assemblies using Equation 4-1 and Equation 4-2.
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0SB Spline I-Joist Spline

Single 2x Spline Double 2x Spline

Figure 4.3.2 — Structurally Insulated Wall Panels (SIPS)

This figure shows just one way that panels are connected. Other options exist.

Assumptions: These data are calculated using the parallel path method documented in the 2009
ASHRAE Handbook of Fundamentals.

These calculations assume an exterior air film of R-0.17, a 7/8 inch layer of stucco of R-0.18,
building paper of R-0.06 (BP01), 7/16 inch of OSB of R-0.44, insulation at carrying R-values (as
specified), 7/16 inch of OSB of R-0.44, ¥ inch gypsum board of R-0.45 (GP01), and in interior air
film of R-0.68. A framing factor of 13 percent is assumed for wood spacers and 7 percent for the
OSB spline system. Framing includes the sill plate, the header and framing around windows and
doors.
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Table 4.3.3 — U-factors of Metal Framed Walls for Nonresidential Construction — 16 in OC
Rated R-value of Continuous Insulation?

Nominal

Framing
R-Value: Size RO R2 R4 R5 R6 R7 R8 R-10 R-12 R-14 R-15
None  Any 0.458 0.239 0.162 0.139 0.122 0.109 0.098 0.082 0.071 0.062 0.058
R-5 2x4 0.351 0.206 0.146 0.127 0.113 0.102 0.092 0.078 0.067 0.059 0.056
R-11 2x4 0.224 0.155 0.118 0.106 0.096 0.087 0.080 0.069 0.061 0.054 0.052
R-13 2x4 0.217 0.151 0.116 0.104 0.094 0.086 0.079 0.068 0.060 0.054 0.051
R-15 2x4 0.211 0.148 0.114 0.103 0.093 0.085 0.078 0.068 0.060 0.053 0.050
R-19 2x6 0.183 0.134 0.106 0.096 0.087 0.080 0.074 0.065 0.057 0.051 0.049
R-20 2x6 0.181 0.133 0.105 0.095 0.087 0.080 0.074 0.064 0.057 0.051 0.049
R-211 2x6 0.178 0.131 0.104 0.094 0.086 0.079 0.073 0.064 0.057 0.051 0.049
R-19 2x8 0.164 0.123 0.099 0.090 0.083 0.076 0.071 0.062 0.055 0.050 0.047
R-22 2x8 0.160 0.121 0.098 0.089 0.082 0.075 0.070 0.062 0.055 0.049 0.047
R-25 2x8 0.158 0.120 0.097 0.088 0.081 0.075 0.070 0.061 0.055 0.049 0.047
R-30! 2x8 0.157 0.119 0.096 0.088 0.081 0.075 0.070 0.061 0.054 0.049 0.047

Table 4.3.3 — Continued U-factors of Metal Framed Walls for Nonresidential Construction — 24 in
oc

Rated R-value of Continuous Insulation?

Nominal

Framing
R-Value: Size RO R2 R4 R5 R6 R7 R8 R10 R-12 R-14 R-15
None Any 0.455 0.238 0.161 0.139 0.122 0.109 0.098 0.082 0.070 0.062 0.058
R-5 2x4 0.333 0.200 0.143 0.125 0.111 0.100 0.091 0.077 0.067 0.059 0.056
R-11 2x4 0.210 0.148 0.114 0.102 0.093 0.085 0.078 0.068 0.060 0.053 0.051
R-13 2x4 0.203 0.144 0.112 0.101 0.092 0.084 0.077 0.067 0.059 0.053 0.051
R-15 2x4 0.197 0.141 0.110 0.099 0.090 0.083 0.076 0.066 0.059 0.052 0.050
R-19 2x6 0.164 0.123 0.099 0.090 0.083 0.076 0.071 0.062 0.055 0.050 0.047
R-20 2x6 0.164 0.123 0.099 0.090 0.083 0.076 0.071 0.062 0.055 0.050 0.047
R-211 2x6 0.161 0.122 0.098 0.089 0.082 0.076 0.070 0.062 0.055 0.049 0.047
R-19 2x8 0.153 0.117 0.095 0.087 0.080 0.074 0.069 0.060 0.054 0.049 0.047
R-22 2x8 0.149 0.115 0.093 0.085 0.079 0.073 0.068 0.060 0.053 0.048 0.046
R-25 2x8 0.147 0.114 0.093 0.085 0.078 0.072 0.068 0.060 0.053 0.048 0.046
R-301 2x8 0.146 0.113 0.092 0.084 0.078 0.072 0.067 0.059 0.053 0.048 0.046

Notes
1. Higher density fiberglass batt is required in these cases.
2. Continuous insulation may be installed on either the inside or the exterior of the wall, or both.

This table contains U-factors for steel or metal-framed walls, which are typical of nonresidential
buildings. The table may be used for any construction assembly where the insulation is installed
in the cavity of a metal-framed wall, or where continuous insulation is installed on the exterior or
interior of the metal framing, or a combination of these two methods of insulating a metal-
framed wall.
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If continuous insulation is not used, then choices are made from Column A. In this case, the
insulation is installed only in the cavity between the framing members. When continuous
insulation is used, it is typically installed on the exterior side of the wall, but can also be used on
the inside. The continuous insulation is typically a rigid polystyrene or polyisocyanurate foam
insulation.

Figure 4.3.3 — Metal Framed Wall

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software programs, however, may determine the U-factor for any amount of continuous
insulation or for unusual construction assemblies using Equation 4-1 and Equation 4-2.

Assumptions: Values in this table were calculated using the zone calculation method. The
construction assembly assumes an exterior air film of R-0.17, a 7/8 inch layer of stucco of R-0.18,
building paper of R-0.06 (BP01), continuous insulation (if any), the insulation / framing layer, 1/2
inch gypsum of R-0.45 gypsum board -(GP01), and an interior air film 0.68. The steel framing is
assumed to be 0.0747 inch thick with a 15 percent knock out. The framing factor is assumed to be
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25 percent for 16 inch stud spacing and 22 percent for 24 inch spacing. The EZFrame internal
default framing percentages are 15 percent for 16 inch stud spacing and 12 percent for 24 inch
spacing. To account for the increased wall framing percentage the frame spacing input to the EZ
Frame program is reduced to 13.218 inches for 16 inch stud spacing and 15.231 inches for 24 inch
stud spacing. Actual cavity depth is 3.5 inch for 2x4, 5.5 inch for 2x6, 7.25 inch for 2x8, 9.25 inch
for 2x10, and 11.25 inch for 2x12. High density R-30 insulation is assumed to be 8.5 inch thick
batt and R-38 is assumed to be 10.5 inch thick. The thickness of the stucco is assumed to be
reduced to 3/8 inch when continuous insulation is applied.
Table 4.3.4 — U-factors of Metal Framed Walls for Residential Construction — 16in OC

Rated R-value of Continuous Insulation 2

Cavity Nominal

Insulation Framing

R-Value: Size RO R2 R4 R5 R6 R7 R8 R-10 R-12 R-15
None Any 0.455 0.238 0.161 0.139 0.122 0.109 0.098 0.082 0.070 0.058
R-05 2x4 0.252 0.165 0.124 0.110 0.099 0.090 0.083 0.071 0.062 0.052
R-11 2x4 0.200 0.137 0.107 0.097 0.088 0.081 0.075 0.065 0.058 0.049
R-13 2x4 0.192 0.132 0.105 0.095 0.087 0.080 0.074 0.064 0.057 0.049
R-15 2x4 0.186 0.129 0.102 0.093 0.085 0.078 0.073 0.063 0.056 0.048
R-19 2x6 0.154 0.112 0.092 0.084 0.077 0.072 0.067 0.059 0.053 0.046
R-20 2x6 0.151 0.112 0.091 0.084 0.077 0.072 0.067 0.059 0.053 0.046
R-211 2x6 0.151 0.110 0.090 0.083 0.076 0.071 0.066 0.058 0.052 0.045
R-19 2x8 0.134 0.102 0.085 0.078 0.072 0.067 0.063 0.056 0.050 0.044
R-22 2x8 0.129 0.099 0.082 0.076 0.071 0.066 0.062 0.055 0.050 0.043
R-25 2x8 0.125 0.096 0.081 0.075 0.069 0.065 0.061 0.054 0.049 0.043
R-301 2x8 0.120 0.093 0.078 0.073 0.068 0.063 0.060 0.053 0.048 0.042
R-30 2x10 0.109 0.086 0.073 0.068 0.064 0.060 0.057 0.051 0.046 0.041
R-381 2x10 0.104 0.082 0.071 0.066 0.062 0.058 0.055 0.050 0.045 0.040
R-38 2x12 0.095 0.077 0.067 0.062 0.059 0.055 0.053 0.048 0.043 0.038

Appendix JA4 — U-factor, C-factor, and Thermal Mass Data



2025 Joint Appendices Appendix JA4-27

Table 4.3.4 — Continued U-factors of Metal Framed Walls for Residential Construction — 24in OC
Rated R-value of Continuous Insulation 2

Cavity Nominal

Insulation Framing

R-Value: Size RO R2 R4 R5 R6 R7 R8 R-10 R-12 R-15
None Any 0.449 0.236 0.161 0.138 0.121 0.108 0.098 0.082 0.070 0.058
R-05 2x4 0.243 0.161 0.122 0.108 0.098 0.089 0.082 0.070 0.062 0.052
R-11 2x4 0.189 0.131 0.104 0.094 0.086 0.079 0.073 0.064 0.057 0.048
R-13 2x4 0.181 0.127 0.101 0.092 0.084 0.078 0.072 0.063 0.056 0.048
R-15 2x4 0.175 0.123 0.099 0.090 0.082 0.076 0.071 0.062 0.055 0.047
R-19 2x6 0.144 0.107 0.088 0.081 0.075 0.070 0.065 0.058 0.052 0.045
R-20 2x6 0.141 0.106 0.087 0.080 0.074 0.069 0.065 0.057 0.051 0.044
R-211 2x6 0.141 0.105 0.086 0.080 0.074 0.069 0.064 0.057 0.051 0.044
R-19 2x8 0.126 0.097 0.081 0.075 0.070 0.065 0.061 0.055 0.049 0.043
R-22 2x8 0.121 0.094 0.079 0.073 0.068 0.064 0.060 0.054 0.048 0.042
R-25 2x8 0.117 0.091 0.077 0.071 0.067 0.063 0.059 0.053 0.048 0.042
R-30! 2x8 0.112 0.088 0.075 0.069 0.065 0.061 0.057 0.052 0.047 0.041
R-30 2x10 0.102 0.081 0.070 0.065 0.061 0.058 0.055 0.049 0.045 0.039
R-38! 2x10 0.096 0.077 0.067 0063 0.059 0.056 0.053 0.048 0.044 0.039
R-38 2x12 0.088 0.072 0.063 0.059 0.056 0.053 0.050 0.046 0.042 0.037
Notes

1. Higher density fiberglass batt is required in these cases.
2. Continuous insulation may be installed on either the inside or the exterior of the wall, or both.

This table contains U-factors for steel or metal framed walls in low-rise residential buildings
where the thickness of the framing members is 18 gauge or thinner. Table 4.3.3 in Reference
Joint Appendix JA4 must be used for steel-framed or metal-framed walls in nonresidential
buildings (including high-rise residential buildings and hotels and motels) and in low rise
residential buildings if the thickness of the framing members are thinner than 18 gauge.

If continuous insulation is not used, then choices are made from Column A. In this case, the
insulation is installed only in the cavity between the framing members. When continuous
insulation is=used, it is typically installed on the exterior side of the wall, but can also be used on
the inside. The continuous insulation is typically a rigid polystyrene or polyisocyanurate foam
insulation.
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Figure 4.3.4 — Metal Framed Wall

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software programs, however, may determine the U-factor for any amount of continuous
insulation or for unusual construction assemblies using Equation 4-1 and Equation 4-2.

Assumptions: Values in this table were calculated using the zone calculation method. The
construction assembly assumes an exterior air film of R-0.17, a 7/8 inch layer of siding or stucco
averaging R-0.18, building paper of R-0.06 (BP01), continuous insulation (if any), the insulation /
framing insulation layer, 1/2 inch gypsum of R-0.45 gypsum board (GP01), and an interior air film
0.68. The framing factor is assumed to be 25 percent for 16 inch stud spacing and 22 percent for
24 inch spacing. To account for the increased wall framing percentage, the frame spacing input to
the EZ Frame program is reduced to 13.218 inches for 16 inch stud spacing and 15.231 inches for
24 inch stud spacing. The stud web thickness is assumed to be 0.038 inches, which is a 50/50 mix
of 18 gauge and 20 gauge C-channel studs. This value was confirmed to be representative of low-
rise residential construction by polling several California-based light-gauge steel structural
engineers and light-gauge steel framers. Actual cavity depth is 3.5 inch for 2x4, 5.5 inch for 2x6, 8
inch for 2x8, 10 inch for 2x10, and 12 inches for 2x12. High density R-30 insulation is assumed to
be 8.5 inch thick batt and R-38 is assumed to be 10.5 inches thick. The thickness of the stucco is
assumed to be reduced to 3/8 inch when continuous insulation is applied.
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Table 4.3.5 — Properties of Hollow Unit Masonry Walls — 12in Thickness

Solid Grouts Empty? Insulated?
Type U-factor C-factor HC  U-factor C-factor HC  U-factor C-factor HC
LW CMU 0.51 0.90 23 0.43 0.68 14.8 0.30 0.40 14.8
MW CMU 0.54 1.00 23.9 0.46 0.76 15.6 0.33 0.46 15.6
NW CMU 0.57 1.11 24.8 0.49 0.84 16.5 0.36 0.52 16.5

Table 4.3.5 — Continued Properties of Hollow Unit Masonry Walls — 10in Thickness

Solid Grouts Empty? Insulated?
Type U-factor C-factor HC  U-factor C-factor HC  U-factor C-factor HC
LW CMU 0.55 1.03 18.9 0.46 0.76 12.6 0.34 0.48 12.6
MW CMU 0.59 1.18 19.7 0.49 0.84 134 0.37 0.54 134
NW CMU 0.62 1.31 20.5 0.52 0.93 14.2 0.41 0.63 14.2

Table 4.3.5 — Continued Properties of Hollow Unit Masonry Walls — 8in Thickness

Solid Grouts Empty? Insulated?
Type U-factor C-factor HC  U-factor C-factor HC  U-factor C-factor HC
LW CMU 0.62 1.31 15.1 0.50 0.87 9.9 0.37 0.54 9.9
MW CMU 0.65 1.45 15.7 0.53 0.96 10.5 0.41 0.63 10.5
NW CMU 0.69 1.67 16.3 0.56 1.07 111 0.44 0.70 11.1
Clay Unit 0.57 1.11 15.1 0.47 0.78 11.4 0.39 0.58 11.4

Table 4.3.5 — Continued Properties of Hollow Unit Masonry Walls — 6in Thickness

Solid Grouts Empty? Insulated?
Type U-factor C-factor HC  U-factor C-factor HC  U-factor C-factor HC
LW CMU 0.68 1.61 10.9 0.54 1.00 7.9 0.44 0.70 7.9
MW CMU 0.72 1.86 11.4 0.58 1.14 8.4 0.48 0.81 8.4
NW CMU 0.76 2.15 11.9 0.61 1.27 8.9 0.52 0.93 8.9
Clay Unit 0.65 1.45 11.1 0.52 0.93 8.6 0.45 0.73 8.6

Notes:
1. Partly Grouted with Ungrouted Cells

The walls addressed in this table are rarely used in residential construction, but are common in
some types of nonresidential construction. The tables include four types of hollow masonry units:
lightweight concrete masonry units (CMU), medium weight CMU, normal weight CMU, and
hollow clay masonry units. ASTM C-90 defines these masonry products in more detail.

Masonry used in California must be reinforced to withstand wind loads and earthquakes. This is
achieved by installing reinforcing steel and grouting the cells in both a vertical and horizontal
direction. Since grouting the cells affects thermal performance, data is provided for three cases:
where every cell is grouted, where the cells are partially grouted and the remaining cells are left
empty, and where the cells are partially grouted and the remaining cells are filled with perlite or
some other insulating material.
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Figure 4.3.5 — Masonry Wall

For each of these conditions the U-factor, C-factor and heat capacity (HC) is published. There are
other properties of mass materials that may be needed in compliance calculations, but these
values can be determined from the published data using the procedures in Modeling
Constructions in the Nonresidential compliance software and in Section 4.6 of this document.

Assumptions: Data is taken from Energy Calculations and Data, CMACN, 1986, Berkeley Solar
Group; Concrete Masonry Association of California and Nevada. The density of the CMU material
(not counting the grouted or hollow cells) is 105 Ib/ft? for lightweight, 115 Ib/ft® for medium
weight and 125 lb/ft? for normal weight. The density of the clay unit material is 130 Ib/ft3. For all
four types of masonry units, data is provided for thicknesses of 6 in., 8 in., 10 in., and 12 in. For
the partially grouted cases, vertical cells are assumed to be grouted at 32 inch on center.
Reinforcing in the horizontal direction is at 48 in. on center. Wall thicknesses given in the table
are nominal; actual thicknesses are 3/8 in. less. Insulating material inside unit masonry hollow is
assumed to be perlite.
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Table 4.3.6 — Properties of Solid Unit Masonry and Solid Concrete Walls — LW CMU

Wall Thickness, inches
Property 3 4 5 6 7 8 9 10 11 12
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
HC 5.3 7.00 8.80 10.50 12.30 14.00 15.80 17.50 19.30 21.00

Table 4.3.6 — Continued Properties of Solid Unit Masonry and Solid Concrete Walls — MW CMU
Wall Thickness, inches

Property 3 4 5 6 7 8 9 10 11 12

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

HC 5.80 7.70 9.60 11.5 13.40 15.30 17.30 19.20 21.10 23.00

Table 4.3.6 — Continued Properties of Solid Unit Masonry and Solid Concrete Walls — NW CMU
Wall Thickness, inches
Property 3 4 5 6 7 8 9 10 11 12
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 1.03 0.98 0.90
HC 6.30 830 10.40 1250 146 16.70 18.80 20.80 22.90 25.00
Table 4.3.6 — Continued Properties of Solid Unit Masonry and Solid Concrete Walls — Clay Brick
Wall Thickness, inches
Property 3 4 5 6 7 8 9 10 11 12
U-Factor  0.80 0.72 0.66 NA NA NA NA NA NA NA
C-Factor  2.50 1.86 1.50 NA NA NA NA NA NA NA
HC 6.30 8.40 10.43 NA NA NA NA NA NA NA

Table 4.3.6 — Continued Properties of Solid Unit Masonry and Solid Concrete Walls — Concrete
Wall Thickness, inches

Property 3 4 5 6 7 8 9 10 11 12

U-Factor | 0.96 0.91 0.86 0.82 0.78 0.74 0.71 0.68 0.65 0.63

C-Factor 5.22 4.02 3.20 2.71 2.31 1.99 1.79 1.61 1.45 1.36

HC 7.20 9.60 12.00 14.40 16.80 19.20 21.60 @ 24.00 26.40 28.80

This table provides thermal performance information for solid masonry units and solid concrete
walls.

The walls addressed in this table are rarely used in residential construction, but are common in
some types of nonresidential construction.

There are other properties of mass materials that may be needed in compliance calculations, but
these values can be determined from the published data using the procedures in Modeling
Constructions in the Nonresidential compliance software and in Section 4.6 of this document.
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When insulation is added to the outside of masonry walls and/or when the inside is furred and
insulated, the performance data in this table may be adjusted using Equation 4-4 and Equation 4-

5 in coordination with Table 4.3.14.

Figure 4.3.6 — Solid Unit Masonry (left) and Solid Concrete (right) Walls

Assumptions: Data is taken from ASHRAE/IESNA Standard 90.1-2004. The density of the CMU
material is 105 Ib/ft3 for lightweight, 115 Ib/ft® for medium weight and 125 Ib/ft3 for normal
weight. The density of the clay unit material is 130 Ib/ft®> and the density of the concrete is 144
Ib/ft3. For all five types of masonry walls, the U-factor, C-factor and heat capacity (HC) is provided
for thicknesses of 3 inch, 4 inch, and 5 inch ASTM C-90 provides more information on the

classification of masonry walls.

Table 4.3.7 — Properties of Concrete Sandwich Panels — 0 Percent Concrete Web and Steel does
not Penetrate Insulation

Insulation Thickness (R-value)

Performance

Factor 1.5(7.0) 2.0(9.3) 3.0(14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.122 0.095 0.066 0.051 0.034
C-factor 0.136 0.104 0.07 0.053 0.035
HC 16.13 16.13 16.13 16.13 16.13
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Table 4.3.7 — Continued Properties of Concrete Sandwich Panels — 0 Percent Concrete Web and
Steel Penetrates Insulation

Insulation Thickness (R-value)

Performance

Factor 1.5 (7.0) 2.0 (9.3) 3.0(14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.164 0.128 0.091 0.07 0.048
C-factor 0.19 0.144 0.099 0.074 0.05
HC 16.13 16.13 16.13 16.13 16.13

Table 4.3.7 — Properties of Concrete Sandwich Panels — 10 Percent Concrete Web and Steel does
not Penetrate Insulation
Insulation Thickness (R-value)

Performance

Factor 1.5(7.0) 2.0 (9.3) 3.0(14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.476 0.435 0.345 0.286 0.217
C-factor 0.8 0.69 0.488 0.377 0.267
HC 16.53 16.66 16.93 17.2 17.74

Table 4.3.7 — Continued Properties of Concrete Sandwich Panels — 10 Percent Concrete Web and
Steel Penetrates Insulation
Insulation Thickness (R-value)

Performance

Factor 1.5(7.0) 2.0(9.3) 3.0 (14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.5 0.435 0.357 0.303 0.227
C-factor 0.87 0.69 0.513 0.408 0.282
HC 16.53 16.66 16.93 17.2 17.74

Table 4.3.7 — Properties of Concrete Sandwich Panels — 20 Percent Concrete Web and Steel does
not Penetrate Insulation
Insulation Thickness (R-value)

Performance

Factor 1.5(7.0) 2.0(9.3) 3.0(14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.588 0.556 0.476 0.417 0.333
C-factor 1.176 1.053 0.8 0.645 0.465
HC 16.93 17.2 17.74 18.28 19.35
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Table 4.3.7 — Continued Properties of Concrete Sandwich Panels — 20 Percent Concrete Web and
Steel Penetrates Insulation

Insulation Thickness (R-value)

Performance

Factor 1.5(7.0) 2.0(9.3) 3.0 (14.0) 4.0 (18.6) 6.0 (27.9)
U-factor 0.588 0.556 0.476 0.417 0.333
C-factor 1.176 1.053 0.8 0.645 0.465
HC 16.93 17.2 17.74 18.28 19.35

This table provides U-factors, C-factors, and heat capacity (HC) data for concrete sandwich
panels. Concrete sandwich panels, as the name suggests, consist of two layers of concrete that
sandwich a layer of insulation. The wall system can be constructed in the field or in a factory.
One method of field construction is where the wall panels are formed in a flat position using the
concrete floor slab of the building as the bottom surface. After the panel has set, it is hoisted
with a crane into its final vertical position.

Both the percent of concrete web and the percent steel are factors in determining the thermal
performance of walls. The insulation layer in this type of concrete sandwich panel generally does
not extend over the entire surface of the wall. To provide structural integrity, a certain portion of
the wall is solid concrete, which ties together the two concrete layers. This portion is known as
the concrete web. The thermal performance of concrete sandwich panels depends on the
percent of the wall that is concrete web. Data is provided for concrete webs representing 0
percent, 10 percent and 20 percent of the opaque wall surface. In some cases, the concrete
layers are tied together by structural steel that penetrates the insulation layer. Data is provided
for the case where this steel is present and for cases where it is not.
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Figure 4.3.7 — Concrete Sandwich Panel

Other properties of mass materials such as density, conductivity, specific heat and wall weight
may be needed in compliance calculations and these properties may be determined from the
published data in Table 4.3.7 using the procedures in Modeling Constructions in the
Nonresidential compliance software and in Section 4.6 of this document.

Values from this table may be combined with values from Table 4.3.14 when a furring layer is
added to the inside of the wall and/or continuous insulation is added to the outside of the wall.
Adjustments for additional layers shall follow the procedure of Equation 4-4 and Equation 4-5.

Assumptions: U-factors include an inside air film of 0.68 and an exterior air film of 0.17.
Conductivity of the concrete is assumed to be 0.215 Btu/h-oF-f, density is 150 Ib/ft3, the thickness
of each side of the sandwich panel is 0.5 ft. The data was calculated by Construction Technologies
Laboratories, Inc. and published in the Thermal Mass Handbook, Concrete and Masonry Design
Provisions Using ASHRAE/IESNA 90.1-1989, National Codes and Standards Council of the Concrete
and Masonry Industries, 1994.
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Table 4.3.8 — U-factors for Spandrel Panels - Frame Type: Aluminum without Thermal
Break
Rated R-value of Insulation between Framing Members

Spandrel Panel None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, of 45 985 0259 0247 0236 0230 0226 0.224
metal panel
Double glass with no low-e

. 0.356  0.273 0.254 0.244 0.234 | 0.229 0.226 0.223
coatings
Triple or low-e glass 0.313 0.263  0.249 0.241  0.233 0.228 0.225 0.223

Table 4.3.8 — Continued U-factors for Spandrel Panels - Frame Type: Aluminum with
Thermal Break
Rated R-value of Insulation between Framing Members

Spandrel Panel None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, of 4 49 (943 0212 0197 0184 0176 0172 0.169
metal panel
Double glass with no low-e

. 0.328 | 0.228 0.205  0.193 0.182 0.175 0.171 0.168
coatings
Triple or low-e glass 0.277 0.217 0.199 0.189 0.180 0.174 0.170 0.167

Table 4.3.8 — Continued U-factors for Spandrel Panels - Frame Type: Structural Glazing
Rated R-value of Insulation between Framing Members

Spandrel Panel None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, or ) e 0517 0180 0.61 0.145 0136 0.130 0.126
metal panel
Double glass with no low-e

. 0.316 0199 0172 0157 0143 0135 0129 0.126
coatings
Triple or low-e glass 0.257 0.186 0.165 0.152 0.140 0133 0.128 0.125

Table 4.3.8 — Continued U-factors for Spandrel Panels - Frame Type: No framing or
Insulation is Continuous
Rated R-value of Insulation between Framing Members

Spandrel Panel None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, or ) /o 160 0108 0.082 0.058 0.045 0.037 0.031
metal panel

Double glass with nolow-e 300 145 0107 0078 0056 0044 0036 0.030
coatings

Triple or low-e glass 0313 0.139 0098 0.076 0.055 0.043 0.035 0.030

Table 4.3.8 — Continued U-factors for Curtain Walls - Frame Type: Aluminum without
Thermal Break

Rated R-value of Insulation between Framing Members
Curtain Wall None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, or  1.224 0.929 0.427 0.372 0.347 0.326 0.315 0.308
metal panel
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Curtain Wall None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Double glass with no low-e  0.727 0.611 0.400 0.361 0.341 0.323  0.313 0.307
coatings

Triple or low-e glass 0.567 0.494 0.380 0.351 0.335 0.320 0.311 0.306

Table 4.3.8 — Continued U-factors for Curtain Walls - Frame Type: Aluminum with
Thermal Break

Rated R-value of Insulation between Framing Members
Curtain Wall None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, or 1.110 0.862 @ 0.339 0.282 0.256 0.234 0.222 0.215
metal panel
Double glass with no low-e  0.617 0.531 | 0.311 0.270 0.249 0.230 0.220 0.214
coatings
Triple or low-e glass 0.458 0.409 0.290 0.260 0.243 0.227 0.218 0.212

Table 4.3.8 — Continued U-factors for Curtain Walls - Frame Type: Structural Glazing
Rated R-value of Insulation between Framing Members

Curtain Wall None R-4 R-7 R-10 R-15 R-20 R-25 R-30

Single glass pane, stone, or 1.106 = 0.859 0.290 0.228 0.199 0.175 0.162 0.154

metal panel

Double glass with no low-e 0.577 0.502 0.260 0.215 0.192 0.171 0.160 0.152

coatings

Triple or low-e glass 0.407 0.368 0.237 0.204 0.185 0.168 0.158 0.151

Table 4.3.8 — Continued U-factors for Curtain Walls - Frame Type: No framing or
Insulation is Continuous

Rated R-value of Insulation between Framing Members
Curtain Wall None R-4 R-7 R-10 R-15 R-20 R-25 R-30
Single glass pane, stone, or 1.224 0.929 0.197 0.124 0.090 0.062 0.047 0.038
metal panel
Double glass with no low-e 0.727 0.611 0.177 0.116 0.086 0.060 0.046 0.038
coatings
Triple or low-e glass 0.567 0.494 0.166 0.111 0.083 0.059 0.045 0.037

This table has U-factors for the spandrel section of glass and other curtain wall systems. Design
factors that affect performance are the type of framing, the type of spandrel panel and the R-
value of insulation.

Four framing conditions are considered in the table. The first is the common case where standard
aluminum mullions are used. Standard mullions provide a thermal bridge through the insulation,
reducing its effectiveness. The second case is for metal framing members that have a thermal
break. A thermal break frame uses a urethane or other non-metallic element to separate the
metal exposed to outside conditions from the metal that is exposed to interior conditions. The
third case is for structural glazing or systems where there is no exposed mullion on the interior.
The fourth case is for the condition where there is no framing or the insulation is continuous and
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uninterrupted by framing. The columns in the table can be used for any specified level of
insulation between framing members installed in framed curtain walls or spandrel panels.

Figure 4.3.8 — Spandrel Panel

There are three cases considered in the table. To determine an appropriate thermal performance
value the assumption used to differentiate between spandrel panels and curtain walls is that
spandrel panels include an air gap and rigid backing, while curtain walls do not. The first is for a
panel that provides little or no insulating value. This includes single pane glass, stone veneer,
metal panels, or pre-case concrete less than 2 inches thick. The second case is for insulating glass.
Sometimes insulating glass is used so that the spandrel panel looks similar to the vision glass. The
third case is for triple glass or double glass that has a low-e coating.

Insulation levels are shown in the columns of the table. When the table is used manually, the R-
value of insulation shall be equal to or greater than the R-value published in the columns. No
interpolation is permitted when data from the table is selected manually. California Energy
Commission approved compliance software programs, including those used for prescriptive
compliance, may accurately account for any amount of continuous insulation or for unusual
construction assemblies using Equation 4-1 and Equation 4-2. If the curtain wall has an insulated
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metal-framed wall on the inside, then values from this table may be combined with values from
Table 4.3.4 or Table 4.3.14 using the procedures of Equation 4-2 or Equation 4-3.

Assumptions: The U-factors in Table 4.3.8 were derived from a regression analysis of the values
for “Glass Only Center of Glass” and “Curtain Wall” in the 2009 ASHRAE Handbook of
Fundamentals, Chapter 15, Table 4, with adaptions to update the values. The U-factors in Table
4.3.8 for curtain walls include an exterior air film with an R-value of 0.17 and an interior air film R-
value of 0.68, which are accounted for in the values from the 2009 ASHRAE Handbook of
Fundamentals. For spandrel panels the construction assembly includes an air gap with an R-value
of 1.39 (3/4 inch gap, 50 °F mean temperature and 30 F temperature difference), and includes
5/8 inch gypsum board with an R-value of 0.56 that provides the interior finish. The gypsum
board is assumed to span between the windowsilt and a channel at the floor.
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Table 4.3.9 — U-factors for Metal Building Walls - Single Layer of Batt Insulation
Continuous Rigid Insulation
Rated R-Value of

Insulation None R-2 R-4 R-6 R-7 R-8 R-10 R-14
None 1.18 0.351 0.206 0.146 @ 0.127 0.113 0.092 0.067
R-6 0.184 0.135 0.106 0.087 0.080 0.074 0.065 @0.051
R-10 0.134 0.106 0.087 0.074 0.069 0.065 @ 0.057 @ 0.047
R-11 0.123  0.099 0.082 0.071 0.066 0.062 0.055 @ 0.045
R-13 0.113 0.092 0.078 0.067 0.063 0.059 @ 0.053 0.044

Table 4.3.9 — Continued U-factors for Metal Building Walls - Double Layer of Batt Insulation
Continuous Rigid Insulation
Rated R-Value of

Insulation None R-2 R-4 R-6 R-7 R-8 R-10 R-14
R-6 + R-13 0.07 0.061 0.055 0.049 0.047 0.045 0.041 0.035
R-10 + R-13 0.061 0.054  0.049 0.045 0.043 0.041 0.038 0.033
R-13 + R-13 0.057 0.051 0.046 0.042 0.041 0.039 0.036 0.032
R-19 + R-13 0.048 0.044  0.040 0.037 0.036 0.035 0.032 0.029

Double layer or batt insulation may not be able to have continuous rigid insulation added.

The U-factors in this table are intended for use with metal building walls. This type of
construction is typical for manufacturing and warehouse facilities, but is used for other building
types as well. The typical method of insulating this type of building is to stretch vinyl backed
fiberglass insulation over the metal girts before the metal siding is attached with metal screws.
With this method, the insulation is compressed at each girt, reducing its effectiveness. The first
part of the table contains values for this insulation technique. The second section of the table has
data for systems that have two layers of insulation. In this section layers are listed from inside to
outside.

For the majority of cases, values will be selected from column A of this table. Builders or
designers may increase thermal performance by adding a rigid continuous insulation layer
between the metal siding and the structural supports. When this table is used manually, the R-
value of continuous insulation shall be equal to or greater than the R-value published in the
continuous insulation columns. No interpolation is permitted when data from the table is used
manually. Energy Commission approved compliance software, however, may determine the U-
factor for any amount of continuous insulation using Equation 4-1.
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Figure 4.3.9 — Metal Building Wall

Assumptions: Data in Column A of this table is taken from the ASHRAE/IESNA Standard 90.1-
2004, Appendix A. The data in columns beyond A are calculated using Equation 4-1.
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Table 4.3.10 — U-factors for Insulated Metal Panel Walls

Panel Thickness = U-factor (Btu/°F-ft?)

2" 0.078
2% 0.063
3” 0.053
4” 0.041
5” 0.033
6” 0.027

This table contains thermal performance data (U-factors) for foamed-in-place, insulated metal
panels consisting of liquid polyurethane or polyisocyanurate injected between metal skins in
individual molds or on fully automated production lines. Metal building construction is the most
common application for this product where the metal panel is fastened to the frame of the
structure. This table can only be used for insulated panels that are factory built. This table does
not apply to panels that utilize polystyrene, or to field applied products such as spray applied
insulations.

Figure 4.3.10 —Insulated Metal Panel Walls

Assumptions. These data are calculated using the parallel path method documented in the 2009
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17,
light gauge metal exterior of 0.0747 inch thickness, continuous insulation R-5.9 per inch, light
gauge metal interior of 0.0747 inch thickness, interior air film (heat flow horizontal) of R-0.68.
The panels are assumed to be continuous with no framing penetration. The R-value of the metal
is negligible.
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Table 4.3.11 — Thermal Properties of Log Home Walls

Log Diameter U-factor Heat Capacity (HC)
6” 0.132 5.19
8” 0.102 6.92
10” 0.083 8.65
12”7 0.070 10.37
14”7 0.060 12.10
16” 0.053 13.83

This table has U-factors and heat capacity data for log homes Data is provided for logs in six
thicknesses ranging from 6 in. to 16 in. If other thermal properties are needed such as density,
weight, conductivity, etc., use the procedures in Modeling Constructions in the Nonresidential
compliance software and contained in Section 4.6 of this document. Energy Commission
approved Compliance Software Programs may adjust the data for interior furring using data from
Table 4.3.14 and the procedure from Equation 4-2.

Figure 4.3.11 — Log Home Walls

Assumptions: Calculations are based on ASHRAE series method of calculation, 2009 ASHRAE
Handbook of Fundamentals. Values assume a log R-value of R-1.25/inch, an average wall
thickness of 90 percent of the log diameter, an interior air film of R-0.68 and an exterior air film
of R-0.17. Values do not account for presence of windows or doors. Construction assumes no
additional siding or insulation. Heat Capacity is based on a softwood density of 26.6 Ib/ft> and a
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specific heat of 0.39 Btu/lb-2F. An exterior air film of R-0.17 and an interior film of R-0.68 are
assumed.

Table 4.3.12 — Thermal and Mass Properties of Straw Bale Walls

Factor Value
R-value 30
U-factor 0.033
Heat Capacity

.34
Btu/ft>*°F] °3

This table has data that may be used for straw bale construction. This is an alternative

construction technique used in some rural areas. The technique is not commonly used for
production homes.

Figure 4.3.12 — Straw Bale Wall

Assumptions: The construction consists of an exterior film of R-0.17, stucco and lath of R-0.18,
the straw bale, interior plaster of R-0.47, and an interior air film of 0.68. Straw bale must have a
minimum cross section of 22 inch by 16 inch, and shall have a thermal resistance of R-30,
whether stacked so the walls are 22 inch wide or 16 inch wide. Due to the higher resistance to
heat flow across the grain of the straws, a bale laid on edge with a nominal 16 inch horizontal
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thickness has the same R-value (R-30) as a bale laid flat. Framing is assumed to not penetrate

more than 25 percent of the way through the straw bale.

Table 4.3.13 — Thermal Properties of Insulating Concrete Forms — EPS® — Insulated Concrete Forms
(inches of Concrete Core Thickness)

Insulation
Thickness Per
Side (Total R-

Value)
2.0
(15.4)
2.25
(18.9)

2.5
(19.25)
2.625
(20.2)
2.75
(21.2)

3.0
(23.1)

3.5
(27.0)

4.0
(30.8)

Table 4.3.13 — Continued Thermal Properties of Insulating Concrete Forms — XPS® — Insulated

Performance Factor
by Concrete Core
Thickness (inches)
U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

Flat!
(4)
0.058
12.20
0.052
12.22
0.047
12.24
0.045
12.25
0.043
12.26
0.040
12.27
0.035
12.31
0.031
12.35

Flat!
(6)
0.057
17.00
0.051
17.02
0.047
17.04
0.045
17.05
0.043
17.06
0.040
17.07
0.034
17.11
0.030
17.15

Concrete Forms (inches of Concrete Core Thickness)

Insulation
Thickness Per
Side (Total R-

Value)

2.0
(20.0)

2.5
(25.0)
2.625
(26.3)

2.75
(27.5)

Performance Factor
by Concrete Core
Thickness (inches)
U-factor

HC

U-factor

HC

U-factor

HC

U-factor

HC

Flat!
(4)
0.045
12.29
0.037
12.35
0.035
12.36
0.034
12.38

Flat!
(6)
0.045
17.09
0.037
17.15
0.035
17.16
0.034
17.18

Flat?
(8)
0.056
21.80
0.051
21.82
0.046
21.84
0.044
21.85
0.042
21.86
0.039
21.87
0.034
21.91
0.030
21.95

Flat!
(8)
0.045
21.89
0.036
21.95
0.035
21.96
0.033
21.98

Flat!
(10)
0.055
26.60
0.050
26.62
0.046
26.64
0.044
26.65
0.042
26.66
0.039
26.67
0.034
26.71
0.030
26.75

Flat!
(10)
0.044
26.69
0.036
26.75
0.035
26.76
0.033
26.78

Flat!
(12)
0.055
31.40
0.050
31.42
0.045
31.44
0.043
31.45
0.042
31.46
0.039
31.47
0.034
31.51
0.030
31.55

Flat!
(12)
0.044
31.49
0.036
31.55
0.034
31.56
0.033
31.58

Waffle Waffle

Grid?
(6)
0.047
13.90
0.043
13.92
0.040
13.94
0.038
13.95
0.037
13.96
0.0334
13.98
0.030
14.01
0.027
14.05

Waffle Waffle

Grid?
(6)
NA
NA
NA
NA
NA
NA
NA
NA

Grid?
(8)
0.039
15.87
0.036
15.89
0.034
15.91
0.033
15.92
0.032
15.92
0.030
15.94
0.027
15.98
0.024
16.02

Grid?
(8)
NA
NA
NA
NA
NA
NA
NA
NA

Screen
(6)
0.041
12.10
0.038
12.11
0.036
12.13
0.035
12.14
0.0323
12.15
0.031
12.17
0.028
12.21
0.025
12.24

Screen
(6)
NA
NA
NA
NA
NA
NA
NA
NA
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Insulation
Thickness Per Performance Factor
Side (Total R- by Concrete Core Flat!
Value) Thickness (inches) (4)

3.0 U-factor 0.031
(30.0) HC 12.41
35 U-factor 0.027
(35.0) HC 12.46
4.0 U-factor 0.024
(40) HC 12.52

Table 4.3.13 — Continued Thermal Properties of Insulating Concrete Forms — Polyurethane —
Insulated Concrete Forms (inches of Concrete Core Thickness)

Insulation
Thickness Per Performance Factor
Side (Total R- by Concrete Core Flat!
Value) Thickness (inches) (4)

1.5 U-factor 0.050
(9.09) HC 12.23
2.0 U-factor 0.042
(10.9) HC 12.41
4,5 U-factor 0.023
(20.95) HC 12.58

Flat!
(6)
0.031
17.21
0.027
17.26
0.024
17.32

Flat!
(6)
0.049
17.03
0.042
17.21
0.023
17.38

Flat?
(8)
0.031
22.01
0.027
22.06
0.024
22.12

Flat?
(8)
0.049
21.83
0.041
22.01
0.023
22.18

Flat?
(10)
0.031
26.81
0.027
26.86
0.023
26.92

Flat!
(10)
0.048
26.63
0.041
26.81
0.022
26.98

Flat!
(12)
0.030
31.61
0.026
31.66
0.023
31.72

Flat!
(12)
0.048
31.43
0.041
31.61
0.022
31.78

Waffle Waffle

Grid?
(6)
NA
NA
NA
NA
NA
NA

Waffle Waffle

Grid?
(6)
NA
NA
NA
NA
NA
NA

Grid?
(8)
NA
NA
NA
NA
NA
NA

Grid?
(8)
NA
NA
NA
NA
NA
NA

Table 4.3.13 — Continued Thermal Properties of Insulating Concrete Forms — Cement/EPS
Compound — Insulated Concrete Forms (inches of Concrete Core Thickness)

Insulation
Thickness Per Performance Factor
Side (Total R- by Concrete Core Flat?
Value) Thickness (inches) (4)

2.0 U-factor NA
(12.0) HC NA
3.0 U-factor NA
(18.0) HC NA
4.0 U-factor NA
(24.0) HC NA

Notes:

Flat!
(6)
NA
NA
NA
NA
NA
NA

Flat!
(8)
NA
NA
NA
NA
NA
NA

Flat!
(10)
NA
NA
NA
NA
NA
NA

Flat!
(12)
NA
NA
NA
NA
NA
NA

Waffle Waffle

Grid?
(6)
0.059
16.49
0.043
17.50
0.034
18.51

Grid?
(8)
0.048
18.46
0.037
19.47
0.031
20.47

Screen
(6)
NA
NA
NA
NA
NA
NA

Screen
(6)
NA
NA
NA
NA
NA
NA

Screen
(6)
0.052
14.69
0.040
15.69
0.032
16.70

1. Flat Insulated Concrete Forms utilizes rigid insulation as the form and do not use cement compound as the

form.

2. Waffle and screen type Insulated Concrete Forms typically utilize either a cement/EPS compound or EPS
insulation as the form. ICF's using the cement/EPS compound do not utilize rigid insulation added to the

interior and exterior surfaces.
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3. 1.5 Ibdensity EPS insulation at R-3.85 per inch except for the 2.25” insulation thickness which uses 2.0 Ib
density EPS at R-4.2 per inch.

This table provides thermal performance information for insulating concrete forms.

Insulating Concrete Forms (ICFs) are concrete forming systems that use stay-in-place panels made
from a variety of insulating materials for constructing cast-in-place solid concrete walls. There
are three basic types of ICFs: flat wall, waffle-grid and screen-grid. A flat wall system is a wall with
uniform thickness just like a conventional poured wall made with plywood or metal forms.
Waffle-grid wall systems have a solid concrete wall of varying thickness and look like a breakfast
waffle. Screen grid wall systems also known as, “post and beam”, have a perforated concrete
wall of varying thickness similar to the waffle type wall systems but with a solid form material
between the horizontal and vertical members instead of concrete. The insulating panels for all
three ICF types are most commonly made from expanded polystyrene (EPS) and extruded
polystyrene (XPS) rigid insulation boards. Plastic or metal crossties separate the insulating panels
and provide structural integrity during the pour. The ICF system is modular and stackable with
interlocking edges. The materials can be delivered as pre-assembled blocks or as planks that
require the flanges and web to be assembled during construction.

Figure 4.3.13 — Insulating Concrete Forms

Assumptions: Values in this table were calculated using the one dimensional calculation method
documented in 2009 ASHRAE Handbook of Fundamentals. The calculations assume an exterior air
film of R-0.17, a 7/8 inch layer of stucco of R-0.18, building paper of R-0.06, an exterior insulating
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form of varying resistance, a concrete core of varying thickness at R-0.11 per inch, an interior
insulating form of varying resistance, and an interior air film of R-0.68. The R-value of the
cement/EPC compound is assumed to be R-3.0 per inch, the XPS insulation assumed to be R-5.0
per inch, and the polyurethane assumed to be aged and dried in 1.5 inch, 2.0 inch, and 4.5 inch
thickness.
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Table 4.3.14 — Effective R-values for Interior or Exterior Insulation Layers
R-value of Insulation Installed in Furring Space
Frame
Thickness[Type 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21
Any None |05 |15|25 (3545 (55 |65|75|85|95/(10.5(11.5|125|13.5|14.5|15.5/16.5|17.5|18.5|19.5(20.5|21.5
0.5" Wood | 1.3 | 1.3 | 1.9 | 24 | 2.7 | NAA. | N.A. | NAA. | NAA. | NA | NA | NA | NA | NA |NA | NA |NA |NA | NA | NA | NA | NA
0.5” Metal | 0.9 | 0.9 | 1.1 | 1.1 | 1.2 | N.A. | N.A. [ N.AC [ NLACNLACNLAC U NLAC [ NLAC | NLALC [ NLAL [ NLALC [ NLAL [ NLALC [ NLAL [ NLAL | NLAL [ NLA.
75" Wood | 1.4 | 1.4 | 2.1 | 2.7 | 3.1 | 3.5 | 3.8 | NNA. [ N.A. | N.A. | NA. | NA. | NA | NA | NA [ NA |NA | NA | NA | NA | NA | NA.
75" Metal | 1.0 | 1.0 | 1.3 | 1.4 | 1.5 | 1.5 | 1.6 | N.A. [ N.A. [ N.A [ N.AC [ N.AC [ NLACNLAC [ NLAC [ NLAC [ NLALC [ NLAL | NLAL [ NLAL | NLAL [ NLA.
1.0" Wood | 1.3 | 1.5 22 |29 |34 39|43 |46 |49 |NA |NA |NA |NA |NA |NA [ NA |NA | NA | NA | NA | NA | NA.
1.0” Metal | 1.0 | 1.1 | 14 |16 | 1.7 | 1.8 | 1.8 | 1.9 | 1.9 | N.A. | N.A. | N.A. | N.A. | N.A. | N.AA. | NAACN.A | NA | NA | NA | NA | NA.
1.5" Wood | 1.3 | 15|24 |31 |38 |44 |49 |54 |58 |62]|65]|68]| 7.1 |NA|NA [NA |NA |NA |[NA |NA |NA |NA
1.5” Metal | 1.1 | 1.2 | 16 | 19 | 21 |22 |23 |24 |25 |25 |26 |26 | 27 |[NA |NA. |NA [NA |NA |NA |NA | NA | NA.
2" Wood | 1.4 | 15|25 (33|40 |47 |53 |59(64 |69 |73 |77 |81|84]|87|]90]|93 |NA |NA |NA |[NA |NA
2" Metal | 1.1 | 1.2 | 1.7 | 21 |23 |25 |27 (28|29 303132 (32|33 (33|34|34 | NA|NA [NA |[NA [NA.
2.5" Wood | 1.4 | 15| 25|34 |42 |49 |56 |63 |68 74|79 |84 |88)|92|96/|10.0/10.3|10.6|10.9|11.2|11.5|N.A.
2.5” Metal | 1.2 | 1.3 | 1.8 |23 |26 |28 | 30|32 (3335|3636 (373839394040 41 |41 | 4.1 NA
3" Wood | 14 | 15|25 |35|43 |51 |58|65|72|78|83|89|94|99/|103(10.7|11.1|11.5|11.9|12.2|125]|12.9
3” Metal | 1.2 | 1.3 |19 | 24 | 28 (31|33 |35|37 (38|40 (41|42 |43 |44 |44 |45 |46 |46 | 4.7 |47 | 4.8
3.5" Wood | 14 | 15|26 | 35|44 |52 |60|67|74|81)|87|93|98|104|109(11.3|11.8|12.2|12.6|13.0(13.4|13.8
3.5” Metal | 1.2 | 1.3 |20 |25 |29 (32|35 |38|40 (42 |43 45|46 |47 |48 |49 50|51 |51 |52]|52|53
aq" Wood | 14 | 16 | 26 | 36 | 45 |53 |61 |69 |76 |83 |90 96 |10.2|/10.8|11.3(11.9|12.4|12.8|13.3|13.7(14.2|14.6
4" Metal | 1.2 | 1.3 |20 |26 |30 |34 |37 |40 (42 |45 |46 |48 | 50|51 |52 (53|54 |55|56|57]58]|5.8
4.5" Wood | 14 | 16 | 26 |36 | 45|54 |62 71|78 |85|92 |99 105|11.2|11.712.3|12.8|13.3(13.8/14.3(14.8|15.2
4.5” Metal | 1.2 | 13|21 |26 31|35 |39 (42 (4547 |49 |51 |53 |54 |56 |57 |58|59|60|6.1]|6.2]|6.3
5" Wood | 1.4 | 16 | 26 | 3.6 | 46 | 55 | 6.3 | 7.2 8 87|94 (10.1|10.8|11.5|12.1|12.7(13.2|13.8|14.3|14.8|15.3|15.8
5” Metal | 1.2 |14 |21 |27 32|37 |41 |44 |47 |50|52|54|56|58|59|61|62|63|65|66|67]6.8
5.5" Wood | 14 | 16 | 26 | 36 | 46 | 55|64 |73 (81|89 |96 10.3|11.0/11.7|12.4|13.0|13.6|14.2|14.7|15.3|15.8|16.3
5.5” Metal | 1.3 |14 |21 |28 | 33|38 |42 46|49 |52 |54 |57|59|61|63|64|66|67/|68|70|71|72
EIFS NA 00|10}20(30|40|50|60|70|80|90(100/11.0{120|13.0({140|15.0|16.0|17.0|18.0(19.0|20.0|21.0
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Metal Clips

Wood Framing

Figure 4.3.14 — Interior or Exterior Insulation Layers

This table is used in combination with other tables and Equation 4-1 and Equation 4-2 to account
for interior furring and continuous insulation added to other constructions.

Assumptions: Data is taken from ASHRAE/IESNA Standard 90.1-2004 All furring thickness values
given are actual dimensions. All values include 0.5 inch gypsum board on the inner surface,
interior surface resistances not included. The metal furring is 24 inch on center, 24 gauge, Z-type

Metal Furring. The wood furring is 24 inch on center, Douglas-Fir Larch Wood Furring, density =
34.9 Ib/ft3. Insulation assumed to fill the furring space.
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4.4 Floors and Slabs
Table 4.4.1 — Standard U-factors for Wood-Framed Floors with a Crawl Space — 16 in. OC Frame
Spacing
Rated R-value of Continuous Insulation

Nominal

Framing R-Value

Size Cavity Insul.| R-0 R-2 R-4 R-6 R-7 R-8 R-10 R-14
Any2x6 |None 0.097 | 0.081 | 0.070 | 0.061 | 0.058 | 0.055 | 0.049 | 0.041
2x6 R-11 0.049 | 0.045 | 0.041 | 0.038 | 0.037 | 0.035 | 0.033 | 0.029
2x6 R-13 0.046 | 0.042 | 0.039 | 0.036 | 0.035 | 0.033 | 0.031 | 0.028
2 X6 R-19 0.037 | 0.034 | 0.032 | 0.030 | 0.029 | 0.029 | 0.027 | 0.024
2 x8 R-19 0.037 | 0.034 | 0.032 | 0.030 | 0.029 | 0.029 | 0.027 | 0.024
2x8 R-22 0.034 | 0.032 | 0.030 | 0.028 | 0.027 | 0.027 | 0.025 | 0.023
2 x 10 R-25 0.031 | 0.029 | 0.028 | 0.026 | 0.025 | 0.025 | 0.024 | 0.022
2 x 10 R-30 0.028 | 0.026 | 0.025 | 0.024 | 0.023 | 0.023 | 0.022 | 0.020
2 x12 R-38 0.024 | 0.023 | 0.022 | 0.021 | 0.020 | 0.020 | 0.019 | 0.018

Table 4.4.1 — Continued Standard U-factors for Wood-Framed Floors with a Craw! Space — 16 in.
OC Frame Spacing
Rated R-value of Continuous Insulation

Nominal
Framing R-Value
Size Cavity Insul.| R-0 R-2 R-4 R-6 R-7 R-8 R-10 R-14
Any 2 x 6 None 0.098 | 0.082 | 0.070 | 0.062 | 0.058 | 0.055 | 0.049 | 0.041
2 X6 R-11 0.049 | 0.045 | 0.041 | 0.038 | 0.036 | 0.035 | 0.033 | 0.029
2 X6 R-13 0.045 | 0.041 | 0.038 | 0.035 | 0.034 | 0.033 | 0.031 | 0.028
2x6 R-19 0.037 | 0.034 | 0.032 | 0.030 | 0.029 | 0.028 | 0.027 | 0.024
2x8 R-19 0.036 | 0.034 | 0.032 | 0.030 | 0.029 | 0.028 | 0.027 | 0.024
2x8 R-22 0.033 | 0.031 | 0.029 | 0.028 | 0.027 | 0.026 | 0.025 | 0.023
2 x10 R-25 0.030 | 0.029 | 0.027 | 0.026 | 0.025 | 0.024 | 0.023 | 0.021
2 x10 R-30 0.027 | 0.026 | 0.024 | 0.023 | 0.023 | 0.022 | 0.021 | 0.020
2 x12 R-38 0.023 | 0.022 | 0.021 | 0.020 | 0.020 | 0.020 | 0.019 | 0.017
Notes:

1. Inorder to use the U-factors listed in this section, exterior raised-floor insulation shall be installed between

floor joists with a means of support that prevents the insulation from falling, sagging or deteriorating. Two
approaches that accomplish this are:

2. Nailing insulation hangers 18 inches apart prior to rolling out the insulation. Hangers are heavy wires up to
48 inches long with pointed ends, which provide positive wood penetration.

3.  Attaching wire mesh to form a basket between joists to support the insulation. Mesh is nailed or stapled to
the underside of the joists.

This table contains U-factors for wood framed floors built over a ventilated crawlspace. This
construction is common for low-rise residential buildings and for Type IV nonresidential buildings.

If continuous insulation is not used, then choices are made from Column A. In this case, the
insulation is installed only between the framing members. Continuous insulation is not common
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for wood floors over a crawlspace, but if credit is taken, the insulation may be installed either
above or below the framing members. The continuous insulation is typically a rigid polystyrene or
polyisocyanurate foam insulation.

Figure 4.4.1 — Wood Framed Floor with a Crawl Space

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. Continuous insulation
of at least R-2 must exist in order to use columns B and beyond. No interpolation is permitted
when data from the table is used manually. Commission approved compliance software,
however, may determine the U-factor for any amount of continuous insulation or for unusual
construction assemblies using Equation 4-1 and Equation 4-2.

If the crawlspace is not ventilated and is modeled as a controlled ventilation crawlspace (CVC),
then values from this table shall not be used. Values from Table 4.21 shall be used instead and
the crawlspace shall be modeled as a separate and unconditioned zone.

Assumptions: Calculations use the ASHRAE parallel heat flow method documented in the 2005
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17, a
vented crawlspace for an effective R-6, a continuous insulation layer (if any), the insulation /
framing layer, 5/8 inch wood based sheathing (Custom), carpet and pad of R-2.08 (CP01), and an
interior air film (heat flow down) of R-0.92. The framing factor is assumed to be 10 percent for 16
inch stud spacing and 7 percent for 24 inch spacing.
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Table 4.4.2 — Standard U-factors for Wood Framed Floors without a Craw! Space — 16 in OC
Spacing

Rated R-value of Continuous Insulation

Nominal R-Value of

Framing Size [Cavity Insul. R-0 R-2 R-4 R-6 R-7 R-8 R-10 | R-14
Any None 0.238 | 0.161 | 0.122 | 0.098 | 0.089 | 0.082 | 0.070 | 0.055
2 x6(5.50in) |R-11 0.071 | 0.062 | 0.055 | 0.050 | 0.047 | 0.045 | 0.041 | 0.036
2 x6(5.50in) |R-13 0.064 | 0.057 | 0.051 | 0.046 | 0.044 | 0.042 | 0.039 | 0.034
2 x6(5.50in) |R-19 0.049 | 0.044 | 0.040 | 0.037 | 0.036 | 0.035 | 0.032 | 0.028
2x8(7.25in) |R-19 0.048 | 0.044 | 0.040 | 0.037 | 0.036 | 0.035 | 0.033 | 0.029
2x8(7.25in) |R-22 0.044 | 0.040 | 0.037 | 0.035 | 0.033 | 0.032 | 0.030 | 0.027
2 x10(9.25 in)|R-25 0.039 | 0.036 | 0.034 | 0.031 | 0.030 | 0.030 | 0.028 | 0.025
2 x 10 (9.25in)[R-30 0.034 | 0.032 | 0.030 | 0.028 | 0.028 | 0.027 | 0.025 | 0.023
izn))( 12(11.25 R-38 0.029 | 0.027 | 0.026 | 0.024 | 0.024 | 0.023 | 0.022 | 0.020

Table 4.4.2 — Continued Standard U-factors for Wood Framed Floors without a Craw! Space — 24
in OC Spacing
Rated R-value of Continuous Insulation

Nominal R-Value of

Framing Size [Cavity Insul. R-0 R-2 R-4 R-6 R-7 R-8 R-10 | R-14
Any None 0.243 | 0.163 | 0.123 | 0.099 | 0.090 | 0.083 | 0.071 | 0.055
2 x6(5.50in) R-11 0.070 | 0.061 | 0.054 | 0.049 | 0.047 | 0.045 | 0.041 | 0.035
2 x6(5.50in) [R-13 0.062 | 0.055 | 0.050 | 0.045 | 0.043 | 0.042 | 0.038 | 0.033
2 x6(5.50in) |R-19 0.047 | 0.043 | 0.039 | 0.037 | 0.035 | 0.034 | 0.032 | 0.028
2x8(7.25in) |R-19 0.047 | 0.043 | 0.039 | 0.037 | 0.035 | 0.034 | 0.032 | 0.028
2x8(7.25in) |R-22 0.042 | 0.039 | 0.036 | 0.034 | 0.033 | 0.032 | 0.030 | 0.026
2 x 10 (9.25in)|R-25 0.037 | 0.035 | 0.033 | 0.031 | 0.030 | 0.029 | 0.027 | 0.025
2 x10(9.25in)[R-30 0.033 | 0.031 | 0.029 | 0.027 | 0.027 | 0.026 | 0.025 | 0.022
2x12(11.25 |R-38

in) 0.027 | 0.026 | 0.025 | 0.023 | 0.023 | 0.022 | 0.021 | 0.020

This table contains U-factors for wood framed floors that are exposed to ambient (outdoor)
conditions. This construction is common for low-rise residential buildings and for Type 4
nonresidential buildings.

If continuous insulation is not used, then choices are made from Column A. In this case, the
insulation is installed only between the framing members. If credit is taken for continuous
insulation, the insulation may be installed either above or below the framing members.
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Figure 4.4.2 — Wood Framed Floor without a Crawl Space

When this table is used manually, the R-value of continuous insulation shall be equal to or
greater than the R-value published in the continuous insulation columns. No interpolation is
permitted when data from the table is used manually. Commission approved compliance
software, however, may determine the U-factor for any amount of continuous insulation or for
unusual construction assemblies using Equation 4-1 and Equation 4-2.

Assumptions: Calculations use the ASHRAE parallel heat flow method documented in the 2009
ASHRAE Handbook of Fundamentals. These calculations assume an exterior air film of R-0.17, a
continuous insulation layer (if any), the cavity insulation / framing layer, 5/8 inch wood based
sheathing (Custom), carpet and pad of R-2.08 (CP01), and an interior air film (heat flow down) of
R-0.92.
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Appendix JA4-49

Table 4.4.3 — Standard U-factors for Wood Foam Panel (SIP) Floors — with Crawlspace Insulation
Rated R-value of Continuous Insulation®

R-value?
Wood Framing
Spline Connection [Typical
Type (Splines) Panel Thickness | None | R-2 R-4 R-6 R-7 R-8 | R-10
R-22 Single 2x 6.5 in 0.033 | 0.030 | 0.029 | 0.027 | 0.026 | 0.026 | 0.024
R-22 Double 2x 6.5 in 0.034 | 0.031 | 0.029 | 0.028 | 0.027 | 0.026 | 0.025
R-22 I-Joist 6.5 in 0.032 | 0.030 | 0.028 | 0.027 | 0.026 | 0.025 | 0.024
R-28 Single 2x [8.25in 0.027 | 0.026 | 0.024 | 0.023 | 0.023 | 0.022 | 0.021
R-28 Double 2x 8.25 in 0.028 | 0.026 | 0.025 | 0.024 | 0.023 | 0.023 | 0.022
R-28 I-Joist 8.251in 0.027 | 0.025 | 0.024 | 0.023 | 0.022 | 0.022 | 0.021
R-33? Single 2x 6.5 in 0.024 | 0.023 | 0.022 | 0.021 | 0.021 | 0.020 | 0.019
R-332 Double 2x 6.5 in 0.026 | 0.024 | 0.023 | 0.022 | 0.021 | 0.021 | 0.020
R-332 I-Joist 6.51in 0.024 | 0.023 | 0.022 | 0.021 | 0.020 | 0.020 | 0.019
R-36 Single 2x [10.25in | 0.023 | 0.022 | 0.021 | 0.020 | 0.019 | 0.019 | 0.018
R-36 Double 2x [10.25in | 0.024 | 0.022 | 0.021 | 0.020 | 0.020 | 0.020 | 0.019
R-36 I-Joist 10.25in 0.022 | 0.021 | 0.020 | 0.019 | 0.019 | 0.019 | 0.018
Table 4.4.3 — Continued Standard U-factors for Wood Foam Panel (SIP) Floors — without
Crawlspace Insulation

Rated R-value of Continuous Insulation?
R-value?
Wood Framing
Spline Connection [Typical
Type (Splines) Panel Thickness | None | R-2 R-4 R-6 R-7 R-8 | R-10
R-22 Single 2x 6.51in 0.041 | 0.038 | 0.035 | 0.033 | 0.031 | 0.030 | 0.029
R-22 Double 2x |6.5 in 0.043 | 0.039 | 0.036 | 0.034 | 0.032 | 0.031 | 0.029
R-22 I-Joist 6.5 in 0.040 | 0.037 | 0.034 | 0.032 | 0.031 | 0.030 | 0.028
R-28 Single 2x [8.25in 0.033 | 0.030 | 0.029 | 0.027 | 0.026 | 0.026 | 0.024
R-28 Double 2x [8.25 in 0.034 | 0.032 | 0.030 | 0.028 | 0.027 | 0.026 | 0.025
R-28 I-Joist 8.25in 0.032 | 0.030 | 0.028 | 0.027 | 0.026 | 0.025 | 0.024
R-332 Single 2x 6.5 in 0.029 | 0.027 | 0.026 | 0.024 | 0.024 | 0.023 | 0.022
R-332 Double 2x 6.5 in 0.032 | 0.029 | 0.027 | 0.026 | 0.025 | 0.024 | 0.023
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Table 4.4.3 — Continued Standard U-factors for Wood Foam Panel (SIP) Floors — with no
Crawlspace

Rated R-value of Continuous Insulation®

R-value!?

Wood Framing

Spline Connection [Typical

Type (Splines) Panel Thickness | None | R-2 R-4 R-6 R-7 R-8 | R-10
R-332 I-Joist 6.5 in 0.028 | 0.027 |0.025 | 0.024 | 0.023 | 0.023 | 0.022
R-36 Single 2x (10.25in | 0.026 | 0.025 | 0.024 | 0.023 | 0.022 | 0.022 | 0.021
R-36 Double 2x [10.25in | 0.028 | 0.026 | 0.025 | 0.024 | 0.023 | 0.022 | 0.021
R-36 I-Joist 10.25in | 0.026 | 0.024 | 0.023 | 0.022 | 0.021 | 0.021 | 0.020
Notes:

1. Theinsulation R-value must be at least R-21.7 in order to use this table. This table assumes molded
expanded polystyrene (EPS) unless noted otherwise. Although other insulation types are used by some SIP
manufacturers, such as polyurethane and extruded expanded insulation (XPS), EPS is the most common
insulation used in SIP construction.

2.  R-33.2is achievable using polyurethane insulation in 6.5" panels.

3.  Continuous insulation shall be at least R-2 and may be installed on either the inside or the exterior of the
roof/ceiling.

Structural insulated panels (SIPs) consist of a rigid insulation core, securely bonded between two
structural facings, to form a structural sandwich panel. SIPs are considered a non-framed

assembly usually with little or no structural framing that penetrates the insulation layer, resulting
in less thermal bridging across the insulation when compared to a conventional framed assembly.

If continuous insulation is not used, then choices are made from Column A. When continuous
insulation is also used, this is typically installed on the exterior side 